
�������������

�����������������������������

������������������

�����������������

���������

�����������������������������������������������

�������������

�����������������������������

������������������

�����������������

���������

�����������������������������������������������






Topics in this lecture

Sensing principles
From visualizing devices to

quantitative optical
detection. Its superiority in

electrically decoupling has

paved its way as a
workhorse method in
chemical and life-science

applications.
Miniaturization

Integrated into microfluidic
devices. From classical

microscopy to parallel
monitoring, e.g. in

spinning disc applications,
or as an integrated photo-
diode many devices and

components are
established.

Applications
To emphasis on the aspects
of integration waveguide
technology is primarily
presented.
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5. Optical detection

" Introduction
" Strategic developments of optical

detection methods
" Tackling integration
" Examples of optically integrated
microfluidics

" Commercial activities
" Outlook: Future developments
" Summary

Regina Luttge

Topics in this section

Working principle

























































-1an

Miniaturization efforts
Fibre optics was an

important step towards

optical integrated systems

11"

Introduction

" Optical detection
" Most popular optical analysis
methods in microfluidic chip
operation
- Fluorescence
- Absorption

" Fibre-integrated systems
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5.1. Introduction









concentration [moW)

Optical detection spectrum

liE-O3

1L1OF,07

LOW-119
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end-column	 indirect fluwesccncc
thcrmooptical absothanc UV ahwrbancc

electrochemical deLectiun	 dezection






/detetho
mass spcctrometricconductivity

dcrcction.ccç.			 aa
lea	 .	 6

0	 LV ahstxbanccwilh			
_f_-'Z-shaped flew cells		AA

amperometric detection _cz±zz		 .
'

- a . ?	 UV absorbanee detection	
n	 "4D

---- electrochemical detection
a		

P c	 conductivity detection	 ˆ' radiochemical detection0		o0	 0
no			 with 171? stuking

------ ----------- fluarescence detection

619

LQQE-21	 LODE-19	 lOQE-17	 IRE-15	 t.OOE-13

	

LOUFIl

molar sensitivity [moll

From:J.F. Borders, ed. Handbookof capill.an eleduupkoresis,
r°ed 1997. C'FC Some. Leo.. ISBN 0-8493-2498-N
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5.1. Introduction

Optical methods

"	 Detection of molecules after chromatographic separation,
during chemical reaction, in living cell, etc. ' fixed

wavelength, fixed position.

"	 Characterization of fluid flow ' time dependence,
correlation.

"	 Spectroscopy to identify molecules wavelength
dependence.

Wednesday, August 17, 2005	 Regina Luttge	 _JjEgAi!.






5.1. Introduction

0





Is




	Q "1	 -
U -J -7o

-t -8

d10
41
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4-,

0

Detection in miniaturized systems

I

	

I
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I

	

Refractive index






- -			
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- - -

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

Pqtentiometrc -





N
I	

N4?
I

	

I
I	 N4i	 I

Less than 11	I%h1Ce

	

I
Molecule per	 I	 N

Volume I		
N
NI

lpL	 lnL	 ijiL
Detection Volume (logarithmic)

adapted from Manz et al., Ads'. Chromatogr. 1993, 33, 1
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5.1. Introduction

Optical effects suitable for detection

absorption (transmittance, reflectivity.....)
emission (luminescence, fluorescence, phorphorescence,

scattering
modulation (interference, ....)
refraction (refractive index change)

polarisation
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5.1. Introduction

How does fluorescence detection work?
(Qlql!ITL9		 -

isc-il*,t 'algIt1		 exuted null-I

slate		slate







Lbmtlond

n,Mznntwn

li/total.

absonbIbs

	1flt4Salattic lnipltl	
aIsle

Phosphorescence: transition

involving a change in the spin
multiplicity of a molecule; because
of this change the radiative
transition is delayed and the

phosphorescent material glows a
while after the incident
illumination stops.

-7

1
-7

Fluorescence: molecule
absorbs high-energy photon,
and re-emits as lower-energy
photon; energy difference ends

up as molecular vibrations

(heat)
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5.1. Introduction

Fluorescence labeling and analysis

Fluorescent dyes allow sophisticate analysis of phenotype of

living organisms and their metabolic processes, here:
-	 Mammalian cells treated with

an anti-tubulin antibody
(9reen)l$rrto stain the microtubule

cytoskeleton.
-	

Propidium iodid (red) used
to stain the nucleus.

11111;AImfl1unof!uorescence:

Fluorophore or other tag for
visualization is directly
conjugated to the antibody!
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5.1. Introduction

Microscope set-up

How It Works

Dichrc'c
Mirror

Confnnal

PinH

Ic






Objective-

Net In Focal Plane

In Focal Plane-

Net In Focal Plane
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Optical inspection systems

Regina Luttge

5.1. Introduction

Multifocal multiphoton microscopy
Fluorescent analysis of Prionium cells

"	 Fast and efficient
tool for 3-b
fluorescence
imaging.

