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Abstract

Since lead is an environmental pollutant, lead-free solder compounds are of
interest to many research teams. The aim of this research is to investigate the thermal
dissipation properties of sraphene oxide-based solders. In our experimental setup,
SnAgCu. solder compounds were mixed with graphene oxide at" various weight
concentrations of 0.00%, 0.05%, 0.1%, and 0.2%, respectively. The morphology of the
compounds was then investigated using an in-line digital holography system, using a
635 nm wavelength laser diode as a light source. The solder compounds were melted
at 250 + 5 °C and recorded every 5 s. The contact angles of the melted solder
compounds were then measured using the reconstructed digital hologram images.
Therefore, the most suitable contact angle values are 0°<B0<30° very good, 30°<B<a0°
good, 40°<B0<55° acceptable, 55°<0<70° poor and >70° very poor. In this research,
graphene oxide, an allotrope of carbon composed of @ monolayer of graphite oxide,
because of its excellent electrical, thermal and physical properties, was blended with
SnAgCu solder to investigate its application in the solder joint of electronic devices.
Considering the experimental results, the contact angle relationship graph of the solder
versus the melting time was drawn, and it was found that the weight percentage graphs
of 0.00%, 0.10% and 0.20% graphene oxide mixed solder have smooth contact angles,
indicating that the graphene mixed solder has stable thermal conductivity. When we

blend less weight percentage (%wt) of graphene oxide together, when the weight



percentage is 0.05%, the graphene oxide is less dispersed, which will affect the thermal

conductivity of the solder poorly. When the solder melts, the graph line is not smooth.

Keywords: SnAgCu, graphene oxide, reduced graphene oxide, digital holography,

solder paste, contact
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duvsznouddylunisbafiuiafe asifonussaiu lasanadoulszaudifazdavan
Founnsedlunszuaums SMT Iel qaautRvesansidouussansiiane lniled nuse
QIERGE

ANUINA1ITEIININSIR B3 (Welding) waznsauysza (Brazing) Tnslunisiden

a A

$an (Welding) Ussinnifeariuenaiesiatuls iy mdnfuméan ve eaiiloniuegiilen
asdonussatuniolangduinasiodusznouiindendeiuiuianmdn daiudsdia
anngizasiviantiu wiagaslsimunisuduiszau (Brazing) uinspanifiu 2 Ussiam lu
n5UANSLTY (Brazing) kavn1sUnn3 8w (Soft soldering) 5’61911Jizmmﬁmﬁ’u|,l,aziawﬁ
snsifuenaideNfaduld igu wdntuvens e nesussiuneanasd Ingansidouuszay
Fetulangnadsranuniomafeaszausinlilanzinng i Tanudn diulsznoures

A13RBNUISEAUDIALANAIIBE NN TAREN

ARG SX 7

Temperature

JUN 2.1.1 AuuaneesEndnansiden (Welding) wagnmsuauuseanu (Brazing)



A & o a1

TngAuuanssseninadandudaiudaniseu unndsfuiigauvnfl Jadanseuasi
nszuiunsiigamndsninmstaniuds uentunssuautaniasadietu tandudodoion
Snedeinmsudulsvany Aenadoulansdifdaud 2 Fuduludndedu nelanefithun
Foutuorvsduviaforiuviessdaduils lnearligampieudeulisessegenii
450 ovanaidoa lnslansifuazgnuasuarats uwilifgumgfinaouaraisvesdusud
nian3uda Tnsodeuijisena1lians (Capillary action) nasuazanalansfulndudily
Tudesinsseninesesse Tnsdnvaurlansifuazidulaveiliogluswnvan ensazifulane
Wel L manvieunaNloalaa neandes iefiserazveuiFeniuin mnde lasi

'
= =

Tansiismaniaziiganaouiaiiganil 450 svmwaidoa drutniseu aldgumgiaam
Youunsesrefinni 450 ssmwaidua lngedeufAzsern1liard (Capillary action) aey
azanglangiiulidudluludeaineseminsesiamilsun walavgiiuaziigamg i
viaguwaIA 450 aarnivarivd danllvginiandaniasln viie aunsaididnnsedindlu
unnsasviounsaauay ilesinvsassuuldonmninaonavatelangfiufiunninetu Uang
wieddldgampiganideilvdauudsswestwsnnniitanisou withniseuasd

AuuNIYnugnnUansuds

2.11 ﬁugmmdam%muﬁﬁ\lané (Metallurgical and Physic)

Tunasusifiunisldlanedaduldoganurray sududosdiiugiuiedy
Snunizvosnsvasslavevidolavenautug Mavguiavddiodifsiawihduiiodldidulans
dmsulszanld W neauas (Cu) Tneundsnaglddrnnauvoslavsious 2 viaduly
Senaalanenay (Aloys) laeaniidnldainnsmanuseunseanuuniemalnezunsy
dmsulavenauiiUseneusaslany 2 viia 458091 luunswlalnoswnsu (Binary Phase
Diagrams) dwiuluduannautavediavenay 2 9ty msadumuamaugalalagily
9wa$19970 Cooling Curve vaslangranyiniudagu 201 @uldsuuaziFondndy
Liquidus (L) uazgamgiifiuansreguyniivasuimavesdulAsiuanaiiuansgumnilvasa
Sendn du solidus (5) wilewdu Liquidus (L) Tangnauiiaaniznasumaikaznatoidy
voavad d@wldidu Solidus Tavewautemumaziduvouds lulguguanis (Cigar-Shaped)
Tavenawiamunaeiivisanuzresuduarvesvan loudaznionittimisvesumaivierns
msufsiafigumaiianas Tnagitdu Solidus () uagidu Liquidus (L) ussaufuseningag
wnfin (Eutectic Point) Banngaumgdl Solidus wag Liquidus nsagdatnnien manzlany

xlivaeuauysal



LIQUID

/ LIQUIDUS

SOLIDUS

/

TEMPERATURE [T]

Cu ‘ % Ni Ni TIME (t)
PHASE DIAGRAM COOLING CURVE

JUN 2.1.2 wnupildlaezansuvedlangnaumewmas-Inda wazidulfsnisiius

2.1.2 Tanzahu (Filler metal)

Tunisvaniuds wetansseu eddadsluniswendsyaru 3 Jade fe Wand

'
=

Feaggnvinlidudnseeanlydmngamgiigeiuliniesasianuieudunauiu laved
WAy AeduusznouvadlanenauuedINGenssineld Tanuan wseuRinlanedaanis
Uang laglunuideineidedenldisnisdnanIeeu (Soft Solders) Lo ngunginld

LaYAINILRNIZENADTUIIY

2.1.2.1 uan3aau (Soft Solders)

o

arsuanIazananwunidulanenauning nilazlansuanunlidngon

U

M13199 2.1 gauugiintdlunisvasuinalvedlangnaansnnaslanzysinainnzna

: R gaungilluns
ANSILLUA YUAVDILANY
VAUV

Sn+Pb
Pb+Sn
Sn+Pb+Sb
. . Sn+Pb+Bi

6
Sn+Pb+Cd
Sn+Pb+Cu
Sn+Pb+Ag
Pb+Ag

145-370 °C

ee
o_)e

=D
)}

Taneway




Sn+Sb
Sn+Bi
Sn+Cu
Tanewauiiliilngt 118-370 °C
Sn+In
Sn+Ag

DU

R [ 1 <@ 1% Ko 1 Y Y
pefatealuansneussuariemnidalignldduiiuszaluningnainnssy

139 Tnaamgageddluszuvarsisgulaa Useda waslugnaivnssudidnnseind oy

va o

Fdedenldarndondssanunielangdufulu SAC (SnAgCu) ludnsndu 1:1:1 1llosan
Juesdusznavuasdnsiduildsvauiounaslifuunniign wszidalaiusaunienn

AUUANIINALAEANLAINTOUNNSUANT A

2.1.2.2 Wans (Flux)
Wislasendsyarudefanuduiudusiu sdudeslandndyaslun1susyay
Fardnddmnuaunsalunisnideeenlenuuiudndudiulng wielissaunulafuay

