dninvmauaAna NIZIBUINATAIANTZI

$1891UN15ReaTUENYTel

MsInUSuInsvesateRuY lvawmassuatlamatinn1snnIwane

Solder paste volume inspection using orthographic drawing technique
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Research Title : Solder paste volume inspection using orthographic drawing
technique

Researcher : Asst. Prof. Dr. Prathan Buranasiri

Department of Applied Physics, Faculty of Science,

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

In this paper we propose a modern technigue to evaluate the shape changes
of solder paste by using double-view in-line digital holography. We observed the
transformation of three different kinds of solder paste compasition: pure solder
paste, solder paste mixed with 0.02%, 0.05%, 0.10% graphene (GPN) and 0.02%,
0.05%, 0.10% graphene oxide (GPNO), respectively. The shape of the solder pastes
was investigated at different melt temperatures (i.e. 200°C, 250°C, and 300°C) for 30
seconds using a collimated beam propagating through the solder paste, then being
double reflected on a mirror and second incident on another sides of the solder
paste. The double images bearing beams were recorded with a CCD sensor
simultaneously. The single recorded digital hologram from double view technique
was reconstructed using digital holography. The results show that the double-view
technique provides reliably data. Moreover, it would be developed for observing
more than two images by single holography writing in the future.

Keywords: Digital Holography, Solder paste, Reconstruction, Graphene, Graphene
Oxide
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2.5 Tglaunsy (Hologram)

Talans ¥ (Holography) fie nszuaumsaianmlalaunsy Fadunmituiinasuuidumviowsdy
wndevdarsdmdviufinuas Fadrumaiianistuiindaonsld uasiidninduasnndesty
(coherence) 19u wasiawwed Telans il WWumaliafitrsbiuanssaeaningilsstufinuasldgnasrety
Tmideun isliusingidutngoglusuminduideieufunistuiin mswdsuwasg Usuudunas
fimmaveamssruumsusatiutisliuasnsznennimgfiastuiinuarlfgnadetulm WelWusingidu
Fagegluiwmisdudeiioutunstuiin “lelaunsu Afe Tufinveaguuuunisunsnasnuasduas i3
wihnAugenndastu 2 d1”nmignaretuinainnsuasawes Tastuiindasesuesnisunsndon
(Interference Pattern) vasuasalgef viliisannsousaunmiuandiaainaialu Fdlidanudn
nefiivesnm Tnanmildosduninuuug Souq dethuiviouiisuiursnuinnmiiunann sdudin
Tnewefalalaunsutuszgmenunniuiazdeiivszloniludwiug Snhe

Telaunsuifgnéunulaginuila niues (Dennis Gabor, 1900-1979) Smanslniagnadentd usus
awes U ae. 1947 Tngnuwuesldfumundnnisvadlslansiflaetady tussminiwauuiuupamaw
'uaqné’mqamsﬂﬁ&ﬁnmsanﬁu’%ﬁw British Thomson-Houston filiies Rugby Usxwasingy 2105
funuiinueslasusetaluuasvi@ndlud a.e. 1971 windafAafududldeglundosganssmd
sidnaseuniiunddniuludenmanufiatidnnsou uinmansinidumadauadsbildlinsiauiod
3980 sunseialimsianreaaweslull 1960

Telaunsuuasillfldesetunsndutusinegluguvesing 30 Segnadreiulud 1962 Taw vur
Denisyukluavnnleduauaslng Emmett Leith uaz Juris Upatnieks # University of Michigan
Usznaanssensnmenuimwilumadensussnanalilnedifadunssda iiouaniniwlalaunsud]
finnunnge Javinlédu3alag Nicholas J. Phillips

Tolaunsuudsldiduuszianingqld 2 Uszuan fis White-light  hotogram Fannlelaunsud
Wuiindu asnsouewdiulddensdesadnetanuasainannssamduazsnusaavvilede amlelaunsy
fifogndesainwhuuasawe ivisuaiilanmminduaenadesiulussiuuil fzusaiunm 3 13
Tionaniiteonauudlolaunsusentéifiu Transmission hologram, Reflection hologram, Image-plane
hologram {usiu

lelaunsunarsrmiuannsoild nnsdeiweeslelaunsudunisuinloy Leith  uas
Upatnieks dsgnyihliiusaitulflasdecuasiawesinuinguasasamilgnairedulmianlelaun sudy
psstmauvain nMIUiuudinsudsnmsionsdsiuuaud Telaunsudiolinasadnulaouasden
nnniilasawes uavlglasnsudiuléiilululiagiuuudasasin Suduaudnuusdiuaulaende
uazlumsussiudnfuiivesmadeihunnuflglaunsuintulasily Wugduuvialufidunanafinuay
Fnqrmiedovszgiillovazviouuasiliteainen Fuude foadenmyasing

