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Topics in this lecture

Small volume liquid

processing

Components and devices
units: principles, designs,
and fabrication.

From pTAS to Lab.on-a-

Chip
Overview to research and

developments of

dispensers, which are

considered as the "heart" of

new microfluidic platform

developments, e.g., in (bio)
chemical screening

experiments.

Applications

Examples related to specific
technical problems also
somewhat more exotic

components are presented
that are designed by the

knowledge of specific
physical/chemical effects,

e.g., hydrophobicity.

Tuesday, August 16, 2005

3. Liquid processing
microcomponents and devices

" Introduction
" Structural elements and integration:

developments of microfluidic
components
- Device versus component
- Valves, pumps, mixers, flow sensors

" Examples of microfluidic "platforms"
-

Dispensers
- Particle handling

" Outlook: Future developments
" Summary

Regina Luttge

Topics in this section

Fluidics goes small

Introduction

" Smaller must be also better!
- Manufacture length scale.
- High-throughput screening due to

large-scale integration.
Components for		 - Devices for research to understand

-

	

phenomena in high-risk500pm				 (3		

applications (chemistry, toxicology,

red ink			 high electrical field, high pressure		
etc.).

Urns	 200 ms

	

400rns
Fa?yi2.'2p.''Q,	 Thkeaclñ aL a?, Lab Clap, 2005, 5 5)9-52?

Tuesday, August 16, 2005	 Regina Luttge	 J4ESA






3.1. Introduction

Smaller = better and cheaper?

From production point of view

"	 Only if there are many to make, otherwise to
extensive in development time and cost.

From application point of view

Needs to fulfill a specific functionality when

integration at high costs is pursued.
Miniaturization often has drawbacks, too. These
have to be either compensated by design or a
functional sacrifice is cost-driven!

Tuesday, August 16. 2005

g9	 We will further discuss these

aspects in the last lecture
of this week: Design Issues.

Regina Luflge AnV

3.1. Introduction

Length scale of manufacture

"	 Laminar flow: minimal convection.

"	 Enhance the net diffusion rate by increasing the interface
area between the two fluid streams.

"	 Fast response of sensor elements due to minimized diffusion

length.

Tuesday, August 16, 2005	 Regina Luttge






3.1. Introduction		

Guided fluid flow
Control of fluid flow width

Channel dimensions result in laminar flow profiles
5IJLIm

Solution B










Macromolecule
in solution A




I
stream in solution B

F		
For example: Focused macromolecule






Solution B

Tuesday, August 16. 2005 Regina Lunge

3.1. Introduction

Laminar flow application
Protein folding kinetics





Sick	

Protein L	+
Denaturant I

In let-

Sidc t

,T.B. Krnght, taL /Phcc. Rcv. Lctr. &a ]99 3863-3866

DR. Heitzo ct aL iProc. Micro TotalAnalysis 8scnis 'Oonf 2003, Sqnaw V3llsy, On. 5-9,200.,,,,p. 891-894
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3.1. Introduction
On-line laminar flow

sample derivatization and detection
Waste
II

Directkr II Reference and sampleof Flow 41 solution are brought into
Diffusion interaction
zones ! Maqifiecoroseseclionof contact with a detection

Detection stream T-Sonnor detection iron solution downstream.
Referencestrean, ,' 4 8 Reactions occur on-line in the

Sawfolo 54"11
2Is? interdiffusion (mixed)9 r zones.

11 -

/

micronics
Aejerence Sample :nlel

solution ninE
Delccocr stream net oiree:P. Yaget Gino. of Washington, USt4

Tuesday, August 16. 2005
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3.1. Introduction

Time-periodic re-circulating
Spatial confinement-assisted reaction kinetics
" Microfluidic network for controlling reaction in time.
" Recirculation caused by the shearing interaction with the walls.

b)

	

water
water

	

water

d6 rapid
mixing




disperslicin








--------------------------

	

-------
10	 tldl/U

H. Song. IL). 73cc and RE. LancegSov, A, Angew. Chain. Int. Ed) 42, 2003, 768-772
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3.1. Introduction

Components m a hybrid platform =
advanced systems for high-throughput!

Microdigestion of proteins (MS)

ii1iii 1JPJ.c

I	Auloniated
A	 B	 C	 MALDI-TOF

£
Ekgtrop'taLAnalC.kg.2OOi2;72.2S6-P3.
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3.1. Introduction

Process monitoring sample handling?
Programmable liquid handling
" Operator independent efficient/fast reaction kinetic probing.
" Smaller interference by less sample,

	

IBIS Technologies,
e.g. biofermentation.