Jaatunsiinean laduunuEl WandasigmiuANUUeNLaEan kTR IvLlangiiladani

caa

anuanunsalunisianlututazeenlyediing wazthelansiiaulsyauenlvlusessels

aa O oo v a au v o A @ o
f dnnsdetalilareaiAudsnsInIsuas IR Lo UAIAY

2.1.3 msinlvilen (Wetting) uazasuwinszane (Diffusion)

langdiuiiaryilvitaaudndadiuaiursalunisen (Wetting) laogiedl

d' o

UszansnmAdawlaidulumudanivug 3 Usenis own dulanagfoundaazlans iy

'
=

Aeedaran NuRINden1sUsEauiulangiivagdosianmniliferteddunisvinanu uag

=

drudsenevvetlanedadegiatoy 1 Jussdomannuianvanls wasid1Ayhe

1Y

ANNAILNTTRslanes Laﬂumiﬁﬂﬁhmﬁﬂui’a MaﬂLUEJﬂ LN@%EJG]I@M”G]’JL@ZJIU?ULLUU

(%
a Y =

YauraltadblunfuivestanznanagynlvnuRitwden waziinnisnszateeanlulusyau
= A & v A ° o A a U A a v
1119 Tngdaululosduinazyinlilansndnilentazinnisue18sAan 1w09lansd 99aEann

wazlifieanleniii AnuTeuiiesnavadlaveiiiuuazJanuan uazAuniinvodlanyen

Wnignyinlinasumad lnsyuden a asdudwdsiilaainnisindimsunismaasu

1%
A a o

ANNEsatuMRlenuasMvuayuinsenitvealanedtiagseaunuRy Tanman 9103y

#2153



Wetting angle a < 90° Wetting angle o = 90° Wetting angle o > 90°

g7 < 30°

Y

gaNane

JUN 2.1.4 lwamsunsnsznedmiunisuauyssanuy

&z A ¥ o Ly ¥ = = & 1 2 o ¥ &Y 14
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Lidnsdilaensdu Snvwvnuiilvidaudadiion wazdesdededadivaaenaisynasaninisuinluly



911n3U7 2.1.4 TulwmnisunsnszansazUsznousisdiutsenauveslansdiaiud
LLWi’ﬂizmaasﬂuﬁuﬁwaﬁawﬁﬂ (Dp) LLasﬁa";u‘dizﬂawaﬁawﬁﬂaaﬂu%ﬂaméfqLau
(09 Tnglusumounsuszanudutusgfunsnesvesannisuninszans ielhAnnisradh
vonamiiu exnevmadlavsiufudesrudniulnsainososnouvedansluianndn uas

wiuauIlildeznanvedlangyniivzianuainisanmilouiulunisnovaussoniny

a

F9IN15N22N AT UVDIE1TAZA 8T UV LTI §9AULANAIIISATIVDIDEADULN
FurueznaualusasIunulandeiosas AuteANa U150 lUNISIAR DU VR I9E MDY
wadutauneliiinanuaiianeivinzauign lnslavgdliuaisiiiavewaiogng
998 5 049 10 W19 e briulaaneedin1snasi lunnIS LIS NSEANeNaNUINNe AIuUlanes
A e ~ PR ' a I3 ) Y] Vv Y ' |
wndsnasilavedudindsenaunsossAusenauvesidaudnnauegnig fAeg1augu in
v | o o A & v a & a aa T
Aoamsuaulszanuiannanmdunawn lulangsuiuiaisaeddiunauniveuney 1Ju

%

AU

2.2 asusenles (Graphene Oxide) [2]

1Y

317U (Graphene) 1ludannignAunuiiiel w.m.2547 Wnetnidndviesaduaninufe
Andre Geim Wag Konstantin Novoselov 91nuvinanendeuuuanas dsnsludaduian
liuaranueuldavianlulan lngasuszneumedunisueunun 1 du fidnvaziluwiy
nillaseasng 2 I idaunmingsuninhsunausHvuvh fuasueuiieezaeuiey Juh
Tiflnuan iRnudwsndnngs tlwihled Talusaues waeliannuBanguge Surnziunisly
nannadiuesnielumsinluiy weliamasatilwiladgwn s Hudanutenlunis
wnldlusumesugeamnssududiuaunnn iy ausuddnnsedndg naswnng n1sdu
Dusiu
- P a v = o awv o PN a v ao
1899 NNITUATIA L NLAENERABUTNEIN 9T UIUINNTING 81 UARAUTS
asavseldoynusuasnsfuniusednianuasiatliune @sns1iusenles (Graphene
Oxide) \Uunildlutanaitiu Inensaflueanleniuianeznouner@uinanniseandindu
T =D oA a = i d' o H
YoinTHuBaTesenguiiloandiau Janenen1swlsiuilosainanunsanseatemiluiiuas
fvinazatsauale wazdsaansaldinnamiulaonaie fainsilueenlenaglilyfiiiig
1A N wa = s 2 o va ' =
winfinszuiunsiiuauaudivesnsifiuesnleduinuieIuinlilisimgnniinsiduuin

d‘ a ! ! |
WDINNANIIENINNTINY
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A

Graphene Graphene Oxide

JUN 2.2.1 anuansineserinansiiuuagasiitueanles

Y

= & I a6 a tﬂy a @ v
Tofvesnailusanledfomneglugluvyvasiliatazasnsofnuuiuialan il uaz

I

Waguudh (Conductor) lunemds uazdofivesnsnitussnleidnegnsdionsiluoonles
ffuflAn (Surface Area) geuin wasninsfiusenladdamnslunsiunndniidula
it 19 Aduildiuaunsaididnnsoingd iwaduaserdind ueesind wagdug uenainin
Milueanluaddlatlnuisesusesinduasiiaunsolduaunudyneeniad (TO) Tuuusined
16 TaenslusenlaniirsaunsolunsnaufulndmesusoTandue e waganunsaiy

AauURTeTIanNEy (composite material) 491 AIIUATUNIULTIAS AINEANEY N5

a v < <3

T wagdug asflusenledluguuuurewds nsilusenleravddnwanduininlaeinig

o A v v

PnRnnuieasalassEdnsinunLaz U1 Tanuudeuss aunsawu gu waztala dofdnedns
vpansusanlannstfugnsiiieuas Fumnzog1e@ednusunsdaIunIsnIsUNNgange

WALAILITONSIIUNLTA WINEVDIT ANTAIULUATISHULUAIUTINSENNE

2.3 nann1svaslalawnsy (Hologram)

'
=

lalaunsupamaluladignasisluainlalansail (Holography) Fudunisldinaiinsingg

Aa o

Hrgliuasanunasinlanszareaningfiaziinistuiin Wunmiildnvae 3 95 lealsla

=

N34 (Hologram) gnAnAulag Dennis Gabor 3ensluiiigigani 1wl a.a. 1948 lagiing
AunuanmsUulaasiauveandesqanssmididnaseu deunldiuningmaniive
E Leith uaz J.Upatniks sauilefuiamnnaluladdlnefinsliawes duundeiniauas v
Wmmsmﬁ’uﬁmﬂ‘wgﬁyumﬂlugﬂLLUU 3 fAld Fearunsauananinudn arundie uag
Wasuwasmuesvesnnls lalaunsugnuuseenidutssinvlvgle 2 Ussian fe white-

light hologram Fannlalawnsuivuiiniy azanusauewiulamensdesEitanlguasaiIng
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N53TUIA uardnusziamuilsde nmlalaunsu fifesgnassainsieuaiaies niouaad
flanmmrieduaenadosiunioduniueius fsazueatiiunim 3 fald Fednnnsvesdsla
Lmimﬂ%’wé’ﬂmia%ﬂﬂmwmﬂmmmnaamaqLLaaﬁmmﬂﬂiwui’mq Tagn1saneLaLales
Mnuvasidaiieaiuneneenidu 2 61 dmilwasgnisluSausiuiidududin daudndrais
lugringogauavasioulufunuiidalnonsldnszanin Fauasis 2 Sazgaiufinlfuu
figu Felvnmitldmioutagfuasuidesndunmaiionfiusng Tunuynvesuasdion
Asznudstalimveus Sunawnuniisvestalaunsudafiudunin 3 87 lunsaddlslawnsy
szuvsoenld 2 Jumeu feil

1. 150U AN (Recording of image) tun 150U nLaunIsunNInaontd s ou

(Complex interference patterns) 7 LA AAINA1TN LALALLDS 2819 UM UN UBE

Y

(Superposition) uazuaunshnINademdedauiiargniuiinuuilauaiegy

Beamsplitter
' e AU . | |
Coherent| | N\ b\ 1 ]‘]laninatibn I
1 .- ' .
light)beam! | 1 ; || o T — | Object
- = B'P/ { _’_I_;_.',
{ 0y ! | e } {
B | L) 5y Wl O] |
Al Object
(T ) beam
e L : Reference f
A IA = (8 , bedm | S
\ | ! I

Photographic
plate

5UN 2.3.1 nstuiinnmlalaunsy

[

2. A5&571977 (Reconstruction of image) Wunsadanin 3 ARTuy
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Virtual
image

Reconstructioh [ Photographic
beam plate
L Tl

1 Reconstructed

wavefronts

—

-

Viewer

5UN 2.3.2 nsuansnmlalaunsy

2.3.1 mauseendlilalawnsy
2.3.1.1 T¥lunsdeasmalna
g tuamnsailslaunsususzgndldlumsdeansmslnaldifueg i e
SneAudzaniarandudunsaunie ddussamalasudnmsiielawnsuuld

