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Topics in this lecture 5 Opﬁcal deteCtion

Sensing principles

From visualizing devices to
quantitative optical
detection. Its superiority in
electrically decoupling has
paved its way as a

e e Strategic developments of optical
chemical and life-science detection methOdS

applications,
Miniaturization

Integrated into microfluidic
devices. From classical
microscopy to parallel Examples of optically integrated
monitoring, e.g. in . L4

spinning disc applications, microfluidics

or as an integrated photo-
diode many devices and
components are
established.

Applications

To emphasis on the aspects
of inlegratictn w?vegTJide @ Summ a ry
technology is primarily

presented.
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Introduction

Tackling integration

Commercial activities

Outlook: Future developments

Topics in this section Intl‘OdUCﬁOH

Working principle

e Optical detection

e Most popular optical analysis
methods in microfluidic chip

Miniaturization efforts operation
Fibre optics was an
impor(t)fnt step towards - Fluorescence
optical integrated systems .
S NEF — Absorption

e Fibre-integrated systems
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5.1. Introduction

Optical detection spectrum

concentration [mol/T)
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From: J.P. Landers, ed., Handbook of capillary electrophoresis,
and g 1097, CRC Press, Inc., ISBN (0-8403-2408-X
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5.1. Introduction

Optical methods

Wednesday, August 17, 2005

- Detection of molecules af ter 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.

Regina Luttge



5.1. Introduction

Detection in miniaturized systems

R ———

< ~ l Lo
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o -12| Volume | ' N

o 1pL 1nL 14l
Detection Volume (logarithmic)

adapted from Manz et al., Adv. 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?

Spin-
orbit
coupling ) )
excited singlet — o excites] triplet
state sata

Sy

erbrational
relazation
photon

-
ahsorbtion E 1
metast able triplet

state

A:z scence

ground singlet
state

EMISSION

VIBRATION

Phosphorescence: transition

involving a change in the spin Fluorescence: molecule
multiplicity of a molecule; because absorbs high-energy photon,

of this change the radiative and re-emits as lower-energy
transition is delayed and the photon; energy difference ends
phosphorescent material glows a up as molecular vibrations
while after the incident (heat)

illumination stops.
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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 (green)
to stain the microtubule
cytoskeleton.

- Propidium iodid (red) used
to stain the nucleus.

“ Immunofluorescence:
Fluorophore or other tag for
visualization is directly
conjugated to the antibodyl . Cabral, University of Texas,

Houston Medical School
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5.1. Introduction

Microscope set-up:
How It Works

Laser

Confocal
— Pinholes

Dichroic
Mirror |

Objective

-- Not In Focal Plane
In Focal Plane
________ Not In Focal Plane

Wednesday, August 17, 2005

Optical inspection systems

W, feica.com

I Mt

5.1. Introduction

Multifocal multiphoton microscopy

(&)

Wednesday, August 17, 2005

Fluorescent analysis of Prionium cells

Fast and efficient
tool for 3-D
fluorescence
imaging.

Three-
dimensional
reconstruction (a)

and three

representative
XY-slices (b-d).

M. Streuh and S.W, Hell,
Bicimaging 6 (1998) 177185

e _ME*



5.1. Introduction

How does absorbance work?

Technique that features a history in chemical reaction
engineering.

Absorbance Detection Geometries

light path

/

microchannel

orepared by JLP. Kutter, MIC A =g cd | Lambert-Beer law

Wednesday, August 17, 2005 Regina Luttge -M

5.1. Introduction

Fibre optic coupler as a detector for
microfluidic applications

cross I'.se‘.-«':tion
The main workin
: principle is the change
transmitting ; of the refractive index
fibre : of the medium, which is
' y laced between the
! posig ibres. Here, the work
POMS | e is based on the use of a
: laser beam directed
onto the working
channel and detecting
the interference
PDMS pattern.

cross section (I_) - The fibre optic coupler

microchannel

was fabricated in a
X 7 oS block of PDMS to make
v it compatible with

optical fibres microfluidic structures.
PMMA fibre, diameter: 1 mm

D. Stadmik and Artur Dybko Analyst, 2003, 128, 523-526
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5.1. Introduction

Measurement
set-up
Peristaltic outlet
pump
sample
LabVIEW
* 7 O — O =spectrometer I-—
optical fibre I¥_/ optical fibre i
LED

fibre optic chemical coupler

D. Stadmik and Artur Dvbke Analyst, 2003, 128, 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).

1.1
1.00
40 % saccharose
095
) . 090
= =
8 8
® ™
& E,, 085
0 n
0,80
0,75
05 bt e i o e 1 N I L 1 L
0 5 10 15 20 25 30 35 40 0 10 20 30 40
Time/min Concentration (%)

D. Stadwik and Artur Dvblo Analyst, 2003, 128, 523-326
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Signal/a.u.

5.1. Introduction

Reproducibility test

385 - 20% saccharose

380
375 |-
370

365

360

355

350

0%

L 1 L 1 L 1

15

20 25 30

Time/min
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- 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.