2.5.1 38nsviuredlalanstluazlalaunsy

amlglaunsuszlimdnnisaiuamlilinsunsnasavasuaiiunssnugnming
nsaenanaeinuvaniedty wondu 2 e duamiaduduadrdadnsdud
uHuRdy Bnduambadduilinquasasioulusalidy uanmisassumasssgniuiinlivy
Aduluguuuuresnsunsnaen (Interference Pattern) swasliindnafuguvssingduuuy
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) Y o . . £ o ° ¥ a

neliiinnaiiou (Virtual image) Yumemnuvawaiiuiannseny ilimysasiiu
- Y o ' o Aadv

wasdniumiavsaudiy Hologram (istunm 3 fifivu

ol

msasalalawnsuwuienniiiu 2 dunou fail

1) nsvufinnm (recording of image) 1Jun1stufinuaunis ADAUNTIN
- v . a4 o o ) ¢
YU (Complex interference patterns) fUARIINNUABELELAIGDS 2
auagawiuiuey (Superposition) unun1saeaunsniBedoutlar  gnUudin
TiuundudiesuU (Photographic film)

2) MIATNAM (reconstruction of image) Wun1sadann 3 i Tuanuu

splitt

a Mir,

«l v
JUN 2.12 uamnisasnamislannsy

2.5.2 wann1se1unIn (Reconstruction) vaelalawns
Tasnnsaureinmilalawnsulneldndnnmsimeanunisastenmlalaunsy lnuasdos
v & | o o v et = o = oA o o ar
Muasnsiaueandsduntuinuasumgniuiinifiesiunwigniudinu

o '
JUT 2.13 uaminiseruveniwlelaunsy

2.5.3 fdmealalaunsu

Tagvanmsasmlaudulalannsuuassaniulnemisneduiniasldndsaduainiu
mMuunnEuiausfaseniAInealalaunsy
2.5.4 vdnmsaunm (Reconstruction) waslalaunsy 1038 Angular spectrum
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Ao3sMsAlEnIsAIMIRERAER ST 1185 U AU LAITBITEUTUANTUNS
gaeuds saukessldluntsadrenmiulniluddnealelaunsy 38nasiasld Fourier
transform Wag inverse Fourier transformation eassnanaalglaunsunguidieiiuis
Huygens convolution urvziideRnitlussuzmevaanisairaniwl 38135 Angular

‘ Spectrum  ansaainmtulmildegregniedussezmaitingeglndy Waieuiy
381599 Huygens convolution

aunATfiszuIU z = 0 ﬁaﬁszmui’mq (£,1m) wazssuruvesauIng O(&,n) uay

14 Fourier transform wuu 2 fiR aglaan

O'(f;, 1,30) = F{O(&,n,0)} (2.3)

= [ [o.n0yexpl-jan(f:& + f) dédn (2.4)

—g0—00)

waraansailien inverse Fourier Transform ¥84 angular spectrum 1o

O (fes 1130) = FH{O' (S, 1,00} (2.5)

= [ o £, 00expl=j27(fE + fmldfdf,  (26)

Taud fuasf, Ju

i da & 4 x - o o
druysenautsemuiBanuR (spatial - frequency) IngfRansaundussurufiaduunsly
v - £ ey 1 4 = &‘ 43
mofiruuulaled (cosines) duUsenaurssnuiBnuiuAD

a =B =,y = 1=(f,) - ()’ 2.7)
T
02, L0)= [ [0, n0expl-j2a(% s + £ yean 28)
ATATT 2T A A

[ N4

o lJ L d.‘ 1 4 7] W
waR NS Wszeen z dulsenovluiar@mdeslduunansussnouses

0'(-3-,%@ = J,,J,, O(&,n,0) exp[—j2n(% ¢ +§n)] <=JXP(—J'27’r yz)dédn (29)

. 27[ ) ) o
exp(—J = 72} %4 angular spectrum YaIAUININOUUAD
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2
= F{O(&,n.0)exp(=j —= 1)} (210)
LLasﬁﬂaun1imﬁﬁuu1ﬁ1n17 inverse Y84 Fourier transform