YN0 19N RANY

2.3.1.2 TWuansdoya
Tunmsdnuansdumlngldlalawnsy Jagtuaunsowaninmdiaes 3 dflaeg
unsvang insgannsaiugaulladuAlaeg se 1uesaniaungaaen ks

Tusun

2.3.1.3 Uuiindaya
welulaglalawnsuanunsadinyssendldlunmsduninteyalalngldansnsa ng
anunsatudindeyaleta 1 T8 Ineld Holographic Storage Wusigaglumsideutoyaadiy

lulleingaieuaalyes

2.3.1.4 gruaulaanade
Jagiundstnsiasin dnsuszonou wiavese ludud drsplindnnislalaunsy

i Wendnginundsaziiudiarmiidulalawnsulsingey Sewsldamnsadeuiuula
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JumnzuinistesiunisUasuudanenansilusgneds azvhlideyaimnudasasdouin

£%
=

897U

2.4 f3mealalansaW (Digital Holography) [3-9]

lglans il (Holography) gnAnAulae Dennis Gabor Tud a.¢. 1948 iJumaianis
IUAINTI BNAENRANNITUNINEDR (Interference) Warn15L8 821Ul (Diffraction) Y8taud
\Wesnnlalawnsuanunsaduiinlaliiiesaneundyn (Amplitude) Wity widssiudstaya

ia (Phase) vasmdulansouiuaas waznn 3 davasinglauiannisasislalawnsuulvg

'
= 2

Fanntidnuwazidu 3 05 WlauIngITILY YanINITAN¥ALYRIN NATAMUNIN AL
Py v v v a a El o o v o PPy
8717 WazANANLET Sedaslinaumdieng (Parallax) vesingluniwiiy deiulalansii
Wumadananniaas wiagelsiniy wanataduveslslawnsuiiivadadauinidasainly
anusaUsrunanakuy Real-time g 39ladiniswaulalans Al dnisnaunaiunu
ARUNALMBS VN bAdLITaa18LaUNTEUIUNISTUAN LU ARURIMBS LALEINISOAS 19NN 3
Tauuauimasle Tag Dennis Gabor THMATANISUNTNADAVBINAY TILAINITUILNTNADA
fufaIlsENaUMudEIEeIdIY AD d1ulsntduuad91989 (Reference Beam) wazaliuildaad
Juduasnning (Objective Beam) navesnisunsnaanasgniuiinbiluiiduidimdslunns
Leng s (Resolving Powen) wlaihlduluduaiiiuiareuaserdeluiuiiinaziianis
Wenwulunnaeuuilauninisuningened lagnineduilnamnnIsagluNYeIkaaedl
[ = v P P @ a [ 3 a2 < o a CY =
anvagmilouniirauneenunaningate fau lalansmisdurisonvenistusinan
(Construction) karn15a31909WNa U (Reconstruction) tielilanin 3 47 Ingwaaniiuly
Y I~ 4:1'::1 [y} I3 d" 1 o a ::1' [~1 3 % 1 1 o a
foadulaInianius (Coherence) FaNaIn b lALAIIULAID NS LALA WAAIAILEALES

wiinUsen (Mercury lamp) uadtatees (Laser) 1Uudu

2.4.1 mstuninuuuAInaalalansil
msduiinsruuuasvessanealalansiliieurulalaunsuuulszuiumlusegy
7l 2.4.2.1 IngAdnealalansfignuisesnifiu 2 Ussian loua msdreamuuuuenuau (Off-
axis Holography) wag n1saten1nlunuILnuLAeIfiY (In-line Holography) lagwnaiianis
anelalawnsuuuy Off-axis Holography 1A SUNISWAILI21A Emmett Leith Wwag Juris
Upatnieks fithuasiaieosdaduuvasindauaseiusganldlunstuiinlalaunsulagld

auaafiiuneadned (Reference Beam) wavauasaining (Objective Beam) wanaaniiy

2 &1 Tnguaaninguazuasd1edeasigy 0 sauduuuiidy Smaveanisunsnaonvesndy

Ly

Meaesvzgnuuiinasuuildy dslunstuiinduaiunsannsinglivendinasansdale vilv

Y
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v =

411130V VBULYANITUBIAIEYNA1LANT19UU A93UT 2.4.1 waz In-line Holography
WA LEDeB AT kAN TN ITag lulWINNWAEINY AIgUT 2.4.2 Feluswideillen
NANATAUANWIULLILABITUNTD In-line Holography anldilosannamuimunzandinsu

MImAENURYDE15A79814

reconstruction light

hologram

/ ______________
incident light--> _ el >
____________________ observer

virtualimage -~ .~ TS

beam block ) .
transmitted light

real image

g‘ll‘ﬁ 2.4.1 n1FUUNNNWEWSY Off-axis Holography

reference light

SRR |

incident light '
>

]
holographic film

object

beamsplitter

gﬂﬁ 2.4.2 nsUuiinaawdniu In-line Holography

nann15ve9gauLnud (Huygens convolution)
Arualiauinvesuas Eq(xg, yo) Wilassurudunn X, 7 z=0 lagauiy

E (x,y) wilessuuiedng 2 lag z fesvesvinawasiicnueninau A = 2r/k

ik )
E(x,y;z) = —Zl;f [ dxodyoEo(xo, yo)exp [lk\/(x —x0)? + (y —y0)? + 2]
(2.4.2.1)
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1ay Convolution Integral Ag

E (x,y;z) = E; - Sy

(2.4.2.2)

gﬂ‘ﬁ 2.4.3 5MAdANIIEEUL (Geometry of diffraction)

1n8 Point spread function (PSF) Ag

Sulx,y;'z) = —Z%exp [ik+/ X2 4 y2 + 22] (2.4.2.3)

dunauBayy (Angular Spectrum)
lunseSungnistigaiuuaninsaliisiaseianadnnsuidaule lneiivue
Eo(xg, ¥o) Tiszuudumm 0 (z=0) Ineaunasudeumazgniamuady Fourier transform

Ao(kx: ky) = F{Eo} = %f f dxodyoEo(xg, yo)exp [=i(kyxo + kyYO)]
(2.4.2.49)

Ingvaduna Eo(xo, o) Aon1suuasmisesnau (inverse Fourier transform)

Eo(x0,¥0) = F {4} = if J dkxdkon(kx’ ky)exp [i(kxxo + kyYo)]
(2.4.2.5)

I3 3 = a a o ¢ A
wawnlmduwdea fe (xg, ¥o) tTUNTANEANVDIAG UTTUIUAULINLABS ARY
k = (ky ky k) 0o k, = \[kZ — kZ — kZ ndannunsnszaneilusseenie z adussuny
Azla5U exp {ik,z} dsilu auwm E (x,y) 1 X (2) fo
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1
E(xyz)= %.f f dkydkyAg(ky ky )exp [i(kyx + kyy

+ k2 —kZ—ki2)] czrc(Jk2+k2)

12 +12
=F1 Ao(kx, ky) exp [i /kz — k- k}z,z)]circ p d [x, y]

(2.4.2.6)

2.5 UIsNNYIVoY [11-16]
11t ./ 2004 Mario Arenas Wag Viola Acoff lavinmsinuinisinyuduiavedlany
Uan3fiusimanansnzna 4 gialdun Sn-35A¢ 5A¢-4.88i Sn-3.8A8-0.7Cu Uag Sn-0.7Cu

Tnetmiin Uuwummawammwamm ’I\TG]IWEJ’JG]JJiJﬁQJNaGNLLG} 30-40 997 KA1 19

Y

o

Ten @4 Sn-3.5¢-0.88i Taldndudadivnfiaatsvendspanuaninsolunsieniintude i
Tadmdnly.[11]

Tull AA 2006 Vesa Vuorinen uazame Idvin1sfnwufiserssudnsituiinvoslany
Uan3 Sn-Ag-Cu lnafinisndiou NiP/Au unknsiialngldndesganssamididnnsaunuudes
n3AluN1TnTIAENTANIwES [12]

14t A/ 2008 Stefano Amore E. Ricci wazrnz Tadnuilansrasdnnslfasnsm
dmsunisldsulugunsaldidnnsednd Ingldd@nwingAnssunsidonvedlansiiuay Sn
nangeia Wi In-Sn Au-Sn uwag Cu-sn IneiarmnuuwUsiuresysdufavuansiadu Cu
waz Nianeldhauazguuniifidmun uazlindewansseidianasauiutgesnsinsiutu
\3oadniadalunlnsunTuuunITAE WS 1L Lﬁaﬁﬂwmﬁﬁ%miwdwﬂawwamﬁ’uﬁuﬁaﬁ
Juveudauagmanedavesasuszneusne Miululd Smuidiuseuszaiussningans
Uszanuiifureanainagaishaiuiduromds In-Sn uag CuSn Taemudn Au-Sn uand
waAnssunaidenindeftuuu Cu wae Ni [13]

