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Abstract

This research studied the synthesis of the SAC105 lead-free solder alloys
with added Te contents of 0, 0.5, 1.0, 1.5, and 2.0 wt.% by the permanent mold
casting process. The effects of Te on the microstructure, thermal behavior, mechanical
properties, and wettability of SAC105 solder alloys were observed. The results showed
that the microstructure of the SAC105 solder alloy consists of the B-Sn matrix phase
and the AgsSn and CueSns IMC phases. The small addition of Te formed a new SnTe
IMC phase in the solder matrix and resulted in the coarsening of the IMC phases. The
addition of Te slightly affected the melting temperature and pasty range but
significantly increased the undercooling of SAC105 solder alloys. The ultimate tensile
strength (UTS), yield strength (YS), and hardness of the solder alloy increased with the
addition of Te due to the second phase strengthening effect; while adding Te more
than 0.5 wt.%, the UTS and YS decreased due to coarsening of the microstructure. The
fracture surface of the SAC105 solder alloy shows the ductile fracture mode while
adding Te to the solder, resulting in the mixed ductile-brittle fracture mode. The
addition of Te slightly affected the shear strength of the solder joint and tended to
decrease as the amount of Te increased, caused by the thickness of the IMC layers
between the solder and Cu substrate. Te increases the wettability of the solder alloy,
increases the spreading area, and reduces the contact angle, but it doesn't
significantly increase the thickness of IMC. From this research, the addition of 0.5 wt.%
Te was the optimal amount to improve the microstructure, thermal behavior,

mechanical properties, and wettability of the SAC105 solder alloy.
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v  ada

Yanaeumadn WantAnsdania uazdsaign widtedsluisesvesanuduiude
qmmwmawqwéuaz?ﬁLL’mﬁamﬁaqﬂmaima'ﬁfgﬂﬁaﬂmmﬁu%zaﬁﬂmaﬁﬂﬁ Usznauiu
FoAIMUAFINTUNI1TAIVANAITOUASIEY (Restriction of Hazardous Substances Directive,
RoHS) i rmunalagamgnssuidnisglsunmualidnisanuuunisldarsnedalu
gramnsudidnnsedndiiedostutliymidwnden fufuiioliaenndosiunguune
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vhinldumilavgdanififldunanvosmem laslawiglangdaniliasnginguiiiiuinatu
49 (Ag > 3 wt.%) 1Wu langUan3 Sn-3.0Ag-0.5Cu (SAC305) Lﬁaqmﬂﬁmwmﬁumqﬂ (High
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(SAC0307) uay Sn-1.0Ag-0.5Cu (SAC105) wsingslsinu langdanslsasny e CRTaaY
ulmlfudfauvivisusznnsfisesnirlansdansvia Sn-Pb 19y TYAVADUMAIFY

(L2 eiqy TanizUimns Lsansmeia
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nsrvIumMsUaniaziianuuiaasiusy dedmadeautAnisnavedlanyians waziion
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Tudsun 0, 0.5, 1.0, 1.5 way 2.0 wt.% Immwaa%uiﬂmmmwuwm'gi Nt FuY
langdansludnulassaiieqania esdusenauiila uas amﬂimaummmmamﬂuﬁ OM,
SEM, EDS wag XRD Ainw1auvfniena 1@y Auudssasias g Vickers Hardness Tester
AUF UL IR ILAZANNSIUN UL o UG 8IS 09 UTM Anwnautivieainudousie
walla DSC LLazﬁﬂ‘mmmamWiﬂhﬂﬁiﬁﬂﬂ%ﬁuLLm'umaqmeaﬂamﬁ@ﬂ%qmﬂviﬂﬁm%‘auiﬁ



1.4 UYszlgwinaininazlasuainauiae

1. ldanudinerfiumawseusasadnlanedansliansnem
Ilavzdnnsliasnzmgnsinifiannsaluldnulugunsaldidnnseiind

annsasievenasfnNusiiieiawlansdaniniluldlugeamnssunisudn
wazUsznaugunsaididnvsedind

1.5 d01UNNIN1578

1. Ma”ﬂqmi’aqmam‘ ANVITNYIAIARNS NIEATW AUSINYIATARNS
UUINY1YAVATUATUNS

2. @1nAseIlnINeNANERSHATNNSIAEDU UNINYIAYEIVANUATUNS



unii 2
= a o d' d' v
N YN UASINUIIYNLNYIVBY

2.1 ngufiitieatas
2.1.1 Tanztian3l¥ansnzia (Lead-free solder alloy)

langdnn3 vuneds lanenauifigavasuiradni Todudndendszauiuaiu
langidieiu lnenillaungiivasuivaivedansnn3aeainingun) Inasunaives
Qy d' % -d' Ly a VL 1o aaa [ d' dl' [14]
Fununresnsdeu lnslanetanaglbigisendulaneigniden

lanzdan3viaaun-neia (Sn-Pb) gniunldegrsunsvarglugnaivnssy
a a A ¢ A & @ aa ~ wa o aaa a ! | a
duannsetind ewniludagnisiangn Jauddlunsdaning eamgiiveesumaiegluyied
Wwilnzay Jaudin1anienin nena wasnidlangdnena welaneansviadianuduiy
\WesnUSunavewmeminnanegiusunags Usenauiunguineseaulanivnuldlansdand
A O =Y va ) o Ay o X ~ 9 U A a
PlldrunanvaInen 9beinswaulansinnslsansnenuuiialonawnulansinnsviin
Pildunauvenzna Weandymiluiewesnuduivaediindeutassianieuyed
Snvaizidasduvadlansinnslisarsnemnldidunauailunisfiansadansialangdansunly
nawnulavednnifun-nga (Sn-pb) Tesil!”

1. sumgivasumadlnalAgsiulangdaniviia Sn-Pb
Taepnudunatanniiuau
~ a Ao
Januaunsatunsienia
a wa (7 1 v} a a
Tauddnenenmlinseninlansdnnisia Sn-Pb
TauURAuUNIUNITAING
annsaldlanundndmanildiueglulagdu
A o & v A a a v oo 2 A
dipilulavedanivlinasudediongnisivenuulideuanin
Tl Juie

A A L

51PN
TanzUnn3liarsnenidulunaidouinuvulangUnnIndldiunanvesngniag

Usznaulumesiniayn (Sn) Ju (Ag) wagnaduwnd (Cu) v3aiiseniudl SAC (Sn-Ag-Cu)
2.1.2 auURva959ID
= o A A4 a v avy U = a 1A a a
swinauiuAuniendnlanedansliansnzniiivanguin 1y [Ju (Ag), Buidiey

(In), danzd (Zn), neauas (Cu) uardain (Bi) \Wusu Inevluaslifidnmnauvesiundundn
Wenfyniimuanunsanslenuasnsunsnszanedilun1sinnia



Gu (Ag) ulaneAfigemassmatildnaniuiiynannsatisangavaouimvan
vaslangtinng ilidaniléfgamniisn wazanauidssdonsi@evevesdiuusznauiign
tan3annanudeugs Taoifiuanuudussuazauifinisuns vililanzdandunsnszanela
wazBaumefuTangulafty uddisenung

dangd (zn) usmiidigemasuvaid uazlisiangn awnsauiuugimsinauas
maileniveslangtnng desalvifiaudinienadiutu yildaunsaldnunigldaniizan
Wunanaled wastiwannisiavedla Sn uidingdanunsaviujiserdvesngauladie in
dudsnedeanlsdidleldmulunssuiunstaniuuy Wave uanainildilasoufazetu
asniifnaueglunldng viliAnnsiansou

NoaUA (Cw) il onaudyniunoauAssnsId1u 99.350-0.7Cu 93 liLAn
Tnssasgimadndigavaesivad 227 °C Tassairsganausznausmela Cussns dnvaziu
wisiluruegluiofiyn nesunsgyinlilansdanifinundusafingy udnsivesunmay
ogfluufinadesorailiAndulfynduld Fozdemaliiinnszualiindniems

Jadin (8) laneAunnaudainludnsidiu 455n-58Pb dlaseasauuuginain

(3
= 1

uililyaiau Ae gaumpiivaeunainaiuin (139 °C) dnuazlassaisvedansians

laveng
a &< | ~ n‘L A Ao 1 [12]
yilpJukuuuny Lamella fianuansnsalunsidendsyaunfunn uidsiangs

wagiseu (Te) Lﬁuﬁwaﬁﬂamﬁﬁimqa%’wmﬁﬂLﬂugﬂwﬂmaw (Hexagonal) &
anaaNwaIUTEInn 450 °C agiieuliavanslutuaznsalalasnaein uazazaglunse
lupsn Wewudraziliiiamagiseulaeenled (Tellurium dioxide) sinldidusigiie
A nsumannan aqililen nawas Al wseAYN WNOLALAULTILTS AUAIUNIUNITAN
Melansiasuudasgamgl LazAURIUURoNsAANTauvesgUnIaidianvsedng e
a a Y] a o Y a o ¥ a a
wnagiseuaslulangdanivinliiiama SnTe uagihliinavesansuszneudslanegiininy
avidemut

2.1.3 N2UIUNITNAYUTUAIBUANUNA195 (Permanent mold casting

process)

mwa'a%ugﬂéhEJLL;J"W@JW‘Q'niL‘f]umzmumwda%ugﬂiamﬁaEJLL:u"ﬂuﬁmai
Toon1swminlangvasumaladlusiiu wazlassliinlanendafinaidneaanannwunun
TS { ° ) s‘Ly H vLy[16] Y] SL ~
wazifiaanansatnduanldgla® daandlugun 2.1
1 ¥ Ia L3 4 1a 6" 1 o d' Y a, a Y
A15VARABLUNUNDNTILITUURLNaVE 2 drudsenunuialmlde-Ualadne
ra 6 @ o < & < 1 Y] ] dl 1 ra I3 dy ¥ 1
wiRuWEnyanman seldnuae Megrdlaneviaslundfunusewnnd lawa Al Mg, Cu-

base alloys wazianuae wifiundesihantagmuli Wesindoamgiilunmsniilanzgs
[17,18]



2.1.3.1 %umaumwéa%ugﬂé’wLtsiﬁuﬁmfss

Sumouit 1: indeuiwifiuiiierionszaeaudou uaglianunsounsduay
naNINLUNLWIAIY

Fumeudl 2: Usgnouwifiusivia 2 drudidaety worguuaifinslildonmgfid
#oan1s Lilevdnanutuiterafiniulundfiud waztrelilanslnasled liduiidrauauly
Mt lavenasuwataduusdiiu uazsosuilavenasuaiudwuddunzesnain
W8]

runner =, riser locating pin metal mould

XaL,

. I
| Y
i

,

casting

JUN 2.1 nsndeduguaiguiiiuianst

2.1.3.2 afuardadninvan1sasTusuAeuinanaas

Y 1 dg! v 1a '3
U9AUIN1TNEBTUFUABUINUNADS
- annseTusUTuNUndsUTarnsesnwuundudeula
- @NNIDAIVANVLIN UATANLTEUVDIRITUIULAR
H 2 o vyd £ | v A v v a a ° %
- dlanehdailensiTu danalituaunleadlaseas unsunazioun wasyvinli
1A UNUNTAULTILT
- wRuNanunsadhun g levateasalte
17 o o 1 ag v 1a L4
19311V BINTUARTUFUAIBUINUNADS
- TeemlUlglanulansNianviasuiiaisi

q
a

- wfgsunulumskanas wagldhatlunisudnuiu

Y



2.1.4 n2UUNTTUANS (Soldering)

nstang Ao msdszanulavanstuddetulaglilaveinniidonmgivasy
azanesndudysza qmwgﬁwaamazmmaaéhﬂﬁzaméfam"’ﬁﬂ’iﬂamzﬁLﬂu%}umuﬁ
Fosnsidendszany Inevhluasfigamgivasuazaslaiiiu 450 °C agindnnsidonlaenis
an3 Ao niaviliivesdunuiissinniazein faaeviliAa nsdoufatuossauysal
wasldnidndraevdnoenlafuuinvestununsiuinaddesnisand lvdunuazeiniy
Tuvauzdand windildeanduarnaiiuiand wu niaueia indelufeulaelud Saanlad
luvgeslss Wusu shlrlanzdanidegnuasumalneaudouaunsadanmeinlavgls s
Sameszrindunuivlavetandiiamsnamuedinanaveslangsandagyinlinisdaini
Taanavestusumieuudely