	

Autosare!er xyz- needle

High Voltage

1-L..;

Tuesday, August 16, 2005	 Regina Luttge
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LdII

2hU//SOH. Uiñw,'thtv ofTwQnk	 Sample rack






3.1. Introduction

Handling protocol at the scale of 0.5 to 10jil
Head-end injection		 Autosampler-	

Needle injector
Autosampler interface to chip

P1Q.J
Drain

ffj~ol
Ba		 2	 Sample injection







vv		11

Electrophoresis			
,,,)Drain sample

LI	 ! Washing	
5		

Ap~,UIA
4

&urce: R. Sckasfoor4 UdversüyofTwith

Tuesday, August 16. 2005 Regina Lunge

Po-rstolric Pump

In for injection

Out fordrain

"Double needle"

a
3.1. Introduction

High-risk application

High Pressure

High electrical fields

Toxicity Biodefense

I
I
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3.1. Introduction

Microfluidic markets

k	 Markets tbr MicrofluidiCs.

__ riri
n.7,

Tuesday, August 16. 2005	 Regina Lunge
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Structural elements and
Topics in this section

integration

- Valves
- Pumps
- Actuation-based (active) mixers
- Flow sensors
- Micro, nano, picoliter dispensers

Tuesday, August 16, 2005	 Regina Lunge

Components






3.2. Structural elements and integration

Passive microvalves etched in silicon
Membrane Valve

Duckbill Valve Flap Valve

- UT

Tuesday, August 16. 2005	 Regina Luflge
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3.2. Structural elements and integration

Injector valve

F	 I	 /

	

RLL1flt1UJttLtflflft
-
a

p	 p
fluid 1		fluid 1+2	 fluid 1		fluid 1

Tuesday, August 16, 2005	 Regina Luttge

Bossed Valve

1	 2	 perforated membrane	 p1 > p2






3.2. Structural elements and integration

Passive valve computingMicrofluidic flip-flop
(amplifier based on Coanda effect_

Fluidic micro-oscillator withoutlet I

feedback channel
iteliiueuu( wall	control port	 feedback channel

Ncontrol purl	/

supply nozzle	

control port	 feedback channel










nozzle "
outlet 2		 supply

Microfluidic proportional amplifier





	Pt	

_vent	
/3 ,ctiitput I		

out1et 2

3)	

P2

	

-
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3.2. Structural elements and integration

Electrostatic microvalve

Cover plate	 Inlet

	

Outlet

\\\\\\\\\\

vent

oL'(pLlI 2

	Taz-Hywu KIm eat, 7. Mlcramech. Mucroexug. 8 (1993) 7-14

Regina Luflge	 JIESAt

ilicon	 Silicon dioxide	 Gold-electrode	 Glass plate

J. Branchcrg and l& (irl\cse1t A New Liec/rostatie Actuator proriding
iflI/flt'iVe(/ Stroke Lenith and Force. Proc. MEMS 'Workshop 1992. p 6
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3.2. Structural elements and integration

Silicon-based electrostatic microvalves

Tuesday, August 16. 2005

i		 . ./ -ct
b,i?t4t5/ .7; U? N/ 47

(

4

Regina Lunge MaP

3.2. Structural elements and integration

Thermal (bimetal) microvalve

0.8 mm

Torsion bar suspension & thermal isolator

Nickel heating resistor_

	

_- Bimetal actuator: e.g., SOpm Ni over 30 pm Si

8,8 mm

Orifice (e.g., 180 pm square)





Source picture: Hewlett-Packard Company, Palo Alto, CA, USA

Valve seat (e.g., 20 pm wide)

H. Jerman, ElectcjLtt'-Ac:vj:cJ L2i:ro:2:c:vieI lJi.whragm Valves
The/in. Thgest liAr on Head tbrkoiicp, 2990,p. 95
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3.2. Structural elements and integration

t3(z)




33




+
1(x





+

S3-d33 E3
S 1=c131 E3

Piezoelectric actuation principle

expansion/contraction
+






+

bending

S = strain = dL/L, relative Length change

F = electric field

example: for PZT ¬13)
= -75 nm/V; ¬133

= 223 nm/V

Tuesday, August 16. 2005 Regina Luflge MaV

3.2. Structural elements and integration

glass

silicon

piez

(a)

Piezoelectric 3-way microvalve

LI. Esashi, bstagrarad skr		ow cotstro) vsasns, Sensrs & Act. A21-23, 1290,9.161
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3.2. Structural elements and integration