Tuda.f. 2015 T. Thong-on lvﬁ"ﬁﬂmmﬂﬂﬁlaugﬂiwﬁuaa solder paste (Sn—3.0Ag-
0.5Cu) 7ivfisl graphene 138 graphene oxide USunas 0.02-0.10% lugaumgil 200-300°C
Tneld DHM asyu wutunadiailsitoyanisudsuunsuasssduialdoadeto [9]

Tt a.A 2017 aw1f Junsudld wag Inlsadl dwlngsd lafnwanuaiunsalunis
Jenuarlassairsganiavedansinnifiusaainaisnzia SAC305 way SAC305-0.5in Uy
uriuneauns Inefnunigamndl 240 260 uay 300 ssmwaiea uazialdlunistang 20
30 way 60 Ui 91ANaN1TNAADINUIN W BliusnBuLABL 0.5 wt.9% lu SAC305 9a

NABULRAIAAAT 3.8 DIANTAT A UBNIINT AILRAUVBIFIUTENOUNITNIZANYAI LAy
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5615'1?1"Juﬂ’1'§ﬂ§8‘\]’1EJ@IJ’Jﬂjﬁ’lLﬁﬂ%ﬂmﬂﬂgWﬁQﬁﬂﬂiﬁﬂﬂ%ﬁL‘I/Q\llii“llgu WagNUI1 SAC305-0.5In
figaumpiinisdan 300 °C Aanstiang 30 Tt Tmnuaansonsondia [14]

Tud A.m 2018 weawA Tunsudld uay wielnlsey dsulngsd Téihmsidedinain
ulagianndendssaufiusaainaisngia SAC305 uag SAC305-0.5in iAnauduiiad
gaunndl 260 °C 11a7 30 40 waw 50 wnit Tnemuduwalfuinisanandonanfiuiu dmsy
1A598599a01AUTINGNAVB Ags(Sn,In)uazCus(Sn,In)s Lﬁ'aﬂ%mmﬁm%mﬁamﬁwﬁu Tnetu
miﬂizﬂauL%ﬂamﬁa&igwdwiaaﬂhﬂ%aﬂamﬁq 2 ¥5ipAe CugSns [15]

Tud . 2018 WienIna Usznauuas wazany Tidnwiarsidesdsraruiiusaain
asngia SAC305 nawfutanuesludidnasnvia Alzno Tusmidudu 0% 0.02% 0.05%
way 0.10% lugamgli 250 °C Wuan 30 3wl lneldnsaisainwuuidnealalansniiang
szuunuudulaifirnAyudniavosasdenlsvaruuasanumungasndrinuiiia sy
ol AZno asly [16]

Tufln.f1. 2018 Ke Xu ldAnwnissiassdongiaiiouiasAnyn1avieaiuuusiy GO
WU31 GO Unfidant® Hydrophilic (contact angle ~70°) %Gﬁ@&ﬂ’i’]ﬂiﬁ\lUU%ﬁﬂé (~95°)
wazfuiusimiily GO awvtlsdudaiuty (@suain 700 @u 82° e defect 0 1flu 10%)
[17]

Tuda.@. 2021 Mamart Wikatsama ﬁﬂwmuﬁ’m Heued solder paste (Sn-3.0Ag-
0.5Cu) Tinanfanasuaumieg mugauvgil wuinld in-line DH§UAM solder paste Uniy
Sounmaravanuuas InyNAuNalang1wugT [18]

Tullp.fi. 2023 Mohammad Mehdi Zamani Asl 14 DHM Tufinnam 3D vesmgaii
B 9 fifhdsszve e dnuudilaluTiud nuliuiazaaseuveungaenailyuduiasiiaiy
eiulaag ~10°) Tudevag stick=slip vaug sewme [19]

Tuda.f. 2023 Yilin Li 33IHANSNAa8MaeYnasUIn NISLAY graphene nanosheets
aslunziaUaonarsnsia (lead-free solders) RLIRTEY wettability WAYAITULD IS5
#0E91TU Sn-Ag-Cu wiin SACR iilafisl Cu-GNS 0.05% lsauduilarmanuszanal 32° uag

ol Cu-GNS 0.19% Iéfamiuszann 14.4° [20]
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uni 3

A5N1SAUUIUIY

WormluunilagaSuienedNunsa9llalagseuunNITInMnNegI9 Ul

NIEUIUNSWIIUNIIHUBN R aT AT BUNUTYAIY hAZAISTIATITINAINNITNAAD

3.1 \n3asliauazaunsainidluanuidey
3.1.1 unasnllauasyiaaaslalan (Laser Diode)

av [

WU duaantinNue1IAaY 635 UAlULLAT VUIRAIAS 1.2 TadTnd aesun 3.1.1

Y

gﬂﬁ 3.1.1 unaandaaastinawesinloniu CPS635R, Thorlabs

3.1.2 laudyuLNTNIEUIU (Plano-Convex Leases)
wuuliitAdauia (Uncoated) 2u1an 113 lnia 200 aduwns ldur1ugugnans

25.4 fiadiums faguil 3.1.2

U 3.1.2 laudyuunuszuny Ju LA1708-N-BK7, Thorlabs
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3.1.3 N8 94N I NDALYULYDT YU A CMOS (Complementary Metal-Oxide
Semiconductor)
fyunawuiees 22.3x14.9 fadwns wazilauazidengean 18 a1ufiniea (Canon

FOS 700D) flaguil 3.1.3

SUTl 3.1.3 ndpsiamealeulgosvila CMOS u Canon EOS 700D

3.2 szuvAInealalansai

TusAdeilddmdnnsdenmuuuainealelans MduldlunsAnuamauds
MIuHveEsaNUszatuinauns fiveenled Tngldseuulslansafluuvdulay (n-line
Holography) ﬁﬁl,ma'aﬁwLﬁml,awﬁmamaﬂﬂiamﬁLmﬂﬁammauﬁuﬁmmmzmuLﬁasumﬂ

awasilnwinlugniringuaziluduauudignaosidnes

LEND

DIGITAL
\ GAMERA

LAGER

JUN 3.2.1 szuuddnealalansfluuudulad
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3.3 ASASUUETT
Tnglurideazuvseondu 2 dw ldud dwdiiduasnsfusenles wavdiuiidu
asdeuuszanu
3.3.1 Yaauazgunsaiitlélunisnaaas
- nsflueenlen (GO)
- asy¥euszany SAC (SnAgCu) Tudmsnd 1:1:1
- FOUFNEATT
- 5EAeEns
_ ipestiasuuuiinea
- Untnas vum 150 mL
- NSLANYNTBIATT

- AsnEUNALLBEIIEN

3.3.2 Junaulun1snaasy
1. dmsns1iueenlenninienliluviniseuliuiafigaan 100 e Hu
1Ia1 24 91U ANTUEIRINIINLeaNlaANKIUNITaULAR lUA AL 8RR AN BNLNALLE

LWIIHN

JUN 3.3.1 aensnilueenleniiiuniseuudsluun

2. Wauanans1lusonlwnauazdenwaldwinlunseeniensenwn e

uUIA 200 MESH %3a1iniu 74 lumsau
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JUN 3.3.2 mansfusanlengnunauasBeauwaidsiilunses

3. AR NUuNNas oL sTaIUkazaINIHuR U TaivdnleenslaATad

Fatmiin feguil 3.3.3 sudnsadnnwinenududull asened 3.3.1 Taeduinn

AUNTN 3.1

(3.1

WT% 21 5 ) A, & A
Jinvesnsiiueonlen +a1sweudseay

'ol o al s
dvilnuesnsflusenlyn

A1519% 3.2.1 AT RTA3A N ALl Tasn3 I aNNT

x 100%

WT% nsvlueanlen(na) ansdoulszany (0% | dwiisau (nfa)
0.00% 0.0000 5.000 5.000
0.05% 0.0025 49975 5.000
0.10% 0.0050 4.9950 5.000
0.20% 0.0100 4.9900 5.000

nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Luinsdlagyivau Snvishulilidaulaaiion wazsesdadadudveaenarsynasandnisinluly
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% BY NHON ALMIT O

5UTl 3.3.3 ansi¥euussanu SAC (SnAgCu) tudmsidau 1:1:1

4. harsdenlssautazuinsiusenleninssuuditanaulmdiu
(stirring) Wurian 30 Wil azldenswenyssaupalns flusanlanndanuiduduniutiingn
vJu 0.00% , 0.05% , 0.10% Laz 0.20%