X _ B i dﬂ

O'(x,y,2) = j j o< O)exp[ err( £+Zmlexp(= ;2 - = ye)d = =45
(2.11)
- 2z (212

- 02, L 0yexp(—j2E
{ (/l ) )Yexp(—j N 72)}

A 1 J o o L a z
Wipannrsunsvesaiuainsaunuvesingludeszuvlelaunsusneszos z fdafuaun
mawauuszuiulalawnsuazlain

h(x,y,2) = O(x, y,2)

- [ [0 LoemijamEeEnepiEmalal (1)

—0—0

_F0(E. B oyexp(— i 2E (218
=F {O(A,A,O)exxn( )y 72)}

-1 : 27
=F"{F{O (x,y,O)}eXP(—JT}z)} (215)

luvhusadsiMauuwesuadsuussuuresmsaianmiulud R(E, 7)) anunsadould
luzV inverse Fourier transform aanaulalaunsy

R(&' 7', 2)=F " {F{h(x,y,0)}exp(~j 21572)}
(2.16)

2.6 arivausalalnsud (Carbon Allotropes)

- ' « da v oo wod 0w ! oy « o ) o o
ﬂaﬂqu‘ua@ﬂ'ﬁuauwuﬂqiﬂﬂliﬂqmjﬂuﬂﬂqqnu‘h.] 51)7] LLﬂﬂ'NGIﬂE)ﬂ'ﬁ‘U'e)'um‘iENLfJu‘Uu‘] UAlUd

¢ o da « o ¢ - ¢ o a T ]
Lﬂa'ﬂﬂaLﬂi)'iuqﬂlla3ﬂan‘uaﬂﬂ'ﬁ'uaULﬂqgﬂULﬂU')\’ﬂaN ﬁ']'iUOUU'TIUY}U ﬂaﬂ"sUﬂUﬂliﬂumanULuumauq

Auudausann
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Buckybali Carbon nanotube  Graphite

JUN 2.14 uasslaseainavespnsuou

2.6.1 unsWu (Graphene)

via nailu WuguuunihvesdnanivowAssdnaiumes, nsalvyl (Graphite),
' s P -t
viouTluA1sveu (Carbon -nanotubes) way fullerenes InsNayaauupIAITUDUILITEY
w = o 4 a [ & P -
dluguuuumninieusidennly unsiuannsassuisliindudununifisiozaouiies
¢ & al o o o H a =
voansunsidnmiiutug nsfuifiaunmas daanuuduswan dwdniun wnsiy
R 1 asaursivmdnies 0.77 TaanSuwindu) eulusalavasiiusiaiy
v ot dov o awv v fdadv v 4 Y : a
Sounagliimd nsiduiivjdumusnatuianuquasiuuas nsilassssumfdu
wuvassfidvesiy vilifulnuauifamsAlimileulas

b

sy

2.15 uandlaseaseveannsiu
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unsttuuansheanYananuiiimly unsuiwiesadumsivinhuuuidansvie
wuuterhadiudud msvienudrllaswairedidnnseindueaunsiuiugaiEusiuly
nmamuaulassaievesunsliv Tul 1947 #end seaiae lasudinauduiussewing
wasuAulueuiy (duiusuuunseane) Wuiduass dmiundsnusindininn
99 Brillouin leunnwdsuassdld thluginafifivssaninmiduguddmivdidnnsou
uazlon Suinasouarlealndgavionnivand Saeeiiibiediu yhduvileusynin
duniuf Aeduneldlneannis Dirac dhwiueymealiu 1/2 fufu Bidnaseuuasleaiagn
\38n71 Dirac fermions uagvnyuea Brillouin leuazgnisaniiqm Dirac