"	 Three-
dimensional
reconstruction (a)

"	 and three
representative
XY-slices (b-d).

'iL Sinuth andS. W. Hell,
Loirnagetg 6(1991) 177-235
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5.1. Introduction

How does absorbance work?
"	 Technique that features a history in chemical reaction

engineering.

Absorbance Detection Geometries

prepared &v2?. Kzdtn; MIC

Wednesday, August 17, 2005

ght path





17
microchannel

IA=Ecd Lambert-Beer law
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5.1. Introduction

Fibre optic coupler as a detector for
microfluidic applicationscross section

transmitting
fibre

	microchannel	 I
IPDMS

cross section

	PDMS
14

optical fibres

PMMA fibre, diameter: 1 mm	

"	 The main working	
principle is the change	
of the refractive index	
of the medium, which is	
placed between the

receiving fibres. Here the work
fibre is based on the use of a	

laser beam directed	
onto the working	
channel and detecting	
the interference	
pattern.

"	 The fibre optic coupler	
was fabricated in a	
block of PIDMS to make	
it compatible with	
microfluidic structures.

SD. StadkaadArlarTh?bk2Analvst, 2005. 12? 523-526
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5.1. Introduction

Peristaltic
pump

sample

optical fibre
LED

fibre optic chemical coupler

Wednesday, August 17, 2005

Measurement

set-up

outlet







LabVIEW

spectrometer	 Eloptical fibre "Mzl

D. &adrnkmdArrurE48koAnalyst, 2003, 328, 523-526
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5.1. Introduction

Calibration curves
"	 Signal versus time characteristic for different media pumped

through the coupler (left).
"	 Calibration curve of the fibre optic coupler for different

concentrations of saccharose (right).

1.0






0.9






.5! 0.6
e
C
a

(1)
0,7






0.6

1";

1.00





0.95





0.90

(V

(V

0.65






0.80






0.75

0		5	 10	 15	 20	 25	 30	 35	 40	 0	 10	 20	 30	 40

Time/mm		Concentration (%)	
D. ZtadnM andAnur Dvbkc Ann/na. 2'303. 328. 523-526
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5.1. Introduction

Reproducibility test

370





C
0)
U)

76 365

360

350

385 -	 20% saccharose





380 -

375 -

355
0%

0	 5	 10	 15	 20
Time/min
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25

	

30

Regina Luttge

"	 Water and 20%
saccharose solution
were alternatively
pumped into the
structure. Ten cycles
were done and no
observable change in
the signal values was
noticed.

D. Stadnik andArtur QvbkoAnalyst, 2003,126,523-265

Topics in this section

Semi-integrated system
and components there of
research approaches and
commercial activities.

2.

.1 Id	 r	 SSourca: infinson

S

Strategic developments

" Methodology of system
integration
- Classical microscopic detection of
Lab-on-a-chip events

- Optical interface to microfluidic
channel

" Discrete optical components (hybrid)
" Semi-integrated (waveguides, diodes)
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5.2. Strategic developments

f-pn.K &hKoon. U'm''rs2n Q7 flUQnt'

Wednesday, August 17, 2005

Laboratory driven systems

"	
Experiment utilizing classical microscopy
set-up.

Inspection TfTflnverted microscope

Regina Luttge

5.2. Strategic developments

Example: clinical research

"	
Capillary electrophoresis -on-chip with post column
derivatization reaction for identification by confocal

microscopy.
Buffer Injection

(Borate) Waste	 Buffer Waste				

ISbe1	 separetd
I				 ,sampe
I		 Reaction			 F	

-		

Channel				
-

I	 Separation Channel
I		oiled

1_i		
FSample		Label Channel		todetector	 to detector(serum		(INS)proteins)

CL. Colver at a!. If. Ckromatogr. A 78) (1997) 271-276

60 mm
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5.2. Strategic developments

Semi-integrated platforms
Chip set-up with single-point
detection using fluorescence

lens

	

mirror

microchip

spatial filter

bandpass filter

	

	objective

p t	 -.M;Mirror

	

4
current

EE 1

&q±f,eri

	

n






D

gouc':g. CJacosc. OPITL ORIg UL4
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Linear UV-imaging

5.2. Strategic developments

Shimadzu linear imaging UV detection
" Improving signal-to-noise ratio by signal averaging using

1024-element PIDA
" Real-time imaging throughout the separation channel

einnin







~__AFinal_-
distance

Wednesday, August 17, 2005	 Regina Luttge	 _JjEgAi!.

EK'R-201i9






5.2. Strategic developments

Planar integrated UV-waveguides

-CZ-1.ri
[!~

lamo

Integrated waveguide


	

.....	JBorfloatcover glass UV-enhanced fiber

Si substrate
Microfluidic
channel

Zour;e: KB. Mogensen ci L		i. Len. 26, 2001, 716
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5.2. Strategic developments

UV-waveguides measurements

0.45

0.40

0.35
D
	0.30

o
	0+25	 ~A'

C 020
ctie 0,15
0
2 0.10

0.05

fl nn

"	 Absorbance vs.
concentration of

propranolol averaged
from 212 to 2lSnm
with a scan time of
400 ms.