3.4 MsfinwauaNURvasEIAeaInaalalansi
3.4.1 fanuazgunsaiitldlunisnnass
- Hot plate 1,500 W
- LeANeEns 70%
- UHUNDILAY

- Wil iogilannsInsEusnvuIn 1.5%5.5 mm

3.4.2 Yunaulunsnnass
1. In3ENLENDEA YR 1 X & T 1hanyhenlazonn i auEun o 1L
Tneldusanaged 70% ierdaasTulvsuuuRowdunauns
2. thansidenUseaudinaunsfiusenled i aududunudmdnidy
0.00% , 0.05% , 0.10% waw 0.20% wduzulasnslfudfinegifondrelunistugy 1944
é’m:}mzLﬂugﬂmaﬂiwaﬂﬁﬁwmﬂ%q 1.5 TadLnT Waggd 5.5 1a8lRT aqUUMNUNDAY

MoSeuld Aagun 3.4.1
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£

JUT 3.4.1 asWwenUszanuinauniiuesnleniigniusumeusiuiegilidey

Y

3 a A

3. waRIndusuiasaudnthansidendssanunldmunminisanislunasy

vumAL3eu (Hot plate 1,500 W) figaumail 250%5 °C 1fuan 30 3un

4. sywinmsnaosvesaa e syauiu agviinsinenmlglanflves
ansidenUsvanurusruuRanealalans fluuudulat (in-line Holosraphy) afianiuesls
lansa¥ (Gabor Holography) IaesinnisinamalupannseulilussuvuAdnealslansiluuy
duleyd Tngnamlimnafeulfseminnaudiunde sivnon Ssagdesnamlsinuioust

\ ¢ & & a 44' 9 Y A °o g v ¢« & a
WsanngUnsaivivaanluszey 30 Wwuiuns iedasiuanusauiaeyilinunsalnsaedin

ALY
AWLFIVHIN
LENS 5L O NNV
\ . DIGITAL
——180'cm—— HOTA F——30 cm—— CHMERH

PLATE

JUN 3.4.2 szuuRdnealalansifluuvsulanlunszuiunismeaes

5. g1ennlalans W e a7 0, 5, 10, 15, 20, 25 wag 30 W9 vy
Malirnudeusigumagll 25015 °C
6. 19lUswNSUABURLADS (Reconstruction) kagtinA nANILNNsas 19l 1N

imsiamyudulavesansieurauioAnwAManURn UYL YBUNATY
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unil 4

NAN15I8LaZN15AUS1ONE

PINMIVRaBvaEsfionnay SnAeCu Tudhsndu 1:1:1 Tnenausunsitueenlad
finadudu 0.00%, 0.05%, 0.10%, uay 0.20% Tnetniin Faduaududuiianansoi
madsuwdadiddaausazmunzan Tngldudnnisidnealslansfuuudulavdmiu
AvRdeuAMaNTinaLaesasilouUsraudlofinsuaunsfiueenlediauidudud
uanssiuitelflunisnsanyudadavesansierssaiussyinmany uazlingizsimgnsd

wangaungatunmsthildlduavinnulaengslunisldan

4.1 nannsAnEEsTauUssanusninaiaay
Tunsnnaeansideutssaruswinsmvasilasldnnasy (Hot plate 1,500 W)
ﬁqmmﬁ 25015 °C L{‘JuﬂmqquﬁﬁmmsaﬂumwaamLﬂunm 30 317 Geansazidy
waamuawuéﬁqﬂw&mnmﬁ Wugnsiignsiiniswasunlasdmay senian1svaonveans
Fauusvanuty avvinisaieninlglansiiivesansidoutsausiiussuufsnealslans i
wuudulau (In-line Holography) sfinntueslalans il (Gabor Holography) lagvinn19314
wilranseulilussuudndnealalansniuuudulal lnenaailianuseuldssninaaudiu

naosRInes FarzdesnunTiinnuiouegvininingunsaiivaenlussey 30 luAuns 1o

vy i

Jasiuausounagybigunsalviaeuiamiudenis uazigunlaainnisanenmiiely

lunsmyuduravesaswenyszaulagldmssneuansniu neilsuiweluil

0Os oL cym (\\R\Q{’/A Os

%

" 4
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5U# 4.1 fegrnmangidnealalans il (H1e) Mmainnsasnnmlndlagnisineuan

N (171)
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1: 321€2: 2746.09 um

3: 1676.42 um

UM 4.2 amirunsasuaminiainnsireuanintuvesinegasi@eulseauniy

WY 0.00% SEnITaNAvIat 0 319

2l

13 2219.4412: 328646 .Cm

3%31804.81 Wl

SUN 4.3 MNARIUNN5ES1 9NN MIINASS ABUARS N TUYDIF9E19@ ST RUU T AN UAINY

Y

[WUTY 0.00% SENINMADUNIAT 5 IUI

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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2: 980.39 um

3: 2949.51 um

3UT 4.4 amdrunsaseaminiainnsireuanintuvesineguasi@eulseauny

WU 0.00% S¥AINNaBUNIAT 10 AU

SUN 4.5 MNARIUNN5ES1 9NNl MIINASS ABUARS N TUYDIF 9@ T RUU T AN UAINY

Y

WU 0.00% S¥NINMaUAIAT 15 Junii

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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2: 876.88 um

3: 2456.90 um

U7 4.6 amirunsaseaminiainnsireuanintuvesineguas@eulszauny

WU 0.00% SLAINNaBUNAIAT 20 U9

—"} _ gy, 1
:/ r r_p
#Lh / -' -
)& Lg_hi / ¥

R
2 oA

SUN 4.7 MNAR1UN5as1annlmiannIsS ABUARSNTUYDIFE19@ ST RUU ST AN UAINY

Y

WYY 0.00% S¥NINMaUAIAT 25 Junii

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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|
.;:»»-‘ ||

JUN 4.8 awirunsasainiainmssreuanintuvesinegaas@eulsrauAY

WU 0.00% SLAINNaBUNAIAT 30 U9

INNFAUAT AL RFUAATENINNITNE 0T TBNUSEAIUN AUINTY 0.00%
Tuwvan 0, 5, 10, 15, 20, 25 wag 30 U LaglainN1sNAaWenNn 3 ASS IneA T InlaLans

ANUAI1N 4.1

M13197 4.1 ArvasuduiavasasaNYsEaUIEndaasunA Nty 0.00% Tutian
0, 5, 10, 15, 20, 25 wag 30 Ui

1381 yuduavesandentszawszninmasuanududu 0.00% (asan)
(Quh) Fapgnedl 1 Fedail 2 fiaetnsil 3 Alade
0 55.87 57.03 56.45 56.45
5 23.77 21.98 29.07 24.94
10 18.97 19.71 19.25 19.31
15 17.94 21.03 18.39 19.12
20 20.76 19.86 16.50 19.04
25 17.98 19.76 17.64 18.46
30 19.77 19.56 19.83 19.72

nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Luinsdlagyivau Snvishulilidaulaaiion wazsesdadadudveaenarsynasandnisinluly
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1: 166 2: 1445.87 um

UM 4.9 amirunsasuaminiainnsireuanintuvesineguas@eulseauny

WY 0.05% SEnIaauAvat 0 31

SUN 4.10 ANARIUNNAS19n N IMLaINNITS ABUERNS NTUBIF 1081985 TBUUTLE 1 UAINY

Y

WY 0.05% SENINMaUNIAT 5 IU

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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my [@.0ST :S my [E2.0SBS :I
my £2.TIES :£

UM 4.11 amiunsasannlvdainnsseeuaninduvesiieg @ siwenUszauay

WU 0.05% S¥AINNaBUNIAT 10 AU

\m y;\\

4\ 'wr\?i\

SUN 4.12 A nARIUN5as 19N nLaInnISS ABUERNS NTUBIF 1081985 TR UUTLE 1 UAINY

Y

WU 0.05% S¥NIeraauiIal 15 Ui

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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(RIS TR X

1: 2446.34 um 2: 755.28 um
3: 2329.29 um

3UM 4.13 amiunsasannldainnsseeuaninduvesiieg @ siweNUszauay

WU 0.05% SEAINNaBUNIAT 20 U9

SUN 4.14 P nARIUNas19n N IMLaInNISS ABUERNS NTUBIF 1081985 TBUUTLE 1 UAINY

Y

WU 0.05% S¥NINMaUAIaI 25 Ui

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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UM 4.15 amiunsasnnlydainnsseeuaninduvesiieg @ siwenUszauay
Nt 0.05% S¥ninavaauiiIaT 30 N7

L3 LY 1

ANNITIATIERNUFUR AT

i

14N15918DUYBIFITWINUSTAIUNANUINTY 0.05%
Tuwvan 0, 5, 10, 15, 20, 25 wag 30 U LaglainN1sNAaWenNn 3 ASS IneA T InlaLans

ANUAT1N 4.2

M13197 4.2 ANvaNduiavasasRaNYsEauEndaasunA Nty 0.05% Turian
0, 5, 10, 15, 20, 25 wag 30 Ui