Tavilddanddlnguiaduassszian Ae lanzdandgamnlivassmads
warlavednnigaumaiivasumaias lugnainnssunsusznevgunsallulasdiinnsedndiiey
TlanzUan3ioamginasuimadgs esinannsanumiueuluvueiigunsailulas
Sidnvsedindvineny Tanzdandgaumgiivasumaisiindigavasuivaisingt 300 °C 1y Sn-
Pb, Sn-Ag-Cu uag Sn-Bi ludu lanztanisdaddeuldlunimdnguniaididnnseind
Tniannzly Surface-mount technology (SMT) wsngdnsumsdanssudusidnnseinds
vouu Faonasimulidegunaiige luvazilangdanigumgiiaadulansyanifiae
MADLIMAIFINTT 300 °C Wy lansUanifAiidrunanvosiu (Silver, Ag) wiosmnaulansy
NIUFTULIN WU unalaLFien (Palladium, Pd) WWudy Heslilunuidesiuusmanauas
anmndeniifioamniige 1Wu geamnssunsTulazeInia gaamnITueNLeud vie

aunsaldidnnsefindifedldlunuluiidegs Judu21o2

2.1.4.1 nszUUNSUANIWUUSINGT (Reflow soldering process)

nsUnnIwuusvailaealuazldlunisiongunsaldidnnsednd Surface-
Mount Component (SMT) U Printed circuit boards (PCBs) 4 9azldasuvnn3s (Solder
paste) naufunand (Flux) uazdada (Binder) ¥33z9nan3uadul PCB wal319gUnsal
a s a & b % v Aa -
diinnseiindasuu PCB 901 PCB avgnivinnuousulavednniiinnimvasuazaiy 1o
Tanzdnnsudeiazanunsatlniile daguin 2.2120



-p Soldering = Checking soldering effect

printing —» Checking . Pick and place ity =

B 3 < . —~ =
—— = SO N
If you need to place the bottom side, please turn upside down
e
Soldering Checking soldering effect
Checking by eyes Pick and place 2
bottom side pnnn_rE =5 - { {vem] { e =
M == - g
_— === = = = = .
' . e . Y

JUN 2.2 MmstanIuuuilngai?!
2.1.4.2 guniinisldauveslansinng

gaunpildinu Ao saumgiilansdantasfinmanaomavats niuddluaidily
TuterinsssrisdunuuasinmsUsyauiussnistuanu laevhUgumndldnuvedlany
tan3arganitgumgivasuararsvedlavgdand dgumgivesdunulusagiuiinid
puvnildnulangdaniaglinowsansdanTasvoonaraionda waemnlfanufoutuay
aingamgildauagilindndlvsivasdeliiindsantsntu Wunaldnistnndldnalaia
anundaussvossestaniaranas Tavgdanifudeudrasdugngy dofusududesynu
gamgiildnuly ilemsinn3fianysal™?

a

2.1.4.3 uaniuasn (Capillarity)

langiaunanldavavargludnuuzveunategluiuiiuay 9 J90gsening
Funuiaesufineneiu UAserdnaiiondt waiinass Welanenauduiiadisinie
WeeseedauNnmuaIsTEnilane lavenay waveolang!?

2.1.4.4 Wang (Flux)

wifindnveadnd fe nisrdnoanladuumitlaveiiy (Base-metal) vilv
Tanedanivaeuvan vadldAtuuives lUinfuTagguldine wandulseendu 3 Ussimn
ey lawn

1. &ng8un38 (Oreanic flux) ansaazaslunle wavilgndfansouiiuss
nimiEndduay msindndaniragilitudiusidnnseidndiiuszansame vieenavhls
nlfidmeasld Wanddunsdanunsardnldlnontsdsdaei

2. Wéndefiun3d (norganic flux) lundndiinanainasiadl fqndnansougs
findndmnAmaees Wwanzdunistanilugunsaididnnsetind



3. Wandduau (Rosin flux) Wundndinuldvesiign afnanduau desse
Ufnsendeegluannzveaunds (Wldsuanudou) wivznateidunsadeldsumnusou

aunsamdanangflinesnislalaenisarsmelelalnsiiaueanesed (Isopropyl alcohol)?
22]

2.1.5 N15LYaUUAN3 VB LaNSNULHUNB LAY
2.1.5.1 nsuaAnsuUsaLng (Single lap shear joint)

] Qlay Ao 1 Qy | & o le Aa o <@
AN5UANSTUINUNLTDUFDVDITUIUBLUUABLNY AD AISUITUINUNT AN TU
sUawRguRu Tagluagianuning 25 mm 813 100 mm wagnul 1.5-2.0 mm @093y
119D UAUANNTLLANUNLEY LASTAINUYIIATULNEINUAILA 12.5-25 mm kA1INN1T
v ad a o o wagn iy & ) e[’ a [23]
UANTNURNIFUNFTE W INYUNIUNEDY ASLLERN ug‘d‘w 2.3

15 + IL | ||||n|||||||||||l E ] T 1 5
+ 1 L 1

25 12.5

f2s

F 3

100 >
Ul 2.3 Funumageulsdou™
2.1.6 Anuau1san1sien (Wettability)

Aauansanisilenvedansdnns fe auaiuisavedansdansluaniiy
waammmﬁmmmLLN'ﬂizaﬂauuﬁuﬁa%aQ§aQ§ﬁu lngn1598unsnsen (nteraction)
sewiseznaumatlavetinnifutangudlotnng demmaunsnvesmadenianunsnadune
I¢famnnuanansnveanstinnifinssrinsgunsaidilnnsedndiuunsssuilwed

2.1.6.1 yududa (Contact angle, 0)

L v = dIQJ ¥ ! v a v L2 o/ U dld ! l !
yududa Ao yuinlasenindansdaniduiangiu neyududaniiaioglugae

0 > 0° < 30° folansunnsiauaiuisalunsiUeniafuin 8 = 30° < 40° felrwdun
A 6 > 40° < 55° flednegluginsiloniivausuls 6 > 55° < 70° fednlenialif was



10

6 > 70° de711dAnuaunsatunsilenfiangunn F9a1uIbe Lagn1SIAVUIALE UK U
AudnaluarANgadlansdanIvamaaaunsinng fwuandlugui 2.4 wagaunsi (2.1)

. 2
sin 0 = B 3H (2.1)

2HT D

el O Aeyududa H AeanuaswadansUaninevndinmsmaaeunisians (mm) wag D Ao

YUAFURUAUINANA BT INABUNTUANT (mm) 247

D=1.24V"
- >

l\h

Y

NN NN

JUN 2.4 vunaveadusugudnatuazauawedlansdaniuuiangu®

2.1.6.2 fufinsurnszanedn (Spreading area, S,)

flufinsusnszaneiveslansdand Usuendsanuansaveslavgdanily
anmevasuwanfiuinszeduuimivestaggiu Tnsagldlusuny Image) relunsin
warFuIaI TN IuEnsEa1eRa Saasaduninugudnaisauya (Equivalent diameter)
voslavgiansuuiangundsnstani??” duandusui 2.5

Solder alloy g
g

L = = 1| =
f

Spreading area

g

g

o

<

40 mm

5U# 2.5 MInedeuMsuRny1e ™



11
2.1.7 MSNATBUANUATUNIULIIAS (Tensile test)

MsnedBUANMRUNUUSIR L TUIE IRl s Rung AnssmnanavesTaguile
IgsupnuAu saudesnsiuaaisng o wu JadrianisBanegu (Elastic limit) Wasidusdnis
gaf7 (%Elongation) lugaaminugavie u (Modulus of elasticity) ¥ad1iauuudneu
(Proportional limit) Wesiusn1sanasvesituiintiie (%Reduction in area) AIuEILNIY
W39A3 (Tensile strength) 9nA31N (Yield point) WATAIULTINTS B 99A31N (Yield strength)
Judiu nszuiunsmedeunusiunuussisvesianlavsiulumunnnsgiu ASTM E8

nsnadeuAf uLsRaTunRsiununnaey Vilvidusnunnag n1eld
dan1zn1sdia LLazLﬁmmiLﬂﬁsuLLﬂaqgﬂiwqum’Ai (Plastic deformation) 21N 31
nszvi1 MInsanianisideguvildlaenisiussuiisunisiuasunlasuesnnuenvesssos
nnaoU (Gauge length) fuszznaaauBudu2)

2.1.7.1 nsasunUasguinauuudangu (Elastic deformation) wazwuy
0173 (Plastic deformation)

v
a

Wedununaaeulasuusedslunwiunuielaziianisidesu dr¥ununaasy

mmmﬁuﬁaﬂé’uﬁgﬂiwLﬁmﬁﬁsummvi%ﬁmLﬁaﬁ%mﬁmzﬁmaﬂlﬂ Tunsaldduanulaned
a & ! iy a a 2 v A a A

NsUasugULUUEATE Y TUIRTDITUIUIzINITilasuLUasdnuBILBIAnN I sUABU UL U
= ' a ' A a a & | ~ A a
gangu Losnluseninsmiiansidgusuuuuiangy sznauvedlanzazinisiafaud
aantuanewdaAnluUS IR lLLN Ul aLe1wsIinseyineenll axnsuvedlanyay
wndufindugauniaauyililangndugsus1usin dminegnauvedlanziianisiaiaud
ganluanduviufiteg1inns lanzasiinnsidsugluuunnis?

2.1.7.2 AUAIUNIULIIAY (Tensile strength, O)

ANATIUNIULTIAY LU uTAnTwll oflusefawnnszifsaindui ud
AARAYIN Ingngguazieniiedanlilenvineenaindul? anudiuniunsswieaunse

AulAnaun1sn (2.2)

F
o =— (2.2)
Ap

Weo  F As wsaivinlydunadauwin (N)
Ao A9 NuUNRNFnveTUNAgaUnDudn (mm?)
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2.1.7.3 AuA38n (Tensile strain, €)

datanlasunssislumadeaduandugun 2.6 Wunalidasianisinseniy
Aenafefuusafs viliaueivesdandsundasiddliomisuiuanuenisuduvesdan
feunadey JepuAsenvesianaunsamlaanaunisi (2.3)%
AL 1=

& = — 2.3
o o (2.3)

We 1y A9 ANNEILSNAUVDITUNUNAGDY
[ A9 AMNEMIVOITUNUNAFDUNAINITAY

Al=1-1,

(a) (b)

JUN 2.6 uanaszuzdnvauidlanensinsruansuwsatamaied (a) wislanenlilasunss
(b) wialane FUuTIRININFL?

2.1.7.4 %528280 o 0910 (%Elongation at break)

AIAMUEANEUTDIT U UT0NTINTARDARINOUNITLANYN d3N5amI AN
Wesidudnsindy Asaunisi (2.0)°"
0 . Al -1
YoElongation = — X 100 = - X 100 (2.4)
0

0

A a a
We 1 A9 Sres8naunIn (mm)
I, AD 52892A11UE1) Gauge ABULTUAUNDUYININITNAZDU (Mmm)
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2.1.7.5 AUV Al 3AATN (Yield strength)

deflmmndunsgyivietan Janaziinaueisavieiinnisidsunlaguing
deenafussnudianndugsuiain Foni madsuuasgusauuiaaga vieuuy
fomeu agrdlsfiniy mniinauidusgisdeiesauiaganiadiUdosusansgiin usifanll
nduAuFUTIUAL Fondn mawAsuwdasguiauuans Tnegeingaiivsusnnisiuasuutas
sUSLUUANT Fendn 910 FaaTudiuauiegansin iSonin IadrinnnsBangu mnls
LLiQLﬁuﬁ;mf FamaziAsundasguiauuuans Ssmnuduiusseninanuifulasanuaion
wildnuasdudunss Worugansnluudmudiiusseninenuifulagauaionagi
Snwagliifudunss Fongaid Iadriauuudndiu Yananlvgasiiddasinnisdaneu
wazdininawuudadiulnaifssiumnnlidasnsameanlaegiedanau e1amnualily 0.2%
199 Plastic strain iAntuluuiunwanudukazaaeion Wuafmualunismyeasn
3807 Offset yield Tnga1nidunsaaingm Offset fiunumnuAIsawdrainvuulufugag

IndrinnisBanguaudadunsineuiu-anueien adaflae anuudass i 9aAsIn
52

2.1.7.6 AMUFUNIULIINIGIEA (Ultimate tensile strength, Grrs)

detanlduussnsgyousiaiieaasangnasinluud fanazdedldusaia
wndulunsiliAnnisudsugiuouams slilugasitaneedenuudusaiuiu Son
Strain hardening Lﬁas‘]’mﬂﬁLLiqm“v‘haﬂwmgLﬁ'aamw\lmmﬁu mmm%mvlﬂwﬁuﬁq
ngegniiisenin Ultimate tensile strength (UTS) mmumemmmmLLmLLiamammam
mmsmumﬂmmﬂm Mnduiuiinedarnaesdunuasiuiannon (Necking) #&sn
thu YanasAnnisiudsusuuuunnsegishimiiaue Wesniuilunisiuusdivuinanas
nsMANNIAU-ANIATBRRzanasIunsEaiiganznnsuAntin (Fracture) Amenudnumy
ussfsgeanannsaustidilaneduiicuauysainield dlansdulaianysal wu dyngu
(Porosity) az¥ilAIALRdsIanas A1 UTS mldainAusinszyigedn (Max load) 13
FrefuintaRurosduay (A
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2.1.7.7 N5IMAMUAU-AIULAS LA (Stress-Strain curve)