"	 Lowest detected
concentration was
13 mM (signal/noise
ratio, 2).

0	 25	 50	 75	 100	 125

	

150		

Concentration [pM]				

	KB. lkBigcscn pt all Ci. LcU. 26, No. 10, 2001, 716

spectrum~
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Tackling integration

" Hybrid integrated
microsystenm
- Packaged systems

" Modular print board

" Planar integrated

/ --T?C	 components

(p	
tj

)
s

	

-
Waveguides, diodes, lenses

Wednesday, August 17, 2005 Regina Luttge

5.3. Tackling integration

Hybridly integrated optical detection

"	 A great many case studies exist applying optical detection to
integrated systems.

"	 Telecommunication puts down the knowledge base.

'IV

Hybridly

integrated

optical sensor

Lami'whnk		 of £O'QOEe, Liodu jO 0Jcro d2emCoJ OflOi)os oyoteo - 1P94
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5.3. Tackling integration

From ps-Total Analysis System to
Lab-on-a-Chip

cotitotot

Reegert3

Reagent 2

Rasgent 1

Sar4ft		 -7
Vs.s'a	
/ n4 Jmp flows. maifl9 cetedion

/	 flOw	 cola

	

(330 nn

Reactor

glass-bonded ellicco ground piSs
contaning aunt honale

Pump

Wednesday, August 17, 2005
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5.3. Tackling integration

PI'iotodiodes

-;as*cO Electrode

Transparent -

Parylene C
Ground
Plane

Channel Waits Gold

\

\\\
Electrodessalving Matrix

20 micron \\
thick 0

&-

Monolithic CE device with
fluorescence detector and off-chip excitation

Reservoir

	

Amplifier





Lock-In Amplifier
J		 Bandpass Film,	 '.

JUL
Ground plains			 0 C) Ei] []I rnni	

Interference	
filler		

fl		 IPlaodIud.-'
n,oon s.nnuaa

rsueuoe,aowwe

-	 Figure 4. On-chip fluorescence detection system.

0.30
1255

020
Ion

0.20

0.15

0.10

0.05 72111

0.00

40			 60	 60	 1 OG	 120	 140

Silicon Dioxide /	 Mullllayer	
IT=	

P-type Silicon
l	

Time (set)	
Interference		

Diode Detectors	
J	 Websur et af 'Ana/. Chum. 73, 2CC'], /022	Fitter
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Optical absorbance cell






5.3. Tackling integration

Integrated lens arrays

12101		 assArray generator 			
441

MIcroleu array		 -				

low(heniral chip		 -

%licrolens array .		-
& niter

Detector rriy	 *	 A	 4
I -Fig. 2 Concept for the con,tiuction of

tllicro~)meni~ combining nucrofluidic and micro-
0 11cal funclion, In this Case, it NNIIS (it' 111101CS111	 da

to adOre'' multiple citailitels itit 'tacked "urrav'

at optical ekincuits, lCoUruesV at J-('. Roitlet
and K VOlLI. I rustultute of Nlucotecluutology. E. Veipoorte, Lab Chip 3, 2003, 42K
I utiveusity at Neucluatel. Sn ttzerland I.
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5.3. Tackling integration

Integrated optical grating
li/I			 -	 30 mm	 -			 -I

Grating	 - Port 1
2mmx2mm

t	 Incident light
a'

Microchannel -'	 '-" - Port 2
200 pm x20,um

(hi	 PDMS	
fl3lass

pipe

Glass

Air

PLJMS Glass

+2nd

+1 St

0th

-1st

-2nd

beformable diffraction grating
let		 PDMS	 to measure pressure in

2PmIfl p
r		 microfluidic chip.				

Glass "Air		
5pm 5pm				

K. Itsokawa cc., 2. Lhcromc&t. Jkricroeng. 32, 2002, 3
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5.3. Tackling integration

Dealing with short path length
"	 Besides improving optical singnal-to-noise ratio by guiding the

light over a longer channel distance (which also means that the

sample volume is larger) an alternative method is multireflection.
"	 Increases the path length from 10-30 jtm to 50-272 pm by

multireflections in a fixed sample volume.

2







4

	StyleA

t 75 pm

475

pm

StyleB
Figure 1. Diagram showing relevant dimensions and

angles for determining optical path length in aplanar mul-
tireflection absorbance cell. The narrowest region inside
thecell is the fluid flow path.

