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[HA] ]

Bodbg o zpel A Byl Zglw o]l AE<l PDMS(polydimethylsiloxane)ol vmlo]a 2 HES &
= AEIYEE IdA 55 TA/AASI Z2ESEEY AAE sEHoR v oz N
= % T

=
FoolE BEY b LEAAG o2 ol§@ elamevld B8 Aol

B AAdoaE 7bH FERAT FHE 98] PDMS(polydimethylsiloxane)E ©]-&38Fe] 7-segment HEfS] w}o]
Az Ngde AzZela, zHzte] AaWE Ade "8d uep Z2HEIFFE AATES TY == AAS S 240
N I7AE TEAHLE JPHATE AE AR @t WEA w3 FA AMEEE i-1ine(365 nm) ¥
-1ine(435 nm) Ao G Yol A PDMSE oF 93%2] FI&S Hol= whHo| ZF35HEe] U PDMS AE-2 1%
mRke] FabgS yebdnh. oleld b X ERAIE o] &3 glAhadyE ¥ Jhedr HA widE(feature
size)s 27] 98] vhFs AFe] A HE wig FEjo] e, dXlA F A% P Hvle] »3Ss T
AALE s A8 dAS|= gt

B

T 49 (a)& 7-segment "lolAR AEE o]&g i xEnfAIC] FAYYE ANFAOR HoFI Ut

A ZgsEe] dEd Z¥aw(Galinstan) (ZF, A\, T4 3E)S 7T-segment G YF-of vt *dE—“.ll
o= FYste] A '2'E FE k. o EEU}&E% o]&3te] A& 7|¥ o] ExE EAEH XEH
A 2~E (positive photoresist)el]l HFZ ﬂ/\la]-l] 3 TEYRAAE vtz $xb '2'9 fEle AAE = 9l
o =2 '2'eA tA] AEAR o i AIHE Ade dAFES AA/FAFOEN 22 '3 S Tdeta,
olF EEHANZEY HALE 4 vt olgd T Y E Tk, & 49 (h)ollAet Zol, '0'elA '9'7hA €]
ZAE FEAHoR JPHAE Ao shEsitt.

oloJA], wlola R GA 7|¥k 74 Y EnpaTo] Az OlE] Aol
PDMS 7-segment mlo]Z@ Y] AL Awbr oz Al = SU-8 29 7|HE AMEET. ® 50
nle} o] WA Atzlute] FAE AP E 7| Yo oF 25 un FAY SU-8 2025 F EZ A
EX3, XY FEHALAEE 65T 287F, 95T 387, thA] 65ColA] 287 A==
39 AAY. 1 F 140 mI/em o] =% S T A9 wmFOoR T-segment viholA® Ad FFE I
slar, =335 dXz FAHoR AV|E 3dA EAE ¥AHE T JFIU(E 52 (a)). o]$t o] FA
SU-8 siEl Qo] PDMSE B 2443 Bk A2 A g (% 59 (b)). 24X]7+ & PDMSE SU-8 &= A
I

K
iz il
>
4,
E
aul

a2 Ad F4e] 94 (inverse image %= 59 (c)). EA% PDMS Mo d&8 o
%%El‘d A3 Zg=u B3-S T6he] 500 um FAY E oE e EA &S PDNS =S EA¥ PDMS

ATHE 59 (d)). °lolA], PTFE FHE wlola= Ade AAddTHE 59 (e)). olZFA A=A 7-
segment H}O]ﬂi AL dEZA F 500 um, Zo] 1 cmo|tH (X 59 (f)). Z+Zte] wlo]la 2 ¥ % 100 um
o T # 20 ume] ¥ o] UTHE 59 (g)). 48D FHd Ao H2 Aoz HgIHoz o
AFRA=d ol Ad Adel AAFEHE FUE wol] FHTo= AqAFEo] Uy gA mAUrtA] FEF 5
7] f13k Aeolty. d8Hdy S8 Foidde PIFE FE7F A4% = 2 mn x 2 mm 27]9] A4 X2ETL 9
o AL F/A A= PIFE FHol= FAZIZ7F A4H o] JaL, FA7IE FA7] HE(syringe pump) &