2.6.2 unsiuoanlas (Graphene Oxide)

fio LLnsWuﬁﬂg'Llu.uwﬁﬁagnﬁaLﬂﬂsﬁﬁau%%'w'm,ﬂﬁﬁwn'ﬁ'l'&'ﬂsmLtﬁw?as'l":aaﬂ%
uauguUfiTereendladivunsive auauifivesngueenlas(Oxide), laasenda
(Hydroxyl), a1suen@dn(Carboxylickazaisuaila(Carbonylazidnluunsnuasinzifin
ssunuiuirluusasdurasunsing iililuudasfuresnsindfivnaniretuuasdiae
anusauABTadTEINTuTB s Bndae dmnunsiwdeanledgnnsyusae
pAupuiguRssdiafe sl Aunsiiusonted

o ° . P ! ¢ A A
UM 2.16 uamauwuudtassvawnslidsanleaniingueenledinzeguuiiuia

2.7 asanwilassahwdnidumaatendeqansimid@nasouuuudensia

Tull w.e. 2478 uun uead (Max Knol) ladafunannisuasrisnslunisuseivgndosganssemd
Bifinnsouuuudans1atu uazdeu wiuwsa 284 9ALIL (Manfred Von Ardenne) lnVsyAvgndo
qanssrfBidnaseunuudanaefousnduialull na.2481 Toidesdiofussauglédudindmemneligs
wnmin sanilul we. 2498 wsiad Jaidon udviad (Charles William Oatley) wazfiuiuanieuusiad 16
afundenansimiBidnaseunuudsinsiaiiiiruasifongde 250 Siansey

mMaMuTendsgansiFldidnaseunuudsinsin fuandugud 2,51 Sunrnunastuie
fidnaseudsinihiindndidnasousinlivase nqudidnaseuildazgnissfiaunlvin wiouialdy
ngudidnmsouliiidnunsdudn lnsddidnasouasnsaluvuiiuisvesegulnsvaanauulvgn
vuszuIend - 118 WeliiAndidnnseuniiogd wasezgnnsndulneuees ieuvaaiy
Fyanalriuiedsatuldszuvaiunmdely
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2.8 maluladn1si¥anuuiiuia (surface mount technology : SMT)
= Y - - d L 1'4 -
walulagiwouiuiia (SMT) hiAinsenasifionnanuadliuuunesns Tnezldtugunsaiindnmn
4 0 o ad & oo 3 e o 9 val &g o v cda ]
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3.1 15N15YINa0q (NSENASLEBUNEY)
n‘: n‘ d! - + 1 :,l w
Tumoufl 1 nanasiounauiv unsiuuasunsiusenlenlreldnisuanssdminsugns

WT% = weight ::;iZiNZTZZt solder x 100% 6.
Tagld WT% = 0.02% =~ 32—'3%% X 100%
WT% = 0.05% == ;;6(7)5215 X 100%
WT% = 0.1% = % X 100%

4 o 1
31]':’1 31 LLE‘IQQWJBEIN‘UQQEI’]'EL%QNNH"I'N

& a ° - - o v o v P & P RY
Tumeudl 2 iharseunauiwionlihlunuliludiivamnduieifuautunievilians
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1 f ° ' ) - o o ' '
Jusoui 3 duveauasludnlunsalelasrasin(HCD IhavdnloosunaquuLHUNBILAIEEN
4 1.2 -~ .‘; o v 1] ¥ d 1 4 v
wasiiatestunisifineonian niuiiludadedlsieniusatiedwaruluniaeen anuvalu
v a 4
UTTLINIANDA mg’dw 3.3

(M) () G))

gﬂﬁ 3.3 LARINTITANUNLNDALA
(n) draurunesunlunsalalasaassn
(%) nudunaatluemusaifiodainsalalasaassn
(A) Ml

1 ]
[ 7] Pl

° ) ' v ' a vva - r v o '
Tuneudl 4 tharsshedueenangiiuanududdesinlifgumaiieaiteiaisaaedriegly

1 24

anuywiailtau lidausinansdnasietusuatluvionfiuifidudugudnarsvuis 5.5 mm ga 1.5
Yo w 1 ada o <
mm niulfudenmhaaisiegniiussn Uil 3.4
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UM 3.4 uanudanuavaniviasudeniaia
(n) vAonfuviiidueiumudnanuia 5.5 mm g 1.5 mm
o o
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ol a - 1 P v W s - -
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ABSTRACT

In this paper we propose a modern technique to evaluate the shape changes of solder paste by using double-view in-line
digital holography. We observed the transformation of three different kinds of solder paste composition: pure solder
paste, solder paste mixed with 0.02%, 0.05%, 0.10% graphene (GPN) and 0.02%, 0.05%, 0.10% graphene oxide
(GPNO), respectively. The shape of the solder pastes was investigated at different melt temperatures (i.e. 200°C, 250°C,
and 300°C) for 30 seconds using a collimated beam propagating through the solder paste, then being double reflected on
a mirror and second incident on another sides of the solder paste, The double images bearing beams were recorded with a
CCD sensor simultaneously. The single recorded digital hologram from double view technique was reconstructed using
digital holography. The results show that the double-view technique provides reliably data. Moreover, it would be
developed for observing more than two images by single holography writing in the future.
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1. INTRODUCTION

