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Abstract

In this research we investigated the properties and relevance of commercial
SAC305 solder paste mixing with some carbon allotropes such as graphite, graphene
quantum dots and fullerene of varying concentrations 0.0, 0.01, 0.02, 0.04, 0.05, 0.06, 0.08
and 0.1 wt.% by investicated on morphological, slumping temperature, melting
temperature, spread factor, spread ratio and contact angle to analyze wettability. Which
in this research was used in-line digital holography for determining the morphological,
spread factor, spread ratio and contact angle of samples at each temperature which the
samples have been heating from room temperature until the melting temperature. In the
experiment, only one beam was used as the object and reference beams which recorded
by a CMOS camera. The recorded image was reconstructed by the angular spectrum digital
holography numerical programing. Using the reconstructed images of our results, the
shape, spread factor, spread ratio and contact angle of solder pastes can be investigated

to analyze wettability.
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4) 9pszuvdulauninealalans i (In-line digital holography)
5) fhenwdufegng
6) @5190719 (Reconstruction)
7) Anwin1senen (Slumping), By HveIN1TRENLUAY (melting), A1eIUTENBUNS
N5¥UA (Spread factor), §A31@IUN1INILIEAT (Spread ratio) waz A1y UF U
(Contact anale) HiednseviUseansnmnisenydenisBafia (Wettability)
8) Wisuifley Anszsinaiilgvedansdansneutasndmwatasasveusalalnsy
9) a5UNaNUITY

10) Weuguiay

¢ 1 Yo
1.5 Usglgninanadnaglasu
1) laSsuimsdnszuunauasvedidnealalans il salufisnisaienimuaznisasisnin

Tuszuuduladdnealalans i



v a v a ¢ A ~ = a a R o
2) 15’] LiﬂugﬂqijLﬂiqzﬂLW@LﬂiﬁULVlEJ'UﬂigaV]ﬁﬂ']WGUa\ia']ﬁiﬁ'Vi%‘UfﬂﬂiWQﬂBULLQSWﬁQNﬁN

a

ansANSUaUSAlAINTUTIA U SIUA BULUAINENBAIN, ASANF (Slumping), 9Nyl
Y94N15180UMa7 (melting), AFIUIZNBUNIINTERN8A (Spread factor), 9RTIEIUNTT
N3¥18MI (Spread ratio) uagAyuduia (Contact angle) \WiovsuendsUssavsnnaes
nsennsenisnia (Wettability)

3) anfuuLaziinUszAns Mwvesansdonuszauiloidunumslumsiaunaanimn

fa & a 1
yaagunsnidianysetindlusuimale
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N B AU NALIVD

Tuduilazndndmguinezauddeiietostuinednusatuil Tneaznanise 1
Auluin wannvheu nsadenInkazn1sinszuURaenauNsUsENdliuTeRaneals
lans1il salufennuanunsalumsilen msiayududa lavedans n1sUans a1smsveudala
Insy

2.1 Talansuazhamaalalansidl [1,2]
2.1.1 Talans7W (Holography)
Telans1il (Holography) Fienszuaunisdhennineldimaianistuiing1vesnsunsn

donuaduas (Interference Pattern) e milaiunin anwlalawnsy (Hologram) anlalawnsy

(%
[ aa

seflanwasidu 3 16 gnasaluainnisunsnaenvesaiuas 2 81 baun d1uas81994 (Reference

beam) uazauasing (Object beam) lagn1sunsnasnuesaIwanzgnUiuinbivuunundy

§ @ [

(Holographic film) wasa1nuuitluiuasEUINAIINISAsHaNNaganunsadunannlalann sy
melutauilanlaainnisiininlidesainmsialnen1svdun e n s LU In1SIAAN W

A v saa Yy A A v ) a ) a A
NRIDABDINIYLLEILA L"U@TV]@JE‘ULLUU%@QWUWﬂaUWﬁ@ﬂﬂa@Qﬂu I@EJLVW‘WUQI@Iaﬂ?]WLU‘UL‘V]WU@W%’JU

[ ' '
a1 =

Tiingilasumstuiinuazasnanmdulmivudunimiuandsiundanuvesingiionenin g

q

Ry 2 !
a v v [ 1 =2

sanansatesiiuldamiuiingtududeadutiogiiuey Ssnmittuiinldtuasuandudnuay
amanniii Tnenaluudalolawnsuduamnsaudsidduaesyszianlng 4 fe white-light
hologram Tneamlalaunsudildduazanunsasiunwldgaemstuidudiniunistudinam
TWdosainsdsuassssimfnasyssnniiaesdoninlalawnsufienuningenisdesainannua

s A Aa v A A o o o A v A
ALY INIDLEINURUINAULAYINU I@UVaﬂﬂqsﬂqiwqﬂqusﬂaﬂiﬁaaﬂﬁ'ﬁ/\]@l\‘iLLﬁ@\ﬂ,uE‘U‘W 2.1



BS Object
Coherent light| - N >
beam \ N
o)
k=)
)
Y Y Yy O v
&
3
» /
5 Reference beam .
Mirror n Awotographlc plate
" e

5UN 2.1 arniansnisduiinamlalawnsy

2.1.2 fdmaalalansa (Digital holography)

duvespdnealslansildulainisuszgndldgunsaldidnnselindiiedusinamunud

aAaa

WHUTAL 19U nADIa18NNAIADATTALUILOISUNINLUUTTR (CCD : Charge Coupled Devices)

NIOUUUTNDE (CMOS : Complementary Metal Oxide Semiconductor) flesnnsanelela

' o
(% = s Y

WATULUULANALTTDTINALL B9 INHUSUBEINYINRINT AL Juatunsalg la e dbAAS A 8T

lrnmaledunuulisealng saiufinealalansiuanfnsutuniendluluEeivesnisld

Y

1%

nunldladisuansuientl Tneagldndeaiinealusituiindeyann lnedayaninilauay
Usgneulumeuauniyauasing lnenmadnealalaunsungniuiinldazeglusluuuiinealsla
~ a ' = a ¢ o | aa Yo A=t & A A
WU NANUITUAVUHIULATDIRDURILADIT NI DNABINBANAINA LATLATITunadaNa U1
1 v = '3 o v aa a YV v al 1 1
arannbanuutsealngd vilinmAdnealalawnsuiddalaslssunitnisateninlalawnsy
a gj @ [ ¥ | @ £ aa |‘§J = [ (=
wuuiunsaunsausamanlauuluindsiudeyanidnes lauldemnensuruilduuay
= \ 2 a P ~ A D% g o
desomnuluiiwiesnarsiainldlunisarsgulalawnsy wenainil Sanunsauilunas
Jsulasuszezlniavasninmanealalannsulanasnanaidngle danadasinaiidnisiild

3

Uszgnaltluanusinequinuneg Wy myliasgigluuuvesiiegns nsinnisnsyaiemivesouynin
nM3ingusn lulasaledidusiy wlinseidumenisunmd wunsleseigusndduiiedevesing
a0 P 1 v aa o = 9 Y v =
Minasdoiieazislianunsaitadouazisoimnsinulded gndsuaziminzay lesinlala
A adqa ! = a 6¢ 4 ! " 1 a I b4
n3fAeIsNsaren adlinsUssynaldlunusegununeglilyiieaualusugaainngsy

WINTIU



2.1.3 ©aNN15N1591N9UVBIRINDALalan W

Asas1annlalannsuwlaoandy 2 Tunau LagTundULINADNISAS 1IN INANS BNT

Ly

Juinnn (recording of image) lnsAdnealglansWldudnnislunstusinamaieAIsaIuLas
AR IINLNaIn L laaaILenaaseantu 2 81 Inswasdwsniduanasensdeaziauluds

WulgeivendesnineavinddivieTued uasiiassdwiuluannsznuinguasazieulud

v

s URINandfinea vawInuukawisaesdazgniuiinlimendeidnealuguuuurenis

Y

a

WNINABAUDIEY (Interference Pattern) lasnnfignUuiinliiuazeglusuuuuvesiinealsla

Y

wN3Y (digital hologram) flawanansgunn 2.2 Tuduneuilassfioniserunmmsanisasaninln

(%

(reconstruction of image) 1un1sasrannlsiAaduninaudfndeanflanudunounis

U = vy A Y a [ Aaa = [ o [ PN
‘U'LI'VIﬂﬂ’]‘WLLﬁ?L‘W@I‘Vim@LUUﬂWWﬁWNNWV]ﬁWiﬂiﬂN@\‘Imwf’]’ﬂﬂﬂlm"\]u G]Q‘I/ILL?{@Q@QE‘UVI 2.3

BS Object
LASER |~

| J

. O

| o)

’ Q
A 4 v 4 g 4

Q

3

’ Reference beam

Mirror P/ (JLQ

5UN 2.2 Mnuansnisaienmidnealalawnsy



Virtual reference wave

Digital hologram

Virtual image Real image

o A d

sUN 2.3 nnuansnIseTUNINGInealalaln sy

2.1.4 msasresnnlalaunsy (Holographic Reconstruction)

slernuduneumstiuiinnnisnealalaunsuudr lunszurunistlasinisadrsnmlsla
Lnsu Taenszuaunisuisadaaans igeuldlann Arssutavsansaiua (Fresnel
approximation) wﬁﬂmiﬂaubq"i?u (Convolution) #annsaUnadaidess (Angular spectrum)
wardsnsiiusia duluanuddeidenlinisatininlalounsufeRadnesudemn Tasi8ns
AUNOTULT 8 NABNITITNITAIUIUNIANA ARSI INDTUN AUIUNINLEAIY BITEUITUNITHNS
vosuas saehdsldlunisadranwlundnealslawnsa Imaﬁ%ﬁaﬂ%mut,ﬂawﬁﬂ% (Fourier
transform) waguUasilL385nau (Inverse Fourier Transform) 1t o313/ dmealalaunsy
ueiuisaeulagdu (Convolution) wifidefniluszarmevesnisaiiesnin deanansaaiie

amiulnilaegasgnaedlussesiingetlngy

Y

nann1saUnaILAeYa (Angular spectrum)
AMuUAlAsEUIU z = 0 ARTEUIUNING (¢,7) hasTeuIuvedauuing 0(&, 1) watldns

wUaayiSesuuu 2 16 aglel
0'(fe, f30) = F{O(§,n, 0)}
= 0, [0, 0., 0exp [j2n(fe§ + fym]dédy  (2.1)