Taa9lUN TN AINULAL-ANLLASEALAINNITNAZBUAIIUATUNIULTIAG SN
a d‘ Y o YY) a o.'; [~ [ -QII
vosngAnssunladmiulaguiemaluidudagun 2.7

__ Strain Hardening ) Necking

Stress

| C
Ultimate Strength
B N
D

Fracture

Yield Strength

’/' Young's Modulus = Rise = Slope
4 Run

Strain

[ 0.2% offset

JUN 2.7 Anuduiusseninennuiu-anuaseavesTanwmile iy

NFUN 2.7 Junshstunaaeued1edn 9 Junadeuazros #nF9aNIUNIYA
A Tudsfianuduius seninaanuAu-auAsen sl udndiumai Falansiiduldunss
al 1 a o U v 1 1 g{’u a ‘:l' ] =l 1 dl' QI
Sengn A 91 Iaddawuudadiu Turieilianeiinsudsuwlasguseuuudaneu ey
usansevihmeluauiudaddanuudndiu dunsvazaoy 9 lAWONINLEUATIIUNTZNIDY
~ [~ A a a [l a 1 | v a ;{’
99 B 990U NNaN15UasuluaIusnenuunat Llienin 9aasIn LagA1nuAungall
138171 ATILAY o 3AATIN (Yield stress) ¥38AINUTLST B 3AASIN MEIAINYAASINIY
Wi TR zUAsuTURUUNNISIAEAUAUAEILDE 19T 9 1508139 AINIURIRA C ANAIY
Wuigailisendn AuAuuLSIReaEn luanuduasanifannuldneufivzsuva vie
waneanNiungm D=

2.2 NUNMIULTTUNTIY

Yinbo Chen wagaaz? @nw1n1siiy Bi aslulangians Sn-1.0Ag-0.5Cu
(SAC105) iitiUsuifisvansinananaglassaiisgania mademevesiunundadans
UaENaIUN (Aging) ﬁqquﬁ 175 °C Aulanginn3 Sn-3.0Ag-0.5Cu (SAC305) HAN15IY
wui1 519 Bi liiwAmudsussliiulansand SAC105 fenalnmsiaiunuudausssag
a15azaneveIuds (Solid solution strengthening) kagn1sLasuALLTIUTIRIBEYFnT
(Second phase strengthening) AUATUNIULTILADUNSINITUANT LLaSﬂ’]iﬂuLﬁﬂJ‘ﬁIUGHN
Vs B ity wazdsmalianumuvestuassnouddlanzanas wonani nsiiu
Bi TuuSunaufisnnnin 2.0 wt.% silhAnnisanaznouses Bi Tuieiiu (Matrix) wSeiindu
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Fu Bi (Bi barrier layer) Aszidi oy Bi TuuSunas 4.0 wt.9 lanzdnng SAC105-1.0Bi
mnzauaauazilaafinsoungquislowIeuifiuiulanzdani SAC305

A. A. El-Daly hazamzP? @nwinavesnisiiiy Te USuiar 0.2 wt.% uay Co
Usana 0.5 wt.% adlulanztinnd Sn-1.7Ag-0.7Cu (SAC177) il oUsudsslassasneqgania
auiinieAusou kazauifnianavedlanzinng SACI77 91nn15HAY Te WudnAnEUD s
ansusznouddlany SnTe uaglassadgmainidfindu luuuefidody Co adlu SAC177 vy
yilwoynimveanaansUsznaudslany CusSns uay AgsSn aziendu wasifauia (Cu,
ColsSns MEnwauzduduTIOLTU CosSn damalianuudauss (Strength) gedia 16% way
Ao Ductility) 72% figmindl 110 °C usnaninsiiu Te vde Co dnaliduinns
AAAaDY SACL77 anas 6.2 °C dlowiiy Te way 2.6 °C lafiu Co

A. M. El-Taher wazauz® @nwinisidu Te, Fe, Co Tudsnnad 0.1 wt.% Uag Bi
USH 2 wt.% aslu Sn-3Ag-0.7Cu (SAC307) Wuln Te, Fe, Co Uay Bi Mdvadlutedud
nslaveaaansUszneudslans Assn wazneliinma SnTe, FeSn, uaw (Cu, Co)sSns 14
savisvilifeynia Cossn uay Bi MAnduluuinugmaininnuazdeniy wagnsifu Te,
Fe, Co ua Bi adlulanytans SAC307 Sedanalilans Uansaiaunauda Ay uniunss
flegeaainiu 58.3 MPa Fagandtlanetinng SAC307 B 1.7 wih uenanilanaraunien
WMTuUszIn) 46% Fatieiiumnuausalun1snsztendnuuuasun TN
9 Wazn13Lhu Te, Fe, Co, Bi é’qv‘iﬂﬁé’umaéqaauﬁﬁu Iuﬁumsﬁé’a%’ﬂmqmmﬁwﬂaﬂ WAy
Frmsnaauwmailviegluszauidgiiulanedani SAC307

A. M. El-Taher uazaniz® wuinmavesansusenaudalans Agssn vunalngf
Aedululanydandldansneia sn-Ae-Cu (SAC) lviindaunnseddunisudeia wazvinli
autAnianaanas willewdiy Fe, Co, Te USunns 0.1 wt.% way Bi Usuna 2 wt.% aslulany
Unn3 SAC307 wuin Fe, Te, Co, B inasly awnsadudensinvesvavesansusznousds
lang AgsSn wagvinlit AgsSn ﬁsumﬂLﬁﬂaﬂmﬂﬁﬁé’ﬂwmzL‘fluLu;iusummiwﬁgLﬂﬁauLﬁuﬁﬁﬂwmz
ad1eudy Feannsudsuulameaavesasusenoudslans AgsSn dewaliainudumiunis
AuiamuUssanm 10 o warergnisldruuundilangdand SAC307 fissfunudu way
puvninedeulietu uardwhlidunosardafiutuain 3.4 8y 223 °C Taeds¥nundas
nsviaeuan wazguvnivaoumadlluszdufeituiulansdand SAC307 sawaniaiia
Fe, Te, Co, Bi villiinnisuasusiivadna (Cu, ColsSns, FeSn,, SnTe wazaunia Bi lagina
LLazaqﬂWﬂmahfjﬁ]z"LUeﬂ’mmNmsm?iauﬁ%aaﬁﬁiam%’u (Dislocation) flusauvesBuimasiva
danalilavednng SAC307-FeTeCoBi IAnudaunssginitlanedan3 SAC307

Mohd Faizul Mohd Sabri wagang”” wuinlassasrsaaninvedansinng
SAC105 wﬁqmswéaﬁﬁugﬂwuLﬂ/\lamulmfﬁ B-Sn waztavesansusenouldielany AgsSn uag
CugSns USidumafinulasiinszareiegludefiuiyn wavesansusznouidlans
AgsSn Az CueSns TluASaN1SEANEY WasAULTILTT 1 AATINGINTINANENAN Sn-Ag-Cu

Y]

ndliilavasu Jafnanmsieunrdainziuseiusslaaudiuduss vililanedanss
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arundausstu Tuvnedivla p-sn Tlugdamsiovgu uazarundauss w gaesinsfigaidie
duiumiadu lesaneynmaiinmsBainziuseiusslanslsdmalina g-sn fugdanns
fomeu wazauudauss o gaasInflanas s B-Sn wuelug) waziaasUsEnaUIRs
Tavz Ag;Sn flaziBumnszanediogludunesinulasd dwalilanzdani SAC105 Hlugdans
Somgusin fanuudeuss a 9ans1n uaznsinggs

AA. El-Daly wagauz Jipsnzilangdnni SACL77 wag SACL177-0.2Te Alg
wafla XRD USINQINAYDS Sn, AgsSn WAz CugSns wonaIniisanudn Te vinlsislais 3 &
Aruazidniu uay Te duadlunelmAnua sne lulangtnnd SACL77-0.2Te dedawalst
Tanzinn3 SAC177-0.2Te HA1AMULTINTI B PAATIN AMUATUVIULIIAY Lazaduuiled
ganinlavigdani SAC177

NNIINUMILITIAUNTIRT R UaNsaasuladn nsiiunagiTeuysunm 0.1
wt.% wag 0.2 wt.% lulansUnn3 SAC307 way SACL77 denalviinnisnasusiivana
arsusznauldslang SnTe ﬁﬁé’wmmé’wgﬂwﬂm?{w (Hexagonal) Tulassasrsveslans
SanFvisaosniin oy SnTe Miintuazdnuneninedeuiivesialandunazdadudansla
Young B-Sn sanduinlinaansusenouldalany AgsSn wag CueSns fanuagidununniy
fedwmalilavginnidandmanaitu
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dufumssniunuideivsenovludetagiuieiu Tan gunsal uazanaiadd
T#lun1smaans nsrurunsseNduulansUansldansneia SAC105-xTe way SAC105-
xTe/Cu (x = 0, 0.5, 1.0, 1.5, 2.0 wt.%) saldiinsiildlunisnagovausiniena uaznns
ATREUSNwAzaN e stuulanstnnITeTuuld ellsasiBenddl

3.1 ASmENTUNUTaNLUANI LS E15nZN2 SAC105-xTe

3.1.1 gunsal arsiadl waziAsasilanldlunswseaaueu

gunsal a1siedl wazasesdanldlunismisuduanulansdnni SAC105-xTe

WAAIIUAIS9 3.1

M15199 3.1 Joyagunsal @19l waziasesdlenldlunisimisndunulansdans SAC105-

xTe

aunsal/iAsaiia/a5iad

ay Y a
EJWE]/E\IJNGGI

Su/ia

Aun 99.95% (Tin, Sn)

WU 99.99% (Silver, Ag)

7BIAY 99.95% (Copper, Cu)

WagLseu 99.99% (Tellurium, Te)

WATDIVINATYN 2 AU

Mettle Toledo

AB 204-S

LWATDITINATYN 4 AL

Mettle Toledo

AL204

waau bl (Electric furnace)

WURALNRUUDNIS

AuFAANLAZIADuAALAAN

failefiuAnusou

Wnasuns 1w (Graphite crucible)

Salamander

A2

Thermometer

Union

UN-305A
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3.1.2 TUABUNISHTEUNTUIUIanzUANS 13a15MzN2 SAC105-xTe

1. FaansdmSuduaneflansdaniliansnzia 5 vl l@un SAC105, SAC105-
0.5Te, SAC105-1.0Te, SAC105-1.5Te uag SAC105-2.0Te lagld @un (Sn) 985 ¢ [u (Ag) 10
g Uagnawad (Cu) 5 ¢ Wwleulavizad9ay 5 Y LLazif’aLﬂnaQL%'sm (Te) USuneu 5, 10, 15 uag
20¢

2. ldlavghun Ju uaznesnsasludmasunsliv wavvasulanslumiluil
Tnenaoufigauvgdl 500 °C w181 12 h 99nvudes q Wiumagiiouasly SACI05
yaosa nieutumutlavefielfnaglsuaraisldesrsauysaiifuan 30 min uasud
fsl3lunlihszann 4-5 h

3. yhmstusulnsmailansvaomnaadluusifanidiguliigamad 250 o
uazUdesliiurundeiluuifs

4. uned usuoonanulfius azlﬁ%umugﬂﬁ’mLuawé“amisﬁugﬂ Fagudl 3.1
mniuthlUieneilassainnania audimeniudou uazauiiniong

5UM 3.1 Junumaansdugy
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3.2 MsnssuTuudasialanziani SAC105 UNIEAFIUNBIUAY (SAC105-xTe/Cu)
3.2.1 gunsal a1siadl waziasasdlanldlunswseaaueu

gunsal ansiadl waziaseslonldlun1swIsutuaulansdnns SACL05-xTe/Cu
wandlunisei 3.2

13197t 3.2 Feyagunsnl ansiedl uasedosdiefldluniswiendunulansdand SAC105-
xTe/Cu
aunsal/inasiia/asinil via/nan JU/vin

nialalasAanin 37% RCI LABSCAN -
(Hydrochloric acid, HCl)
Wwn1uea (Methanol, CHsOH) RCI LABSCAN -
pz@lau (Acetone, C3HsO) RCI LABSCAN -
Wangunns (Rosin mildly AMTECH RMA-223-UV | -
activated (RMA) flux)
writlanginns SAC105-xTe - -

(NTuUROUT 3.1.2)

WHUNDILAY (Copper plate) - -

Hotplate IKA C-MAG HS 7
wSasdmaten 4 fums Mettle Toledo AL204
nesideaauiles - V6-154
Lﬂ%@ﬁﬂﬁ@ﬂ@ﬂﬂgﬁ - -
\3esdalansedn - -

YrgunIalTuBnTuII - -

Thermometer - -

fuilafiuauiou - -

TNLNDI AT LNLAIAU - -

Paulnkuu (Spatulas) wazlin | - -
AU (Forceps)

ATEATYNTIY P240 - -
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3.2.2 Tunaunsnseudunulanedansl¥asnzia SAC105-xTe/Cu