-

9(SiO1) 25°

O(C4F) = 1100

Tuesday, August 16. 2005

Hydrophobic valving

F	 Hydrophobic surface

Hisurface
fluid duct

tF,






\F	 P=1iD11)
P required

cap

Sozuce: w2known

Regina Luttge			 1iESAt

3.2. Structural elements and integration

Electrical actuated application of
Variable focus liquid lens

	

hydrophobicity
(a)	 Incident light		

Insulating


	

coating	 I	
Insulator

Hydrophobic	 fluid

Electrode

s/		
Conducting	

GlassI fluid

(b)

rIi_i-c"... /
Is

71-z

::.r	 'iTIlHfl
I

I	 _t__	 lVi L	 -	 - --

,
(		I		 lT	 I	

-_	
Ft

LI	 :±$'!L.T:i Li :1i:LLS kJ, :±u±4.±i
F-6 mm

	

S. Kuiper ca. Appi. Phy& Left. 85, 2004, 1128
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3.2. Structural elements and integration

Phase-change microvalve

.a.
II F F I. U I S T U R

L	 tar

I
Source: Raciwood ARc roSystems Menlo Park CA, USA - www.redwoothnicro.copn
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3.2. Structural elements and integration

Electrokinetic valving: F1owFET
-TransDarent Integrated Channel

I	 IIiIflIflI
Vrv

-		Fri	 1	

w: lk'rkatraa, SADthesk Univercay of Tweiae			 £Schacjoart n ai., S'cwnce, 256, 1999A 942-945.
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3.2. Structural elements and integration

Electromagnetic microvalve
clectroplated gold coil

nlg;~nitride (insulation)
highly doped poly-silicon	 CI	

V		 electromagnet










encapsulation,

outlet

C
inIct	 ,,valve seat

380,	

inlet	

ball	

pyrex







actuation chip	 380prn		
silicon	

r	 pyrex	

permanent magnet		 -		 -	 - -

w,,itt, ,	ith iron pot		3mm outlet

Membrane valve Ball valve

Source: A. AkcVeu IMSAS. Universtfv ofPrepuce. Germane
0. .&russoiark, Teciuoschs (.hveccVat Haoburg-Jthcturg, Jthmbutg Germany

Tuesday, August 16. 2005	 Regina Luflge

	

_JIESAt

3.2. Structural elements and integration




Thermo-viscous valve

"	
Principle: viscosity
variation of liquid due to

temperature changes

Source: A. K/ste. Dresden University of Technology, Germany
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hydraulic restriction






3.2. Structural elements and integration

Freeze-melt valve

rt ECT Y DtSPCNSIPAI OM!EI MD DEAGCDT VALVE

IIheater

O(Jt sink







,

	

frozen plug

-7

NKaar0050, Proc. JEER MRS/C workokop, Con Thego, CA, USA, 3995,p. 395
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3.2. Structural elements and integration

Electrochemical microvalve

tn

	

membrane

net /			 F1 111111
Si wafat 2

Cu electrode			 Poly-cle mesh

Tuesday, August 16, 2005	 Regina Luttge

0 nr;		5mm

Pt eecsose	 Nation






3.2. Structural elements and integration

Piezoelectric micropump

piezo-disc
H.T G. van Lintel. F.CM v.d Poland E. Bouwstra,
Apiezoeiectciv Micropunip based on inicronzachining of szbcon, Sensors & Act. 25, 3988, p. 253.

Tuesday, August 16. 2005 Regina Lunge

3.2. Structural elements and integration

aIvt .1

Inlet

IV.-O

	Valve2
Pump chamber

	

	Outlet

1k 4 ,.±n
Silicon etching + anodic wafer bonding

Lkiicro dosing system, 2992, University of lien/s

Regina Lunge		 _JIESAt

Thermo-pneumatic actuated micropump
Heater resistor	 Air chamber	 Flow sensor

Tuesday, August 16, 2005






3.2. Structural elements and integration

Piezoelectric bimorph micropump
adhesive	 diaphragm with

	

piezo-bimorph




1	 2
integrated buffer






a: stand by mode


	

I		\		"Nbase plate pod 1			 port 2	 pump chamber

C: supply mode

Tuesday, August 16. 2005

d: switching step	 t

E
e: pumpmode

M Stein, S. Messner, H. Sanclmaier and R. Zettgerle,
Anew roicropunip with bidirectional fluid transport and celfblockirig effect,	
Pi oc. EEMEMS workshop, 1996, p. 485
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3.2. Structural elements and integration

current source










Felectrodes










7

gas bubbles
-

-r
Tuesday, August 16, 2005

Electrochemical pump
meander reservoir

Ap capillar

0

to dosing target

ri.	 -.

rr
-;

NN1.1$








A'.