LLaa'ﬁﬂﬁLLlJaﬂWUL%'EJ%ﬂﬁU (inverse Fourier Transform) ¥89 Angular spectrum aglen
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O(fe, f;0) = F7H{0'(§,n,0)}
= [7 [ 0" n0)exp [-j2n(fsé + fymldfedf, (2.2)

lnefl f; wae £, Judiudsenauvesaudideanud (spatial frequency) fiansanlimluszuiud

aa

AAULNS bUmeRdwuUlAleY (cosine) @ruUsENBUTBIANUDTNNUNAD

a=AfeB = Afyy = J1 — ()" - (2f,)° (2.3)

Foilaunisd 2.2 18
0'(£.2;0) = [ {7 0(5,n,00exp [—/2m( £ +En)dean (2.4)
Hesanuasiinsunsluifuszoznag 2 Suindauusenevluaed g exp(—j%"yz) vinlw

angular spectrum ﬁuaqaum’;’mqtﬂu

0'(5.5:2) = jw fw 0(&,n,0)exp [—jZn(%f+§n)]exp<—127”yz>dfdn

—C0 —00

= F{O(&,n, 0)exp(—j =-y2)} (2.5)

Sloaunsil 2.5 InsudasiBesndu aansadeulfidy
< : B JF
= 0 eXp [-j2r €+ 77 lexp(—j o p )’Z)dz 7

= F7H{0' (&, 0)exp(—j ' v2) (2.6)

nNsunsTaInduInszuIUingludssuulalawnsuluiluszes 7z aunumanasuuszuiulsla

unsuudussaunisn 2.7

h(x,y,z) =0(x,y,2)

= f fO’ eXp[—JZn( €+§77)]exp(—J2/1 VZ)dA ﬁ
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= FTY{F{0(x,y, 0)}exp(—j 5 ¥2)} 2.7)

ludiuvesauusasuusruumMsasunnlalaunsy awnsaleusglusy R(E,n") diunduves

nsudaslisesanawulalawnsy

R(',n',2) = F~{h(x,y, 0)exp(—j = y2)} (2.8)

2.1.5 nMsAnszuuRInealalansnil (Digital holography configuration)
svuuAInealglansfiduausadaladu 2 wuulnglaun szuuisnealslansiiiuuu
peNleda (Off-axis digital holography configuration) wazuudulatl (In-line digital holography
configuration)
nsAnszuURInaalalansiiuuueanieds (Off-axis digital holography configuration)
nsdnszuuAdInoalalansWuuueanieda (off-axis digital holography configuration)

ALAION9D AT AUAIINQUNINARANUNNN O TIANUINTER Gmax e150AILINLARIN

fmax = 2arcsin (ﬁ) ~ ﬁ (2.9)

B9 4wz Ax ABANLIINAUVBIE WEILAZAIAIINAZLDLATDIAINAN dIULY 6 VBINTINTEUY

wuvUaaneTatanuisoiulane 180 a9en

/:'\

\
N
™~

-
(®)
=

0
0
w)
9

0
<
O
w

sUN 2.4 nnuansn1sdnszuuInealalansiluuvesilieda
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nsInszuufdInealalansifuuudulad (In-line digital holography configuration)
Hosnuuresmistufinamddnealalaunsuiiandlng 0 ssm Fadenmsdaszuui
n1simszuuuuudulay (In-line holography) #308n981971387171 NISTATEUVUUUNIUDS
(Gabor configuration) sgnAndulasinuia nues FadufFunumaianisitenmaineals
Tanslfunuusn 5Uf 2.5 uansiandnnisves Gabor’s in-line holography 91NN 1MiloWLAs9N
uwnasiudansenuiuing wasdrduusnlifinnsnszarevienisnszifsvuainiFoniinduseds
(reference wave) drdudaunuasinadsnuudonnnssnuiuingfendn aduing (object
wave) uagiinmsunsnaonduuasdiuwsniiniduwvaindnndulnl adunnaauuvihaduie

[d I o a = 1
Wuwrasniinaaulng

Lens

Source Detector

JUN 2.5 nMuaninisdnszuunidnealalansiluuudulay

i - https.//www.globalsino.com/EM/page2614.html

2.2 anuausalunisiden (Wetting) [8]

a A ] 1Y) ) & ~ a & | Y
LLi\TV]LﬂEJ’JGUaﬁﬂ‘Uﬂ'ﬂqllﬁqlmiﬂeLUﬂqiLUﬂﬂﬂiaﬂqiﬂWWWGUENLMa'JHULLUQI@@@ﬂL{]U 2

[y

Uszinnae wsaiauulu (Cohesive force) Aawsiniinistawdlenszrinsansimduansuinfeniu

uuseiivililuanavesvoananmedudunenth usiiasdiousiBain (Adnesive force) Ao
usaidinsBamieassvinasfiduasiaiatuy wusssineeuvilieaiunnesnaindy
ulmansznelivuiufivosmeuds madniudanudidnyientsBafnfuvesianaestu n1s
faenuanmsalumadenuuiiuinvesveunavioautfinindenvesmesvarvuiiuia aunsn

Talanyududa (Contact angle) vesvaamadINaguuiuii iy a1vesmatdauaiuisaly

uud\lﬁl a1

P~ Aa v Y Y o a Ao
ﬂ']iLTJEJﬂV]@ﬂ']Q;I@JﬁﬂJ ANLRAISUAUDY I‘L!Vl']ﬁmi\‘iﬂusﬂWmﬂqﬁaﬂﬂﬂquaqurﬁﬂIUﬂ'ﬁLﬂﬂﬂwmqﬁql“m
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fFuaniaufaziianuin lneayuduiatuduanawulluyewadnaliinszaefIuuiuRiues

3
(%

voudalgdnielaeAyududatuasudsunduiuiuanuaiaunsalunisnssanefiveeunaiuy
i ?ej"qLﬂmsm"’lumii’mﬁmuéfmﬁaLLﬂﬂﬁ@fﬂﬁ

o o

HH NEaNA AT 0° memm’mmmmlummﬂmmammmmmmwmmmuuwum

—_

= 1 c o o a ¥

Heanatvanysnl Aravesmasaznszanassliiuisnmundis

2. gmﬁu fadifien 0° - 90° uanaieuansalunsdenviionsiainvesveanaruuiuiiieglu
seiuiifuazveamanszeieenluduuinanirsuidiinsinzdufousadonuiuven

LuENTos ULiuRIT0 e Ul

Y

3. uduiaiaan 90° - 180° wanrinAnaansalunsdenvienisininvesweuralvuiuig

agﬂuizﬁuﬁlﬁﬁ N1SNIENMLAIVeIBIMAINTENLLALIG
4. ydsianien 180° uansilifinsiWenuieonisBaaaasiaglifinsnsznnefvowoanaiuy
fufnvesvesudeig

2.2.1 AyugaeE (Contact angle)

Tnsmsaamduiasesiienannsaiionsuildsauandusud 2.6 Tunisiaududa
MNNIVEATEVATRIULLRY aunsAlddmiunaduinmmududE Aoaunsvesds (Young
equation) AyadNRaALInlaeldEnn15Uee Euclidean geometry

Tngduneuusn afaduiuaud qududa) lasanduiainiuiaivewiognsiidagn
furfatuiiufinuuiuey axlsqn Triphase fumeuiiaes \3onivisedagn (half-angle method) 14
1duan91n9n. Triphase luSsqniigsgaueanmiiogng mﬂﬁ?mgué’mﬁﬁ%gﬂﬁmuﬂimaumiﬁ

JEUAUEN

h
tanf = —
T

0, = 2arctan(g) (2.10)

Tangent line

Triphase pniut\

UM 2.6 nnuansnsinyuduialagly Euclidean geometry
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2.2.2 A1Us2NaUN15NT2A18R2 (Spread factor)
UENBUNISNTEINYFIUIUBNDIANUANNITAVBILaNE UANSNAIUNISOWNT NS LU
ANITNADUNAIUUNURIVDITUNUY InganusaruInlaannaunisn 2.11

Y o D_h
fUsENOUNISNTENEF = — x 100 (2.11)

dlo h fie anugeedanedaniiiunsnszate (mm)

=

D fe durinuaudnansvedavedani

2.2.3 9n5187UN15n52378A7 (Spread ratio)
BMNIIAIUNNTNTLIYAIUIUDNDIANANLNTAVRLANLUANSNANUITABNINT LAY I LU

o ° 1% =
aﬂ']’JSGU'ENLLSUQIWEJa']iJWiﬂﬂ']u’Jml@ﬂ']ﬂallﬂqﬁV\ 2.12

¥ '
=1 a

NuNvalarzdnnNINaInIsrasuLian

IMINFIWNMINTENYI — T Ners (2.12)
#unvedlansUANSAaUNIMANMA?

2.3 @swenUssaunsalanzUani (Solder Paste) uagnisuani (Soldering)
2.3.1 ssieuvszauvisalavsiinn (Solder Paste) [3]
Tenetaniidudutsznoudidylunistanidudiugunaadidnvsedind waedldluay

gaamnssudidnnsedndegraunivats dviugunsaididnvseinduagiad osldluiile

T ludrulngfidiuusenoufid A eyd oukua99sAUN (Printed circuit board, PCB) way

uHu9sRRLUBAYE (Flexible printed circtit, FPC) Faflutiudwiidlidmsuindsgunsal

a1 laiinanduled (1I0) daiuuszy (Capacitor) fasinunuluia (Resistance) FU (Chip) uaz
duq Fududmusznouiidrdyresgunsnididnvsednduasiadedldlnimnuin Tnedudau
wanddosiinideunietandlidafadrduuiuassdetandisenilanedang asdey

a & ! 1

UszanunselaneUansidudiunanseninmeniwasaun wituuseatuiinisldnemanauiiasain

ansneiluasiedindnanessneuysduazdaanden lugnainnssunazaunsaldianvsedind
Tutagiudviuunldlanedansuuulfansneiauny (Lead-Free Solder) LitoannsldlansUnn3
fdunauvaingi Fellgunnidveinisvasumadfisn lnggun)ivein1snaouinaILans

AN 2.1 F929989N1TasNalIinsasuwlaInnudIuUsenauveIaslanekal (wto)
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M13199 2.1 UEAQUNYAVDINITNABUMAIVBIENTUANT IIATAZA

QUNYNVDINITNADUNA? Tavznau YQURYTVBINT
maadllnan
Sn-Bi 138
N 180° Sn-n 118-125
Bi-In 109
Sn-Zn 198
180°-200° Sn-Zn-Bi 188-189
Sn-Bi-n 143-193
Sn-Ag 221-226
Sn-Cu 227
200°-230° Sn-Ag-Cu 217
Sh-Ag-Bi 206-213
Sn-Ag-Cu-Sb 216-222

