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Repeatability Study of a Pneumatic Dispensing System for Bio-Applications

Sangmin Lee, In Ho Choi, and Joonwon Kim*

Abstract

Biological and chemical assays(e.g., clinical tests for medical diagnosis) are needed to handle small liquid volume with high accuracy
and high reliability. Many micro-dispensing systems using various actuation methods have been developed and applied. In this research,
we confirm repeatability of the cartridge-type dispensing system with various measuring methods for guarantee of an acceptable
reliability. We systematically examine the dispensed volume variation and dispense rate during 500,000 shots of sequential actuation.
Using the same method, we confirm the repeatability of dispensed volume while varying operating conditions and design parameter(i.e.,
outlet size) of the dispensing system. Also, we examine the consistency of the dispensed volume of droplet while varying the operating
pressures. Furthermore, we repeatedly measure differences between an actual dispensed volume and a target volume. According to our
results, it is expected that the stable and reliable performance of our dispensing system can effectively be used in various applications

containing bio-solutions.
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Fig. 1. Schematic views of (a) the pneumatic dispensing system and
(b) the dispenser design.
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Table 1. Summary of design parameters
Parameters Size ((m)
Chamber Diamter 3500
Height 100
Bump Diamter 1000
Height 100
Inlet Diamter 500
Outlet Width 50,100,150
Height 100
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Fig. 2. Schematic views of dispensing mechanism : (a) initial state
(suction), (b) intermediate state (backflow stop), (c) final state

(dispensing).
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Fig. 3. Experiment setup for repeatability test of the dispensing system.
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Fig. 4. (a) Dispense rate in real-time and (b) dispensed volume per
10,000 shots during 500,000 droplets sequentially dispensing.
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Fig. 5. Dispensed volum variation during dispensing 50,000 droplets
sequentially while varying operating conditions and design
parameter : (a) positive pressure, (b) dispensing frequency,
and (c) nozzle width of dispenser.

L3t A| A"l A 279 Z(outlet width)©] 50 pm, 100 m,
150 il T2 tefjA 22 WO Z 50,0008 H4 AF
A9} EaFe] Maks SkIstgint. 9] A7) taud AlAH
ol YIS A= A HeE B ARAs 7Y £

O

JSST. Vol. 21, No. 1, 2012

- InHo Choi -

Joonwon Kim

= AlefRt o]9fe) HAmM A HpsS FUSH 28sto] A
Aotsnt. A% 23HFig. 5(), 79 Fo| 25 sdt A =
Ao EFE2 71teen, e gidMSoA 2532 o
Aol FAE e e FRASIAHCY

~0.28 %).

N
of
N
™
=,
o)
jm

N
ol
1o
_|>i',
o
wju

mlru JX,‘Z‘:
<O,

ofr

ol
;R

il

o2

S

O

o4 100 kPa7k] 71t
2 2stict 9 At
Ee §719] 49 e o4y
stel gole] wizet oj4je] 7)

o
e

offt
ne
FﬂJ
N
N,

108] o4 W= A0 2 ZAstet

1000

800 4

©
SHe

600 ~ 5

3 17
400 4 o
P

Droplet volume (nL)

200 4 1

Positive pressure (kPa)

Fig. 6. Consistency of the dispensed droplet volume while varying
the operating pressures.

274 AilFig. 6), =59 A9 Haj= oF 160 nL °fl4 850

nL7H] ] A7)0 wlgste] Frkstelet, A FY 2ol A]

574] CV)= 0.2 % ~ 1.4 % W] Wl A= 0H 10 kPa

S5 Al yeA] kg 2AAME 0.7 % o|HE AXEERL

E} ‘J e A71E St At BEA o R 4%t A3t 5

At 25 2olA HE AA 9] K] Zfoli= AA oFE 2el|A
F 15 nL o & Zl=] gl

_56_



Repeatability Study of a Pneumatic Dispensing System for Bio-Applications |57

Target volume = 100 pL

CV.~015%

Dispensed volume (pL)

T T T T T
0 20 40 60 80 100
Test number

Fig. 7. Repeated dispensing test for 100 yL target using DI water.
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Fig. 8. Chemical reagent dispensing test : (a) dispensed volum
variation during 50,000 shots sequentially dispensing, and (b)
repeated dispensing test for 100 yL target.
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