H Sali-Mbosav cl al., EthcLrophors 22, 2005 2292
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5.3. Tackling integration




Buried fibre-optical waveguides
anti
Lithography
" 71

PR developing





Glass etching





PR stripping

Alignment and bonding

00

SOG coating

CD CED

Optic fiber insertion

cc
SU-8 PR filling

4"---- Optic fiber

CE channel

vvovcuiuv		
Reservoir

C.HLa'.,S¬'as.AcLAIO7.2002, 225
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5.3. Tackling integration

Coupling integrated waveguides
to microfluidic channel cross section

Waveguide widths:

A. 100

B. 24

\	 day, August 17, 2005

C. 6 gm
,"CU1171:P. FMS, MA_'	 FKut}l!IC'

Regina Luttge

5.3. Tackling integration

Active integrated optical components
Back-side photodiodes

microphotograph of
a diode with inter-

digitated fingers of

alternating polarity

schematic ofa waveguide,
a coupling structure,
and a back-side

photodiode I#Bi
9burc,:A. M. jogensep, Mi'. '*
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5.3. Tackling integration

Integrated VECSEL excitation and imaging				
Obtical system design:				
Filter throuah the				
many possibre design	a). Imaging		b). Proximity	 alternatives to find				
the most optimal and

VCS[L -
or RCLED		 L	 Detector/Filter	 '-n-1	

practical solutions.

- ,-

ti

Vt- Nly

Target Molecule

c). Waveguide

I \\\\\ /	 1ff/f	 I

d). Light guide

Wednesday, August 17, 2005
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Sensor architectures
that are possible with
vertical oriented
optical devices, such
as VCSELs, PIN
photodiodes and
emission filters. The
imaging architecture
(Fig. la) utilizes
micro-optics,refractlve or
diffractive, for
focusing the laser
beam and collectingthe

fluoresc.its+

5.3. Tackling integration
a)

VCSEL. or
11' RCLED	

P-DBR		 'I
Gain Region		 fl		 Contacts	 Detectot

N-IM3R	 !_1		 rI	 I	 I	 I
I		 P+ GaAs Substrate \

Intrinsic GaAs
Detector Active
Region

b) 1.0	 -	 Reflectivity		
Emission

08

	

	Absorption
















I

0.2





760 780 800 820 840 860
Wavelength (nm)
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Optical performance
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5.3. Tackling integration

Laser input










sutflate

TrarspareM Tetlon
Solation Wet

Laserinput

Pyrex
substrate
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Refractive index changes
bio-layer probingIon erohanged oaaveguide

Gold lm	
Window in	 Mach Zehnder integradedisolating layer	 detection

PReference Sensing

Ion eothan ged waoeguide





Gold lm

in

Reterence Sensing
Regina Luttge

Phoopholipane cI-:: ED
Lipid ft fift ft flU Ift
Thiol





Gold

www.orc.g012uk1700!gb,rsarg].php

5.3. Tackling integration

Next generation electrophoresis chip
with integrated waveguides

-

	

Cu




-ilL




	Sai

	

detection regionI	 with U-shaped cell
and various waveguides

----
nfl

S!id prrpon'd bybE Kufrer ME scracc K B ogsn,NT.B'rfrrsEm ME
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Topics in this section

Integrated optical
microsystems
Packaging needs to reach
microelectronics standard,

however, development
efforts in research

approaches are often

financially out of reach.
Therefore many hybrid
device platforms exist.





00-

Chip (1 cm x 2cm)

Examples of optically
integrated microfluidics

" Case study.
" Examples of optical techniques
other than fluorescent and

absorption in brief.

Wednesday, August 17, 2005	 Regina Luttge
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5.4. Examples of optically integrated microfluidics

Case study I:

New microfluidic-driven experimental
studies exploiting optical phenomena for

the detection of physical parameter
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5.4. Examples of optically integrated microfluidics

Molecular optical dye probing
"	

Application demonstrates a monolayer-functionalized
microfluidics device for optical sensing of acidity.

"	
System is sensitive enough to detect the addition of 1% of
acetic acid and reaches maximum fluorescence intensity
after addition of ca. 20% of acetic acid.

020

Fluorescent amide

1






00

la

0.1'
Non-fluorescent spirolactam

0.1

(	 P 0.0

baa	 LA)
0.0a

acid	 <

0.0

lb

P. M61a				a!., Lab 26?p, 2005, 5. 163-170
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5.4. Examples of optically integrated microfluidics

Intensity shift

1.0

0.9

0.8

2 0.8

S
.5 0.5
C
a
C

a
0.4

0.3

0.1

addition of base

I
I

addition of acid

0.0.			 ,	
560		580	 600

Wednesday, August 17, 2005	

620	 640	 660

wavelength (nm)

Regina Luttge

Emission spectra of 1 in

methylene chloride as a
function of added acetic acid.

Shown spectra contain 1, 3, 5,
10, 15, 20, and 25% of acetic
acid.

Addition of triethylamine
results in quenching of the
fluorescence (data not shown).