2.3.2 M5ANEN (Slumping) [9,10]

rsmnsveslansinnti (Solder paste stump) #usausuendauualiinIsnszanes
vodanginnsuuiuiveahnasiuild  deminlummged  winawhasreansiden
Uszansvisolavgtinn3asuuusunsasisn  ansideudszansuielansinnimsazeyluaniuyvie
dnuwazifnauninashgunsaididnvsedndlung  wiluamuidusinsdestszansviolans
Tnnsthsinnsivansounsnszaieds Seerriiliandeianaauuuiasesiuils wu wn
Tavztnnsunsnszneluumgiugunsaldundiedfnfuuuuiueasaldslildesnuuuinliidonsio
fupravliiAnaeniutand  (Solder  bridges) = iinluidnasdaraianudemese
WNUSTRUNLA

L%

2.3.3 115UANS (Soldering) [4]

aa

nsUan3Aedsnsileuselansiwadestunseuinnindinieiu lnenlansiuazilu

a o v oA a U @y aa v & I v & = o
yiaReturseauazaiiaiuild InslaneiloulddursudweenliduassUssinnde lavenin
Yaanvaeuvalgiivlaveniiynveinisvasumaini Inglaveniyavasuaigasideuldly

q

Augaamnssuiiieatesdudiannselind esnaiuisanuanusouldd diulansiidiye
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viaeumagamifliazlsiiAu 280 ssmwailea 1Wunzi vioryn dadulansildlunisiis
avlulusessevesiuau Tnslansiasganaounazunindadluludosinsseninasosdenes
Fuau andiuldnndeuselaneieiinmsdaniduaglivasuaras Sunuviegunsaindnls
Fogunsa uenainnnstianidefioudalunugramnssuiidessdniunubudwiunnasden
Fnsdanissnedu 2 wuuAe mstniuuundu (Wave Soldering) mstorgunsaididnnseiing
wluuunnnsndnduliuiuisnadouinuswvedavgtaninaeudeinsilfidy
rdundouiriadanduiatuusinsasniligunsaBidnmsedndinaduidouseduusinigas ms
Uan3dnuuunilsdenisianiuuusinad (Reflow Soldering) Tnedeuldlun1sndnusuiaasiuy
wialulad SMT (Surface mount technology) Inen1s219gUnsalBiannssiinduuunuies lag
gunsaifiranduddumu lalen lodudadauivlseq ainduazgunsaidug udsniulany
Tan3fignuansdndliudasgnaniuasuuusunaasasuisiifesnisagunsaiantulianu

SowiiobilavzUaniviasumuazUszaudainaunsaiddnvsedndiuwiuiasium

[ %
2.4 p1suaudalalnsyd (Carbon Allotropes)
MsuoudalalnsUmanquuaiAsuaunilasiasunisinsesdinunnieiueenty wu
wnsbilindnmsdaiesiaiudugug Wawesuifiornouvetarsueuniziudusinay asuouun

TunUAenrsusuiiieweniuduve (Husiu

v

fullerene nanotube graphene

JUT 2.7 nmuanadryguvesnsueu Fadusmieniuunlaseeadianiu

U <

fisn : http://www.icoachmath.com/chemistry/definition-of-allotropy-of-carbon.html
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2.4.1 unslWa (Graphite) [11]

unslus (Graphite) undnvessigasueuifdnuasduvends sUnuundnuesunslid
Huusiuuagiivuas fmndude deseu iuusuiand wanndre wsunslnidiAndulufiuus
FuAnanmsanaseasUsznevadueuluaznoulussninsnisulsanmusidefiu dnvase
ﬁuaqLmﬂwmizﬂaué’a&Jawamaaﬁmmﬁuauﬁﬁmf’saﬂﬁ'sﬁuﬁﬂu%mwa’mﬂ%u%’auﬁ’u Fausiavi
3eninsiilu (Graphene) Tnslussuiuieafutuandueuusaziazidousofudeiussla
auriuaziusylany danlunuiunuisduusasdudourefude wusyuiunesnadviliuse

sgnalanafianuudanssin vnlaguvesunlwdaiuisavgaosnunduduald denuaud@il

| & o

yMlinnsinddeuiliglun1suanarsuasdunsanisyinldduas wastnanidud

[

SAnilanaguuuy
laun dannIelassasrannimd sy (hexagonal) kagtummislassasedmdsuvuadeunyy
(rhombohedral) @efinmautanieniganiiaate giuuaseiuin1stoutuvestun s luiies
< ¥ @ ¢ va o v o ¥ a v o !
andeewinty wnstwasinuantidudniliiazanudouiidmsenisdniseeialuusdaz
FUIUTRIBLANATOU W INBidnasawuengatuinisindeuilag1edass uuszutu Sl

lihle wardidrrgunsiniduiieduslangiiesiamenilwilfiliesandidnnsouluus

= =

4 aa i o o wa Ao ° o § v ¢
avognouYIASUBUliBaTYIvEinfaudelUaTsuIy AnauTanEn s lihgeilviusslev
| a v ea d a ey i & ad A o <
Aanannunglagamslundadunididnnselind luiaedusianlnse wunnaivisawlinTenauae
lgarsiwas waglunudus Wy enavnssuasendey Wivaeulany uiunaesduuiia 1d
aulnane ldlnensn winslusamnssunmsndnlidnudunmsndnminndt nsudnaunsaliild
lunsendanfiesandulewnsinanioduleasvendudulonianuudanssgs onamnssu
nsHAngUNTRiAW gramnsTusadnIeu aunTalluINaEUd N1sHARgUNTalRATULIATS N3
nangUnsalngreann1sgadeniiuseulagrinainigaindeduiiuiiwnaunuea iy uenani
wnslddslaidudarelunsananusazmuauiviveynirvesianseuluasoaufjnsal

a a s
WIILARYT
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Covalent bond
Sp2 Hybridized

JUN 2.8 AMMUARIlATIAs1v0eN T A

N7 : AW https:/Awww.researcheate.net/figure/Schematic-representation-of-graphite-

and-its-bulk-form-use-as-pencil-tead figl 325659625

2.4.2 n57uAUANABN (Graphene Quantum dots) [12]

s 7luAIBURUABN (Graphene Quantum Dots) tunilsludanuilunilasuainuaula

a

= ' Y ~ wa a1 =~ 3 & v o |
Juegrnnludagduilosnniiguandfniiauls duwadn anansagandusadlanslugiegl
Laznaididanavannsodinsuamgeaisaisudiailued9d Tamamadssnspnudougs
I~ a (I) I a [ Q' aaa a U v = d" v ‘:9{ I
ANULTUNEAT LWUNAINUAITIN NTINUATBURNABNIYNWAILINIINATINULIYNAUNUTULTY
AsaIntud A.@. 2003 1ne @.A5.99:A5 +n3 (Andre Geim) A.A5.ABUALAUAY TulILwaaw
(Konstantin Novoselov) kagamefiuinInensenuy  wamas (Novoselov et al., 2004) Tag
nstetanemmumuatuinslidudfiteanaunseslitunungaiiosiufoilaenlasasned
a U 1 v & = = S Y oy = a 9
nsisussnenudulsmniasy (hexagonal) 15827 “N51AU” Lagiilasanasiluysznaualy
smA1S e B ai uAreusElAaud llurnmdsn ALl swsawazdensafudulasesng
Snwuzniloudusane virlrnsfludanundsussunniasdaudanlaniay 1wy 1a00wTILse
a a = | oAa A A 9 ° vy v wa & e v
Wenags danudanguing iadesammnieaufouguazilninlas wazdigaudfimanivili
nafugniluimundugunsalseguining 1w insredunssguunuianans wsensviminee
wuvdudanauisalaaels wazta i lunuames Wuduy
1 ] @ 1 ;.// = =] = 1 [ d' a 1 6
wiogelsfny wiazduveans ulziussfgasenineiuiizendt usawiuaead (Van
der Waals) yliiAndguisesmsdainzdududusualng vldlinuiiianaswazdaud@n

[ [y

Wasuwlasld vilmAsdeddalunisidau dninenmansislenmuinsifulidivuisanasauls

&a L [

Fanulugudianddnvazdugn 5end1 naflualsudunen Jugndunseitulunsusniay

9 Y

Dengyu Pan wazaug Tul a.f. 2010 laglonszuiunisiolasinesueattiungielunsaniay


https://www.researchgate.net/figure/Schematic-representation-of-graphite-and-its-bulk-form-use-as-pencil-lead_fig1_325659625
https://www.researchgate.net/figure/Schematic-representation-of-graphite-and-its-bulk-form-use-as-pencil-lead_fig1_325659625
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517U (Graphene Sheets, GSs) fidawalusyululaswastildidunsfumeusuneniisivuin
Tuszavuiluans Inglassaduvosnsflumeudunoniulivunadusiugudnanstiosndt 10
Tuiuns Fafidnvazdunsinauvionssiadolvd udulassadrsunlunuugudfia Tnensaiu
meusunenazszneuludsuiunsnfudaug 1 81 10 Fu Tneflszossinanielussuived 0.18
9 0.24 urlwuns uazdszoeniasenineszuv 0.33 uiluuns 4 9Usglovidveansiily
msusiunavausatuUssgndldlusudiaquinuieliinesdy Wuwes dusadeas 1u
dutsznevlueaduasofind wioudinsgislumeduinnin Wy matenmead uazfuuds

& Wudu

Carbon resource

Cutting
>

Modification

gih‘?i 2.9 MNULARINTINUABURALABY
fian - https://ichi.pro/th/gads-bthbath-ca-mi-bthbath-ni-xutsahkrrm-phlangngan-
261489877396036

2.4.3 yaae3u (Fullerene) [13]
yaeTufduvilslusalalnsuvesnsueu lassarsrdrendeiuunslus TneTaseasns
vasluanavrUsynaulufmgasnenveismaniueudouseiu Tdnvurdunssnaunelunans
adnefugniauea faauziduvesuds iunsdd il Wesanduitusslaniaudiivsy

9

I dunanansgdianaseulidanunsaindeuiliogidase vinbildunlnin lduhauseu 9a

[

\AoRLazIAnaRNaIArTuRgiuTIuILATUN Iassassvedluanasiduruaudnaeies 1
WILLLUAT FIUTZNOUTUINUNUITINI URNIABBULAL WU AU BUASINT LI
I A o 9 v < & o % = =