LS EUTUINULANEUANIANNSUNAFDUAIUAUNIULTLRDUMENTZUIUNISUANT
LUUSINE) 1nedvunoun1sauaIuaal

1. IS EULNUNDILASIUIANING 25.46 mm 817 64 mm LaLhu1 3 mm Lagnis
¥Anuazo R UL UMe IAsneuMSURNSEEN SR N suaslUTAdanTE A BN
Wwed P240 uddsdheesdlaundeunadalius anduillusluansavarenselelasaassn
139979USU9S 50 ml (25% CH;OH + 25% HCL) tJuan 30 min (i‘U'Vl 3.2) iie TR
Tun1sdanianndy uavdrmseuinaiiovinnistnng (Soldering) s 2 Frumfaustadlius

©)]

25.4 mm

JUN 3.2 (a) MmdnaealHuneILAIuag (b) vhAuazeausuneuadluasaratensn

2. dvidlaveUaniiwseuliudazgasluiamieniotaaagnnis Sondulu
U9 AMNTUIUTEIN 0.2 mm wazdn i duwkudmasuiugn 1319 25.4 mm waze1d 10
mm #guil 3.3 9ntuasigezdlauiiovdnnsuiiu udadnliiieis 2

25.4 mm

~ -

AUUIUSENIN 0.2 mm

U 3.3 (2) ausislavetinnd (b) Tunurouwasudsia
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3. Wwsiumeunadutansnilunisdant tusuneaunsdiiunsvihauagon
udmFendnd RMA iledeatunisnefvesildusonleduaziivandilunsdeniives
Tavwtaniluaniuzvasima uaznausiulavgianiasuuunumeun ansuinsiang
wriuveuasasULgUnsaiudaTieSenls

4. \floaeaununesiasasuugunsaliudaudadailuneuu Hotplate wazls
arwdoulasivunguunilunistanii 250 °C uasudlifonmaddidunat 5 min 210ty
gnFusuasN hotplate wdudeslibuiauivgamgives

5. iladumudrivinsnestunuiikiunszuiunmsdaniudieenaingunsal
FuBa mntfuthiunudedelansdang qui 3.9) Aldlunnaeuanusunuusadounay

a

ATNlATIETINRaNIA

JUN 3.4 Fuanuilandsnsyuiunistnng

3.2.3 Jundun1sinTeaduulanziani SAC105-xTe UUIHAFIUNDIUAY
dmsunagauanuansanisiden

NAFEUAIINEINTANT UenveslansUnns SACO5-XTe ULIAAFIUNIDILAINIY
75 Sessile drop lnsdiTunaunIIALTLIUATT

1. Saurislangdand SAC105-xTe feAdosinaosgnnadlildnumuiyssun
3 mm nduiilunadunsinszuensuinyszanm g9 3 mm uazning 3 mm Feiaios
dnlansedn

2. Fausiunesunuduukudindsndniavuinniie 2 cm uazend 2 cm udain
LHUMDIAIIBNTEA NI IBIUDS P240 ntudnevheuayeadsorlauuas el

a

3. MIdnFasuuLHUMDILAINTIUTINTRDINITTANG 9ndurnsuvislaetnng
AsUULHUMBILAIUT AN nd 1T udniludanilnennsliainuiousae Hotplate 7
gamndl 250 °C uazueliidunan 5 min wd3senasan Hotplate uagUaosliidudai

QUNQIIDY AIgUN 3.5
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JUN 3.5 Fuauilandsnszuiunisdans

4. drluiamnuarunsanisien lawn gududanasnuiinisuinszaness Ay
UINIFIURAAMNTIUY YU JIS-Z3198-3 srudednwdugiuinervedansdaniiioniaiy

NUVDITUETUTENOULT Ay

3.3 ANSNAFAVANUANIINAYaIlansUAns SAC105-xTe wag SAC105-xTe/Cu

3.3.1 gunsal asiadl waziATasdiaNldlunsnsuanaznagauTUIY

a v ¢ =~ N & Al a < v a0 )
MN19519N 3.3 GUaﬂquaQUﬂim d13tAd LLagLﬂﬁaﬁN@WImUﬂqﬁLmiEJ@JGU‘UQ']UIaﬂg‘Uﬂﬂia']MTU

NedRUANUANINA

aunsal/iATasiie/ansiall

dy v a
gVa/HNan

u/9Un

\A3DeAdEULUNY LA
(Universal Testing Machine,
UTM)

Instron

5569

LA DIVATUITU

Leco

A5 DIMAFBUANNLTILULININGS

(Vickers Hardness Tester)

INNOVATEST

NOVA 130/240

neslsAduiles
(Vernier Caliper)

Ve6-154

YATUT UNUENTUNAABUAIY
AUNULIIRILATILIIDUY

= v [
REMINBI

ATEAIYNTIY P240
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3.3.2 TUABUNISHHTEUTUNUIANEUANTANNSUNAFBUAIMUAIUNIULLITING

1. WduTuuiienaaeUANLSIUULSIRaen1sTaTT UL 2 d1u T4
ALY liAY 10 mm fMenseaensIeiuas P240

2. "';’mwzmaauLLazLé’umuquéﬂaNé'hsjwaﬂﬁamaﬂLU@%Lﬁaﬁwlﬂﬁﬂmmm
Nufivestunuuinuszernasy ﬁqgﬂﬁ 3.6

JUN 3.6 szggvpaauLariduruALINa BT UIIUNARDY

3. NAADUAIUATUNTULIIAIAIULATDIVAABUBLUNUTEAIARILLINTFIU ASTM
E8 lnenagauildnsiauaIen (Strain rate) AN 1.5 mm/min ¢95U# 3.7

IUUNRINAEIU

JUN 3.7 FUNUMHIRINNTNAGBUAIIUATUNIULTIAS

4. drdayai lalundennsvauduiiusseninemnuAu-AuATen (Stress-
Strain curve) Wiauw1A1 YS, UTS way %EL
5. {FnTunuiienaaeuANULlRIee eI InANLIwMUUINNGS
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3.3.3 YUABUNISNAFIUAUAIUNIULSWRDUVBINANLUANS

1. NAFDUANUAUNIULTWR UL LAT D INAEBULUNUSEIA LAENAABUN
[ = . [ ~
ARIIANUATEA 1 mm/min mgﬂm 3.8

5UM 3.8 Funundinsnageulsuleu

2. htayanlalundennsnanuduiusseninennuduideu-miuasenidou
WEYIANANNAUIN LSRN TUNUTANT

3.3.4 JUABUNITNAGBUAMULT VB lanzlanT
o < 9] a Yy P @ a 4
YNANSNAADUANULTIVBI AN UANIAIELATDINAADU AIULTILUUANNDS 1ag

Tusalunisnaduinu 200 ¢ naugliiduiian 10 s uagvinn1snaaauienun 5 9AsaTuIu
nuhaildlumuwameanuwiede
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3.4.1 gunsal a1siadl waziAsaslianldlumsnspanaznaga Uty

M13199 3.4 Yoyagunsal arsiadl wazinIeslenltlunisnseudunulanedans

(Optical microscope, OM)

guUnsal/13asile/ansindl Bvie/Ejndn JU/vn
ASAMIASA 65% (Nitric acid, HNOs) | RCI LABSCAN -
nsnlalasmassn 37% RCI LABSCAN -
(Hydrochloric acid, HCL)
Wwn1uea (Methanol, CHsOH) RCI LABSCAN -
pz@lau (Acetone, C3HsO) RCI LABSCAN -
Epoxy resin LM 525 A LIALDAITUG -
Hardener LM 2522 B LUNILBAI LD -
AnnATl ESCD EFD-4B1
Lﬂ%@ﬂﬁﬂ%Uﬂﬂu (Abrasive cutter) Struers Labotom-5
\30sdnTuy Leco -
naeeganssAtwuuldua Olympus BX53

« v <
LaRYUNALAAN

TNLND5LazNUNILLTD (Glass
Petri Dish)

wykunaAuLazUInAY (Forceps)

ASEAIYNIIY P240, P400, P600,
P1200 waz P2500

NNdnNvann

NITADANUN 5 um tag 1 um
U

3.4.2 JunBUNSINENTUIUEMTUATIAFaUlATIAT9RaNA

1. 1B UUlUTAREIUAI8NTEAIENTIELUBS P240, P00, P600, P1200 kag

P2500 ®1ua19u

2. dgusuludnazideamgindnvatn wayvldnadnogiuivuin 5 um way 1

um ANEIRY

3. antuihduauliinnse (Etching) Wailarmindusuliaiuisaneaiiu
Tasaasnaledniu Tuansazaiensn 92% CH5OH, 5% HNO; way 3% HCl wWuian 5-7 s
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4. drunuldimseilassasiganiasiendesgansaduuulduas ndes
anIIAUSLANATIULULADINTIA wagdiATIziesdUszneuraunanumailn Energy
Dispersive X-ray Spectroscopy (EDS)

3.43 YUABUNITIAS OUT WITUTN N IUNISNATOULSILR ULATNATDU
AUEINN5aNSeN

1. idhdunuludanseuinuidesnisalasaiegania annduldiiSeusuy
WU (Cold mounting) Ingld Epoxy resin nawriu Hardener Tugnsndau 4 : 1 Asgui 3.9

T

sUN 3.9 nsgndunuiiefnwilasiangania

2. wnEunuiudsiiudaeenain Mold anntutludaneugionseatensie
Wa3 P240, P400, P600, P1200 uay P2500 wazdnazidenmerndnuain Inglindnogiun
YUIA 5 um wag 1 um

3. 91nduthd uaulddansai etlafamdnd uaudieaisazanensa 92%
CH5OH, 5% HNOs wae 3% HCL Wunan 5-7 s udidanadigasdlaunsoudnlmum

4. i uauluTiesedlassadisganiadiendasganssaiuvuliuas ndos
ansIAUBIANATOULUUEBINTIN Wazlinseiasrusnauvemamewmada EDS

4
3.5 msammzﬁanvmzqumawumu‘[amum’%

1. ﬂﬁadqawiiﬂﬁﬁLﬁﬂmamwudmﬂim (Scanning electron microscope,
SEM: Hitachi, SU3900) ﬁaﬂﬁzﬂLﬂ%laﬁLﬂ‘i’]%ﬁﬁﬂ({]L%QWﬁQQWHﬁ?EJ%JQaLEJﬂeﬁ (Energy Dispersive
X-ray Spectroscopy, EDS: Oxford, X-Max"20)

2. swyriavesasUsznouiifniululanedanifeiniedinneilassainondn
FematansiagiuLessiEend (X-ray Diffraction, XRD: PANalytical Empyrean)

3. AnwngAnssunisnnuouvedanzdanisherdesiiaseiAndanuaing
Jou (Differential scanning calorimeter, DSC: NETZSCH, DSC 200 F3 Maia)
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uni 4
NaN15IgazaAUsSIuNa

4.1 auUvAn1eausauvadlansuanstiansnzna SAC105-xTe

NHANITIATIERaNTANIIALSauslmaila DSC wansliiAuianginssy
N1eAUSouvelanednns SACL05, SAC105-0.5Te, SAC105-1.0Te, SAC105-1.5Te way
SAC105-2.0Te 1ulAanmiou (Heating curve) veslanzdaniviavunuansiinganauion
(Endothermic peaks) 2 fin fauanslugudl 4.1(a-e) finusnuansgamaigmainuasiinfiass
LARIANABILMAT (Melting point) Yo B-Sn NSLANNAGITENA AR BNGANTTUNIS
masumavedlansinnd SAC105 Wsadntios nmInnassiiaenndosturuidevas EL
Daly wazanz® Tansdnn3aasdivaanisnasuinas (Pasty range) luiiiu 30 °C wiiolinis
Unn3deumanzananniu dwdnsmasumanau q asilflansnniudeiliiguas
187U Taeillanetnng SAC105-0.5Te, SAC105-1.0Te, SACL05-1.5Te Waw SAC105-2.0Te
frensvaeuwalegluyie 11.3-13.0 °C Jsaunsaldnulanglianiunisalidednulany
{nn3 SAC105 nadnssunsudainveslansdanildsunansenuanduinesnads dsdmnals
310 Tonset VBN heating - Tonset U849 cooling N1LANMAGTaNINidWRBTAadvatlany
Jnndifintuedreiiodin fuandlunisd 4.1 é’uLma%qaﬁq{ﬁ'Lﬁmﬁuﬁmalﬁmilﬁmﬁmﬁ
o (Nucleation) vauna B-Sn seminantsudesaialdentu Sedmalinsuves p-sn
voalanzdaniidunagiToudvunalngnindeisuiioudulansdani SACI05
asnndosiunanisnsiaaeulnsiaiieganinvedlansians deuanslusuil 4.2 gumgdl
naeumal (Melting temperature) unafiledna (Solidus temperature) 8 ungAaaIna
(Liquidus temperature) Lagtsnsvassaivedangianiaunsoaguldfunandluasad
4.2
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(a) SAC105 —Cooling (b) SAC105-0.5Te —Cooling
—Heating —Heating
] ox0 205.7°C
N4 N229.g0c
I exo 206.1°C 218.3°C
l endo
23090 23.5°C
l 217.6°C
endo
228.5°
222.5°C \229.80(: « 8.5°C
170 190 210 230 250 270 170 190 210 230 250 270
Temperature (°C) Temperature (°C)
(¢) SAC105-1.0Te —Cooling (d) SAC105-1.5Te —Cooling
—Heating T 197.8°C ——Heating
~
] €X0o
[\229.40(3
199.9°C 218.0°C
1 endo
| endo Na30.1¢
217.4°C
223.5°C
222.8°C .
- 229.0°C 280C
170 190 210 230 250 270 170 190 210 230 250 270
Temperature (°C) Temperature (°C)
(e) SAC105-2.0Te —Cooling
—Heating
T CX0
J 201.3°C
/ ‘\230.9°C
| endo 217.9°C
222, 55C 229.8°C
170 190 210 230 250 270
Temperature (°C)

gﬂﬁ 4.1 @unswinisaneimauseuuarn1sidudi (DSC heating and cooling curve) ¥4
langUnn3 (a) SAC105, (b) SAC105-0.5Te, (c) SAC105-1.0Te, (d) SAC105-1.5Te uag (e)
SAC105-2.0Te
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A15197 4.1 Undercooling vadlanztinnd SAC105-xTe firuinainnsnl DSC