680

	

700

P. MOo a! a!., Lab C.&ap, 2005, 5. 163-1 70

wavelength (nm)






5.4. Examples of optically integrated microfluidics

Surface chemistry (SAM) and RhB binding
RhB

OH

0=~ )0=~

TOH1 OH
H01' HOI'OI'	 HO'I' HOl'Ol'

(

P. Ai'P 't ? Lab C'i2			 20053463-170
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5.4. Examples of optically integrated microfluidics

Chip layout arid microscopy
"	

Typical confocal microscopy image
(70 x 70 jtm2) and mean
fluorescence intensity (inset)
measured over 10 scan lines.

reservoir	 channel width=2Opim
(i		channel depth=2 zm

E
E
LU

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

A .

V
------------------------

20 mm

Wednesday, August 17, 2005	 Regina Luttge	 JjEgAi!.
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5.4. Examples of optically integrated microfluidics

RhB-functionalized microfluidics
I-"--.	 Condition		Inlet 1	 Inlet 2

scanl	 I	 acid	 acidr	 scan2	 I	 base	 base			

scan3,4.5		base	 acid	

Inlet 1		Scan6 acid	 acid

	

1
[IHEEInilet2




______		 lewelipi

I










U.
11	 W	 114	

Pixel
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'23

t 33















23

41

2,c $11,		IO 	 1x

pixel
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P. Mela et al.,
Lab Chip, 2005, 5, 163-1 70

5.4. Examples of optically integrated microfluidics

Repeated on-off switching of RhB

U)
Ca)
4-
C

C Q
0
U)

. 0'

a)
0) 0.
4-
Ca

0

r

0		0
	

00	 0

3

)

I
	S S		 S S S S

0

S

0	 60	 120	 180

	

240		

Time (mm)

"	 Relative mean
fluorescence

intensity after

alternating exposure
to acid (open dots)
and to base (solid
dots).

"	 In between acid-base

cycles the channels
were rinsed with

methylene chloride.

P. b'Pia ! al., Lab C/np, 2005, 5. 163-1 70
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5.4. Examples of optically integrated microfluidics

PDMS






glass slide 1-41

ON	 ON	 ON	 NH,	 NH,	 NH,		2	 2

2				5		5		

OH				OH		OH			 OH

H011 HO-1'O-'l		 H014 HO-T-0-
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F
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pH effect

NH

	

NH

NH	 NH

	

NH











OH

	

OH

HO"?
0

	

0

C'

	

&1

P. MS/a n aS, Lab CMS,
2005, 5, 153-170

5.4. Examples of optically integrated microfluidics

A pH- probing results

B

m
C
0
C

C
0

E

0>
(5
52

I -I

S

2		4	 $

	

5

pH

(A) Confocal microscopy
images (40 x 40 ttm2)
of a PDMS channel on
the functionalized

microscope glass slide.

(B) Experimental data

(solid dots) obtained
from the 0G514
functionalized layers

12		
and fitted curve (solid
line).	

P. MS/a Pt al- Lab CMS. 2005. 5. 161-170
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5.4. Examples of optically integrated microfluidics

Case studs!!

Applying optical phenomena to
microfluidic chip-based

single cell analysis

Wednesday, August 17, 2005	 Regina Luttge

5.4. Examples of optically integrated microfluidics

Cytometry: using scattered signals

Large angle scattered light (15-150",	 )
(Cell internal granularity,		

Extinctionsurface roughness)\\\\ I ///	 (Cell size, viability,
hemoglobin)

In cid ent

light

	"
/	
	Fordscattered

0
Fluorescent light 0

(Antigen, DNA/RNA, pr&ein,		light (O.5-5 )
enzyme activity etc.)		(Cell size, viability)





Z. WangnaL, Lab Chip, 2 004, 4,372-377
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5.4. Examples of optically integrated microfluidics

Microchip cytometer layout

PS2

Lrthnfl
Lmaxl
-

FSI

Wednesday, August 17, 2005

Channelwidth

Lens
\- -s:

.r-
/

/		 -s-i---

Lensheight

Incident light

Z.		gL,La5Chp,2OO4,4, 372-377
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5.4. Examples of optically integrated microfluidics

Microchip cytometryA	
Incident light ftwaveguide

A) Design of the microchip. All
Sheath flow		 I	 44' the optical elements, the

microfluidic system, and thelet

fibre-to-waveguide couplers
were defined in one layer of





Sheath flow

C)J \ Detection wavegwde		 polymer.

