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Micro-particles in a Nanoliter Droplet Dispensed by a Pneumatic Dispensing System
and Its Measurement
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This paper presents results for dispensing and measuring micro-particles using a pneumatic
dispensing system. Particle-suspended liquid droplets were dispensed and analyzed
quantitatively at various particle concentrations and applied pressures. By using a developed
experimental setup, the number of particles and the particle volume ratio in sequentially
dispensed droplets were measured. Hydrophilic and hydrophobic surfaces were tested to find a
suitable surface for counting the number of particle. It was confirmed that the dispensed particles
concentrated into the center of the droplet on the smooth CD surface after evaporation of liquid.
As the applied positive pressure increased, the number of particles per droplet increased
consistently and the volume fraction of particles remained constant.
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1. A2 AgES 24 5 e FHE gt w13
H] A &2 (non-contact) WA o & T} 7]d(eg,
X U" 7] (printing technology) WAl UAE flexible substrate)ol] A& 7}53lw, 7]& WA Eo
(i.e., micro- or nano-particle)S ¥33t= o3t 7|5 H& 339 FRES G4 A4S F g
A Al ZE(functional materials)S U3t= AT Q14 HA(printed electronics) wOFNA = ZHA#
Aeld o=z M 3 (micro-pattern)S FA T F Iy 2 A7] FZ(e.g., printed circuit board)E E &
71 Wi, H< A F oulo]l e FopelA wWE gt st dx FEES At ZdY T)E
BAL Zomw gth? Y VEd V)5 AR S S&3tal glom 0 nlelo ol 53] %7 ¥
2 ¥33ta e vA A A (micro-droplet)S 4 Sl(tissue engineering) kol A& scaffold & ¥ 33k
sHAl ZAste], AR FRES A A4 < 32 AE FRES A& =72 83
3] "4 (direct-write method) > 24, 7]E2] H| A 938t A7t s MNPz g8
B @A wbol 24 1e v (lithography) 2 ] Al fEH o2 4.8 5 (thermal-bubble) W43} ¢+

=21 & (micro-contact printing) Aol B3] A= (piezoelectric)y 2ol AR ZHAY A HEF0]
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Zo] g 9o o]eox & J(acoustic
wave),'>  #lo] A (laser),” 7|5 A 9 H(electrohydro-
dynamic, EHD)"* & o] &3}i= thaFdl w2l =g
Al z="lEo] s &&F i gtk

B AFo A= FL(pneumatic) W] o]~
% Al2=El(dispensing system)= MXE 2 7|54 ¢
2o wlAl HEY =2 &Eer] fste], 1A
AR5 E8slk & M(micro-particle suspension)S
F3la(dispense), °|E AFHoz EAFAY. o
LHom T v A Lo xIE R
TFE UST 4 5 2 4y 2dd A g
AatRoem, xRkl Tk ojyEr EFE A
o] YA 3] & (particle volume fraction) S
Aete], v W 4y 2o wE g FI&

o) wakz s,

2.1 32 AHY ANAH

Al s 234E A4S £5 3 24 s
flate], Fig. 1(a)¢k ol A3 A& T4
AR FHe A A A(reservoir)o] A UGSl
(inlet pressure)s o TxIMZ FFHECY F
T AA SRS Azl g 2E 2234
uel BT dASHow E5HE OF &Ko 2
gt wAl 4 FE FRlsty] ko], vzl
o] ZF(outlet) Mol 3% :d'(rotatmg plate)2 o}
NHES BE F A alvh w3, & A
uhekol] 2}2] 3 HE7] (magnetic stirrer) 2 0], #] 45
o & YAEo] ddT Fik(dispersion)S A
== FqlTh

Y23 A= polydimethylsiloxane(PDMS)Z A &}
]o](membrane)% =2 T3 A= s

¥ FTEx=E /K—17;“o]_0:11;]_(1:‘1g 1(b)). IR
% Agst7] 98 Z(hole)Ss EFS 4

7]k (glass substrate)S 71 Al 733k
ok &9 AW (liquid chamber), T (inlet)
olg] H}eke] 4= X IE= FE=L A
7] ¥(silicon substrate)ol]l  F|Al 71A I
(micromachining) 7]%&< 283} A& sk &
BgY FAE oF 70 um o)W, o] Ao Al
¥ vzslxe] A7 W Table 1ol g E] skt

Z7] A" Hrle
pressure)ol] 2]&fo] 9] WEk
H ool &S 7S A

iz

Ho 22 X {u:
_(EJEE‘

H

o 2 ol 2 ofjr i
o™ o & O
ols

& $h(negative
oz Wysn, gol
$-A FhFig. 2(a). ©l

< <FM(positive pressure)©] ZFIIATH W EH A
ofel WFoem WS Hi, UTE a(Fig
2 FAlCl &S F7 WFe R oA |
U(Fig. 2(c)). &4 FH S 4+ Fis 55
H FZ(bump structure)= AAZOZH, T 2F
A A TAeE &N A F(backflow)E H A
3 & A
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Fig. 1 Schematic views of (a) the pneumatic dispensing
system and (b) the dispenser design

