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Abstract

The studies of material properties in microscale have attached much attention in daily
life education, science and medical technology. A magnifying lens coupled with a smartphone,
the most popular electronics device at the moment, is the simplest tool to access microscopic
information which enables the study and manipulation at the microscales. In this study, we
presented the facile protocol for the fabrication of the microlens via “Sessile Drop Casting
Technique”. Polydimethylsiloxane (PDMS) was used as the raw material to fabricate the
microlens. The flat circular poly (methyl methacrylate) (PMMA) disk with the diameter in the
range of 2.00-5.00 mm attached on glass slide and heated at 90 °C was employed as a
microlens substrate. After heating microlens substrate, the clear liquid PDMS without residual air
bubbles was dropped on the top of substrate. Due to its high viscosity the PDMS, it slowly
spread toward the sharp edge of the disk and induced a formation of spherical cap. After
thermal curing at 90 °C for ~ 5-7 min, liquid PDMS was transformed to elastomeric PDMS plano-
convex lens. By varying the diameter of PMMA disk and the volume of liquid PDMS, microlenses
with focal length of 2.0-8.0 mm and magnifications of 31.3X-125.0X (smaller disk causes shorter
focal length and higher magnification) were obtained. When the PDMS elastomeric lens was
attached onto a smartphone camera, it transformed into a smartphone digital microscope which
can take both of high quality digital images and videos. The advantages of our developed

protocol are low cost, rapid, and easy manufacturing process with controllability.

Keywords: Smartphone, microlens, Polydimethylsiloxane, elastomeric
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The Replica Molding Technique
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The Moldless Surface Energy Minimization Technique
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JUN 1.2 msBugUiaudqanssadawinanmeinaila Moldless Surface Energy Minimization

The Hanging Droplet Technique
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The Technology was Based on Ultra-Violet (UV) Lithography of SU-8 Thick Resist

Technique
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Lithography of SU-8 Thick Resist



The Single Step Fabrication on Silicon Substrate Technique
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JUN 1.5 MmstugUiaudqanssadawinianmeinaila Single Step Fabrication on Silicon Substrate

The Inkjet Printing and Heat-Assisted in situ Curing Technique

Tt 2015 Sung uazmne [6] 1935 Inkjet Printing and Heat-Assisted in situ Curing lun15augy
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JUN 1.6 nstugUiaudqanssaivunaidndiemnaila Inkjet Printing and Heat-Assisted in situ Curing

The Confined Sessile Drop Technique

a
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1.3 InqUszaeAvadlasenig

1) Wmwinstugiaudifaueadaalawesidwesguiiotluldnusuivansalnu iy
ndvIganIsAlLuUNNINLA

[

2) annsavAnules szegliia warideievataudnndueadanalamasnasstule

1.4 Yszlevinaininazlasu

Ioaudfifdueadaialawesiamensas Uy Plano-Convex Lens Ingldinafianisven

[

WUURSINIARUaULUR (Sessile Drop Casting Technique) Ans1uailAY szuzluig uwazAdsveen

! o ¥ ] U s ! Y & ¥ L3
wueu annsadllldausiuivannialnusgvazamnlilundesgansaduuunnng
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2.1 wodlawdalwasniwu (polydimethylsiloxane; PDMS)

wodwasngniunldiusUiauduazgunsnisu Elastomeric  Optics 981903190379 Lok

wodlawialaaaniau (polydimethylsiloxane; PDMS;  (CHs)sSIO[SI(CH5),01,(CH,)s) fxnaluianaet

1%
o

Tui9 10,000-60,000  nfu/lua way n Ao MUIBLIVBINBUBLUDS [SIO(CH,),] Tellulaluiana
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wytafsnduasmnlalasaisueu mewnildsdmalinediwesvinliinuandfiduasiaaissien

aagUlanigaumgivies uaznumusoauseugs Srnudundnas Bafnduingldd eindenisiinujizen
a 1 a aaa [V 1 = va 1 5 < A 1aa 14

il warliinufisendusenieuysd [9-10] dauaudfnuldveuiigs Wuasilidd siuuasld soy
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a =
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TndiAstuuasilifiaudfimduoadu fashlfnmivesihuaudffiduealidianoudniosminiy
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M13199 2.1 AasaudRaueing 9 veanedlawiialvasnigu
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q 9
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L9NA

wenaavdeds (Young's modulus) 1.2 wngdania
ons1dIuvesliges ( Poisson's Ratio) 0.46

lugdavedusudeu (shear modulus) 411 Alavrana
UnFinvansans (Traction limit) 1.9 wngdrana
AuANgATIIAAANSATIN (Yield strength) 700 Alatrania
AMUTWIUY 0.982 ATL/ATaaans