%Fiber
coupler	

B)	 Schematic of the chip's					
packaging. The chip is placed						
in a holder and a PbMS lid (n:					
1.4) was utilized to seal the

B			
I I			 flow channels and to serve as		/			
	topcladding layer. The					PI'III lid						

thickness of the 5U-6 layer4						 was adjusted to readily						
accommodate 70 jtm outer						
diameter optical fibres in the				

ci		
fibre couplers.
Z. Pang naL,LabChp,2OC'4, 4 372-377
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5.4. Examples of optically integrated microfluidics

r
Inc ident light wabeguitic

	

IbI

Fluid channel	
""

Lcn

rid. direction orbeids

Results

Light intensities of several sections along the light path

Ceser of the kWpoth

-focusing Point

	

(1)-	 center of chwnel	 till
edge of the bottom
channelwroll

	

III

Sir of die Forward scattered
Wt detectionwindow

I)

	

I))

Width of thelight pati (micron)

Z. WmgQtaL,LcbC1np2OL'44.3 72-377
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5.4. Examples of optically integrated microfluidics

Time-dependent intensity plots
"	 Typical scattered light signals. When a bead passes through

the light beam a positive forward scattered light (FS) peak is
detected by the FS waveguide first, followed by a negative
extinction (EX) peak as a result of the bead blocking part of
the incident light.

Signals of Scattered light
-

- ,		

Fo,wwdsceftenng	 Simultaneously, large angleI:				 Large angle scattered light t3...5 (900))
4t	 -	 was detected vertically				

through the microscope				
objective.			Time (second)			

Enlarged view

Z. Wang c'taL, LabChp,2OO4, 4,372-377

line (second)
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5.4. Examples of optically integrated microfluidics

Distributions of Forward Scattenug data

	

Scattering data
C Fsof22micron

I
30		 Gaussian ft for 28 micron
10

0 -1 .4111114 IIliL.
Jii11! I Distribution of forward0 I 3 4 3

scattered light intensities
300

:ss

- FS of 46 micron (peak height) for four
ie3 Gaussian tit for 46 micron different bead sizes.

C..i 0

Doublets

In the histogram for 9 jim
I

4) so-
: I

beads anextra peak isseen in
50

rII C] ESof 58 micron the low intensity area. This isZ r'
30 II Gaussian ft to r5grnicron due to an impurity of smaller
10

Jt1u

Doublets

particles in the beads sample.
S	 I	 3	 4

	

5

"

	

MFS of 9,1 micron
:e Impurities !1nt-. 1

-Gaussian fit for 9.1 micron

T-		C n.	 IC'	 II.S. flr'	 Z.fgctcrL,La5C'O'94,4,372-377sinozisiucs w°	 IiCi&i4) cli rviwazci Ocl4LICICLi I%LIi 5)1)
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5.4. Examples of optically integrated microfluidics

Fitting the data

linear fits of (bead size vs mean peak height)
20-

15-

10-

05-

Forward

	

U

a
U	

- --

C.	 U
C.
-		 a
-c
.2'

.C 00			
U	 Scattered light (FS)
" Large angle Scattered light (LS)





J

-10-

-15-
a

	

Extinction (EX)

-20-

i	
"

	

3
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5.4. Examples of optically integrated microfluidics

Introducing optical integrated systems and
phenomena to monitor molecular interactions

Special optical techniques in brief

and microfluidics operation

Wednesday, August 17, 2005 Regina Luttge

5.4. Examples of optically integrated microfluidics

release of encapsulated beads

"	 Confocal fluorescent analysis during
optically-induced particle release from
a encapsulated f luorescently labelled

polymers from nanoengineered
polyelectrolyte multilayer capsules.

"	 Incident intensity of laser diode

operating at 830 nm was set at 50 mW

Remote

AG. Ski flack et at, Nw20 Lflt., VL 5, M'. 7, 2005, 1371-1377

Regina Luttge






5.4. Examples of optically integrated microfluidics

Thermal lens detection

Objective lens

I:

	

IP
Excitation beam	 1	 Thermal lens

After tierma

SwInple







	Probe beam	
lens formation

Pinhole '4Detection
Wednesday, August 17, 2005

Before thermal
lens formation

Thermal diffusion length
19-39 Am (200- 900 Hz)

Thermal diffusion area

-: *- 1.5 Am Heat source area
-'		 .- 2 tm Probing area	

RI LAavna a! al.,	 J.AppL Phyc. 39, 2000. 5336

Regina Luttge			 IIESAt

5.4. Examples of optically integrated microfluidics

Evanescent field detection
"	

Many affinity based biochip applications depending on the

properties of the biofunctional interface layer.
"	

Ultrahigh sensitivity for signal detection on a microdot:
-	 Minimal sample volumes required.

"
Capability to perform real-time monitoring of binding events:
-	 Kinetic studies can be performed

" No background interference from the bulk medium:
-		No necessity of washing steps		 evanescent field	

to remove non-bound				
	selectivedocking of	

tracer molecules,	 ."		 proteins

-	 Measurements in light
scattering media,
e.g. serum, blood, etc.,
can be performed. No or
reduced sample preparation.

biofunctional interface layers

glassIplastic substrate

£tczvrce: 'eicture finder Coogie"
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5.4. Examples of optically integrated microfluidics

Biochip affinity arrays
tricscerit held

"p/IwwwepoQrson'

http./h4wu.tQxto.g.roq.ch/

Regina Luttge

5.4. Examples of optically integrated microfluidics

Excitation schemes used for
fluorescence excitation

Left: conventional (confocal) excitation.
Center: excitation by an inclined excitation light path.
Right: surface-confined excitation using a planar waveguide.

a			 a		 a

a		a
	 a		a	

a	 a	 a		a
Wi a			 a			 a
W			 a			 a	

a		a			 a
a aa		a

I II'
-I 9

t

	

S
-

	

S
S

http.llwww.zeptosens.conil
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5.4. Examples of optically integrated microfluidics

High sensitivity detection

Application to microarray sensor chip.
-	 The outperforming sensitivity of fluorescence excitation in the

evanescent field of a planar waveguide. The example shows the
fluorescence signals after hybridization of Cy5-labelled 25-mer

oligonucleotides (5OpM) with immobilized complementary strands.