£
X
o
>
5
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H
b
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PDMS 7-segment wlo|A 2 MY AF 7]A o] o
)

o)
AN
e AAA AATEHS TV HEFE 5 Qdar, od Az
7.

o mlolaz A "W DEtEE dagdo] Al AAFE FA/A A ‘%%f FAHS of7|etA "o}, ol&
dAdstr] A AATEES ?%‘/Zﬂﬂ%}ﬂ 21 7ol PDMS 7-segment U}Olli A 7)1e drko]l A% PDMSO
2 Fol Fire] PDMSE B3 ko] o) Fshubg oz Abslug A AGTH olo] dA|FEo] HAAE 7|

1 =~

g AT AA et 101 AfrEol FJ/AAZY sk, GAt Eabs 9 Aksteh Al A i HES
[D. Kim, P. Thissen, G. Viner, D.-W. Lee, W. Choi, Y.J. Chabal, J.-B. Lee, "Recovery of Nonwetting
Characteristics by Surface Modification of Gallium-Based Liquid Metal Droplets Using Hydrochloric Acid
Vapor," ACS Applied Materials & Interfaces, vol. 5, pp. 179-185, 2013.], [G. Li, M. Parmar, D. Kim,
J.-B. Lee, D.-W. Lee, "PDMS based coplanar microfluidic channels for the surface reduction of oxidized
Galinstan,:" Lab on a Chip, vol. 14, pp. 200-209, 2014.]¢] AA|3] 7| 2% o] Jormz AAst AHe Ak
at7| 2 gt

P EERbaD AF APORA, ¥ 69 ()9 Bol, Y
N4 9, 94 42 Fhuch. WA o] Ade] AT fo 27 72 FEE T, FUe] Aol A
FEE 2 FYstel 24 08 TADY. AATEY FF FY SuE QA2A 2P 125 m o, FIFe
B 10 L olth. AT W A SEE 2T 334 en oln FHE W 25 L o)tk B Aol A
EErk2T9 A Lot 1 anolBE A AAFEE FU/AAS

o % glom], Astute] AAY AATE Auelnz AW WHe| A7 ol A FeE HAT
= 6o (b 43 AdE AYFAA Spason a4 z} 7. 9. 49 EEhad G S

s 54T AN FA/AAFemA 2L 7
5

dlols 9o 23 mEalm, 115CelA 1837 948 & =, 120 ml/en 9] UAZ 90 w=Fgh, =g =
MF-319 @Al s o] g3te] 183 dAsle = 69 (o) &2 &2 7, 9, 4 4749 AAL s d& 5 9lt)

3, 7P XEwAIE o] &9k gaawvle] HA widE(feature size)S opll7] fl8f AdFo] thdd o2
A Ads A7 SU-8 A4S o] &ate] AAgt. dAFo= 1, 2, 5, 10, 25, 50, 100, 250, 500 umE Ak
&gtk o] 7k NAFEES 5 um olat AEo] o] Fsk= Flo] BrbeEsiwl ol ZEdEtE AT
o wuAddgel i x7] "ol oA dder §Y rhssit. 2aHor o dds T 7E el
G FHAE AFES 10 wmelvh. = 72 AAlEEo] FUdE EEviAAS} =3 S Foto] dde] dibd 2=

Avks [ 13 2o [ 10048 2ol, 500
n %S ﬂlﬂo}‘ﬁ YilE EEohazie] AF Vel SE AF N uh ok A6l AFo] FoHASEH BE 4
Sl

Zo| A Yoluh: WAL AAE AL HAT & k. oW AL PNSTE IAHCE {A% 5L AUn
oid Fe AF vlelaR Aol AATEHS FUT W oire] /AN WHo] Aojupy] WE Ao BA
A,