Digital holography (DH). a two-step process, composes of recording a hologram on CCD instead of photographic plate
as in conventional holography and recovering the object wavefront by back-propagating the numerically reconstructed
hologram to the object plane instead of using reconstructed light. DH technology is applying to a number of imaging
research fields such as in microscopy and metrology. DH offers a number of significant advantages such as the abitity to
acquire holograms rapidly. availability of complete amplitude and phase information of the optical field, and versatility
of the interferometric and image processing techniques as well known for being able to record and reconstruct image in
three dimensions. Recently, DH and digital holographic image processing have become more advantage due to advances
in megapixel electronic sensor, such as CCD (charge-coupled device) and CMOS(Complementary metal-oxide—
semiconductor ) ,with high space-bandwidth products!?, Margins

Nowadays, the technology of printed circuit boards (PCB) has been improved to very small scale. With the Surface
Mount Technology (SMT), the electronic component pitches have been decreased down to very small, thus the quality
inspection of melted solder pastes is critical in surface mounting process due to ensuring solder joint reliability. In the
SMT process, the inter-welding between electronic components and PCB is realized by solder paste. To reduce solder
paste defects and save costs, inspecting melted solder paste immediately after the printing process is indispensable.

The solder paste isa compound of the metal powder containing mixture of liquid called flux which is used to inter-
welding electronic components on printed circuit boards (PCB). In the recent years, the electronic industry is moving
towards lead free manufacturing processes, so SnAgCu (SAC305) solder paste compositions emerged as a new choice.
Solder paste has to fulfill several aspects such as good wetting, which means the shape of a smooth, unbroken, uniform,
good joint on the base metal. Solder paste wettability can be determined from the contact angle between the solder paste
and PCT (the best angle need to be closed to 0°). The research fields for investigation the effect of solder paste with
different conditions such as influence of soldering from temperature, time, thickness, composition etc.’2, are needed to
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be done. The quality inspection of solder paste print by using Optical geometry methods !> also have been one of
effective approaches, in order to come up with an effective way to investigate the physical, thermal and mechanical
properties of solder paste.

Recently, graphene, a single layer of graphite, has been attracted for its excellence properties, such as extraordinary
electrical, thermal and physical properties. One of the advantage properties of graphene is a zero-overlap semimetal
(with both holes and electrons as charge carriers) with very high electrical conductivity 3¢, In addition, the bulk carbon
allotrope disperses in basic solutions to yield monomolecular sheets, known as graphene oxide by analogy to graphene.
Graphene oxide sheets have been used to prepare a strong paper-like material, and have recently attracted substantial
interest as a possible intermediate for the manufacture of graphene. Hence, solder paste would potentially take full
advantage of the superior thermal, electrical and mechanical properties of graphene and graphene oxide,

In this research, the dynamical shape changing of three different composition of concentration by weight of graphene and
graphene oxide SnAgCu solder pastes with different melt temperatures have been investigated by using double view
Digital Holography (DH) in our laboratory. By using this technique, the two size images of transformation of solder
paste sides can be observed simultaneously.

2. EXPERIMENTAL METHOD
2.1 Materials

The materials that we used in our research were graphene and graphene oxide, which were mixed and stirted to solder
paste with 0.02%, 0.05% and 0.1% concentration by weight as following equation

GPN or GPNO weight )]

WI%= - —x100%
GPN or GPNO weight + solder weight

Then, the completed samples will be chilled in a refrigerator for treating solder’s humidity. Next, the solder paste was
put into a mold block dimension of 5.5 mm diameter and 1.5 mm height. As shown in figure 1, then, the fit solder was
heated by put on a copper plate and a hot plate with different temperatures of 200°C, 250°C and 300°C successively, for
30 seconds and captured dried solder paste’s images by in-line DH system with a CCD camera. The shape
transformation and resistances of a pure solder paste and solder paste with different amount of graphene and graphene
oxide have been investigated.

Figure 1. A completely solder paste with a copper plate on a hot plate.