Wawides) nuldliisuwmutunagduukusey Inglasaisvesanesuasiuasuidainy
gaunndl Auantiniuaiiddgvesyameiufoaiuisaviminnidudisudidnaseuldd s

v a a o &£ v o o o v o & (Y a sala Y o
ﬂ’]@ﬂiﬂiU@Lﬁﬂmi@uﬁWNW’J%UIUIW muuﬁwmmmmmumLﬂumaaaﬂ%lmwmmzLmamLm


https://ichi.pro/th/gqds-bthbath-ca-mi-bthbath-ni-xutsahkrrm-phlangngan-261489877396036
https://ichi.pro/th/gqds-bthbath-ca-mi-bthbath-ni-xutsahkrrm-phlangngan-261489877396036
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& a o ' = - = 2% a o o = o %
avnauvassIniluviinvesdanla wu Wuwadsuvselafuy wdadaiuinaaeiuazyilile
AaantRlunsdudihdsennislufinnudumuliiiasiiossnyaweesuliguaudfiduay

Tumaendl Tuvasilanedaaladauaudanduuinmaeiidwinlidugdulailueg19d wasi

dfglunaeeiuiluanavesnsuausgdnuiuinnilvazanaladluiviazaiedunid sukuy

12
N [

yasatassuiinatsguuuuliinesdu dafluawmesiamey, wuladasa Wawesy, Univea Ad

LB, NBUILUANS UBY, Herbal fullerenes, Megatubes ¢ Linked bucky ball and chain
Dimers Gausiazwinfaziilassairauazyszlovifiunnsneiueenly UselovivosyalasTudl
unsngliidnasdudnhlaih gadudne dummdedu  Teswaaeiuuiswidaamnsady
dauszneuluniosdorousinssislunudug anmsunng dsenunsaldiuslunssed
Felisaerled (HV) viehiaendls wieuiumduansildlunsdesudewuaiise wazldly
nseduniesudueadunss uardsilaaautRfivhaiilunsduduneulunismelag
SaluifRveswaduniladniae (anti-apoptosis agent) ves nserduanssadulunisadna carbon

nanotubes MaluN1sHANENYS atdule Wiy

Ul 2.10 mnuanslassaiaveswatasiu n) yataeTu C60 ) ylaiaesu C540 A) yataesu C70

71 : httpsy/wiki2th.com/th/Carbon #wiki-3



https://wiki2th.com/th/Carbon#wiki-3
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2.5 uBTeiieates

2.5.1 Effects of Zinc Oxide Nanoparticles on Properties of SAC0307 Lead-Free

Solder Paste [14]

lavinisdanauaz@nwinansenuveseyninuludsdeanten (Zno) lnen1sAnw
g v in1InasuLnal (melting temperatures), Ad1ua1u150tun1silenuien1sdada
(wettability), A1ua1w1salUNSRLA (printability), mamnﬁm?amwuéﬁ (slump) LaEI08MD
Uszanusziulasiainagania (nterfacial microstructure) Wevinmswaudulavgdanivia Sn-

0.3Ag-0.7Cu fimaitatu 0.0, 0.25,0.50, 0.75, wag 1.0 wt.% wuilsifinansznusegamnii

Y

v

MliiAan1snaeunansn (solidus temperatures) LAy N IYBIN1TNABUNAIAAN Y
(liquidus temperatures) ArmaEsntunsdsnifingstuilonauoyniauluded oonlesd
0.25% Arwannsalunisiuianaadeaududureeynauiludsdosnladifintu n1smns
aeanuaztumInuIvasasUszneuddangeaniintuil 0.25% vosouneuludsdoonled
Sowaniulangdans

2.5.2 The Study of Wettability and Microstructure for SAC305 and SAC305-
0.5In Lead-Free Solders on Copper Substrate [15]

Igvinnsfnwmnuaunsalumaonuaslassaisganiavedangdanduuuling fuie
SAC305 WAy SAC305 0.5In ULWHLNBIAd IiemmIduugvesNInsEaIef, Shidiuns

'
v o =

N3¥8I, NUNAMSNIEEM wagudula Moaniinsdang 240, 260 wag 300 °C LaglIan

3

A15UANS 20, 30 wag 60 U nulawduaIsIeduLAen 0.5 wt.% Tulanedanswuulingm

¥l SAC305 IAVADULMAINNITANAIRT 3.8 °C dmSusiausenaun1snszaesi ans1dIung

' '
a

nsgeflaEiuiinsnselidfisdumaguglvesnstaniiiudu Inefdadogean
WU 91.25£0.53% Uag 7.75+0.34 hawadiu diuiadenuduiaves SAC305-0.5n uu
fangrunesunsiianedvanauil sgaumnfivesnisianiiiudu Inedayududasgamiafy
19.88+1.29 ° figaumgiiueanstinnd 300 °C Aanweinistinns 30 Jundl uazlianuaiunsanis

' ' v
IS aaa =)

Jenfffian wenani nuitlaseasisganirvestuansusenauidclansaadlanetans wuuls

nevln SAC305 Ngaunniin1sUans 260 °C wagian1sinns 60 Juni waslavedaniuuuls

ngnvila SAC305-0.5In igauunniin1stand 300 °C uagia1nsUiang 30 Tuni Aninduuay

(%
o

JuasUsENRURanEINATY Ao CubSN5
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2.5.3 Wettability and printability of SAC305-xTiO2 Pb-free solder paste on Cu
Substrate [16]

Anwiauaiuisalunislennianisinfia (wettability) kagAauan1salun1snun
(printability) vesululndlenlaeanled (TIO2 nanoparticles) wWionawlansUan3uiln SAC305
finuidudi 0.00, 0.05, 0.10, 0.50, uag 1.00 Wt% INMIANYINUTIT 0.33 Wt% ves TIO2 T
mnuannsalumadenifigauaznsissianasdeiiu Ti02 eldinmamaasaiiomanuidudu
fuwsngansensidenuaznsiusileing 0.0 wio yuvesadudawagnsiuvidariiAnigadaeg
7 11.61 oeAway 92.04% pIuETU

2.5.4 Silver nanoparticles effect on the wettability of Sn-Ag-Cu solder pastes
and solder joints microstructure on copper [17]

IdviansAnwrusedns aanaesnisidenvesarsid eudsvaiuns elanzans vin
Sn96.5Ag3Cu0.5 VUM 20-38 um LﬁaLauaumﬂm‘[uﬁuﬁmmL%:u%u 0.5, 1, 2 kay 4 wt.% 1N
ulnefeynauiluusionin 9 e 138 nm Inefinwfigungil 220, 230, 240 wag 250 o
nazldndesganssmididnmsaunuudssnsin (SEM) uayiinsiesiasduszneuvossn(EDS) Lile
Anvnmsasuuvasedlesiainganasailuisanmmuivesssuszneusenitslany (IMCs)
uavedUsznoumaadl 9nnnsAnwInuInineymenluduiiluluaadouszan SAC
finaantdsunsdondiniinsldlangdaniuuulinaueyniaululiuvuneauas lagd
mmmmﬁﬂumiL‘?JsJﬂLﬁwﬁumw%mmﬁummﬁaumﬂuﬂuﬁuﬁLﬁu%uuammmmaqmmn
Tuduflanas

2.5.5 Interfacial Reaction of Sn-Ag-Cu Lead-Free Solder Alloy on Cu [18]

Anwn1svuskagandIAyvedlansian3 ¥l Sn-Ag-Cu luntugnainnssunay
gUnsafdidnmseind Tuluisdnuisemesiuinsesdessninlansinnivda Sn-Ag-Cu fu
WHUNDILAY (CU) LAZATIAADUNANTZNUIINNITUANTAON1TNOAT8Id15UTENOULTlans el

=

lang¥an3 (Intermetallic compounds: IMC), laseasnauma, daugiuinen, n1stasgiiule,

a v = = 1 Y a a [ Y aad g
URATLAZIANUINITUANT A1nATANEINUINlanzUAnNITiln Sn-Ag-Cu Wulangianindu

9 Y

'
a v oa

finsiudwndounieifondnogramisinlavztanliarsngna UiAsu1vesnisnedives
asUsznouldlazressessessninslane UnnIfuusiuneun silldde Cussns uay Cussn lng
Cu6sn5 Wintuneunaziilassadandiefuesiad Tusmed Cussn il ufisesroyszay
5813 Cu6SN5 Auukunesuasiazilassasadudun EhumiL‘U?iwuﬂaamaé’mgm’iwmﬁuaq

fuAEfiesveula uaznsiaTAulaiiuTun NN TLaLIAIANUNTEUINYRINTUANT
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YUNDUNITANUUIIUIY

ludruvestunounsaidunuideduazuiseendu 3 Junsulugq Ao nswwSouans
A70819 N15MARY warn1sUsEadana tngluduneunsnazeSurefatunsulunisinisuans
feganlddmsuauide JuneufigesazilunseSuiedinisdangunsaiduatdussuuiines

lalansfuaznsmeassiaztunaugaieasdunisusyaiana

3.1 JunBUNSHIEUETHI8ES

- vinsissuansid endssaruns elansdanilaslunuiseidlaldlans YanTaie
A30C05-II-U1 1HF-11 hsnnanfusnslngsdanfidouintosnia 20 pum, ASIAUATDUAUABY
¥ila aqua green luminescent YU 1 mg/mL Uazialaaiuvila Fullerene-C70 Y89UTEM

Sigma-Aldrich Alesigunlpatninldludnines fsaunisin 3.1

carbon allotropes weight
carbon allotropes material weight+solder paste weight

WT% = x 100% (3.1)

AN5199 3.1 LENDNTIEIUVRIANSIANSUANSNUEITANS VBN A laNsUN LY

Solder Graphite Solder GQD Solder Fullerene

Paste (Wt%) Paste (Wt%) Paste (Wt%)
0.00 wt% 0.00 wt% 0.00 wt%
0.01 wt% 0.01 wt% 0.01 wt%
0.02 wt% 0.02 wt% 0.02 wt%

SAC305 0.04 wt% SAC305 0.04 wt% SAC305 0.04 wt%
0.05 wt% 0.05 wt% 0.05 wt%
0.06 wt% 0.06 wt% 0.06 wt%
0.08 wt% 0.08 wt% 0.08 wt%
0.10 wt% 0.10 wt% 0.10 wt%
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(a)

U 3.1 nmansansieds (a) Tanzdans (Solder Paste) (b) wnslylst (Graphite) (o) N3ty

MIBURLABY (Graphene quantum dots) Uag (d) Wawae3u (Fullerene)