1381 yuduavesandentszawszninmasuanududu 0.00% (asan)
(Quh) Fapgnedl 1 Fedail 2 fiaetnsil 3 Alade
0 53.69 55.86 55.24 54.93
5 48.97 ar.at 47.02 47.92
10 25.87 27.02 26.61 26.50
15 16.77 18.03 15.63 16.81
20 20.06 21.46 22.17 21.23
25 21.78 22.53 21.84 22.05
30 14.85 15.89 13.33 14.69

& d' VYo o ] r:l = O | Y o v v ¢ v ¥
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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1: 3427.02: 3033.38 um

3: 1605.91 um

3UM 4.16 amiunsasnnldainnsseeuaninduvesiieg @ sWeNUszauAy

WY 0.10% S¥nIaauivIat 0 3ua

385,1200.99 Om

UM 4.17 anishunisasiennlrdanmsseeuaninduvesiiegsansienyszaiuaiy

WUTU 0.10% SERINNaBUNLIAN 5 U9

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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e 2: 908.23 um
3: 5133.27 um

UM 4.18 amiunsasinnlydainnsseeuaninduvesiieg @ sWeNUszauay

WU 0.10% S¥AINNaBUNIAT 10 W9

SUN 4.19 ANARILNNAS 19NN ABUERNS NTU DI 1081985 TBUUTLE1UAINY

Y

WU 0.10% S¥NIeraauiIal 15 Juni

S A Y o [ v - = & 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Lddnsallagvivau Bnvienudlidawdasiion uaziesw1eddadivesenaisynasaninisualuly
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- v 2: 1105.48 um
3: 5797.95 um

3U# 4.20 amiunsasinnlvdainnsSeeuaninduvesiieg @ sWeNUsza Uy

WU 0.10% SLAINNaBUNIAT 20 U9

SUN 4.21 ANARIUNAS19n NN ABUERNS NTUBIF 1081985 TBUUTLE 1 UAINY

Y

WU 0.10% S¥NINMaauAIal 25 Ui

S A Y o [ v - = O 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly
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3: 4932.29 um

JUN 4.22 pmiirnunnsas AN rsuansnduveieg N sWeNUsYATLAIY
Nt 0.10% S¥ninavaauiiIaT 30 37

L3 LY 1

ANNITIATIERNUFUR AT

i

14N159ABUYBIFITTINUSTAIUNANUINTY 0.10%
Tuwvan 0, 5, 10, 15, 20, 25 wag 30 U LaglainN1sNAaWenNn 3 ASS IneA T InlaLans

ANUAT1 4.3

M13197 4.3 ANvauNFuiEvasisRaNYsEaUENINaaunA M INTY 0.10% Tutian
0, 5, 10, 15, 20, 25 wag 30 Ui

1381 yuduavesandentszawszninmasuanududu 0.00% (asan)
(Quh) Fapgnedl 1 Fedail 2 fiaetnsil 3 Alade
0 59.32 57.98 59.04 58.78
5 37.97 38.87 40.73 39.19
10 18.86 17.12 23.06 19.68
15 23.75 22.89 23.38 23.34
20 23.89 23.97 24.14 24.00
25 24.37 24.67 20.11 23.05
30 24.76 24.86 25.44 25.02

& = vy o ) ] d‘ = Y v 9§ YoV Q¥ ¢ v ¥
nanstiiluenarsianulidmsunisidanuienisdnwvintu ldeugalidhlulguselovdaunisen

Lidnsdllagisdu Snvisiudlidaudanilon wazdesnddadmenenasnaieidnisilly
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UM 4.23 amiiunsasannlvdainnsseeuaninduvesiieg @ siWenUszauay

WY 0.20% SEnIaauivIat 0 31

S Y‘\ 1
ATl

\ A\
Sl > — - ~
oA - —1o SRET

) 1 U

T W 2BTTTT? T R355-02 o

SUN 4.24 A NARIUN5AS 19NN ABUERNS NTUBIF 1081985 TBUUTLE 1 UAINY

Y

WY 0.20% SENINMaUNAIAT 5 U

&z A ¥ o Ly 14 = =2 & 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Lidnsdilaensdu Snvwvnuiilvidaudadiion wazdesdededadivaaenaisynasaninisuinluly
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2: 1522.74 um

3: 3490.23 um

UM 4.25 amiiunsassnnlvdainnsseeuaninduvesiieg @ siweNUszauay

WU 0.20% SEAINNaBUNAIAT 10 U9

SUN 4.26 MNTRIUNNTAS19AINTIMLANNNITS ABUERNS NTU DI 1081985 TBUUTLE 1 UAINY

Y

WU 0.20% S¥UINraUAIaT 15 Ui

S A Y o [ v - = & 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Lddnsallagvivau Bnvienudlidawdasiion uaziesw1eddadivesenaisynasaninisualuly



a1

2: 957.51 um

3: 2939.01 um

UM 4.27 amiunsasannlvdainnsseeuaninduvesiieg @ siweNUszauay

WU 0.20% SEAINNABUNAIAT 20 U9

SUN 4.28 ANARIUNAS 19N IMLaINNITS ABUERNS NTUBIF 1081985 TR UUTLE 1 UAINY

Y

WU 0.20% S¥NINMaaUAIaT 25 Ui

S A Y o [ v - = & 1 ¥ o £ ¢ v 1%
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Lddnsallagvivau Bnvienudlidawdasiion uaziesw1eddadivesenaisynasaninisualuly



a2

|
= |
2: 876.48 um

3: 2929.87 umg

UM 4.29 amiiunsasinnlvdainnsSeeuaninduvesiieg @ sWeNUszauay

WU 0.20% SEAINNNABUNIAT 30 U9

INNFAUAT AL RFUAATENINNITVE 0N TBNUSEAIUN AUINTY 0.20%
Tuwvan 0, 5, 10, 15, 20, 25 wag 30 U LaglainN1sNAaWenNn 3 ASS IneA T InlaLans

ANUASIN 4.4

M13197 4.4 ANvaNFNAEYaISRaNYsEAUIENINIARNNA M NTY 0.20% Tutian
0, 5, 10, 15, 20, 25 wa< 30 U

1381 yuduavesandentszawszninmasuanududu 0.00% (asan)
(Quh) Fapgnedl 1 Fedail 2 fiaetnsil 3 Alade
0 48.92 53.87 56.66 53.15
5 31.72 29.88 28.97 30.19
10 14.12 11.37 16.33 13.94
15 16.74 14.11 14.24 15.03
20 13.72 15.01 15.19 14.64
25 13.41 15.23 13.87 14.17
30 13.88 15.87 16.36 15.37

& = v o ) ] P = Y | v o v ¢ v Y
nansiiluenansianulidwiunisldanuienisfinyiintu leygelihllduselesdamunism

Ldnsallagvisau Bnvivnudlvidauwdaciien wazfee1sddisdivesenarsynasaniinisuatuly



43

uni 5

A3UNANI5IL A VBLEUBLUE

5.1 a@3Unan1sidy
mAtedlFAnuaamuduturesnsdoudsrausunnilueenled (GO) 1
wnza TaeIBnsdaunaussisivesansidenUszaumaifelsthménnsvedslaunsudn
w99e 1 093 nAdnealalawnsy (Digital Hologram) 1 uszuudl fasnuaiunsalunis
naaev Insnmuedslaunsuldndnnisaiianmionsauadluiiingiaasfnuasiiin
nsagiiouanTnquazkasdiedeinuninaon (nterference) fu uasisansazgniuiinliuu
ndesRdnealiladanarumunLuvemanduesaadensran wazvnuNduasEineans
Fonuszanuiinannsiiueanlos (GO) AuusHunesuasiaanduduusnsieiy Wediases
vngnsivnzauianiumailiduasinuvasasslunsldou
wansaaesTilAaNMSHaLnsusanlust (GO) Aatiutu 0.00%, 0.05%, 0.10%

uag 0.20% luansienUssanunlsansnenanusznounae SnAgCu (SAC) Wavimsvasuuan

'
o o 1

ihlughemmdeianealelansividaaintushaindildluvianissreuansndu wuinnmdld
e meuduazansnsensiadevaNURvesasteulssauld duagned 3330 1sasatalng
Admealalany il duisluddildlunisnsiainauifvesarsidou Usyau fianusansiain
AUV DINEND LA

ImsJmimsni’ﬂauﬁﬁgué’uﬁmaqmilﬁﬁamUszmuﬁﬁmimau ns1lueenlenming
Wt 0.00%; 0.05%, 0.10% Wag 0.20% wuiifinansitaidu 0.00% &dlidudunsglu
nsneaesldeusdudaed oy 19,72 e Amaiuidudu 0.10% laruududaad oy
25.02 93¢ FeiAEINAIIAIEIRINILELTY 0.009% Faludisdeutszauiisinsudlalin 7
Anaduty 0.05% laAnauduimadodiu 14,69 o3 uay Amnadudu 0.20% Iy
Sy 1537 asen defireuniiAivesnanududy 0.00% Faduasidoudszaui
finsunlenIuuTingy 0.00%