2.2 In-line Digital Holography setup

The experimental setup of an in-line DH system was shown in Figure 2. In our setup, a laser diode (LCM115/633/1, 1
mW, 635 nm) was used as the light source and a lens L, (fi = 175 mm and 25.4 mm diameter) was used for expanding

Proc. of SPIE Vol. 9659 965912-2

aloaded From: http://proceedings.spiedigitallibrary.org/ on 09/25/2015 Terms of Use: http:/spiedigitallibrary.org/ss/TermsOfUse.aspx



the beam that propagated through a heated sample plate, Two mirrors were used for reflecting the laser light to do a
double view of solder paste and writing the hologram of two sides of the solder paste on a CCD camera simultaneously.

T
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Figure 2. The schematic diagram of double view In-line Digital Holography setup.

For the reconstruction step, the reconstructed images are reconstructed by numerical process based on Angular spectrum
which was written in equation (2). The optical filed on reconstruction plane R(f’,q',z) can be written by inverse
Fourier transform of hologram field.

R(¢'7,2)=F" { F{h(x, y,0} exp (— j 277[ yz)} @

3. RESULTS AND DISCUSSION

The solder paste without GPN and GPNO images are shown in Table 1. Here, recorded and reconstructed images of a
double-view of a pure solder paste sides have been used as a reference for carbon allotrope mixed solder paste. Two
sides of a solder paste recording were shown in the first column of the table 1 and reconstructed images of both sides
were shown in the first low of reconstructed images column. The height of solder paste after heating was shown in the
second low of the reconstructed images column using for determining the contact angles. Images of solder paste with
different graphene (GPN) and graphene oxide (GPNO) concentration was shown in Table 2. For measuring the contact
angle (8;) between the liquid—vapor interface and the solid-liquid interface, first, the solder height has been measured

and then used trigonometric function for calculating as@, =tan™ (height/ba.re)as shown in Figure 4. The

experimental image results of solder with 0.02%, 0.05%, and 0.1% by weight of graphene and graphene oxide
concentration at 250°C have been shown in Table 2. From our experimental observing, solder paste has not melted
completely at 200°C as shown in Figure 3. At 300°C, flux was melted around the sample and uncovers solder paste as
shown in Figure 3. From our exploring, an increase GPN and GPNO concentration brought larger the average contact
angle. It maybe happen from a graphene shest piles up, layer by layer. The average resistance of the solder paste was
decreasing, with the increasing of the concentration of GPN and GPNO in the solder paste.
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Table 1. Recorded and reconstructed images of a double-view of a pure solder paste sides used as a reference
for carbon allotrope mixed solder paste. The contact angle on first and second sides of the solder images is
11.27° and 10.98°, respectively, i.e. the average contact angle of a reference is 11.127°,

Recorded image Reconstructed images

(a) ®)

Figure 3 (a) a solder paste melting images at 200°C arid (b)at 300°C.
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Fig. 4 (a) A schematic diagram for measuring a contact angle of a solder paste on an surface and
{b) The measurement of different dimension of a solder paste from its reconstructed image.
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Table 2. Recorded and reconstructed of a double-view images of solder pastes with different graphene and
graphen oxide concentration.

. Average Average Reconstructed images
(Co;)nl;;e I::,raitlﬁg contact angle | resistance 1 vi ond yi
% by weigl (degree) @ view view
0.02 10.862 0.0333
Graphene | 0,05 13.420 0.0300
0.1 14.462 0.0300
0.02 15.470 0.0400
Graphene 0.05 15.557 0.0367
Oxide
0.1 15.647 0.0300
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4. CONCLUSION

In this paper, dynamical of the shape changes of solder paste using double-view digital holography was investigated. We
explored three different solder paste composition: pure solder paste, solder paste mixed with 0.02%, 0.05%, and 0.10%
graphene (GPN) and 0.02%, 0.05%, 0.10% graphene oxide (GPNO), respectively. The sample at 200°C wasn’t changed
from the solid state to liquid state and its physical has been changed to grey color and ruggedness bottom. At 250°C, the
solder paste was changed the state and smooth surface cover by flux. At 300°C the solder paste was burned and flux
melted around and uncovers solder paste as well. The best of shape was found when solder paste mixed with
concentration by weight of Graphene 0.02%, the angle of this shape is 10.802 degree and the best conductivity found
when solder paste mixed with concentration by weight of Graphene 0.02%, 0.05% and 0.1%.
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