HaYinANsTIansanudns1drunnaInIska IguvaniauansiagdlmaAuLdunan 25-

30 w9l Lialiansileenanszaea Ny Insldmnududuay 3 feeis

- RS UULHUNBILAIUTANT 97% Tallvwinnu 2 1y, YuIn 30 14y, X 30 1y, lUa1enae
U1lalaspassn (HCD iiavdnlesauwasdaanunisiineon lonulkiuneawad nasantuiily

Aamneomusalieaanudunsaean

- dhanslanedanifdiunsrauudaldasluluvdaniidivuinduriugudnans 5 uu. ge

1.24 3131, 2NUULHUNDILAS

% A (\“
yLnantd_~2

JUM 3.2 M9UansaIiI8E 1IN U LLHUVIDAS
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3.2 %‘Nﬁﬂut’l']i‘ﬂﬂaﬂs‘]

3.2.1 Set-up szuuuuudulaufdnealalansaW (In-Line Digital Holography)

5¥UU In-Line Digital Holography azgn Set-up aguuldzn1svaasanisuadludnuuee
wansluguil 3.3 videlnozunsudeguil 3.4 Faundsiudauasiidenlfifunuuiaweslalond il
AmEMAdY 635 ulumns Tasduasgnuiulitvunaduriiugudnans 25 uufenoadiumes
uwrdaidauasazgnandoadigsruulaenunoadiunoiiaudi oliuandutasuiuuay
Wunsluannsenudainegna Tdndeas CMOS wiia Canon EOS 550D Tunisdunin Ineuskuy

vosuailavzduguuuunaaveanisuvsnden

Collimato; |
lens

(CMOS camera

Light source

gﬂﬁ 3.3 MINLAAINITANTEUULUY In-Line Digital Holography

Object

LASER | CMOS

gﬂﬁ 3.4 MNLEAILADELNTUVDINITINTLUULUU In-Line Digital Holography
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3.2.2 idunlegenlaluansuuwiuinnuiay
YT UA98 199 LA 1MUY UM AT oYU (Hot plate) 1 olda1us oud svasui

v iiviosauiigumniveinmvasuval (Melting) Fegaungilagfiusyinn 27-250 a3

Y

JUN 3.5 nmilanInIvasumavesdsiangUnniiilenauniiueusalalngy

3.2.3 GN8N NTIUAIBEN
WIN1361801NY0IT UATDY 196 1Us g N T BIUNTEN 10N TVBINITVABULNAT
(Melting) tivedaunanisildsuudas lngnangillegungiiiiuliuyng 10 sernsalgea 391013

7AARIY 3 A9 LNBATWINMIALRAY
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WIHNANTAADEN

}

°  ar ' ai = kY 1
U1 lf‘l'mﬂ’]\'mLﬁl?ﬂﬂquqﬂﬂuLLNuV\ﬂﬁLLﬂﬂ

}

anszuvuasuuaulavmanealalansw

|

U ]
vTuFAatinan e Wnneu i

NIANTAU

}

= ' P =
WALNLAMNTBULAS AN

AIUNRTDIAUTNg UM 8INNT
WABHLIAY

l ¥

180 NTUASH gD HETNT WY N L0

AT

l

PN el @ Fenan

JUN 3.6 MNLaARIlADTUNTUYDITUNBUNITNARDS

3.3 %UG]Q‘IJﬂ'ﬁﬂigﬁl'JaNa

thamiildannisneaedluasienin (Reconstruction) lunseuiunsmsadinenansling
Témdnnsanmiudeus (Numerical computing) Wlovnauandavesnn Weldnndaute
wdnha il lunarsngmufifeanis Imﬁqﬁlé’ﬁnﬂiﬂwﬂimsa&ﬂugﬂﬁuaaizwmq 1oy
szpznefi Tl ufieuainanuaidonvesiinea (Max resolution) wazvurnveuduiges
(Sensor size) Yaandosiiltundnsdslunisinszeemsesmwlunsmeangusineg TaslusiAdels
14¥ndaa Canon EOS 550D (CMOS) Anwazidonfiniuany i 5184 x 3456 @IuruinlwuLTeS

WINAU 22.3 x 14.9 mm [19]
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5184 x 3456

JUN 3.7 AILEAIANTLARINNNTAT A MARIUAN I ANUANTALA

WalANINAHIUNTEUIUNIINITATIAINLA I T AN L LU Ay d Ul s
(Contact angle) fUsznaUNIINI$LF7 (Spread factor) kagdnIs1dIuN1INILIN8AL (Spread

ratio)

3.3.1 nMImAYuduRE (Contact angle)

TunsmANEURE N IUNTEUIUNITAT WA MLATUTUAMUANTALAY F8¥VTIN1STAN

(%
v v

yududavesansUans nglindnnisves Euclidean geometry tngmsanniduduriadsainiused

[
v v v

Y9IR 108 MNAAAFUAANUN U IUUINBUNE 1 INTUUAININIARALUTI9ANGeTIgAYRIN NG

9

ATLIUMANY N

5184 x 3456

5UM 3.8 nnuansineguvINMImANduiaveasiand
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3.3.2 NMIAAIUTENAUNTSNIZR18A2 (Spread factor)

= v

lnggmanidusiugudnarsvedansdaninldnaasunazaugaradansinningasain

nsuastvaILaIlagaIniduangIudleg1nvesiiuilunwieulaulisgafigaigauesnin

9

PAINNTUAILIUMIAIRIUTZNDUNISATLANLAIMINFUNITNA 2.11

5184 x 3456

5UN 3.9 2 1NLAAIAIBE19YBINITMARIUTENOUNIINTENLM

3.3.3 NNSWIANDATIEIUNIINTZA8AQ (Spread ratio)
Tun151m1A19MTINITNTLALAIVLMINA NN UN VDI LN UANTNAINITRRDULNAIWISAU
NunvaslanzdnnN3NauUNISNa NIl FUS1E1UISANILAINNITAINLEUNITE YL N19UILane

Janstaanlusensunlalunszuiunisasianin

5184 x 3456

5UN 3.10 NNULARRIDE19T0INTMANBATIAIUNITNTEAEM
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3.3.4 n130nA1 (Solder paste slump)
Taan13enan (Solder paste slump) ABN1TUIZLNIULUILTLYDINITLNINTZ VDL aNe
Uan3neugamgivesnisnasumal laglunisnaasslaviinisinszeznisunsnszatgiiie

Wiguguuuildun1sunsnsganevedlans UanI UL UNBILAI 1 g N TY8IN1TANGN

(Slumping)

5184 x 3456 5184 x 3456 5184 x 3456

5184 x 3456 5184 x 3456
JU 3.11 MNUARPTIBEINYDINITIATIEFNAIIANGT

VARINTUUYINNITIATIZNNIANGT (Solder paste slump) kAL RMATTBINITUABUE?
(Melting) maanaulsz@nsnmuoinistnfia (Wettability) vodlansUnnIinouwasnaIn1sHay
A1sUBUdalalnIUIINNTInyudURE (Contact angle) AaUsENoUN13NT¥ANYA (Spread factor)

LAYdRNI1EIUNTINTEEA) (Spread ratio)



uni 4

NAN1SIAYLAZN1SDAUSI19NE

4.1 ANUANTAVDINTN (Shape)

JUT 4.1 Mmuwansnmsidieuiiguresnnuauda n) Mwainnaesiies 9) AMAINMNTETNAM

INAMILIAUIININARINATAS1NIN (Reconstruction) 1Y HaupudaLiiatieuiu
| ) Y oA A O & € W ' PRy = o av v
mimaﬂmaamaaamlﬂLLazmmmmumaﬂwmxgﬂiwwamiLﬂjauﬂizmumdammﬂﬂ@
' o = P P ¢ a | = -
2819YALAU szmmmmmm8ﬂﬂmmmiLﬂaauLL‘anaqg‘UiNmaqmilﬂjamﬂixmumdam

(%
v a v a v

AnIRuAgMQiviesui s liveIn suaeadla

4.2 Uszansnmuaen1sana (Solder paste slump)
lavin1suiAad gLl dureIn1TAnen (Slumping) Uea13@188 199 Leaz AL

LWUTU ANULTNTUAE 3 F0819 BALRAEURINITANAT (SlUMPINg) WAAIRIAITIN 4.1



A15199 4.1 LERIALRAEYRINISANAN (Solder paste slump)
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Solder Graphite | Slumping GQD Slumping | Fullerene | Slumping
Paste (Wt%) (um) (Wt%) (um) (Wt%) (um)
0.00 wt% 7644.17 | 0.00 wt% | T7644.17 0.00 wt% 7644.17
0.01 wt% 7679.71 0.01 wt% 6271.89 0.01 wt% 5644.24
0.02 wt% 792595 | 0.02wt% | 7102.46 0.02 wt% 6358.00
SAC305 | 0.04 wt% 7309.54 | 0.04 wt% | 7713.11 0.04 wt% 6143.05
0.05 wt% 7091.43 0.05 wt% 6728.21 0.05 wt% 6180.91
0.06 wt% 6570.63 | 0.06 wt% | 7059.06 0.06 wt% 6717.80
0.08 wt% 7306.26 0.08 wt% 6956.72 0.08 wt% 7128.52
0.10 wt% 6933.95 | 0.10 wt% |  7639.91 0.10 wt% 6597.27
nsansh (Slumping)

9000
8000 =

L2 [CET18 : % s il ,rh

c T 1

‘S 5000 ® ’i 1 12 14 : -

E 4000 . BE T 3 2 ]

% 3000 ) 0T AT | v |
=ec p I TR
1000 ] |

o O e i | | b » |

0.00wt% . 0.01wtde  0.02wt% 004wt = 0.05wt%  0.06wt% 0.08wt% 0.10wt%

AMALT N adiFuAlAgtIvin

H Graphite ®GQD B Fullerene SAC305

5UN 4.2 aanlansAafeveani1snnm (Slumping)

= & 1A I o v A Y v v
ijﬂf\]’]ﬂﬂ'ﬁ‘vma@ﬂ'ﬂgL‘WU’J']LmamaﬂaqiﬂqﬁU@u@aIaIW5ﬂLTWIUWLLWF’]T’]NLGUNEUULLU’JIUQJﬂ']i

unsnszaeivedlansUnnsvuiuiivewesuasdulugiinanasdsiisuiulanedansn

o '
a =

UnAnmsiiuansatsueusalalnsudadudefifiilosainnisansi (Slumping) Aon1smwualey
YaaMsunsvadlaneUanimniiatssuansinleniailanedaniunsnszaeluunziuaunsaioug