Table 1 Summary of design parameters

Design parameters Size (um)

Diameter 2000

Chamber .
Height 100
Diameter 400

Bump B

Height 80

Inlet Diameter 200
Width 100

Outlet .
Height 100
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pressure
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Glass /I
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Fig. 2 Schematic views of dispensing mechanism: (a)
initial state (suction), (b) intermediate state
(backflow stop), (c) final state (dispensing)

22 04 A%t 8 X £F EEH A3t

Al YAE Ege A AF 10 um Q1 E
2] 2~ ¥] W(polystyrene, PS) U AH(uniform  polymer
microsphere 2000 series, Duke Scientific)E ©]-&-3}¢]
=Hlskleh HAl Ak o2
(deionized water)ell 3]A43}o], Al 7FA] FE(0.2%,
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I mL 2 4,000,000, 2,000,000, 1,000,000 7]2] I=x}7}

% rlo

=
:(]):-—1—1_
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Fig. 3 Dispensed micro-particles after evaporation on
various surfaces: (a) hydrophilic (glass), (b)
hydrophobic (Teflon®), and (¢) CD surface

7l gk, 5 &9 T2 F 3 dAES
gt 8 & 2 Ao FE FRlE7]
of &olg WL M3y foto, IFA
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T T a2 RS dds gelsidn. I
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Fig. 4 Evaporation of a liquid droplet with particles on
the CD
evaporation process, (b) side view of a liquid
droplet with particles

surface: (a) schematic views of
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A FHoREE Lol Furo] 1.0% FES
Teflon® AF-1600(DuPont)S =¥ 7Y 3o} FH|8%A

thozb E9 9ol 0.1% F=o] A &9 1L
=HES 5, S8 F FE dAES stk
Fig. 3 = 2 B9 flolA & T F &
PAES] olw A 5ot AFA HHe Af 27
1% Z}(contact angle)= A3 3 % ¥ A (contact
area) < EO:]"]'ﬂ‘\_ Ao FEelm (o] FHEH
= A, A5 ZHe A9 27 AFUHE
A&k A @%7 = FoWies HA e A
frhle 23 A, A5 BUdA S
%‘X}‘: o8] ZF(multi-layer)S o] F&
F AATH(Fig. 3(a)). WHE, A TA
%‘Z o] Y3 (monolayer)S 3 A3} T}
]

o])l g

o
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Fig. 5 Sequential images of the dispensed droplet with
particles during the last stage of evaporation on
the CD surface
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Abat et

2 AN FFE 9 FaES AE
H3A PR BNl T (dispensed volume)E =
Akt EFE Aol RIE =45r] A,
TN HAE AEEZ Yol FANUE &7
wste] WA FA WEkE SA4%dd. 1 ¥, &
A Freoh BFE AqHY F2 o] dFe
FIE At 22 WHes 5 3FE
gdEsie] g2 x7olA 10 3] o] wHE ZA 3}
Atk SA FAGoA LA Ftol] oF AE
Zo|7] f8iA A2 2do] @1l &7l &3
Q). Agd ALgs &Aoo EIHE QYA HE
(density)= 1.05 g/em® ©]X| %t 31X ¥ <z &
(0.05~02%)°1 A &4 AA Yo B(Ho|&)2

&l 7Pg skl
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Fig. 6 (a) Droplet volume vs. various positive pressure;
dispensing liquid dis DI water with particle
suspension of 0% (green), 0.05% (black), 0.1%
(red), and 0.2% (blue) concentration. (b)
Schematic view of dispenser design and (c) cross
section view of the liquid chamber
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Fig. 7 (a) The mean number of dispensed particles per
droplet and (b) the particle volume fraction vs.
positive  pressure  for  various  particle
concentrations (0.05% (black), 0.1% (red), and
0.2% (blue), volume ratio)
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A 2} (standard deviation)T Fig. 6(a)°ll YEFH AT
A JAF = RS RSl EFE AA 9
$.9% 153 nL oA 383 nL7kA Fere] 2] u}
gt F7hetlom, W5 A9 (coefficient of variation,
CV)i= 1.9% oWz A= e43 4& =4
A PAE EF & e JAE EFs)
A @2 &Rl Aol HE e
7 g4 AA 54 HAY ol &9 FHol
E3E JAEo] Yz & Ao uido
Aol B dle] MEs Welsts slo® W
Z THFig. 6(c)).
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