(Tonset, OC) (Tonset; OC) Undercooting (OC)
Solder alloy . .
Heatlng COOllﬂg (Theating_ coolmg)
SAC105 217.6 206.1 11.5
SAC105-0.5Te 218.3 205.7 12.6
SAC105-1.0Te 217.4 199.9 17.4
SAC105-1.5Te 218.0 197.8 20.1
SAC105-2.0Te 217.9 201.3 16.6

f13519% 4.2 sﬁamuamﬂ heating curves meqmmﬁmaaumm (Melting temperature, Ty),
gaunilledsa (Solidus temperature, Tonser), 8NYHAATFE (Liquidus temperature, Tend)
WazUIINITNABUIAGY (Pasty range) UadlanzUnn3 SAC105-xTe

Pasty range (°C)
Solder alloy | Tmi(°CQ) | Tm2(®Q) | Tonset °CQ) | Tena (°C)
(Tend - Tonset)

SAC105 222.5 229.8 217.6 230.9 13.3
SAC105-0.5Te 2235 228.5 218.3 229.8 11.4
SAC105-1.0Te 222.8 229.0 217.4 230.1 12.7
SAC105-1.5Te 2235 228.0 218.0 229.4 11.3
SAC105-2.0Te 222.5 229.8 217.9 230.9 13.0

4.2 laseaieganiavadlansinniliansnzna SAC105-xTe

mﬂmsmmaauiﬂsﬂa%’wqamﬂmaaiawzﬁﬂﬂﬂ%’mimﬁﬁ%ﬁm SAC105,
SAC105-0.5Te, SAC105-1.0Te, SAC105-1.5Te war SAC105-2.0Te menaeianssalnuuly
Lasuazndesranssmididnnseunvudsaniig wuin langdansliasmgdvila SAC105
Usznauludemavesarsusznouidlans AgsSn Aifldnuwazadiowdy (Needle-like) waw
CueSns ﬁﬁé’ﬂwmmﬁuaumﬂmaﬂau (Globular particle) ﬂﬁzmaﬁaa&ﬂmﬁaﬁuﬁqﬂ (B-Sn
matrix)™ Fsuandlusuil 4.2 waglanstinnifiduimag SeuUsingeyniaaisusenouds
Tame SnTe AfdnuazAdBgUnnmABY (Hexagonal particle) melutiagimain (Eutectic
area) Fsouna SnTe dswrudfindumulimavessamagdoufifiaty duandusud
4.2(g9) MavesufIveIoynIA SnTe nAInnsTierReuAynuaTIagonURTo Uy
anurvenan Wogumgianas silisnsnisAndaediedu (Nucleation rate) vaseynA

SnTe WinAu Fanseuliinn1simuIveteunia SnTe uonIINT NsLANmagLTeuvinli
lassasnsganiavedlansdans SACL05 neUiY o INMiTUYeIduneTAaa Tean
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nsiindilAdeauuuiIsnus (Heterogeneous Nucleation) vodlanednns tHunaldina
ansusznaulslans CusSns wag AgsSn Hvualugau®!
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Ul 4.2 21w OM uaz SEM vaslanztinng (a,f) SAC105, (b,g) SAC105-0.5Te, (c,h)
SAC105-1.0Te, (d,) SAC105-1.5Te W (e,)) SAC105-2.0Te

31NA15ANYY XRD aunsadudunanisniiraeuaasuszneuidslansly
Tnssasnsgamanadlanstnng JUuuUNaEeIUL0assEiand (XRD pattern) vodlanzinns
SAC105 Usznauludaefiaf fianuidugsveaina B-Sn wagfiafidauduaiainima
asUszneuldalany CueSns uaz AgsSn fauanslugudl 4.3(a) wiaansusznauiBslans SnTe
aeludefulanstnniusnglulavedand SAC105-0.5Te uay SACL05-1.5Te U3IAAINY
Wadiann o Aisumis 20 Tuting 28-20° fauandluguil 4.3(b,0)
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SnTe apB-Sn eCusSn; *Ag;Sn
AA A A A
(©) A A A
‘l 2
1l % A A
3 JL’.‘_LL-J * Jul_* ALL__JL i_Jli_
(o] AA 4 A y
2
é‘ (b) &

Z vy A 4
E Oj * ° * * h “‘
‘T A A A

(a) A J j
A
‘ **J A 4
X | el * *_JU.JJAL_;;_.LJ,L
20 30 40 50 60 70 80 90 100

20 (degree)

gih'?i 4.3 g‘ULLUUﬂﬂiLgsaLuusum%’qawﬂéz?%ﬂawﬁmﬂ‘% (a) SAC105, (b) SAC105-0.5Te Way
(c) SAC105-1.5Te

osAUsznaumlaveslavzdansliansnziignasiaaeudiomaia EDS wula
a15Usenaultlane AgsSn wag CusSns ﬂﬁzmaaaﬂul,ﬂfaﬁyuﬁuﬂ (B-Sn) veslangUnng
SAC105™ fauandluguil 4.4 uazlulavgdans SAC105-1.0Te, SAC105-1.5Te wag SAC105-
2.0Te wuaynAasUsznouidslany SnTe filasusdulvsiannnfusmmagiFent™ &
wansluzuf 4.5-0.7 Tnsasdusznaumanaslanedantmaniasldduandumsadi 4.3
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i 10pm
(b) c
+ Spectrum 1 © + Spectrum 2
Elements | At% Elements | At%
Ag 71.00 Sn 48.89
Sn 29.00 Cu 5111
Total 100.00 Total 100.00
3 3
E ER
404 404
T T T T T T T T T T T T T T T T T T :? Ig: T T T T T T T T T
6 8 10 12 14 16 18 eV 6 8 10 12 b 16 18
é C) + Specitrum 3
w0 Elements ALY
E Sn 100.00
] Total | 100.00
w3
3 E
EE
w3
=
kI
o 5 T T T T T T T T T T T T T T T T T
0 2 6 8 10 12 14 16 18 keV|

;J‘Uﬁ 4.4 01 SEM-EDS vadlangdnn3 SAC105 (a) laseainagania, (b) AgsSn IMC, (c)
CugSns IMC wag (d) B-Sn
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gﬂﬁ 4.5 2 SEM-EDS vaslangdnn3 SAC105-1.0Te (a) laseai1agania, (b) CugSns IMC,

(c) SnTe IMC wag (d) AgsSn IMC

+ Spectrum 1 + Spectrum 2
Elements | At% Elements | At%
Sn 56.06 Sn 99.12
Cu 43.94 Te 0.88
Total 100.00 Total 100.00
PP AR AT A HARAE R W w o w
+ Spectrum 3
Elements| AL%
Sn 7711
Ag 2217
Te 0.71
Total 100.00
A AR AT EAF RAN'
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25um
R
+ Spectrum 1 + Spectrum 2
] Elements | At% Elements| AL%
2] Sn 56.75 B 48.28
Ie 43.25 Cu 51.72
1 Total | 100.00 Tolal | 10000

(d)
+ Spectrum 3 + Spectrurn 4
Elements | At% Elements | At%%
5n 87.77 5n 51.56
Cu 11.59 Ag 4844
Te 0.64 Total 100.00
Total 100.00

—iE

6 7 8

gﬂﬁ 4.6 7 SEM-EDS vadlangnn3 SAC105-1.5Te (a) IAsas193an1a, (b) SnTe IMC,
(c,d) CugSns IMC wae (e) AgsSn IMC
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f 10pum
ER &
k) »] ©
so] I Spectrum 1 + Spectrumn 2
30
Elements |  At%h 30 Elements | AL%
25 Sn 56.75 ] & Sn 47.19
Te 43.25 7 Ag 51.89
20-] Total 100.00 le 0.92
3 3 2
K H Total 100.00
15
15+
104 !
10—- E
51 [1¢] 5
!5 ] a\m
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 eV 4 6 8 10 12 14 16 18 keV|
E
0]
+ Spectrum 3
] Elernents | At%
2 Sn 62.29
Cu 37.71
3 Total 100.00
3z
% 0]
103
e
5
T T T ¥ T T T T ' T T J T T T T
0 2 4 6 8 10 12 14 16 18 eV|

gﬂ‘ﬁ 4.7 2 SEM-EDS vadlangdnn3 SAC105-2.0Te (a) 1Asas193an1a, (b) SnTe IMC,
(c) AgsSn IMC wag (d) CugSns IMC
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AN5199 4.3 NaNNTIATIETIBIRUSENaUavaslanzUAnS lSa1sREMmemaLla EDS (at.%)

Spectrum
Solder alloys Sn Ag Cu Te
No
1 29.00 71.00 - -
SAC105 2 48.89 - 51.11 -
3 100.00 - - -
1 56.06 - 4394 -
SAC105-
2 99.12 - - 0.88
1.0Te
3 77.11 22.17 - 0.71
1 56.75 - - 43.25
SAC105- 2 48.28 - 51.72 -
1.5Te 3 87.77 - 11.59 0.64
a4 51.56 48.44 - ;
1 56.75 - - 43.25
SAC105-
2 47.19 51.89 - 0.92
2.0Te
3 62.29 - 37.71 -

4.3 dUUANI9NaVDIVa9lanzunAnsbiansnena SAC105-xTe
4.3.1 HANISYAFIUANUATUNIULIIAG (Tensile test)

NaNsNAFEUANLFIUNLLSIRsvedlansinng SAC105-xTe Tnedl x = 0, 0.5,
1.0, 1.5 uag 2.0 wt.% seedos UTM wuin Tavednndynudiauanswainssunsiasuutag
sUSauuudanguuaznsvasuiaguiisuuuansieunsuanin annsmAudusius
seismdu-AATen Fauanduzuil 4.8(a-e) Beranudnuniuuseiegean Wedldus
Msina uazaaudanss a 9eAsn wansluasned 4.4 nmsidumagiioudsnanoninm
AunusIReEEn Wesidudnisdada wasanuuduse a gaasinvestansdang SACL05
Tagauudauss a 9aasInLfinduain 18.3 MPa d1vfu SAC105 18w 255 MPa d sy
SAC105-0.5Te PufumuusIRsgeanifinduain 27.9 MPa dmiu SAC105 1 41.9 MPa
d15U SAC105-0.5Te wagtUasiiudn1sdnfianadnn 32.0% @15y SAC105 WU 16.3%
dmfu SAC105-0.5Te fauandluguil 4.8 slanyan3 SAC105-0.5Te fiArArmudauss
geanndusumaaouioiun arsudussiiiutudunainannmaiuimagSevadulans

RY) 9 Y
v

Uan3 SAC105 viliianalnnisiaiuanuwdaussmemanfegiiannnisesudivesoynie

34,38]

ansusznaudalane SnTe Turilanulanzinns>**® danalinnn159nv19n15 AR UNYIRE

lawntuliadauntaenndul®? wanannd nswiumaaseuludsununuinnin 0.5 wt.% vila
Y
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ANAIINLTIRTI B PARTINKATAINAIUNIULSIRIFIAveslansUnng SAC105 Huwalily
anas Losnniaansyszneundslanglndy é’fﬁLLamﬂugUﬁ 4.1(h-j)
MnmsnaasuasLdsveslanzianisaoind smegeuaruudauuinines
wui1 MaiagSendsalianuudaedangdanida st udndes fuansusui
4.8(9) Maviud urasnmudavedlangtang SACL05 Wunawnanmsnasufvasoynia
ansusznoudslany SnTe finsvarefoglutofulanstnng Ssdmalimaruudafugu

40 50
(a) SAC105 (b) SAC105-0.5Te
35 A1
40 A
30 1
825 T30 A
2 3
w 20 v
vi wr
[ [
& 15 720 7
10
10 A1
5 -
0 1 T 1 T I 1 0 1 T T T T T T T T T
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14 16 18 20
Strain (%) Strain (%)
50 50
(c) SAC105-1.0Te (d) SAC105-1.5Te
40 A 40 A
g_s 30 A E 30
2 2
v vy
wy wv
[ (]
& 20 ‘I & 20 A
10 10
0 T T T T 0 T T T T T
0 5 10 15 20 25 0 5 10 15 20 25

Strain (%) Strain (%)



Stress (MPa)
_ — N N () w B
w (=] w [=] w o W (=]

<

20

15

Hardness (HV)
=

(e) SAC105-2.0Te

25

Te content (wt.%)

0 5 10 15 20
Strain (%)
(g)
417
E3 I
_I_
I

0 0.5 1.0 15 20

YS and UTS (MPa)

60

50 4

40

30 4

20 A

10 1
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7

%

~

d ”.