ALI9BANBANE (Compressive modulus) 2 1singUana

ANULAWINGANYIIRAALIIEAATIN (Compressive yield strength) 1.01 wnzU1dN1a

AMUSIU
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wodlawialvasniwunazihudusululasiaudiuuseznaulusiig 2 duiueniu [13] dauusnae

wodlawdialvasnwudanalaiuesgiu (ePDMS base) dgnsiAdl fin CH,=CHISI(CH),0],SI(CH5)CH=CH,

= A = a

(de n fo Fuuntieg) BeallA1Useaa 60) wazdiufiaaseie a13aagy (curing agent) dgnsiall Ag

Y

CH,Si(CH4),0[SIRCHOL, SICH; (i m fo s1uaumiiedn delenuszana 10 waz R fhazdu CH, wie

H) [14-15]

CHj

Si O

CHj

- 4 n

JUN 2.1 lassadumaeivemihiedivesnedlauiialeaonaudatalawes (ePDMS)

/\ \S|i—O——S|i/\
CHs CHs
L Jn

UM 2.2 Tassaiamaniivesvitiegivesnediaufialvaeniwudaialauesgiu (ePDMS base)

CH, R CHj,

HaC——Si——O——Si——O——Si——CH,

CH; CH; CH;
m

UM 2. 3 lassasiamaaiiveshegvesansasgunedlawiialeaenwudatalawes (ePDMS curing agent)
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A o

Wethdusenaunsaesdiuiina neiulnauiuaziinuisen Hydrosilylation vesiusee

Tnafiuwaiivy (PH) Negluasasguiludisaujisen deaunis

CHa CH, H CHy Pt-based oH oH oH
| /CH\ | | ‘ catalyst : | : | :
vwo—sii \GHZ + vw0—Si—0—Si—O0—Sjivvvu — ~ 5

CH; CH; (|3H3 CH; | |

CHy

HaC ——Si—CH

o]

%

JUN 2.4 nsiTeusefiusyuasmedlawfialsaenwulaedunadiny (Pr) WWususadisen

nsWwensienuszvadledlnuesfesUsenoumeniuse Si-H agsles 3 Wusy Fauwanity (P 7

I o Y a & Y ' aaa Y a a [y . 1 i A A 1 a 3
agluansasgUashmihmdudusauisenlmfanmsiiuiuse Si-H senighilaneguuledlnuesves
leaonwudeniuduans Si-CH,CH,-Si Waifianediuelsiwdunaznisieudonussiuagvauysaluda
ayihbinedlawdialvasnwuiasuanimainvesmaviianareiluveandsnBanguls wndnsidiuves
ansasgUsienedlawdialvaenugruiniuinndieds fasiliAnnsouseiussuniu uavaisnay

< = <3 & & k4 @ 1 (Y N [y [N Y]
NYSUAITULLYININVU u@ﬂ"\nﬂu@'ﬂmia'UﬂGUUULﬁﬂ@@i’]ﬂqiﬂqiLeﬁ@NWUSSIWL‘U‘Llﬂu [16]
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-4
2.2 Lausd
& A W ' Aaa v~y P | & a P =
wud Aadinansluselaniioninlas Fee1aisusraduialamsanseuen nsanay n3enislual
Tnearulugsinviunanuna vsenatadnla Tonann1sinine IilAAN1TTINLEINTONTZABUEINLIAN

nsENULALE [17]

2.2.1 dauvsznauiidrdnyvasiaud [18]

1) naudnanaaules i 2 90 ageunt wazAUauALE

Y

o w s

2) unuyvddaUetaud Ao ldunTIBueuTEnIgaAUgnaIALlAIEes

o

v ad a o

3) alliia Ao IndnsInvessidinunnIdninanTd@nnnsenuinvruaud
4) agliia Ao seezangaliliadqainataud