MegfniuuuwiuIasaliinanadeas lineliiinasniudan3 (Solder bridges)
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4.3 gaunniivaIn1Ivasumal (Melting)
lovin1sniANadeveg V8N TNABNINAIIINNTNAGDIYDIANTHIE 19 TUA A Y

ANUIUTU ANUTNTUAE 3 9819 TIANRREVDIQUNATVBINITUABUVIAIAAINIANTIN 4.2

M191991 4.2 UEAIANRALYIIRUNNTVBINITNABULAT

Solder Graphite Melting GQD Melting | Fullerene | Melting
Paste (Wt%) (°Q) (Wt%) (°O) (Wt%) (°0)
0.00 wt% 213 0.00 wt% 213 0.00 wt% 213
0.01 wt% 210 0.01 wt% 207 0.01 wt% 210
0.02 wt% 210 0.02 wt% 217 0.02 wt% 214
SAC305 0.04 wt% 210 0.04 wt% 226 0.04 wt% 214
0.05 wt% 210 0.05 wt% 217 0.05 wt% 210
0.06 wt% 214 0.06 wt% 224 0.06 wt% 200
0.08 Wt% 210 | 0.08wit% | 220 0.08 wtd% 210
0.10wt% | 210 | 010wt% | 220 0.10 W% 210
:'L“ A W - ;%o‘%sé::;;m v gkw-'m:n:-" : gg;:g;:;::;:gg = :’"‘"‘"’"“" o 002% Fulemon
IR SRR M e o Ol R REE
o] \\ Bt g e I R /S SR
i \sz;:::’.ii § T ) L) W*‘r’«*‘;@%i:
L T;'m"’:,,.m,.‘f?c> WS e AR ) meta T

E‘U 4 3 m‘wu,ammLaaasuaﬂamvmmaqmwaaummmaﬂammmmamauLm'ﬂ‘V\Im N1

AIBUFALADYNLALYALADTUY ANUEAU

1NNITNARBIILIIUIIAIRALVRIANaBNMAIBg Mo AUTEN 213 °C dmsy
100% solder paste hag 210 °C ianauunslud (Graphite) uazyaiaasu (Fullerene) uag 219
°C \lonanns funloudunen (graphene quantum dots) MuAazANMLTNTY AuLUINITONES

wnslud (Graphite) uagyaiaaiu (Fullerene) WhludwalvigaumgivesnisvasuvaiiiAana
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= & Y a o LY LY a Aa o = o o a 1 J
szﬂmuﬁuammmuiawumﬂsﬂssmwmﬁ;waaummm%ﬂﬂmmmmummﬂﬂimawaszmw

gunsalBidnvsednduazunuisasiium

4.4 Ayudusls (Contact angle)

TunsinAuuduna

v v

q

ANUTNTUAE 3 10819 BIARREVDINTUNALANIAINTIN 4.3

A15199 4.3 LANSANRAEVRINNTUEE

Lvin1smAade vesryudulaueda sRIng e iLAagA T NTY

Contact angle of Contact angle | Contact angle
Graphite of GQD of Fullerene
Optical
The different | Reconstructed | contact angle | Reconstructed | Reconstructed
% wit. image measuring image image
0.00% 10.8 10.3 10.8 10.8
0.01% 2= 13.6 11.8 21.7
0.02% 14.0 16.6 155 16.7
0.04% i 3 12.7 Aoy [ 10.3
0.05% 11.8 14.3 11.2 16.4
0.06% 13.0 1%\ 12.5 10.4
0.08% 133 14.5 10.0 141
0.10% 184 14.8 12.1 10.9

[ 1 [ < ! d' = v d'
ﬁ]’]ﬂﬂ’]i’)@ﬁ?i&ﬂﬁj\lmﬁ’ﬂ’]ﬂﬂ?ii/l@ﬁ’e]x‘l‘\]%L‘WL!']'WLZLIE]NﬁiJﬂi’]WUﬂ']E]UG]?J@EWW] 0.08% LLa%WQ

L7

asudl 0.04% Wiayududatesnindeisuiulansdaniilunanaisnsuoudalalnsuds

Tunngugdernyududaiiadeswansinsednsamlunmsleniidiuy



4.5 firUsenaun1InszA8R (Spread factor)
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1AYiNN151ANLRALYR9IUSENBUNITNTZINUAIAINNITNAADIVDIETFIDE1NLAAZ AL

WU AILTNTURY 3 HID819 FIALRRLVIRIUTENBUNITNTLANF ILEARIANTIN 4.4

q' 1 d' o e
A13199 4.4 LEAIANRAYVBINIUILNBUNITNIZINYAN

(=2 <]
[=E

0.00 wt%

UM 4.4 anuansAnafevewiUsznaunInsaneiivadlareUang

P

0.01 wt%

m Graphite wmGQD mFullerene

0.02 wt%

0.04wt%

i1 D)

0.05wt%

5 Iy I e
ﬂQqNL’UNLTJ'EIQL%‘Ilmeﬂ‘qu‘nuﬂ

SAC305

0.06 wt%

0.08 wt%

Solder Graphite Spread GQD Spread Fullerene Spread
Paste (Wt%) factor (%) | (wt%) | factor (%) (Wt%) factor (%)
0.00 wt% 93.3195 0.00 wt% | 93.3195 0.00 wt% 93.3195
0.01 wt% 92.0150 0.01 wt% | 91.8512 0.01 wt% 85.7754
0.02 wt% 89.3678 0.02 wt% | 90.7095 0.02 wt% 92.1033
SAC305 | 0.04 wt% 91.8650 0.04 wt% | 89.6818 0.04 wt% 90.3772
0.05 wt% 90.1425 0.05 wt% | 94.0295 0.05 wt% 85.4042
0.06 wt% 92.5833 0.06 wt% | 91.2060 0.06 wt% 91.5033
0.08 wt% 91.4744 0.08 wt% | 92.7290 0.08 wt% 90.5055
0.10 wt% 91.8169 0.10 wt% | 90.9155 0.10 wt% 89.6306
palsznaunisnszanana (Spread factor)
96
94
g 92 | | |
E 90 | = =
E 88 N Q ¥ | | /
3 o) fl 3 |
UE,; 84 N | : ¥
S & € ’
= - =

0.10wt%




F991NNINABDILIIUILIDNANAITNIIAUAIDUALADNTAANUTUTY 0.05% TAA167

U5ENaun13NTEeigaNan 295Usenaun1snIEeMLanItienNatisalun1snszaem

Y99bansUnn3luaN LA

4.6 9M31EIUNIINTZAYA2 (Spread ratio)

1AYNNSUIANRAIVDIMIIEIUNITNTELINYAIINNISNAADIVDIANTADE 1T LARE AL

WUTU ANUTUTUAY 3 FI9819 TIANRALVDITNITIAIUNITNTZINUAILAAIAIAITIN 4.5

15197 4.5 LENANLAAYVBIDNTIAIUNITNTLANYA?

Solder Graphite Spread GQD Spread Fullerene Spread

Paste (Wt%) ratio (Wt%) ratio (Wt%) ratio
0.00 wt% 1.0637 0.00 wt% 1.0637 0.00 wt% 1.0637
0.01 wt% 1.2199 0.01 wt% 1.1507 0.01 wt% 1.0418
0.02 wt% 1.2780 0.02 wt% 1 2101 0.02 wt% 1.1054

SAC305 0.04 wt% 1.2793 0.04 wt% 1.3485 0.04 wt% 1.3210
0.05 wt% 1.4120 0.05 wt% 1.6929 0.05 wt% 1.5574
0.06 wt% 1.0879 0.06 wt% 1.1463 0.06 wt% 1.3647
0.08 wt% 1.2325 0.08 wt% 1.2514 0.08 wt% 1.2878
0.10 wt% 1.1699 0.10 wt% 1.9166 0.10 wt% 1.3321
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ans1daun1anszanasa (Spread ratio)

25

1.5

0 L] L]

000wt% 001wtk 002wtk 004wt 005wt% 006wtk 0.08wt% 010wtk

Spread ratio

0

[52]

o .o =S
ﬂ'!’INL‘uNLﬂﬂgL‘ﬁuFﬁﬂﬂN’I“uﬂ

W Graphite mGQD  mFullerene mSAC305

5UN 4.5 a1nuansredevesdnsdunsnsyatemvedansdang

INNSNAADIRLTUIL DRANETAS U USAlAlNT U 3 FRANMazANITuTuaETAN

'
=

U ] U d‘ 1 dl = U U dd‘ ) 3 b 1
9AINAIUNTINITANYAINEININUBLNYU ﬂ‘UIa“I/TS‘Uﬂﬂi'VIVLZLINﬁuﬁ’]iﬂ’]iﬂﬁ]uaaﬂaiﬂﬁ‘ﬂ YILLEIMIIN

¥
Y] [ o 1

Walenauansasuaadatamsuinlululavednnsasyinliia1ensigdiunisnssan efifdu dina

Tranuanusavestansdanslunisunnsiainnvu

4.7 n1399A1 XRD (XRD Measurement)

iWioRnwilassareaaninveslanyiand (Solder Paste) iilonanunls (Graphite) Aus
agauitudusazldnisiiasest XRD laouansfagud 4.6 Faasifiuinansuszneudilvg)fian
Usznoudae Tin (Sn) waz Tin Oxide (SnO) ArAuduwes SnO iinduilenauunslwddiaay
Wt 0.01, 0.02 and 0.08 wit%. vaslansinniuavanadiienauunlwdfinududy 0.06, 0.08

WAy 0.10 wt%. vadlavsinns
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160000
140000
__ 120000
;E- 100000
%‘ 80000
E 60000
40000
20000 l ‘h ‘
0 N ha
0 10 20 30 40 50 60 70 80 90
2 theta(deg.)
——0.01% Graphite 0.02% Graphite 0.04% Graphite 0.05% Graphite
——0.06% Graphite 0.08% Graphite 0.10% Graphite Solder Paste

JUN 4.6 N19UARING XRD VBN 1IHALUNS IAVAI N MaeNmaIN 230 °C.