ﬁqﬁu%aaqﬂdwmaﬂ'mnmaaqmé’a7ﬂﬂflsﬁﬂwmué’uﬁamaqmﬁﬁauUszmuiwdmms
WaouTDIENTIT puUsTAIUR T AT ud ureens fiusenles 0.00%, 0.05%, 0.10% wag
0.20% TagEn1sanennwiianealalansilvesansfeudsyauiivigt 0, 5, 10, 15, 20, 25 waw
30 Junfl ilehAnitlsvhnsmeAedsudtiunanseuduiudsevinauduiavesans
FouUszanusunalunsnasunuin LﬁUﬂ’i’IWLUai‘L%u(ﬁ“Uadij;’mﬁﬂ"uaﬂa’]iL%Emﬂiz?ﬂu

v o a

nauns AupanlyAf 0.00%, 0.10% waz 0.20% JyNduRaASeU wanaINa1swauUseanun

3



44

1%
o Y

naunsAuiinIsiauseuanes Weatswaunstussnlaaniiimdniduilasidud (%ewt)
Wasefuteead Weotninduilesigud 0.05% nsusenlesinisnszatestuasaas

dananan15unAUSaUveEIsUANS e kA Weansitsudsyaiurastaraie wdunsinag i

5o
nImMANdNRuSIzndeyududavasasaNUsTauiuIa Ly
=
e QUEVIRE
3_3
E 100
@
e —~
£ g ——WT 0%
€ 2 50 fe
= | = WT 0.05%
NS —neee A
& 0 - =99 ‘ WT 0.1%
=3
& 0 10 20 30 40
% WT 0.2%

a1 Auan)

sUN 5.1 Asmlanuduiusseninuudiiavewmisiendszauiuiiailunisvaey

5.2 JalduBLuL

1 Junswisesans SAC searilidnfuseedes Stirer Aousaansaiuwauiun
sPflusonlodld semnansidoutszaulilinfuasilianmsuontuve wgng

2. Tumsldinuaeusessz TasosmsmurngumniililiAugamadald

3 wiumo sl Jugiuldanssemimaey madniiuluoeagiligunsadedle

lnuanueuls dwmalvineuniegy esmeavzgliviiiy



a5

1ONE15919D4

(1] D. Schnee, “Principles of Brazing and Soldering”, Technical Materials BrazeTec.
(2]. A. T. Smith, A. M. LaChance, “Synthesis, properties, and applications of
graphene oxide/reduced graphene oxide and their nanocomposites”, Nano Materials
Science, 1(1), 2019, 31-47.

[3]. P.Birch, R.Young,D.Budgett,et.al. “Computer-generated complex filter for an all
optical and a digital-optical hybrid correlator”, Opt. Eng., 41, 2002, 105-111.

[4] U.Schnars and W. Jueptner, “Digital holograms: digital hologram recording,
numerical reconstruction, and related technique”, Springer, Berlin, 2005.

(5]. J. P. Fugal, T. J. Schulz, and R. A. Shaw, “Practical methods for automated
reconstruction and characterization of particles in digital inline holograms”, Meas. Sci.
Technol. 20(7), 2009, 075501.

[6]. M. K. Kim, “Principles and techniques of digital holographic microscopy”,
Journal of Photonics for Energy, 018005, 2010.

[7]. M. K. Kim, “Digital Holographic Microscopy”, Springer, 2011.

[8]. S. Plaipichitb, and P. Buranasiri, “Moisture effect of fingerprint using total
internal reflection digital in-line holography”, Optical Engineering ,53(11), 2014, 112315-
1-112315-5.

[9]. T. Thong-on, T. Prakobsang, W. Pedsantad,, C. Boonsri, S. Plaipichit, P. Buranasiri,
and K.Yoshimori, “The investigation of thermal effect on dynamical shape changing of
solder paste by using double-view Digital holography”, Proc. of SPIE 9659, 2015,
965912-1-965912-6.

[10].  C.Boonsri, and P. buranasiri, “Quality investication of surface mount technology
using phase-shifting digital holography”, Proc. of SPIE , 9970, 2016, 99700A-1-99700A-
6.

[11]. M. F. Arenas, V. L. Acoff, “Contact angle measurements of Sn-Ag and Sn-Cu
lead-free solders on copper substrates”, J. Electron.Mater, 33(12), 2004, 1452-1458.
[12]. V. Vuorinen, T. Laurila, H. Yu, J.K. Kivilahti, “Phase formation between lead-free
Sn-Ag-Cu solder and Ni(P)/Au finishes”, J. Appl. Phys. 99(2), 2006, 023530.

[13]. S. Amore, E. Ricci, G. Borzone, R. Novakovic, “Wetting behavior of lead-free Sn-

based alloys on Cu and Ni substrates”, Mater. Sci. Eng. A, 495(1-2), 2008, 108-112.



a6

[14]. S. Chantaramanee, P. Sungkhaphaitoon, “The Study of Wettability and
Microstructure for SAC305 and SAC305-0.5In Lead-Free Solders on Copper Substrate,
Thai Industrial Engineering Network Journal”, 4(1), 2017, 42-51.

[15]. S. Chantaramanee, P. Sungkhaphaitoon, “Effects of Indium for Thickness of
Intermetallic Compound Layer of The Sn-3.0Ag-0.5Cu-0.5In Lead-free Solder Alloys on
The Copper Substrate”, Thai Industrial Engineering Network Journal, 26(2), 2018, 37-46.
[16].  T. Prakobsang, S. Plaipichitb, K. Kanlayasiri, and P. Buranasiri, “The Property
Investigation of Solder Mixed with Thermoelectrics AlZnO by using Digital Holography,
IEEE International Symposium on Industrial Electronics”, 2018, pp. 1365-1368.

[17].  Ke Xu, J. Zhang, X. Hao, “Wetting Properties of Defective Graphene Oxide: A
Molecular Simulation Study”, Molecules, 23(6), 2018.

[18]. M. Wikatsama, N. Somdock, C. Boonsri, “Contact Angle Measurement of Melting
SnAgCu Solder. Paste Mix with Carbon Allotropes Using “In-Line Digital Holography
Technigue”, Key Engineering Materials, 2021, 904, 369-374.

[19]. ~ M. M. Zamani Asl, C. A. Dorao, “Digital holographic microscopy for
measurement of instantaneous contact angle of an evaporating droplet” Experiments
in Fluids, 2023, 64, pp.152.

[20]. Y. Li, S. Yu, L. Li, “A Review on the Development of Adding Graphene to Sn-
Based Lead-Free Solder”, Metals, 2023, 13(7), 1209.



MAAASAN
TN TN

QURIIBK IRERAD

| et = WSS )
ST T T

o s AN
Yaynant

& d' Y o o v d‘ = O 1 2 o v L83 £
nasiluenansianulidmsumsldnuienisnwwintu leugsliiluldussleviaunis

Lidnsdilaensdu dnvievnuiilvidaudasiiont wagdesdeddiadivedenarsynasaninisinluly



U

AMANUIN

a8



49

sUM 3 nilusanlaoriiuvasvaliiaiunsoldnanasienyszaulsmmnsizazyvinlians

Y

=~ L .Y I ¥ @ = s i o = =% v o 14
WNUTEAIUAUAINUUUNDULDYS LLagﬂﬁ’]W‘uaaﬂl‘dﬂ’%Sbl,iJli\l’dﬁJﬂUﬁ’]ﬁL‘UE]iJUiBa']u 90N A

Wupenau

UM 4 ilemnudiuduiinni 0.2% ns1ituesnlenaziduduiuly Wevaeuudiasivey

Uszauazds 11 wanvindeinilouniu



2021 Second International Symposium on Instrumentation, Control, Artificial Intelligence, and Robotics (ICA-SYMP) | 978-1-7281-8760-0/21/$31.00 ©2021 IEEE | DOI: 10.1109/ICA-SYMP50206.2021.9358245

2021 Second International Symposium on Instrumentation, Control, Artificial Intelligence, and Robotics (ICA-SYMP)

Investigation of Contact Angles of SnAgCu Solder
Paste Mixed with Graphene Oxide Using Digital
Holography Technique

Kavisra Jongjinakool
Physics Department, Faculty of Science
, King Mongkut’s Institute of
Technology Ladkrabang
Bangkok, Thailand
61605084 @kmitl.ac.th

Kannachai Kanlayasiri
Industrial Engineering Department,
Faculty of Engineering
, King Mongkut’s Institute of
Technology Ladkrabang
Bangkok, Thailand