5) $aiaulas Ao srerngaaudnanUlAEilAweLaud

[ 1
| =

& ) o AN a <, a v P
aualngn2luTnasdNuRNL I udIunleve9nsInay MnidIuupINsInauLINeanNmUUBNIL
58077 laudyu (Convex lens) FAZHATINANVUINIINTIVOULALD HIRULAIYLILYILTINLAL WA
druraeanauI i tluauluisenin @U@ (Concave lens) ALATINANNUNNINATIVOULELD LAY

R AAN UL TINTEINYLES [19]

1% '
% 4 =

Turudetdesnstusulilasiaudsusisuuiaudyuunussuiu (Plano-convex lens) § oy

¢ & Aay & A I3 = a v & A &, o v
Laua%uﬂﬁgLﬂ‘i/]ﬁu@‘l/lllﬂ']u%u@llaﬂ“@mgl’ﬂu@]ifl'ﬁﬁﬂam DNANUNUILANWULTIULTUTEZUIU NUUINTIU

[
a A |

was nndiinduuninasaidesilannsu laudvlinilazdrvantymiainunaiansanay (spherical

' [
¥ = = 1

aberration) FuduanngivinliawldanyselilosannisinivaesiasinintunudiulAwesusiim
YBULAUE Laghasnnnssnuniiaudnyuemdiaiy yalniandsauddfisvesliduindu Feasiinade

v =~ 9 ¢ U o y A Y
ANNYNADIYRYE wazANUALdRAveIn I udyulnussuvIldlunTnsdvesadvinnisseslnia

lugunsaldminndesgansse [20]
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gﬂﬁ 2.5 laudyuunuszunu (Plano convex lens) [20]

2.2.2 msmszezliiavasaudlagldgns

[

TnemluTunsmsseglniavesaudagldaunis Lensmaker (Lensmaker’s equation) [21] asil

oo

a (%] & ] [~ a a
Mo fl unu sseglndavesaud Smhailuliafiuns
n wnu ARYiving Feduegiuianildvinaud
R, wnu SefanulAavesaudiuntn dunhoduladuns

[ 14 5% v A 1 @ a a
R, kU SatinnulAswadaudn unas Jntiaiduliaguns

~ saa [ s 3 ¢ v o
NUIGLUR R = o0, R> 0, R < 0 hoauannansad b UuaUdIsuIu Lﬁuaﬁéu Lagla Ul fuanu

* Direction of light rays

Ei=0 Fi=0 Fy=0 Ei=0 Fi=m =0
;\{D \'R\.-e:m ’}:ﬁﬂ }ﬁD Fa=0 ‘\Ra}tl
Biconvex Plano-  Convex-  Meniscus  Plano- Biconcave
convex  concave concave

JUN 2.6 Frilanulasvaaaudusazyila [20]



2.2.3 mMsmmasengvesiaudlagldgns

aunsNglunIsunasvenevesaudiill [18] Ao

250
=5

ﬁl o U
bl M UnNU NNAV8Y

fl wnu szezliiavenaud Juvloduladuns

e 250 Ae szezfianenunfuywdliianindng wseneuiunmdaaulumbeliadiuns
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3.1 answadl 80 wazaunsal
1) wodlnwfialvasniwuvsefiniouied (Sylgard® 184, Dow Corning, USA)
2) wHuazAIANYUN 1 Nadlung
3) Jududnuuinnans (SINGER 1101/18) uazauiaidn (Needles 8)
4) Ve aum 100 lulasdng
5) mziieuld
6) DB NAIERN
7) nszandlas
8) fiRunanadn
9) Tognrmuiu (desiccator)
10) wdostiugnyainie (EDWARDS, Ju RV3)
11) wSeadiniases (T-BROS LASER)
12) w1Ausau (Heidolph)
13) weludmeuuuianea (SK SATO, SK-1110) ualwulsesasiasafiui (SK SATO, SK-
7000PRT)
14) wSeadseuaziBun (TC-254)
15) gninszeelia
16) N3¥AIYNIIN
17) Calibration slide (Motic)
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