4.8 N159% EDS (EDS Measurement)

Surface morphology Waz Cross-section Vo4f10819U84lanzUnNg (Solder Paste) Lile
HALLASIIG (Graphite) MAMMdNTY 0.02, 0.04 uag 0.06 Wt%. d1msUNTILASIEEsUSTENDU

mapfliveslangiansdionauunsingusenaunig Sn, Cu, Ag and C FaansnsnIwi 4.7

Solder Paste

0.06%wt
Graphite

JUN 4.7 7Mnuanansiiasigs EDS vesansusenaunaniivedlavedaniidlonauuns i
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4.9 N3N (Porosity measurement)

anvuzresgniuludedoveasifontszaiue1vdmananiuulwsivesdeons A
wyuludedetnnignasisaeulagldssdidndisduas nsinavdiiuindalSunalaen1sinse

ANAIADNTNINDS Aauandlugull 4.8 wanin1singnuveddansUinnivianoulasndInay

wN3 AR wAaEANULTLTUY

SUN 4.8 N NULAAIAN UL INTUTDIATFIBE



unii 5
A3UNANI5ILUATUBLEUBLUE

5.1 #3UNaN1539Y

PMNHANITITELaAnIn19UAs uLYAIMsFug1uANET (Morphological) 1A
(Slumping) aaungiveansvasival (Melting) Tadlufian1sAnwrAwdula (Contact angle)
dWetasziuszansnmussnmadenuienisiafia (Wettability) veasasidouuszaiuniolany
Unn3ailn Sn-3Ag-0.5Cu (SAC305) Sonausuwnslue (Graphite), nNT10 UAIDUANADN
(Graphene quantum dots) uagilawaasu (Fullerene) Aesiudmududulaetmin 0.00%,

0.01%, 0.02%, 0.04%, 0.05%, 0.06%, 0.08% Was 0.10% fudgnmaivowuisgungiivesns

Y

1%
Yo

waeuwmal Wwelidulauainealalansnil (in-line digital holography) anansaasulasiail
1. 2 ALAINN15aT190M (Reconstruction) daupudauagiiufisdnyair3Us19ves
a19:901Usra 1B 19NN TN AN YN SR s UL UAURITUS 19Y A S BN TEA AU

¥

gunniiviosauieungiveInmasuvaild

2. M3ANAT (Slumping) F9nnIsnAaBIRLIiwIIlaNarasASUBLSalalns U lun
WAAILINTULATENAI TN AT eRvedlanzinnS UL LAY DILAsTAIanal oL Uy
TanzUnn3AusAannsiinansAsuausalalnsy sniuiinuidutu 0.02% Graphite Lag

0.04% Graphene quantum dots

3. Madarsasveudalalnsusiaunslnduazyanaiululansdani dewaliigumgi

YN svaeNmalIiAanas drugungiimmasumaivedlanginniinalasaiveusalalnsy

v

wilansflumeudiunendaiugeuliomevivgunginisuaeumaivedane Uansnusiaan

AMSLRNAISANSUAUDALA LNSU

4. AnyudurE (Contact angle) vadlangdaniiilaiiuaisnisueusalalnsuiinyaiaaiu

LY

wagnsflualeuduneniAauilemeuivgamginsvasuvaivedansUansnuAInng

'
I a

Wuasansuaudalansulaeryududanangadaifuamesunanududu 0.04 wid% uaz

n31uAIUANAENT 0.08 Wt% diutllotfuaisatsvaudalalnsuviiawnsinddanyudulan
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v v

dutwdlodisutugumninmaveommaiveslangdanifiunannniafvarsafuoudalalysy
Tnorpdusianangailoduunlwdeginnandudu 0.05 wo

5. fusznaun1sns¥anes (Spread facton) vedlanetandidlodvansasueudalalnsy
yiansflumoudunonianfvgedudloiunsitunieusunoni 005 wto% wazidelfuans
msveudalalnsuriaunsliduaziaiaeiuidduszneunsnszaefanaaieiiouiulans
Uanafiusimannmsiiansaiueusalalngy

6. §M3189UN15N5LR (Spread ratio) vaslansUandidlaifvarsafususalalnsy

wiaunstnd nTualeudiunen wasyamesulAnivTuleWisuiulansdan3InusAannnisiiy

a15AN5uaudalamnsy

v
5.2 UalduaLug
n1sUsuusInanmvedtansdanillenanaisaisveudalalnsinolilayudunanay
ANRaNsatunslenintuasAnedsnaaudRvesasudasyin sauludnaau iy
TnfhvedlavedanIuazansasusudalalnsuusiavyiinmgivelmananuansadlunisidenly
a s o a a i P v < ] ] ¢
yinvesansarsusudalaniliarsednsamingegalunisldaumunisiesdeseninsgunsal

Y

VUNLH WIS BLannsoilnd %qﬂaquu%‘%mﬂumsﬁmﬂmazmmaaumuﬂﬁauuﬂaama
NNENTIN AYEUR A sullddsdnisnsgagiiinansivarnvanelunisnsavaeu 8ddusuised
84h3moalalansiilidnnslunsesieaoudasinlmdiuinannsoanduneunionssuiunis
nsnsieaeUlidosasls wasislifiinnnuwiudazlfnnilaudauind uisunsasenuwuy
TUsunsuvdeUsuugsaamwvastusunniunssiunsairuninviseeniuunisingunsaliile

grenmduimeglitaduiadusmslumsiaguanvetalnsaldidnnseiindlusuian
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U 0.1 nmuandlalaunsuves 100% Solder Paste A3l 1

sUfl n.2 amuanslalainsawes 100% Solder Paste ASaT 2

46



U 0.3 nmuanslglannsuves 100% Solder Paste A3l 3

Uil n.4 anmuanslalainsawes 0.01% Graphite ASs 1

47



sUil 0.5 nmuandlalaunsuves 0.01% Graphite ASsi 2

Ui n.6 amuanslalainsaes 0.01% Graphite A3 3

48



Ul 0.7 auandlalaunsuves 0.02% Graphite Al 1

Ui n.8 amuanslalainsames 0.02% Graphite A1 2

49



g‘dﬁ n.9 anuandlalawnsuves 0.02% Graphite A3 3

Ui n.10 amuanslalawnsues 0.04% Graphite AT 1

50



U n.11 swuandlalaunsiues 0.04% Graphite AT 2

Uil n.12 amuanslalaunsues 0.04% Graphite A5 3

51



Ul n.13 nwuanalalaunsaes 0.05% Graphite A3l 1

Ui n.14 amuanslalaunsaes 0.05% Graphite A3 2

52



!

sUil n.15 mmuanslalaunsaes 0.05% Graphite 537 3

Uil n.16 amuanslalawnsues 0.06% Graphite AT 1

53



sUAl n.17 pwuanalalaunsiues 0.06% Graphite ATl 2

5Uf n.18 amuanslalaunsuves 0.06% Graphite A5 3

54



Ul 0.19 pwuanalelaunsaves 0.08% Graphite A3l 1

Ui n.20 amuanslalaunsaes 0.08% Graphite A3 2

55



5Ul n.21 pwuandlalaunsaues 0.08% Graphite AT 3

sUil n.22 amuanslalawnsumes 0.10% Graphite A 1

56



5U n.23 pwuanlalaunsaues 0.10% Graphite ATl 2

5Uil n.24 amuanslalaunsues 0.10% Graphite A5 3

57



5UN n.25 amuandlalaunsuved 0.01% Graphene quantum dots Asadl 1

;J‘Uﬁ .26 Mnuandlalawnsuved 0.01% Graphene quantum dots ASadi 2

58



UM n.27 amuanslalaunsuved 0.01% Graphene quantum dots Asadi 3

;J‘Uﬁ n.28 Anuandlalawnsuved 0.02% Graphene quantum dots Asadi 1

59



JUN n.29 amuandlalaunsuvad 0.02% Graphene quantum dots ASd 2

3UM 1.30 Amuanslalaunsuves 0.02% Graphene quantum dots Asafi 3

60



JUN n.31 amuanslalaunsuvad 0.04% Graphene quantum dots Asadl 1

;J‘Uﬁ n.32 A nuanslalawnsuved 0.04% Graphene quantum dots ASadi 2

61



JUN n.33 amuandlalaunsuved 0.04% Graphene quantum dots Asadi 3

Ui n.34 amuanslalaunsaes 0.05% Graphene quantum dots A7 1

62



UM n.35 nmuandlalaunsuved 0.05% Graphene quantum dots ASTl 2

3UM 1.36 A muanslalaunsuves 0.05% Graphene quantum dots Asafi 3

63



JUN n.37 amuandlalaunsuvad 0.06% Graphene quantum dots Asadl 1

3UM 1.38 amuanslalaunsuves 0.06% Graphene quantum dots ASadi 2

64



JUN n.39 amuanslalaunsuvad 0.06% Graphene quantum dots ASaTi 3

Ui n.40 amuanslalaunsaes 0.08% Graphene quantum dots AT 1

65



JUN n.41 amuandlalaunsuvad 0.08% Graphene quantum dots Asadl 2

sUN n.42 nmuanslalaunsuvas 0.08% Graphene quantum dots Asafi 3

66



JUN n.43 nmuandlalaunsuved 0.10% Graphene quantum dots Asd 1

sUN n.44 nmuanslalaunsuvas 0.10% Graphene quantum dots Asf 2

67



UM .45 nmuandlalaunsuved 0.10% Graphene quantum dots AST 3

l

sUfi n.46 amuanslalaunsaes 0.01% Fullerene Asafl 1

68



Ul n.47 smuandlalaunsuves 0.01% Fullerene ASaTl 2

sUfl n.48 amuanslalainsames 0.01% Fullerene ASafl 3

69



sUl n.49 smuandlalaunsuves 0.02% Fullerene Assil 1

5Uf n.50 amuanslalaunsaues 0.02% Fullerene A3afl 2

70



sUl n.51 amuandlalaunsuves 0.02% Fullerene A3l 3

Uil n.52 amuanslalainsaes 0.04% Fullerene Asafl 1

71



sUfl n.53 nmuandlalaunsuves 0.04% Fullerene ASaTl 2

sUfil n.54 amuanslalaunsaes 0.04% Fullerene Asafl 3

72



sUfl n.55 amudndlalainsuves 0.05% Fullerene A3l 1
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Abstract. In this research we investigated the contact angle of commercial SnAgCu solder paste
mixing with some carbon allotropes such as graphite. graphene quantum dots, and fullerene of
varying concentrations with melting temperature. wettability. interfacial microstructure. The
wettability was assessed in terms of the contact angle. The in-line digital holography was used for
determining the contact angle and morphological of samples at each temperature which the samples
have been heating from room temperature until the melting temperature. In the experiment. only
one beam was used as the object and reference beams which recorded by a CMOS camera. The
recorded image was reconstructed by the angular spectrum digital holography numerical
programing. Using the reconstiucted images of our results. the shape and confact angle of solder
pastes can be investigated.