Tawipon Prakobsang
Physics Department, Faculty of Science
, King Mongkut’s Institute of
Technology Ladkrabang
Bangkok, Thailand
61605014@kmitl.ac.th

Mettaya Kitiwan
Physics Department, and Electronic
and Optoelectronic Device Research
Unit, Faculty of Science
, King Mongkut’s Institute of

Suwan Plaipichit
Physics Department, Faculty of Science
Srinakharinwirot University
, Bangkok, Thailand
suwanp@g.swu.ac.th

Prathan Buranasiri
Physics Department, and Electronic
and Optoelectronic Device Research
Unit, Faculty of Science
, King Mongkut’s Institute of
Technology Ladkrabang

kannachai.ka@kmitl.ac.th Technology Ladkrabang Bangkok, Thailand
line 4: City, Country Bangkok, Thailand *prathan.bu@kmitl.ac.th
line 5: email address or ORCID mettaya.ki@kmitl.ac.th
Abstract—Since lead “is-a. poll to the envir 1, ‘bond. Here, the extent of wetting is measured by the degree

a7

therefore lead-free solder paste comp ds have been ii
in many research teams. The objective of this research is the
investigation properties of solder paste with graphene oxide and
reduced graphene oxide. In our experimental method the solder
pastes of SnAgCu mixed with graphene oxide with bad electrical
conductivity at different concentration by weight of 0.00%, 0.05 %,
0.1% and 0.2% respectively. Subsequently, the shape changes of
the comp ds have been il igated Dy using digital in-line
holography using laser diode wavelength 635 nm as the light
source. The solder paste compounds were melted at 250 + 5 ° C
and were recorded for every 5 seconds. Then, the contact angles of
the melted solder paste compound have been determined using
their digital holographic reconstructed images.

Key ds—: SnAgCu, graph oxide, reduced graphene

oxide, digital holography, solder paste, contact angle

I INTRODUCTION

Digital holography (DH) is a tool for nondestructive
testing for investigating phenomena in physics, biology,
chemistry ‘and many engineering fields. Here, the
experimental set-up of DH is used an interferometer of a
reference path and object path with a digital camera for
recording [1-2] and a laser diode for its light source. DH
systems are a low cost for experimental set due to using a few
optical elements, digital camera, lasers, and mirrors. When
recorded holographic images from a digital camera are
reconstructed by numerical diffraction computer software,
amplitude and phase of those images are analyzed [3-6].

The solder paste is a compound of the metal is used for
interconnected welding of electronic components on printed
circuit boards (PCB). In the recent years, the electronic
industry 1s moving towards to very small size of products
electronically. The soldering process consists in the formation
of a good joint between the molten solder and the PCB. Thus,
the ability of the molten solder to spread on the copper
substrate is important for the formation of a proper metallic

978-1-7281-8760-0/21/$31.00 ©2021 IEEE

and rate of wetting. The degree of wetting is shown by the
contact angle that is formed at the interface between the
surface and the soldering liquid. It is optimized by the value
of the contact angle: 0°<6<30°is very good, 30°<6<40° is
good, 40°<6<55° is acceptable, 55°<6<70° is poor, and >70°
1S very poor [6-9].

In this research graphene oxide, an allotrope of carbon
consisted of a single layer of graphite oxide, due to very
excellence properties, such as extraordinary. electrical,
thermal, and physical properties [4] was mixed to the solder
paste of SnAgCu was investigated for using in a connection
between electronic element junction.

II. EXPERIMENTAL METHODS

A. Materials

In this-experiment dried graphene oxide from suspension
were mixed in solder paste SAC305 lead-fiee alloy Sn-3 %
Ag05 % Cu (wt%) with 0.05%, 0.10% and 0.20%
concentration by weight as following equation.

graphene oxide weight
graphene oxide weight+Solder weight

WT% =

%X 100%

——

Fig 1. A completely solder paste with a copper plate.
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The solder paste was put into a cylinder block radius 2.75
mm and height 1.5 mm, shown in figure 1, then, the solder
was heated by hot plate with temperatures of 250+5 °C for 30
seconds and captured solder paste’s images by in-line digital
holography, during melting every 5 seconds.

B. Digital Holography

The experimental setup of an in-line digital holography
system was shown in Figure 2. A laser diode wavelength at
632 nm and digital camera (Canon 70D) CMOS sensor size of
225 x 15 mm (CMOS: complementary metal-oxide
semiconductor) was used as the light source and detector
respectively and a lens L1 (L1 focal length 150 mm) was used
for collimating laser beam at the size larger than our samples.

" oigital !

laser -L“\L . .

/. Hot

=l Camera
\
Fig 2. The experimental setup of in-line digital holography system

By using Huygens-Fresnel numerical reconstruction, the
diffraction path of the hologram plane can be as following
equation.

= exp( jkp)
heeyy="[[o&m=LL %4y
JA P @
here 967 is the optical field at the object plane which
1
propagates along the z-direction, 2=z +(*=&) "+ (=T
k=27

and 4. Fig. 3 shown illustrated schematically the
working principle of holographic numerical reconstruction.

The Hologram can be written as equation (4) by using the
convolution method.

h(x )= FFOE ) = FlRGnsll

And, the numerical reconstructed optical field at the image
plane can be written as

RE&'.n) = F{FThGx, )= Flg(E.n.x. )]}

Object plane Hologram plane Image plane
oEn) (Recorded plane) REN )
hixy) ’
Fig. 3 Coordinating for ical image
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measures proportionately more than is customary. This
measurement and others are deliberate, using specifications
that anticipate your paper as one part of the entire proceedings,
and not as an independent document. Please do not revise any
of the current designations.

III. RESULTS AND DISCUSSION

In the experimental three sample sets of different percent
weights (WT%) of graphene oxide mixed with solder paste
SAC305 (0.05%, 0.1% and 0.2%) samples were prepared.
Then, the prepared compound solder pastes SAC305 were
melted by the hot plate at temperature of 250+5°C. The
melting solder paste’s images were captured using a digital
camera during melting every 5 seconds, then recorded images
were reconstructed using HOLOVIEWER [10]. The contact
angles of the melting solder paste mixed with graphene oxide
were investigated by using their reconstructed images as

shown in Fig. 4

(@)

®

©

Fig4. (1). Recorded images and (2) Reconstructed images of
compounded solder paste by numerical program, measurement contact angles
at time during melting. (a.) at 0 seconds. (b.) at 5 seconds. (c.) at 10 seconds.

Table 1 has shown the average contact angles of melted
mixed solder paste at different time. At different graphene
oxide concentration, the results have shown that the contact
angles have been suddenly changed from large angle due to
the block to a small angle in the beginning and then have been
decreased a little bit when the time passed. The angles then
have been stayed constant when the time passed by until the
solder paste flux was burned.

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on July 25,2024 at 05:20:07 UTC from IEEE Xplore. Restrictions apply.
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Fig4. (1) Recorded images and (2) Reconstructed images of
compounded solder paste by numerical program, measurement contact angles
at time during melting. (d.) at 15 seconds. (e.) at 20 seconds. (f.) at 25 seconds.
(g.) at 30 seconds.

We found that when the percent weight of the graphene
oxide is 0.2% the contact angles at different time are smallest
when compare with the other percent weights. The graph of
average contact angles (degree) of solder paste mixed
different graphene oxide percent weights (WT%) changed
with time (s) is shown in the Fig. 5. The graph lines of solder
paste percent weight of the graphene oxide at 0%, 0.1%, and
0.2% and contact angles are looking smooth. Because the heat
conduction of the solder paste (SAC305) and graphene oxide
are stable, when the mixed percent weights (WT%) of
graphene oxide is increasing. However, at percent weights of
0.05%, graphene oxide less diffuse in the solder paste then the
influence of heat conduction is not good. During the solder
paste is melted. the graph line is not smooth at this
concentration.

IV.- CONCLUSION

In this research, DH was used to investigate the contact
angles of solder paste SAC305 mixed with graphene oxide
during melting at different times. By using some more
complicated DH setup and programming, this technique in the

Institute of T L

TABLE I The average contact angle (degree) of reconstructed image of
SnAgCu solder paste with different percent weights of graphene oxide at
different times.

WT%
Time(S, 0.00%  0.05% 0.1% 0.2%
0 56.45 4493 58.78 53.15
24.94 4792  39.19 30.19
19.31 26.50 19.68 13.94
19.12 16.81  23.34 15.03
19.04 21.23 24.00 14.64
18.46 22.05 23.05 1417
19.72 14.69  25.02 15.37
—WT 0%

wwww WT005%

-« WT0.10%

WT0.20%

time ()

Fig.5 Graph average contact angles (degree) with time (s) of solder paste
mixed different graphene oxide percent weights (WT%).

future, would be used in electronic industry since DH is
compact, versatile and can be detected in real time.
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