L. Stadmi and Artur Dyvbico Analyst, 2003, 128, 523-520

MER*

Topics in this section

Semi-integrated system
and components there of
Research approaches and
commercial activities,

Sy

Source; Infineon

Wednesday, August 17, 2005

Strategic developments

e 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)

Regina Luttge
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5.2. Strategic developments

Source: B Schagfoort, University of Twente

Wednesday, August 17, 2005

Laboratory driven systems

- Experiment utilizing classical microscopy
set-up.

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
j (Borate) aste S‘M
|- | 8 rat
| | ok ST
} i =
| Reacton  |\m TG |
. l_ _ Channel . E—
H Separation Channel = >
2 L | ]
My i
Y Y
Sample Label Channel o detector to detector
(serum S)
' proteins) am
C.L. Calver et al. I J. Chromatogr. A 781 (1007) 271-276
) 60 mm :

Wednesday, August 17, 2005
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5.2. Strategic developments

Semi-integrated platforms

Chip set-up with single-point Linear UV-imaging

detection using fluorescence

lens mirror Monochromatic e
light
microchip ¢ [ ! I )
spatial ﬁltef objective
bandpass ﬁlter

}E mirror hv

current
; control &
=

{ womens |
=

(=

Source: S C. Jacobson, ORNL Oak Ridge, USA

Wednesday, August 17, 2005 Regina Luttge

UV absorption Shimadzu MCE-2010

Mt

5.2. Strategic developments

Shimadzu linear imaging UV detection

- Improving signal-to-noise ratio by signal averaging using

1024-element PDA

» Real-time imaging throughout the separation channel

Wednesday, August 17, 2005 Regina Luttge
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distance
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5.2. Strategic developments

Planar integrated UV-waveguides

Integrated waveguide

Borofloat cover glass |\, annanced fiber
g

channel

Bource: K.B. Mogensen of al. Opt. Latt. 26, 2001, 716

Wednesday, August 17, 2005 Regina Luttge

5.2. Strategic developments

UV-waveguides measurements

e ' ; ; - — - Absorbance vs.
o.a0f P concentration of
— 035 } ] propranolol averaged
= 030} ] from 212 to 215nm
%’ 025} P ] with a scan time of
% 020} i ] 400 ms.
2 o5} = 1 + Lowest detected
R o10f ¥ ] concentration was
2 aosl . ] 13 mM (signal/noise
i ratio, 2).
0'000 2!5 so '1'l5 160 155 150 ' )
Concentration [uM]

K.B. Mogensen et al.! Opt. Lett. 26, No. 10, 2001, 716
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Tackling integration

e Hybrid integrated
microsystems

— Packaged systems
* Modular print board

e Planar integrated
components

| -} — Waveguides, diodes, lenses

htip Henicrooptics hanyang.ac. krihome/purpo se.tmi

Wednesday, August 17, 2005 Regina Luttge M

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.

- Hybridly
integrated

optical sensor

T. Lammerink University of Twente, Modular micro chemical analysis system - 1904

Wednesday, August 17, 2005 Regina Luttge M



5.3. Tackling integration

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

Pup | pTlcaI absorbance cell

Source: Fh.D. thesis T. Veenstra (2001), University of Twente

Wednesday, August 17, 2005 Regina Luttge M

5.3. Tackling integration

Monolithic CE device with
fluorescence detector and off-chip excitation

Amplifier

Parylene C Plane

Channel Walls Gold
Electrodes
\ \

=

:

L
Photocurrent (nA)

Silicon
sttcon Dioxize interference p:::'
Diode Detectors | 1 o 7ot ster ot al. / Anal. Chem. 73, 2001, 1622
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5.3. Tackling integration

Integrated lens arrays

Array generator

-
S—

—

25 s

Microlens array ‘:‘{{{ ‘{{52 )
o S

Chemical chip

i ! i
Microlens array o tim_‘gﬁ”

et
& filter e
e L
Detector array % 7

B, Verpoorts, Lab Chip 3, 2003, 42N
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5.3. Tackling integration