Introduction

An impotant concern of modern electronics devices is related to the connecting or jointing
of devices. The surface mount technology (SMT) has been developed for improving the
interconnection between the devices on printed circuit boards (PCB). The melting and forming of
solder pastes have been realized at joint between two metal surfaces. Among Pb-free solders. the
SnAgCu solder alloy is extensively used due to good advantages such as low melting point. high
solderability. and composite approaches [1].

The solder paste wetting propertie is a parameter that generate smooth shape. unbroken.
uniform. good joint on the substrate. The combination of the method of process attributes such as
melting point. solderability. electrical. and good mechanical properties has been studied. To
improve the quality of the solder. the hypothesis by adding minor elements has been interested. In
addition. the solder spreading. which could be investigated using contact angle over a substrate is a
complex problem. involving several physical and chemical processes. Because of their excellent
properties for example extraordinary electrical, thermal. physical properties, and zero-overlap
semimetal (with both holes and electrons as charge carriers) with very high electrical conductivity
graphene has been used for improving the electronic property [2]. So. the carbon nanomaterial
doping on the microstructure are interested to explore on solder joint studied.

Digital holography (DH) imaging technique. recently. has become a significant instrument
for demonstrative and classification in the different sciencentific and technology [3]. The DH
advantage is direct access to the interference and diffraction effects. Moreover. the attractive feature
of DH is the flexibly focus. three-dimension imaging and display. DH is utilized in optical
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deformation. strain analysis, shape measurement and so on. The quality investigation of solder
pastes properties using DH [20] also has been one of the effective methods to investigate the
physical. thermal and mechanical properties of solder paste [4]. In this work, the contact angles of
the melting SnAgCu solder paste with various compositions of concentration by weight of graphite,
graphene QD. and fullerene mixing SnAgCu solder paste have been determined using the
reconstructed images of in-line DH.

Theory
1. Soldering preparation

The investigated samples solder pastes modified with the concentration by weight of carbon
allotropes were prepared used equation below
carbon allotropes weight

WT% = 7 : - x 100%
carbon allotropes material weight + solder paste weight (1)

After the sample is mixed well together. the sample was chilled in the fridge to set after mixing.
They were pressed into the block with a dimension of 5 mm diameter and 1.24 mum height and put
on the copper plate of 2 mum thick and 30 mm x 30 mm in dimension. Then the samples were put on
the hot plate in the setup.

2. Contact angle

The measurement of the contact angle form by a droplet of liquid place on a horizontal
surface as shown m Fig.1. Young equation and the angle 6 formed by the solid surface and the
tangent of the droplet 1s contact angle. The contact angle of solder paste DH images were calculated
using the principles of Euclidian geometry.

Tﬂlgﬂ]’ll line

Triphase point,
-

Figure 1. Contact angle measurement using Euclidian geometry.

First. constructing the tangent by drawing a line orthogonal to the sample image radius that
intersects the point of contact with the horizontal surface. is created the triphase point. The second
step called the half-angle method is performed by a line drawn from the triphase point to the apex of
the sample image. Then the contact angle is determined by the equation given below.

h
tanf = —
"
h
tan 6, = 2 arctan(—) (2)
-

3. In-Line Digital Holography

In this research. in-line DH was used to get the images of contract angles of mixed solder
paste. Fig. 2(a). illustrates Gabor’s in-line holography principle in which the coherent light. upon
impacting a highly transmissive object. is directly transmitted (reference light) or scattered (object
light). The coherent light was transformed into a uniform plane wave by a lens before transmission
through the transmissive object. An interference paftern is generated as a result of interaction
between the reference and object lights and subsequently recorded on a digital camera.

4. Reconstruction Method

As shown in Fig. 2(b). assuming that the light propagates along the z-axis to the hologram
plane. h(x.y) represents two-dimensional (2-D) diffraction of optical fields based on the Huygens-
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Fresnel principle. The diffraction of light through the optical filter in the rectangular coordinates
can be described as the optical diffraction by Eq. 3.

1 .-'=£'OE._ wdad_l' 3
1(X. V) j)\.‘l‘[ (&) % =dn. lim (3)

where O(Z. 1)) represents 2-D optical field at the object plane. 1 is the distance from any point on the
/2

object plane to the image plane (x.v) and r can be written as 1= [23 +(x -5)2 +(y-n) } T zis the

propagation distance of the optical field. and k is the wavenumber of light. Eq. 3 can be rewritten as
Eq. 4. By using the convolution method, the hologram function can be rewritten as Eq. 6

h(x.y)=F1{o(&n) *Flz(En.xy)]}. )
where the impulse response is given by

2 exp(jkr) .
jAT - $2 ’ .

g(&n.x,y)=

By utilizing the inverse Fourier transform of the filtered Huygens-Fresnel. the optical field at the
image plane can be reconstructed as

R (&)= F E[h(x.y) P& nxy)])- ©

where F is an inverse Fourier transform function and F is Fourier transform function.

Object Film

r r
| . Object Hal 1
s Al  Lmell plane lane plof
Source wave OE,n) hix,y) R(5'.m')
Figure 2. (a) Gabor’s in-line holography principle (b) Coordinate system for the numerical

reconstruction of images

Experimental Methods

The experimental DH in-line setup to for recording solder paste images using CMOS
camera is shown in Fig. 3. The light beam collimated to 25 mm diameter from a laser diode with
wavelength 635 nm was propagated through all of the sample. The distance between the collimator
to the sample and the sample to the detector were 300 mm.

Sample CMOS camera
holder

Light source Collimator

Hot plate

Hologram.

Figure 3. The In-line Digital Holography setup.

The solder pastes specimens consisted of pure solder paste and the addition of graphite.
graphene quantum dots, and fullerene of varying concentrations 0.0, 0.01, 0.02. 0.04, 0.05. 0.06,
0.08 and 0.1 wt.% of solder paste. The images were recorded at room temperature. 50°C. 60°C.
70 °C. 80°C until the sample starting to melt around 230°C. The images were recorded every 10°C
changed and then every 5 seconds after the melting point. All experiments were carried out
triplicate and the result averaged.
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Results and Discussion

In this section the experimental results of SnAgCu solder paste mixing with graphite,
graphene quantum dots and fullerene of varying concentrations 0.0. 0.01, 0.02. 0.04. 0.05. 0.06.
0.08 and 0.1 wt.% of solder paste were discussed. All experiments were carried out in triplicate on
an alternate-day basis. and results were averaged.

1. The influence of the added carbon allotrope with the properties of the solder paste

The samples were recorded during heating with hot plate. The temperature of the solder ball
was measured. The average melting point temperature were found approximately 200 °C for 100%
solder paste. 210 °C for the addition of graphite and fullerene of varying concentrations 0.0, 0.01.
0.02. 0.04. 0.05. 0.06. 0.08 and 0.1 wt.% of solder paste and 220 °C for the addition of graphene
quantum dots of the same varying concentrations. Fig. 4. shows the melting images of the sample of
a pure solder paste specimen. the addition of graphite 0.01 % and 0.02 wt.% of solder paste. and the
addition of graphene quantum dots and fullerene 0.02 wt.% of solder paste.

’

(a) (®) (© (@) (e)

Figure 4. The melting image of some samples solder paste SnAgCu (a) 100%. (b) 0.01% wt
graphite (c) 0.02 % wt graphite. (d) 0.02% wt graphene quantum dots. and (e) 0.02% wt fullerene.

2. Recorded and Reconstricted images

Fig. 5. shows the recorded holograms with the time space of 5 s and10 s afterword and
reconstructed images of the solder paste mix with graphite. We found that the solder paste started to
change the shape and melting at 80°C and 200°C respectively.

N[O [ o
e o e B it i st it i

--- -- -

Figure 5. The melting pure SnAgCu solder paste recorded holograms on the left and its
reconstructed images of on the right with increasing temperature.

We recorded the images of melting sample using in-line DH setup with a CMOS camera. The
recorded images were reconstructed by using the program from Physics Department, Michigan
Technological University [5] as shown in Fig. 5. The contact angles of the melting samples can be
determined from their reconstructed images. Fig. 6 shows the comparison of the contact angles
values of solder paste with the addition of graphite (a). graphene QD (b) and fullerene (c). The
contact angles of the solder melt with graphite were also performed using the standard optical
contact angle measurement and contour analysis systems of Scientific Instrument Center of School
of Science, KMITL. We found that the results were almost the same as our technique as shown in
Table 1. The percentage differences from Table 1 are equal to 2.91. 2.94, 15.66. 2.36. 12.58. 2.76
and 0.68 % respectively. It has been seen that the method for measurement contact angel by using
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DH was comparable with the standard instrument. The contact angle of graphene QD and fullerene
of varying concentrations 0.0, 0.01, 0.02, 0.04. 0.06.,0.08 and 0.1 wt.% of solder paste have been
determined. The plot of the results was shown in Fig. 6 (b) and (c) respectively.

Summary

In this research. the contact angles of SnAgCu solder pastes mix with graphite. graphene QD and
fullerene during melt were investigated using reconstructed images from in-line DH technique. The
contact angles were found larger than that of pure SnAgCu solder pastes. The optimized contact
angles of carbon allotrope mixed solder pastes need to be continually investigated since the
advantage of the carbon allotrope would be improve the electronic interconnect properties as well.

Disclosures. This article was funded by School of Science. King Mongkut's Institute of
Technology Ladkrabang (KMITL) (Grant no. 2561-01-05-62). The authors declare no conflicts of
interest.
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Figure 6 The contact angle plots of melting samples with temperature using reconstructed images.
(a) Graphite. (b) Graphene QD and (c) Fullerene.

Table 1 Contact angle values of solder paste without modified compound and with modified
Graphite. quantum dots and fullerene at the different %wt. of solder paste.

Contact angle of Contact angle Contact angle of
Graphite (%) of Fullerene ()
Graphene QD
©)
. Optical contact angle
The different %wt. | Reconstructed : Reconstructed Reconstructed
p measuring and contour A )
image % . umage image
analysis systems
Solder Paste 10.0 10.3 10.0 10.0
0.01% 13.2 13.6 13.8 35.2
0.02% 14.0 16.6 114 22.6
0.04% 12.4 12.7 11.5 10.3
0.05% 11.6 143 10.7 27.0
0.06% 13.2 15.1 11.7 8.7
0.08% 14.9 145 79 19.7
0.10% 14.7 14.8 10.0 8.5
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