ILL











]t, Sprerilcels et al., University of Twente
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3.2. Structural elements and integration

Surface micromachined mixer array
"	 Stirring with a micromachined rotor: complete mixing

in 55s

-- - -

"	

lAupnrSn2rntt'akv		r

.-IaF		

-	

1.InntTtlIliILn nap













ci		
-	

(nlca.cdc;,nc

I)npøMtand.ahlnm		

'.,	
..						

.an',ilin ml lnpnr					

FIr-nln,1,latnngnn.				

-	
layer in the -ler with

-	 4> f						 lnnLrnplaln hub

L.-H. Lu, KS ]tyu and C. Lw, Proc. Micro Total Analysts Systems 200], pp. 28-30.
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3.2. Structural elements and integration

Electrokinetic instability mixer

Function -	 High-Voltage
Generator	 Amplifier

Fluid A

Syringe
Pump

I
Fluid B

own

Fluid

Stirred	

-

Source: Oddy ci al., Stanford Univ., Anal. Chew. 73(247 2001, 5822
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3.2. Structural elements and integration

Fluidic sensors
Physical parameter sensing

" Pressure sensors	 Density sensors
" Flow sensors	 Cytorneters
"

Temperature sensors	 Thermal conductivity
sensors"

Viscosity sensors
	Optical absorption sensors

Chemical parameter sensing
"	 IsFET
"	 ChemFET
"	 Electrical conductivity

sensors
"	 etc...

Tuesday, August 16. 2005	 Regina Lunge	 _JIESAt

3.2. Structural elements and integration

Membrane-based gas pressure sensors

"	 Pressure sensors with
"	 piezo-resistive read-out

capacitive read-out

membrane

LTstrain gauges

diffused

capacitor
lectrodet!\

membrane

Commercial activities:	 Honeywell, U.S.A.	

Motorola, U.S.A.	 q%S	

NovaSensor, U.S.A.		
SensoNor, Norway		

Kulite Sensors Limited, U.K.
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3.2. Structural elements and integration

Membrane-based liquid pressure sensor

"	 Viscous drag flow sensor: measures the dissipated kinetic

energy in a hydraulic resistor by means of pressure drop sensing

pressure sensors

	

resistance channel

1flLW

r

	

-
source:		KR. Oostarbroak, MRLL4+ Research b2stltuta -Transducers Technology Laboratory

Tuesday, August 16. 2005
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3.2. Structural elements and integration

Thermal flow sensing principles
" Hot wire anemometer	 " Heat transfer

Measures:	 Measures: Heat transfer

powerneeded to keep	
from heater to sensors or

constant temperature,	 balancing temperature of
two heaters/sensors.

heater (wire)		

thermal boundary layer

heater (wire)

	

sensor (wire)

c

	

thermal boundary lattera

heater (wire)

\a.
thermal boundary layer

" Time of flight

Measures: Time between

generating a heat pulse
and sensing thepulse at
some distance.

heater (wire) sensor (wire)

heat pulse f-*/a\
tO tAt
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3.2. Structural elements and integration

Microphone-based gas flow sensor

Planar intern rate "hot-wire anemometer

Tuesday, August 16. 2005
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3.2. Structural elements and integration

Fluidic flow sensors

support frame

double-loop tube

Zowce: P. &wksam, Rcal ZnstUutQ cJ Technology, Depc qfegniüc, censors & gysierns, &ockhoirn, cwelten
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Coriolis flow sensor: measures the induced Coriolis force on
a moving mass flow

0

S

IWI

n






Topics in this section

"platforms"

" Dispensers
" Other devices

Tuesday, August 16, 2005

Examples of microfluidic

Regina Luttge

3.3. Examples of microfluidic 'platforms"

Thermally actuated inkjet

Heating, vapor babbtc puLictuJu










Bubble growth. drop f~liun












Co.]rr, if[ eJccrLfl n

14-




[lIT.......
h,,ht'Ic

14.3






	Tuesda'	
RefiLl

MP. C Eoro, 1kK Arshpande and D.A Drake,

Drop generadon process in Tkrpnntheads.
Proc. lOch hit. Congress on Advances in non-impact
p,'ntrng technologies, Soc. Dnagrng. Sc. and Tee/tn. 7S&8)
1Q94, p. 418

a Luttge

Heart of fluidic platforms:
The dispensers.