Superior S/N ratio obtained with the PWG detection system (centre).

i.ctt;ei-..'ç..





-	 S

'\t; t5'x; t0L 6
3% Set




....)

w

b .eCj

leadinjea
fluorescence scanner

Wednesday, August 17, 2005

S/N z 2/1

(top: PWG intensity)
S/N 200/1

(bottom: scanner

intensity)

5.4. Examples of optically integrated microfluidics

Detection of chemiluminescence

prepared by J.P

Back-side photodiodes

schematic
and working principle
of backside photosiodes

photon





silicon nitode

@ 0 n-typosubobit.





doplotonloyer/











reversebias

20	
-125pM 11,0,







10









::

0	 50	 150	 150		

Time (o)

measurement of
chemiluminescence
from a 1t-FIAI
enzyme reactor	 -
setup

Regina Luttge

S9urre: A. M Jeiryaneen. MJC, elide
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Planar waveguide based
detection system






5.4. Examples of optically integrated microfluidics

Diffractive optics integrated
spectrometer

Incident Light






-	 p - - -

[

Pitch






Amplitude Grating

rJN4N4N
Linear Blazed Phase Grating









Binary Step Phase Grating

G 4/ Vie cia!. /Sensors andAriwitars A SR (1997) 61-66
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5.4. Examples of optically integrated microfluidics

Partially Transmissive Minor

I
DNA Sample--------------------------	 1 He-Ne Laser

5 rCi Lens

	

-

F '
Notch Filter 644 nm

Spectrometer
35 0		5p.a0

bur	 tUa Mcro'nathinsd LinsA		 40.0

-		F		It	 t350
-300					 t 				

1%		 30.0
25.0					 I I

a					 I

5.20.01					 IA .200
15.0		 Spectrometer athcui L.fls f/ \\			 15.0

I \.
I	 S10,0

Performance									

-
0.0										 -

	

0.0
a .- a a N a C (1 0 N	 C	 a N a	 n C 1 0	 a	 N S t 0 0 CM 0 t 0 40 N 0 a

in a I- N a a a 0 - N N n a	 a	 a a		d	 N t 40 P. CC 0 N t 5) P. 40 0---				
N			 NN	 N NNN

	

C04 NN ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------*4NNNNNP)
LMSSI Olapsalan (Pisuis)	

L*twaI Oi.psc.icn (Pissis)
G XI Vie ci at / Sensors and ArluatarsA SR (1997) 61-66
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Topics in this section Examples of commercial systems
Commercialization

	

using optical detection

I

S.

4),
A0

" Point-of-Care
- Colorimetric reagent strips
Pharmacokinetics and drug
screening

" Biomedical research
- Biomarker, PCR

Wednesday, August 17, 2005
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5.5. Examples of commercial systems

Reagent strips

http.Jlwww.makro-mecLcom/;'roduct&ktw .

MAKROmed Urine strip reader

-	 portable desktop instrument for reading reagent strips for urinalysis.
It can be used in a central laboratory or a point-of-care setting and is
able to read up to 120 strips per hour. The analyser uses four LEDs (2x
522 nm green, 2x 624 nm orange) as a light source.
The reflected light is detected
with a photodiode and according
to the internal calibration
converted to the concentration	 -.	 10of the analyte on the test pad.			 A

Wednesday, August 17, 2005	 Regina Luttge	 JjEgAi!.






5.5. Examples of commercial systems

Commercial examples of analytical
biochemistry chips

Exploiting optical detection

V

S

Agilent

Wednesday, August 17, 2005
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5.5. Examples of commercial systems

"Classical" optical-read microarrays

"	 Optical signal matrix is often
specific for a particlular
health condition (counts
fluorescent intensity per
spot).

AFFYMETRIX

lwew
0

GeneChip®

Wednesday, August 17, 2005	 Regina Luttge

GeneScan






5.5. Examples of commercial systems

Products: Affimetrix- GeneChips

I!1!I!I!

"	 DNA Extraction,
concentration, and

purification from real
world samples
- All in one step








so sampling session
and microammys

LMI

Ir

-





www.affynirtnx.coin
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5.5. Examples of commercial systems

Products: Cepheid "smart cycle?'