7272722222222

DMMIIMDBGNMNYNS
b 2222222022727

DMK

N\ ZAN

o
o
&
o P
°
&

Te content (wt.%)

Ys
uTs
M %EL

5UM 4.8 N5 stress-strain wadlavztinns (a) SAC105, (b) SAC105-0.5Te, (c) SAC105-
1.0Te, (d) SAC105-1.5Te, (e) SAC105-2.0Te WaguNUIULAAS (f) ANAINUAIUNIULIIFIEIAR
(UTS) maudianss ad 950 (YS) waztUasiiudinstnda (%EL) waz () Anuwds
(Hardness) vadlaneUnan3fiiin Te USunausna 9

120

F 100

r 80

F 20
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A13797 4.4 drauudanss o 9aAsIn (Yield strength, YS) AINAFIUNIULTIF 95980
(Ultimate tensile strength, UTS) 1astdumn158afa (%Elongation, %EL) LagA1uuGs
(Hardness, HV) vadlaneUnns SAC105-xTe

Mechanical properties
Solder alloy
YS (MPa) UTS (MPa) %EL Hardness (HV)

SAC105 183+ 2.0 279 +03 320+ 1.0 10.5+ 0.2
SAC105-0.5Te 255+ 1.3 419+ 1.2 16.3 + 0.6 124 + 0.3
SAC105-1.0Te 242+ 14 39.5+0.6 217+ 15 13.9+0.3
SAC105-1.5Te 23.1+1.0 382+0.2 203+ 1.2 14.0 + 0.6
SAC105-2.0Te 14.8 £ 2.2 325+ 15 183+ 3.2 15.6 + 0.3

1

4.3.2 NISATITIHNURILANIN (Fracture surface)

HainIsueninvedlansinng SAC105 NEIN1TNAABUAINUATUNIULIIAT 3]
anvazre1u 1unau (Dimples) 180 9 AAnNT8I19 (Voids) Frausnidensedu 3
wandliifuinAnnsiasuilasguinauuansfoufinnsuenin uazanuisaysuenlein
Wanasuaninuuuinilen (Ductile fracture) n1elanaslasunssfsn18n19ana9U94
fufiuthdaiidondt aoren Fuanduguil 4.9@) Wedumegeuadulavetand SAC105
wuimgRAnssumsuaninvedanstanitomaidunuunaussinnisuaninuuumnieauay
MsuANFNLULLUTIE (Mixed ductile and brittle fracture) laSouiieufinntiunninues
Tanznn3fianmagison wuiiiinquiesnitlansians SAC105 uaziiszurusesunn
(Cleavage planes) viefiuiniiidnwarSauniideudnunn dedlvifiudinalnnsuanii
wuuklse (Brittle fracture) ﬁ\‘lLLﬁ@ﬂugﬂﬁ 4.9(b-e) m3asuulasiavtiuantniiinen
LWamsUszﬂaUL%qiawﬁtﬁqLLazmJiwuusuaULﬂiueuam,ﬁfaﬁuaqﬂ F9aANITLENTGLBDNIIN
fuetasiadrvufamiuenin WunaunannisiadafianasedansUanildasne sy

= ] 3 A a X 4 a a 1 I o __a[44 45]
Lu@ﬂﬂqﬁnﬂﬂqﬂ?qmLL‘?NLL?\?V]LWZJGUULN@L@NL‘V]a@lﬁﬂlla{] ULANTUNNT
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g ' Cleavage plane
, - i
2 \7 : S

gﬂ‘ﬁ 4.9 nwane SEM Huinsesunnveslavzinng (a) SAC105, (b) SAC105-0.5Te, (c)
SAC105-1.0Te, (d) SAC105-1.5Te way (e) SAC105-2.0Te Ya931NNISNAABUAIUAIUNIY
S 9P
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4.4 AMUAUNIULSIRBUVBIaNEUANS L3a15AZN2 SAC105-xTe/Cu

MsnageUANLFuIULIIEou (Shear test) IiflUsuiiunnuidefioves
Jomolanginng (Solder joint) Aelssamiena langUnn3 SAC105-xTe/Cu (x = 0, 0.5, 1.0,
1.5, 2.0 wt.%) shenszurumstanduuuiiiaifignmgil 250 °C ifunan 5 min ns Shear
stress-Shear strain wansliiiiuinlanydanidngAnssunsiuasunasgusrsuvudanegy
rouflagfegaunniin (Break point) MeldmrmauAudougaan (Ultimate shear stress)
Fananslug Uil 4.10(-e) Msifuinag s oudwasonnudununsadouveslanydani
SAC105/Cu tiWeaLd nday ﬁ’ummiugﬂﬁ' 4.10() T slangans SAC105/Cu, SAC105-
0.5Te/Cu, SAC105-1.0Te/Cu, SAC105-1.5Te/Cu kag SAC105-2.0Te/Cu dA1AIIUAIUNIY
LSUAOUMNAY 17.8 £ 0.9, 17.6 + 1.4, 18.9 = 0.9, 15.5 + 0.5 Uag 15.7 + 0.6 MPa a1
wiuldan defnmagidenludimafinniy amanudunuisadouvedangtanid
wlifuanas SufgrtestuanumuvestuasusznoudalansfiAat uunadunesa
sewinslaneinniuazukunasuns lnsanudumuusadeurzanauiioanumunvestu
ansusznouddlansdfiutu Tanednnd SAC105-1.5Te/Cu Samudumuusadousiian 1y
HALN9INAMIMUITsT uasUsEnouLdslane i fanumununiian luraeilavgdand
SAC105-1.0Te/Cu fiaruvunvestuaisuszneuidslansiiosian Jedanaliiia1aam
Frumuusudewnniian eerumuivestuansysznaudslansuandlumsned 4.5

20 20

(a) SAC105 (b) SAC105-0.5Te

. / §

10 A 10

Shear Stress (MPa)
Shear Stress (MPa)

0 T T T T 0

V] 5 10 15 20 25 0 5 10 15 20 25 30
Shear Strain (%) Shear Strain (%)

35



25

25
(c) SAC105-1.0Te

20
5 /]
o
2 15
g
bl
b 10 A1
L
wv)

5 -

0 T T T T

0 5 10 15 20
Shear Strain (%)
20
(e) SAC105-2.0Te

15 - P )
=
2
$ 10 A
wv)
©
[\
£
w)

5 -

0 T T T

0 5 10 15 20

Shear Strain (%)

Shear Stress (MPa)

Shear Stress (MPa)

20

15

10

25

20

15

10
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(d) SAC105-1.5Te

10
Shear Strain (%)

15

20

(f)

0 0.5 1.0 1.5

Te content (wt.%)

2.0

gﬂﬁ 4.10 n579 Shear stress-Shear strain ¥adlanzinns (a) SAC105, (b) SAC105-0.5Te,
(c) SAC105-1.0Te, (d) SAC105-1.5Te, (e) SAC105-2.0Te uagluuniluans () A1Ay
FIUMULTIReUTelanyUan3 SAC105/Cu Mty Te USHasng 9

4.5 Fuguinenazanunuivaslansiansliansnena SAC105-xTe/Cu

31NN13M5I980UT WS IaTEINalansUnnIkagiangIuNoAIng N3

nageuauasan1silondiendesganssaididnasounuudensmn uandliiviudy
arsUsenaudslany 2 Fu ldun duansusznouidslany Cugsns MilsUsnsadnevesisad
(Scallop-shape) wag CusSn Aduduue 9 sswietuansUszneuddans CUeSNs LaZLNY
vieuat Fufnanmsunsvasormeuvasuas (Cu) Mnusunensldilangdans uarns
unsvesezmaNAyn (Sn) anlanzinniludununeuns®” Fuandlusuil 4.11 msidy
wagSeuilfiAanswesufveaaassznoudslany SnTe seuinstuasusenouids
lanty CusSns waglansinns ﬂ"’m,l,amﬂugﬂﬁ 4.11(g-) Wan193LATITMRIAUTENOULNERA Y
wiafla EDS Aanansluguil 4.12-4.14 annsadudulsinAnmaasusznouidaday Cugsns,
CusSn Ua SnTe AUsnaBumesmaszrindavednnsuasurunoaunase




Interface layer

Copper pad

Z
RS

L | “"u A

(9) FE 8
I ik L o
,,/v ‘ﬂ 0 0%

0
”fo;‘%ajl Sn;l'? , ,.

PSU 20.0kV 9.5mm X1.50k BSE-COMP ' '30.0pm’

T
B @ O
s A 'ﬂr‘o‘”.‘

Vo ! ! i
PSU 20.0kV 10.2mm X1.50k BSE-COMP SOV.Ome



L e e R I S B |
PSU 20.0kV 9.4mm X1.50k BSE-COMP 30.0pm

Ul 4.11 nwisne OM-SEM nadinennsveslansdaniuutangiunoauns (a,f SAC105/Cu,
(b,9) SAC105-0.5Te/Cu, (c,h) SAC105-1.0Te/Cu, (c,i) SAC105-1.5Te/Cu wag (d,j) SAC105-
2.0Te/Cu
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— o

0pm
(b) 1o
25 + Spectrum 1 25— + Spectrum 2
Elements | At% Flemenlts [ AL%
. Sn 7067 20-] sn 46.05
Ag 27.64 ] Cu 5395
Cu 1.69 Total 100.00
Total 100.00
T T T T T T T T T
5 6 7 8 9 6 7 8
(d)@
5 + Spectrum 3
Flements |  At%
0] Sn 9.76
Cu 90.24
5 5] Total 100.00
H
10+
5 &
g Bl JAAEETs
T T T T T T T T T I A T T R T

gﬂ‘ﬁ 4.12 270 SEM-EDS vadlaviedans SAC105 (a) Ias9a3negania, (b) AgsSn IMC, (c)
CugSns IMC wag (d) CusSn IMC



av

3
U

U

10pm '
(b) 10
25 + Spectrum 1 ] + Spectrum 2
Elements | A% tlements |  At%
20-] on 52.89 204 5n 67.30
Cu 3.90 ] cu 3270
e 4322 Total 100.00
Total 100.00
i)
T T T T T T T T
6 7 8 9 keV| 8 9 keV/
(d)ed
=7 + Spectrum 3
Elements | AL%
20 s5n 10.30
Cu 89.70
_— Tolal | 100.00
i
10~
(e
5]
[
D & JaE @
T T T T T T T T T
1 2 3 4 5 6 8 9 kev]

Py
N

4.13 21 SEM-EDS vadlangUan3 SAC105-0.5Te (a) lAsea319gania, (b) SnTe IMC,

(c) CugSns IMC wag (d) CusSn IMC
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(b)

+ Spectrum 1

25+

{@©

+ Spectrum 2

Sn

48.26

Cu

51.74

Tolal

100.00

T T E“I

keV|

Sn

70.91

Ag

29.09

Total

100.00

Elements | AL% ] Elements | AL%
2] sn | 5230 o sn | 2688
Cu 5.13 Cu 73.12
Te 42.57 Tolal 100.00
Tolal 100.00
&
s 7 5 5 ey 7 ey
1@
+ Spectrum 3 7] + Spectrum ¢
Elements | AL% Elements A%

gﬂ‘f/’i 4.14 27 SEM-EDS vaslaveUans SAC105-2.0Te (a) las9a3neqgania, (b) SnTe IMC,

(€) CusSn IMC, (d) CueSns IMC wae (e) AgsSn IMC

munvestuasUstneudslany () vedanzdand SAC105-xTe/Cu &11138
Solfannfiufivostuasusznouddanstmuandnszuiunstan (4) wasmnuenvesty
ansUszneuddlans (L) frelusunsy Image)® duasusznoudslansusnabumesila
SeUIN9lanzUANI WAL LHUNDILAIIBIlansUnns SAC105/Cu, SAC105-0.5Te/Cu, SAC105-
1.0Te/Cu, SAC105-1.5Te/Cu ey SAC105-2.0Te/Cu ﬁm’mmuﬂqw% (Total thickness)
Uszunes 6.76, 6.50, 5.58, 7.11 waz 6.90 pm Aua1su sauansluaisnefi 4.5 aswiulain