3.3. Examples of microfluidic 'platforms"

Thermally actuated inkjet

bond contact	 ink droplet

	

heating element

zav
	4r4

\		__a4Pa

throttle sIlt	 1	 foil
membrane ink channel

vapour bubble ink

	

<110>-silicon





Cozen. AL Honda, Canon In-, Japan
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3.3. Examples of microfluidic 'platforms"

Piezoelectric dispenser - tube format

11	
--

litptid transport to storage bin

,PuIJlPh'

1jr J housing			

d

trL'I raptlJars 0

tutor
00

thermal resistor

hcatingcoil	 0

nozzle
seal
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3.3. Examples of microfluidic "platforms"

Piezoelectric flow-through microdispenser
P1exig1as
backing

Pczocerainic
/16' (----------------,

mutiilayer actunlor
Teflon tubing

Ti Pr1....
tubing

Nozzic

Tuesday, August 16. 2005
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3.3. Examples of microfluidic "platforms"

Microdispenser development
Dispenser platform

2.6 uL

Lund University

1 jiL

250-100 nL inlet to nozzle

Typical droplet volume: 50-100 pL
Nozzle dimensions: 30-50 .tm

Dispense rate: 9 kHz

100 nL		 Viscosity interval

100 nL	 0.36 mPas (25°C) acetone
0		 65 mPas (25°C) gycerol/water		

nmAC REQ			 Surface tension	
22 mN/rn, ethanol

Source: Th. Laurc//	 73 mN/rn, water
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3.3. Examples of microfluidic platforms"

Ejector nozzel and operation

tc '

Component to platform

Lource: Th. Laurel!
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3.3. Examples of microfluidic platforms"

Capillarity-defined picoliter dispenser

outlet Siliconnitride

Coating

Air inlet Inlet

"
capillary pressure: bp: 2 g cos q / h

" surface micromochined microchannels
"

injection of gas bubble
" direction by geometric asymmetry in channel height
"

very small and precise stroke volume (p1)
"

hydrophobic patches for gas inlet/outlet

N The etu Uñvere4y ofTwe'a

Tuesday, August 16, 2005	 Regina Lunge
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3.3. Examples of microfluidic 'platforms"

Picoliter bubble dispenser schematic

/t1





:T4L1111

Ank





VIA&
Tuesday, August 16. 2005 Regina Luflge
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3.3. Examples of microfluidic 'platforms"

Nano fabrication results

-

	

t

2 urn

Tuesday, August 16, 2005	J

.40
1P

Regina Luttge

!V Tao at a!, Unzversty of Twante






3.3. Examples of microfluidic 'platforms"

Picoliter dispensing operation

P 800
[mbarj 600

400-

200-

0d

N TasNal, U?ñvsrsity qf Twsnte
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3.3. Examples of microfluidic 'platforms"

Picoliter dispensing operation
Prittitii.itit IltItTIP .tt III,(.:

	

(apill;in refill:


















.

N Tis si a]. U'nssrNv / Twsss
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3.3. Examples of microfluidic 'platforms"

Acoustic particle handling
2





1 t/fr2

Aj\\




















N-nb		Nip-

- a			 UT' Th
V Vve'k, X Zengand B. B Kim, Untvonoty ofHawad at Manna, Honda /a
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3.3. Examples of microfluidic 'platforms"

Fabrication and test set-up
ALUMI'&L*Il LAYER	 etc nmPticnmic








Step I F-.opnole 241 putt on Son ne2n-o' Ire PlTceramlcs










SLja Layer				

square	 switching			
wave	 network		

modulation
SIep 3 SL:-'S Sep Sep01 10'			

source

RFsignal	 J	 RF	 RF

generator		switch

	

amplifier

V VIvek, V Zeng and B. B. Kim, Unlvorstty ofHawañ at iWanoa, Honolulu
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3.3. Examples of microfluidic 'platforms"

Particle movement

Cz

tjc
I	 \	
	/

I		

: Vvek,	 Zegand B. S. K. Uvwaravo/Hnr
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Outlook: Future developments

Microlluidics ...
.	Nanolluidics.	 " Nanofluidics is on its way.

F

S.

Tuesday, August 16, 2005		ReginaLuttge






Summary

Sourn?: 1MM `Zyklon mixer"

"	 Many components were identified
to be "nanofluidics" since they are
dispensing nanoliter droplets or
fluid flows of nanoliter/time unit.

"	 Flow control components often as
stand-alone units developed.

"	 Components are assembled as
hybrid microfluidic systems or

platforms for many applications,
e.g., in analytical chemistry and
medical diagnostics.
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