721
Target Liquid metal Galinstan™ width Patterned S1813 width (W)
Width in channel (W)
(W) | Average | Error bar lirreov:’fm'l Average | Error bar 2:::?;:,," ';i::};ﬁ:?
(pm) value (pm) (*) value (pm) (%)
(%) (%) (%)
10 11.63 0.92 14.01 9.98 | 265 | 020 14.19
25 26.95 0.82 7.24 26.11 0.64 4.44 312
50 52.10 1.52 4.03 51.75 2.22 3.50 0.67
100 100.81 2.66 0.80 100.33 | 1.05 _ 0.33 | 0.48
250 250.24 1.12 0.10 248.64 2.39 0.54 0.64
500 496,57 1.37 0.70 494,06 3.24 1.19 0.51
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TS, AALE LEHARES ME Wb AAFE LEvfAF AE fRoh of gt Zton Ex AZoAe )
W7} 2 4.44%, 14.19%9 o2& AL 918 5 v}, ogd WAe B Aol wFo] e d(Fresnel) I
Aol w2 24 (proximity) w=dolBE WAlslE PRl Afo|tt, B AFo| AgH wFo] 2 w39l o]
2 & 8o FHsta Y= 0%7“1 gE MAFE ETEnAT S FEYAAE A 71 1A B

Je] TEvlAAE 500 um TWM SE 7|ge = Agstar I 9ol AdS dASte] o] 3HAHo] 500 um°1
Ak, 2 8oA W, Wi A Es EEH}&EL AE, XEYRAZE MAFolq & XEHXZE fqHdAA9 ¥
% (intensity) S YeERT. 234 ¥ERATO QALE = HAur) vpa23gE B980EA vl23 o X (edge)
Fatoll A wAE 3" @A wiEed Weo] AolA i, o] wjFe] EErt~FY HE vpgFHo R wgo] Hof ¢
A LEHA2ES A$- 'l AZFo] FolAA %B}.

AZE7) A9 waE Feleh 9a
m, BALA= X2 Z7]E 1.53 mm

aga, AAFEY ALQM 2F EAS AFE] Yl i-1ine(365 nm) T 400 nm A& 2GS o] &dle] =A
AdE g

Ao o]lg¥ ANBE 5 mm FA2 PDMS ©=, 5 mm F72 PDMS + 2 % MAF< + 500 um —‘7——71]9] PDMS
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g) Inlet port

m X 2mm) (2mm mmi
l _ ‘ 1
¢ Segment channel * !

(a) uv Liquid metal uv
exposure in 7-segment microfluidic channel
td ~,

%utle ort

(2

(500 pym wide x 1cm long)
Inlet channel Outlet channel
(100 pm wide) (20 pm wide)
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Liluid metal mask S1813PR

Line shTe liquid metal mask

100.81 52.10 26.95

EH7

250.24
+1.37 pm +1.12 pm + 2.66 pm £1.52uym 10.82 ym

100.33 51.75 26.11
% 3.24 ym £2.39um =1.05um £2.22pm £ 0.64 pm
Patterned S1813

‘Proximity printing’
Incident plane wave
PDMS
channel
filled with lll w,
liquid metal
[—— w,> w,
| i I ]
| | | I
W,: width of liquid metal
photomask
W, : width of photoresist
g : gap between mask and
photoresist
(thin PDMS thickness: 500 pm)
is : light intensity at photoresist
surface

e

T
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Patterned
51813

25 pm wide
horse shoe shape

Liguid metal
mask

1.53 mm wide x 1.24 mm high
Texas state map shape

EQI0

_ 100

& 0365 nm

z

g 75 - H 400 nm

E

E

=2 5o

|

-

8

m 25

E 0.62 0.22

= 0 — 2

PDMS + Cr mask
Galinstan® +

PDMS
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