49

nsismagisenadiulanzdand SAC105/Cu lalladanasaainumunveaduansusena iy
lavgogeliudfgy

A15199 4.5 ANUNUVBITUANTUSENR UL L areIBataneunns SAC105-xTe/Cu

Sample Thickness of interfacial layer (um), h = A/L,
CugSns CusSn Total
SAC105/Cu 5.78 0.98 6.76
SAC105-0.5Te/Cu 5.42 1.08 6.50
SAC105-1.0Te/Cu 4.75 0.83 5.58
SAC105-1.5Te/Cu 6.02 1.09 7.11
SAC105-2.0Te/Cu 583 1.07 6.90

4.6 ANNEIN15ANTSIUENVIaNZUANS L5d15MEN? SAC105-xTe/Cu

nsnaaeuAlNaINisaniIsidenveslangdand SACLO5, SAC105-0.5Te,
SAC105-1.0Te, SAC105-1.5Te uay SAC105-2.0Te UuiangunasLasUszifiuanyuduia
AnduszrindlavedaniuasTangiu uasiiuiinisuinsraredvedanetnng duandlugud
4.15 i fufinsudnssneimedanstaniidumagoudanfintu Fsdaunnninlany
AN SAC105/Cu dauandluzud 14.16(a) Tnelanetinnd SAC105-0.5Te/Cu Sanfiufinisus
nszefauniige wansliifiuinfianuannsalumsidendssanuseninslansdnnd fusy
noaundldAign

v v Y

dwfuyuduiadouanslugui 4.16(b) dnadeandesiuiiuiinisudnszaied lag
wududavedaveUansMiiumagissuiuniliuanasileUSinaunagiseuiiudu lnglenog
Tuaie 36.4°-51.6° Fatipgninlangyand SAC105/Cu LB9INNARLT YUY IUAALTIFA 97
(Surface tension) ¥aslangiani™ AryuduiavedlansUaninamuneyluyenisiden
(Wetting range) Meausuls laglangUnnifiunagisey 0.5 wt.% daiiuaunsalunis
= a A 44' ° o) o092 as fa & a ¢ v w
Weniafindnansau (6 > 30° < 40°) vnlidansdudiugunsalidnnselindldniuineaes
LRy AyududaLasiuinisuinszatedvadansdaniagulilunisen 4.6
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gﬂﬁ 4.15 ey OM “aImAdaUN1nT2ae (Spreading test) vaslanzUnng
(a) SAC105/Cu, (b) SAC105-0.5Te/Cu, (c) SAC105-1.0Te/Cu, (d) SAC105-1.5Te/Cu wag
(e) SAC105-2.0Te/Cu
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(b)

70 A
60 1
50 A

40 A

Contact angle (8)

30 A1

20 A1

10 1

0.5

1.0

Te content (wt.%)

1.5

Ul 4.16 Anwrmnuanansamsiden (Wettability) voslaneinnd SAC105-xTe/Cu
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1 Introduction

ABSTRACT

Tellurium (Te) was added to SAC105 solder alloy to improve various properties.
The effects of Te on the microstructure, melting behavior, mechanical properties,
and wettability of the solder alloy were studied. The microstructure of SAC105
solder included a primary B-Sn phase and Ag;Sn and CugSns IMC phases. The
addition of Te led to the formation of a SnTe IMC phase in the solder matrix and
coarsened the B-Sn phase and IMC phases. Te slightly affected the melting
temperature and pasty range but increased the undercooling of the solder alloy.
Adding Te to SAC105 solder increased yield strength (YS), ultimate tensile
strength (UTS), and hardness due to the second-phase strengthening effect, but
adding more than 0.5 wt.% Te reduced both YS and UTS due to coarsening of
the microstructure. The fracture surface of SAC105 solder indicated a ductile
fracture mode, but a mixed ductile-brittle fracture mode developed with
increments of added Te. Te improved the wettability of the solder alloy, but the
thickness of IMC layers was not significantly changed by Te content. Our
findings suggested that 0.5 wt.% Te was the optimal amount to add to SAC105
solder.

developed lead-free solder alloys such as Sn-Cu [2],
Sn-Bi [3], Sn—-Ag [4], Sn-Ag—-Cu [5], Sn—Cu-Ni [6],

Solder alloys are important materials for the fabrica-
tion of integrated circuits and electronic devices.
Lead-containing solders such as Sn-Pb solder are
popular because of their low melting point, superior
solderability, and low price. However, when elec-
tronic devices are discarded, the hazardous lead in
the used solder poses a threat to both human health
and the environment [1]. Therefore, Pb-based solder
alloys have been replaced by more recently

Address correspondence to E-mail: phairote.s@psu.ac.th

https:/ /doi.org/10.1007/s10854-023-10704-3

Sn-Ag-Cu—Zn [7], and Sn-Sb [8]. The Sn-Ag—-Cu
(SAC) solder group has been widely applied, partic-
ularly SAC solder alloys with Ag contents > 3 wt.%,
such as Sn-3.0Ag-0.5Cu (SAC305). These solder
alloys have high mechanical strength, good solder-
ability and perform well at higher temperatures but
do present some disadvantages. Since SAC305 solder
has a higher melting point than Sn-Pb solder, coarse
AgsSn intermetallic compound (IMC) phases can
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form during soldering. IMCs can weaken solder
joints, and the reliability of joints can be reduced by
the growth of IMC layers along the solder-pad
interface during soldering [9, 10]. Also, the cost of the
high Ag content in SAC305 solder has become a big
issue in industrial solder production, prompting the
development in recent years of cheaper SAC solder
alloys with Ag content < 2 wt.%. Solder alloys such
as Sn-0.3Ag-0.7Cu (SAC0307) and Sn-1.0Ag-0.5Cu
(SAC105) have come to the fore but some properties
of these newly developed lead-free solders are not as
good as the same properties of Sn-Pb solder alloys.
Their melting points are higher, wettability lower,
and they have weak fatigue properties [11-14]. These
shortcomings of low-Ag solders can be improved by
the minor addition of other elements to resolve the
issues they cause. For example, Chen et al. [12] added
Bi to SAC105 solder alloy. They found that Bi
decreased the thickness of the IMC layer that formed
between the solder and substrate and increased shear
strength. The reliability of the SAC105 solder joints
was significantly improved. Mahdavifard et al. [15]
found that the ultimate tensile strength (UTS), yield
strength (YS), and total elongation of SAC105 solder
with additions of Fe and Bi did not change after aging
treatment. Bi inhibited chemical reactivity between
Sn and Cu or Sn and Ag, reducing the formation of
CugSns and AgzSn IMC phases. Furthermore, Fe
atoms partially dissolved in the CueSns phase,
reducing the coarsening of the microstructure. The
hardness of the SAC105 solder was also increased. El-
Daly et al. [16] reported that the addition of Ni and Sb
to an SAC105 solder reduced undercooling, increased
the eutectic area, and enlarged the volume of the
proeutectic fraction. The refined dendritic size and
improved creep resistance extended the lifetime of
the solder joint. El-Daly et al. [17, 18] reported that
the addition of Te and Co to Sn-1.7Ag-0.7Cu
(SAC177) solder refined the Ag;Sn, and CugSns IMC
phases and led to the formation of (Cu, Co)¢Sns and
Co3Sn particles. Te reacted with Sn to form new
hexagonal SnTe particles within the eutectic and
dendritic regions of the solder. The SnTe phase hin-
dered the growth of CugSns and CuzSn IMCs at the
interface between solder and substrate by reducing
the driving force. Hence, the Te and Co microalloying
elements increased the mechanical properties and
microelectronic reliability of the SAC177 solder.

A review of the literature showed that minor
additions of certain elements can improve properties
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and modify the microstructure of low Ag-content
solder alloys. This research presents studies of the
effects of Te on the microstructure and thermal and
mechanical properties of SAC105 solder alloys. The
solder alloys were jointed with a copper substrate to
evaluate wetting properties such as the spreading
area and contact angle of the solder joints.

2 Experimental procedure
2.1 Sample preparation

The solder alloys were prepared in four different
compositions: Sn-1.0Ag-0.5Cu (SAC105), Sn-1.0Ag-
0.5Cu-0.5Te (SAC105-0.5Te), Sn-1.0Ag-0.5Cu-1.0Te
(SAC105-1.0Te), and Sn-1.0Ag-0.5Cu-1.5Te
(SAC105-1.5Te). High-purity (99.95 wt.%) Sn, Ag, Cu,
and Te ingots were melted in an electric furnace at
400 °C for 4 h under ambient conditions. The liquid
solder was then homogenized by mechanical stirring.
Prior to casting, the melt temperature was lowered to
250 °C to prevent oxidation and a steel mold was
preheated to 200 °C to prevent the melt solidifying
during casting. The alloy was then poured into the
heated steel mold and allowed to cool naturally to
room temperature. For tensile testing, samples were
machined according to ASTM E8 standards. To pre-
pare the alloys for the soldering process, ingots of the
as-cast alloy were rolled to a thickness of 3 mm and
then compressed using a hydraulic press to create
solder wire with a diameter of 3 mm. Copper pads
with dimensions of 254 mm x 25.4 mm x 0.3 mm
were used as the substrate, and before use were
abraded using SiC papers, submerged in diluted HCI
for 30 min, rinsed with ethanol, and dried using an
air blower.

2.2 Sample characterization

Before microstructural observation, samples under-
went metallographic preparation. The microstructure
was observed by scanning electron microscopy (SEM,
Hitachi, SU3900). Phase identification was performed
using energy dispersive X-ray spectroscopy (EDS,
Oxford, X-Max"20) and X-ray diffraction analysis
(XRD, PANalytical Empyrean). The thermal charac-
teristics of solder alloys were analysed using a dif-
ferential scanning calorimeter (DSC, NETZSCH, DSC
200 F3 Maia). Samples were heated and cooled from
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30 °C to 300 °C in a nitrogen atmosphere at heating
and cooling rates of 10 °C/min to produce heating
and cooling curves. Tensile tests were conducted on a
universal testing machine (UTM, Instron 5569) at a
constant strain rate of 1.5 mm/min at room temper-
ature. Three test results were averaged to determine

Solder ingot ¢, gybstrate

y = 4

Reflowed sample

RMA flux

Heating plate

Fig. 1 Illustration of the spreading test setup
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tensile strength values. The average microhardness of
solder alloys was determined using the Vickers
microhardness test INNOVATEST, NOVA 130/240)
at a load of 200 g and a dwell time of 10s. The
spreading of solder alloys was investigated using the
sessile drop (SD) method [19] on a Cu substrate. In
this procedure, the solder wire was placed on a Cu
substrate with a small amount of rosin mildly acti-
vated (RMA) flux. The sample was then placed on a
heating plate, heated to 250 °C, held for 2 min, then
removed from the heating plate and allowed to cool
to room temperature. Samples received after the
spreading tests were called reflowed samples (Fig. 1)
and were used to measure contact angles and
spreading areas according to the Japanese Industrial
Standard JIS-Z3198-3 [20]. The wettabilty of each
tested solder alloy was reported as the average of

Fig. 2 SEM micrographs are of a SAC105, b SAC105-0.5Te, ¢ SAC105-1.0Te, and d SAC105-1.5Te solder alloys
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Fig. 3 XRD patterns were produced by a SAC105, b SAC105-
0.5Te, and ¢ SAC105-1.5Te solder alloys

three samples. For microstructure observation and
evaluation of the interfacial layer between solder and
Cu substrate, reflowed samples were cut perpendic-
ular to the plane of the interface, mounted in epoxy
resin, and polished.

3 Results and discussion
3.1 Microstructure observation

The microstructures in the SAC105 base solder con-
sisted of needle-like Ag;Sn IMCs and globular par-
ticles of CugSns IMCs within a B-Sn matrix (Fig. 2a)
[14-16]. The solder alloys containing Te presented
SnTe IMC particles within the eutectic area, and the
number of SnTe IMC particles formed increased with
increments of Te content (Fig. 2b—d). Sn and Te atoms
could react in the liquid state to form SnTe. The
nucleation rate of SnTe increased when the temper-
ature was reduced, which promoted the development
of SnTe IMC particles [17, 18]. The XRD study sup-
ported the SEM observations of IMC phases in the
solder alloys. The XRD pattern of the SAC105 base
solder showed mostly strong peaks attributed to the
B-Sn phase and small peaks attributed to CusSns and
AgsSn IMC phases (Fig. 3a). SnTe IMC phases within
the solder matrix were represented by small peaks at

52_] Springer
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approximately 28-40° 20 in the XRD patterns of
SAC105-0.5 and SAC105-1.5 solder alloys (Fig. 3b, c).
The phase compositions of SAC105 and SAC105-
1.5Te solder alloys (Fig. 4a and b) were identified by
EDS analysis. Only AgsSn and CueSns IMC phases
were detected in the solder matrix of the SAC105
solder. Their respective compositions were 71.0 at%
Ag and 29.0 at% Sn (Fig. 4c spectrum 1), and 51.1 at%
Cu and 489 at% Sn (Fig.4d spectrum 2). The
SAC105-1.5Te solder presented CueSns, SnTe, and
AgsSn IMC phases in the solder matrix. The compo-
sitions of these phases were 37.7 at% Cu and 62.3 at%
Sn (Fig. 4e spectrum 3), 56.7 at% Sn and 43.3 at% Te
(Fig. 4f spectrum 4), and 47.2 at% Sn, 51.9 at% Ag,
and 09 at% Te (Fig. 4g spectrum 5). The phase
compositions of the solder alloys were summarized
in Table 1.