Pmcesslrgchambers-containreagents,
filters, and cap'	 -
tare tachnologian
necessaryto
eotract, pia'ify,
and amplify teat
DNA				 II

Optical wtntwn -
enable real time
fourcotar detection

Valve --
'enables fluid
transfer from

Reaction tube - -
- chamber to

thai chamber chamber: may
enthlen very contain DNA
rapid themnat

tysis e
cycling filtration

"omponents

Wednesday, August 17, 2005
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5.5. Examples of commercial systems

Optics blocks -

optical analysis, detect and

quantify up to four different

DNA targets simultaneously

Wednesday, August 17, 2005

Integrated detection cuvette

"	 Circuitry
-

passes optical
information to

computer for

analysis and

display Sample

preparation

cartridge
rich for nQre

It'f--t-,

Regina Luttge

!coftE

module
cllwk for toner mfavnationi

I
"I'll,

11	 117
R."

ER		OU"U'DECOD
-		 BUFFER

COLUMN -----------------------------I------
DECODER	 T111, "1

Outlook: Future developments

" Blo-MOEMS

?tttp:Jfwww.ph.tn.tudolft.nU-Q&gft/,n'tmag7f

- Unique bioassembly and optical
signal collection.

- Schemes will employ
microelectromechanical-assisted
optically enhanced techniques in
a much more progressive parallel
fashion then today.

- Telecommunication has already
paved the way- developments in
Lab-on-a-Chip microfluidics will
follow.

Wednesday, August 17, 2005	 Regina Luttge	 _IIESA
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rapid, precise temperature control
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5.6 Future outlook

Unique bioassembly and optical
signal collection

Scheme employs the electrically-driven
deposition of a reactive polysaccharide,
chitosan, on microfluidic
channel sidewalls.






an		
-













	Polymer 5)1-6)
Wuvegude

Exotaboi






l rn-sicc. ni Wire	 Sdrw.I Cilosen	
- - 	

Trace (fl-Au)






Fluid
	OednOe(FIG)4

Chitman

AL A. Powers et al, Lab Chip, 2005, 5, 583-586A	 Flud Chael

-		

	Pyrex	

(b}	 Slice
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5.6 Future outlook

-__recsep			
Realization






Opt"FW,

5		 -

II::dchannttI__ 1Q

sua Ridge

Wnvngiide

fl	 S

300pm

"	 Electrode configuration
in multi-material mix-
match assembly resulting
in integrated Bio-MOEMS

platform.
"	 Established micro-

fabrication techniques
meet new operation
challenges.

AL A. Powers crt AL, Lab C/Us, 2005, L 583-586

Ti-Au Trace	 ITO and Photoresist
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5.6 Future outlook

Resulting performance

"	 Advanced in integration
techniques on the ever

decreasing length scale.
"	 Will facilitate higher

troughput by parallel
operation of integrated
function on chip.

"	
Combining physical
properties with biological
events.

Fluorescent chitosan selectively
deposited on sidewall

Wednesday, August 17, 2005

Iii A. Powers ci al., Lab Chip, 2005. 5, 583-586
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5.6 Future outlook

Optical signal collection

"	 The chitosan based sensor design and fabrication process is a

user-configurable biosensor strategy that is comprised of
multifaceted sensing elements arrayed in complex geometries
for the simultaneous analysis of multiple analytes, enabling the
next generation of micro-biophotonic systems.

NO
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M	

503
4

2' 403

300

2CC

ICC

6)0

Ut

(b)	Response: Ehioresenhly Activated

703




a1		

Fluorescent
690

5DO		 Signal

i,#frb'J

	

TS
100

200.

tIlTa
730		610	 630	 550	 670	 660
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WaaI.ogdi (nni

AL A. Powrrsc.'t aS, Lab flIp, 2005 5, 593-586

773
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5.6. Future outlook ISGEN: In-Situ Genetics
Experiments on Nanosateffites

The miniaturized system telemeters genetic changes in micro-organisms.

Integrated analytical "cassette", ' 2" x 4" x 6". It includes:
-	

pumps, valves, microchannels filters, membranes, and wells to
maintain the iological viability of various microorganisms.

-	 an integrated thermal control system.
-	 a suite of sensors.
-	 a miniaturized optical detection system.

-	 Each 20 - 50 microwell contains a population

-	 6 - 24 integrated "microwells."

of a model organism, with the option +0 include

replicates and/or genetic variants
in the different wells.

-	 A permeable membrane covering each well provides gas exchange,
and an optical surface on the other face allows (imaging)
fluorescence, luminescence, or absorbance-based assay of gene or

protein expression, as well as population enumeration via counting or

optical density measurement.
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Summary

XQiASFfchwi.J6O2fQX7nad.hrm

" Many established techniques
and methods but no universal
approach.

" Upcoming trend to merging
technologies.

" Future will benefit from highly
parallel processing by
adopting telecommunication
technologies into microfluidic
chip design.
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