3.2 Thermal analysis

Thermal analysis using DSC revealed the thermal
behavior of the SAC105, SAC105-0.5Te, SAC105-
1.0Te, and SACI105-1.5Te solder alloys. The DSC
heating curves of all the solder alloys displayed two
endothermic peaks (Fig. 5a-d). The first peak indi-
cated the eutectic temperature, and the second peak
the melting point of the primary -Sn phase [16, 21].
The addition of Te slightly affected the melting
behavior of the SAC105 solder. These results were
consistent with reports of SAC177-0.2Te solder by El-
Daly et al. [18]. According to Li et al. [22], solder
alloys should have a small pasty range that does not
exceed 30 °C. Since the SAC105-0.5Te, SAC105-1.0Te,
and SAC105-1.5Te solder alloys had pasty ranges of
11.3 to 12.7 °C, they could be used under the same
circumstances as the conventional SAC105 alloy. The
solidification behavior of solder alloys is affected by
the degree of undercooling, defined by T, heating
minus Typeet cooling. The addition of Te significantly
increased the degree of undercooling of the solder
alloy. The undercooling of the SAC105 solder was
11.5 °C, while the undercoolings of the SACI05-
0.5Te, SAC105-1.0Te, and SAC105-1.5Te alloys were
126, 174, and 20.1°C, respectively (Table 2).
Increased undercooling was reported to hinder
nucleation of the B-Sn phase during solidification of
Pb-free Sn-based solder alloys [13, 23]. Therefore, in
the present study, due to their greater amounts of
undercooling, the alloys containing Te produced
larger primary B-Sn grains compared to the SAC105
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Fig. 4 SEM micrographs are of a SAC105 and b SAC105-1.5Te. Both alloys were analyzed by EDS. SAC105 presented ¢ an AgzSn
IMC, and d a CueSns IMC. SAC105-1.5Te presented e a CugSns IMC, f an SnTe IMC, and g an AgiSn IMC
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Table 1 Phase compositions of solder alloys (at.%) identified by
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solder. These findings were consistent with observa-

EDS analysis tions of the microstructures of SAC105-0.5Te,
Spectiin NG Sn Ag Cu Te SAC105-1.0Te, and SAC105-1.5Te (Fig. 2). The melt-
ing, solidus, and liquidus temperatures and pasty
1 29.00 71.00 = - range of the solder alloys were summarized in
2 48.89 - SLII - Table 3.
3 62.29 = 37.71 -
4 56.75 - - 43.25
5 47.19 51.89 - 0.92
(a) SACI105 ——Cooling (b) SAC105-0.5Te —Cooling
—Heating —Heating
I A 206.1°C I e 205.7°C

i ™N229.80C

2" ™ 0
217.6°C \4/ P 218.3°C
endo 7 endo 223.5°C
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Temperature (°C)

Fig. 5 DSC heating and cooling curves of a SAC105, b SAC105-0.5Te, ¢ SAC105-1.0Te, and d SAC105-1.5Te solder alloys
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Table 2 The undercooling of

the studied solder alloys was Solder alloy (T onpets "C) (T npets "C) Undercooling (°C)

calculated from the DSC Heating Cooling (Theating=Teooting)

heating and cooling curves SACIOS 2176 206.1 115
SAC105-0.5Te 218.3 205.7 12.6
SAC105-1.0Te 217.4 199.9 174
SACI105-1.5Te 218.0 197.8 20.1

Table 3 Data from the heating curves show the melting temperature (T,,,), solidus temperature (T, liquidus temperature (T,,4), and

pasty range of the studied solder alloys

Solder alloy Tou (°C) Tz (°C) Tonser (°C) Tena (°C) Pasty range (°C)
(Tend — Tonser)
SAC105 2225 229.8 2176 230.9 133
SAC105-0.5Te 223.5 2285 2183 229.8 114
SAC105-1.0Te 222.8 229.0 2174 230.1 12.7
SAC105-1.5Te 223.5 228.0 218.0 229.4 113

3.3 Mechanical properties

All the solder alloys displayed elastic and plastic
deformation behavior before fracture (Fig. 6a—d). The
addition of Te affected the YS, UTS, and elongation
(%EL) of the solder alloy. The YS increased from 18.3
for SAC105 to 25.5MPa for SAC105-0.5Te. UTS
increased from 27.9 for SAC105 to 41.9 MPa for
SAC105-0.5Te. %EL decreased from 32.0% for
SAC105 to 16.3% for SAC105-0.5Te (Fig. 6e). These
differences were due to differences in the
microstructures of the alloys. The increased strength
of the solder alloy was mainly derived from second-
phase strengthening due to the formation of SnTe
IMC particles in the solder matrix [17, 18]. Moreover,
the addition of more than 0.5% Te tended to decrease
the YS and UTS of the solder alloy by coarsening the
microstructure  (Fig. 2c-d). The hardness tests
showed that only slight increases in hardness were
obtained with the addition of Te (Fig. 6f), which were
results of the formation of SnTe IMC particles in the
solder matrix. The mechanical properties of the sol-
der alloys were summarized in Table 4. Following
tensile testing, the fracture morphologies of the sol-
der alloys were analyzed by SEM. The fracture sur-
face of the SAC105 solder alloy showed a heavily
dimpled morphology, suggesting a plastic deforma-
tion prior to fracture, and a ductile fracture mecha-
nism (Fig. 7a). All the SACI05 solder alloys

containing Te exhibited a mixed ductile and brittle
fracture behavior. The fracture surface showed dim-
ples and cleavage planes, indicating the occurrence of
both ductile and brittle fracture mechanisms (Fig. 7b-
d). The changes in fracture mechanism were consis-
tent with the ductility of the solder alloys indicated
by tensile testing.

3.4 Wettability

The SAC105, SAC105-0.5Te, SAC105-1.0Te, and
SAC105-1.5Te solder alloys all spread out on the Cu
substrate and formed a clear wetting ring (Fig. 8a—d).
The wettability of the solder alloys was evaluated
from the spreading area of the solder and the contact
angle (0) formed between the solder and the substrate
(Fig. 9). The spreading area of the solders containing
Te were larger than the spreading area of the SAC105
solder. The spreading area of SAC105-0.5Te was
approximately 31.5 mm? or 21.6% larger than that of
the SAC105 solder (Fig.9a). The contact angles
between the Cu substrate and the reflowed samples
containing Te were smaller than the contact angle
between the SAC105 reflowed sample and the sub-
strate (Fig. 9b). The contact angles of the SACI105-
0.5Te, SAC105-1.0Te, and SAC105-1.5Te reflowed
samples were 36.6°, 45.9°, and 45.1°, respectively,
whereas the contact angle of the SAC105 reflowed
sample was 52.3 + 0.3 (Table 5). The contact angles
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(b) SAC105-0.5Te
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Strain (%)

(d) SAC105-1.5Te
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Fig. 6 The stress—strain curves are of a SAC105, b SAC105-0.5Te, ¢ SAC105-1.0Te, and d SAC105-1.5Te solder alloys. The bar charts
show e YS-UTS-%EL and f hardness of the same alloys, identified by tellurium content
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Table 4 The yield strength
(YS), ultimate tensile strength
UTS, elongation (%EL) and
hardness of the solder alloys
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Solder alloy Mechanical properties

YS (MPa) UTS (MPa) %EL Hardness (HV)
SAC105 183 £2.0 279+ 03 320+ 1.0 10.5 £ 02
SAC105-0.5Te 255 +13 419+ 1.2 163 £ 0.6 124+ 03
SAC105-1.0Te 242 +14 39.5+ 0.6 21:7:+ 15 139+03
SAC105-1.5Te 23.1 £ 1.0 382+ 0.2 203 £1.2 14.0 £ 0.6

Fig. 7 The shown fracture surfaces are of a SACI105, b SAC105-0.5Te, ¢ SAC105-1.0Te, and d SAC105-1.5Te after tensile testing to

failure
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Fig. 8 Photographs of solder alloy samples after the spreading test show a SAC105/Cu, b SAC105-0.5Te/Cu, ¢ SAC105-1.0Te/Cu, and
d SAC105-1.5Te/Cu
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Fig. 9 The wettability of the studied solder alloys was assessed from a the spreading area, and b the contact angle formed between the

solder and the Cu substrate

Table 5 The wettability of the

solder alloys Solder alloys

Contact angle (0) Spreading area (S,, mm?)

SAC105/Cu

SAC105-0.5Te/Cu
SAC105-1.0Te/Cu
SAC105-1.5Te/Cu

52:3.+:03 247+ 0.9
36.6 £ 1.7 31:5:£411
459 + 4.1 27.3:4:3.2
451+ 1.9 26.1 +2.2

between the substrate and all the reflowed samples
were within the wetting range denoted accept-
able: 6 > 0° <30° is considered very good wet-
ting; > 30° < 40° good wetting; > 40° < 55°
acceptable wetting; > 55° < 70° poor wetting; and
0 > 70° very poor wetting [24]. Nevertheless, the
addition of Te effectively improved the wettability of
SAC105 solder. The spreading area and contact angle
of the solder alloys were summarized in Table 5.
After the spreading test, the interfaces between the
reflowed samples and the Cu substrate were exam-
ined by SEM. All the samples presented two IMC
layers: a scallop-shaped CugSns IMC layer and a thin
Cu3Sn IMC layer between the CugSns IMC layer and
the Cu substrate (Fig. 10). The formation of the IMC
layers was due to the diffusion of Cu atoms from the
substrate to the solder alloy, and the diffusion of Sn
atoms from the solder alloy to the substrate [25, 26].
CusSn and CueSns IMC phases were reported to form
in Sn-Cu alloy during soldering at temperatures
below 350 °C [27]. The addition of Te enabled the
formation of SnTe IMC phases at the interface
between the solder and the Cu¢Sns IMC layer
(Fig. 10b—d). EDS analysis of the IMC layers formed
at the SAC105-15Te/Cu interface (Fig. 11a) con-
firmed the presence of an SnTe IMC phase (Fig. 11b),

a CusSn IMC layer (Fig. 11c), and a CugSns IMC layer
(Fig. 11d). The average thickness (7) of IMC layers
was determined from the SEM images in Fig. 10, and
was calculated from the total area (A) and the length
(Ly) of the IMC layers using image tool software [28].
The total thickness of the SAC105/Cu interface was
about 6.76 pm. The addition of Te to SAC105 solder
did not significantly affect the thickness of IMC layers
in the reflowed samples. The total thickness of IMC
layers was 6.50 um at the SAC105-0.5Te/Cu and
7.11 pm at the SAC105-1.5Te/Cu. The average total
thicknesses of CueSns and CuszSn IMC layers were
summarized in Table 6.

4 Conclusion

The effect of Te addition on the microstructure,
melting behavior, mechanical properties, and wetta-
bility of SAC105-xTe (x = 0, 0.5, 1.0, and 1.5) solder
alloys was examined. The following main findings
can be drawn:

1. The microstructure of SAC105 solder exhibited a
primary B-Sn phase and an eutectic area with
Ag3Sn and CueSns IMC phases. Increments of Te
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content not only formed new SnTe IMC phases in
the solder matrix but also made the B-Sn phase
and IMC phases coarser.

The addition of Te slightly affected the melting
temperature and pasty range but significantly
affected the undercooling of SAC105 solder.
With the addition of Te, yield strength, ultimate
tensile strength, and hardness increased signifi-
cantly, and percent elongation decreased signif-
icantly due to the second-phase strengthening
effect. When more than 0.5% Te was added to
SACI105 solder, yield strength and ultimate ten-
sile strength tended to decrease due to the
coarsening of the microstructure.
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30.0pm

).5mm X1.50k BSE-COMP 30.0um

Fig. 10 SEM photographs show cross-sectional views of reflowed samples of a SAC105/Cu, b SAC105-0.5/Cu, ¢ SAC105-1.0Te/Cu, and
SAC105-1.5Te/Cu

The fracture surface of SAC105 solder displayed a
ductile fracture mode, whereas a mixed ductile—
brittle fracture mode developed in the SACI105-
xTe solder alloys.

When Te was added to the SACI105 solder, the
wettability of the solder alloys improved. The
spreading area increased and the contact angle
decreased, but the thickness of IMC layers
formed between the solder and Cu substrate
was not significantly affected.
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