Integrated optical grating

{a) 30 mm

d.-_l
Grating | Port 1 _|'
2mmx2mm |><b o5 i +2nd
T * Incident light i +1st
: a' e Oth
a |2 i
Microchannel | Port 2 | _d 1
Icrochanne, =
200 um x 20 um Air = » o -2nd
Glass pipe N
(b PDMS :[lj PDMS Glass
Glass
Deformable diffraction grating
© o PDMS to measure pressure in
R T o o microfluidic chip.
5 Glass AlIr
um 5um

K. Hosokawa e.a., J. Micromech. Microeng, 12, 2002, 1
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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 um to 50-272 um by
multireflections in a fixed sample volume.

| 75um ﬁ"
75 um Mirror 75 um I
: - T i |
. 1 ot A Channel | '

R W A | 200
4 YA ha lmlﬂ | s I
| \l | M |

et
Style A Style B

Figure 1. Diagram showing relevant dimensions and

angles for determining optical path length in a planar mul-

tireflection absorbance cell. The narrowest region inside

e bk it Ve thid o fiery . H. Salini-Moosavi et al,, Electrophoresis 21, 2000, 1291
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5.3. Tackling integration

Buried fibre-optical waveguides
13113818

[ — we— ]
i 2 st
Lithography Alignment and bonding
- -
PR developing SOG coating

. . @ @
Glass etching Optic fiber insertion
|

PR stripping

C.H. Linet al., Sens. Act. A 107, 2003, 125

Wednesday, August 17, 2005 Regina Luttge M



5.3. Tackling integration
Coupling integrated waveguides
to microfluidic channel cross section

Waveguide widths:

A. 100 pm

B.24 um

C.6 um =

R
Sowree: P, Frig, MIC , shde prepared by LFP Kutter, MIC EeEt e

W sday, August 17, 2005 Regina Luttge M

5.3. Tackling integration

Active integrated optical components

- : . = prepared by J.P Ks.-zzér‘.,- ME’C 5

~ Back-side photodiodes -
microphotograph of
a diode with inter-
digitated fingers of
alternating polarity

I

~ schematic of a waveguide, ’

- acoupling structure, '

- and a back-side

~ photodiode

= S_"cun;‘e.‘fi. M. Jargensen, MIC, shde i ; %%%

Wednesday, August 17, 2005 Regina Luttge M



5.3. Tackling integration

Integrated VECSEL exc1tat10n and imaging

a). Imaging

b). Proximity

VCSEL

or RCLED f n Detector/Filter

\\V

c). Waveguide

Target Molecule

N2

d). Light guide

ey -
L Wi

Wednesday, August 17, 2005
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Optical system de5|gn:
Filter through the
many possible design
alfer'naﬂves to fin

the most optimal and
practical solutions.

Sensor architectures
that are possible with
vertical oriented
optical devices, such
as VCSELs, PIN
photodiodes and
emission filters. The
imaging architecture
(Fig. 1a) utilizes
micro-optics,
refractive or

dif fractive, for
focusing the laser
beam and collecting

the fl EEE
e fluoresce +

5.3. Tackling integration
a)
VCSEL or

i
popr || RCLED

Gain Region™
N

N-DBR

Contacts || Detectot
™ |

| P+ GaAs Substrate \

\
Intrinsic GaAs

Detector Active

Region

. [T Refiectivity
b Emission
%, Absorption

o

—
-y
S

Q
©

Arbitrary Units
(=]
'?*

o
>

o
~n

T

| P - -
760 780 800 820 840 860
Wavelength (nm)

Wednesday, August 17, 2005

Optical performance
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5.3. Tackling integration

Refractive index changes
—_ bio-layer probing

lorr exchanged waveguide

Windown * Mach Zehnder integraded
e detection

Trareparent Teflon
solation layer

Phospholipase A;

PR efarence PSNB ing

< [T

Pyrex

substrate Thiol

Gold

PReMme PSmsim www.orc.soton.ac.uk! loms/sensorsl .php

Wednesday, August 17, 2005 Regina Luttge M

5.3. Tackling integration

Next generation electrophoresis chip
with integrated waveguides

detection region
with U-shaped cell
and various waveguides

Shide prepared by JF. Kuiter, MIC, source: K. B. Mogensen, N. J. Petarsen, MIC
Wednesday, August 17, 2005 Regina Luttge
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Examples of optically
integrated microfluidics

Topics in this section
Integrated optical
microsystems
Packaging needs to reach
microelectronics standard, ® C ase Stu dy'

however, development

efforts i ch ” .
b e Examples of optical techniques
financially out of reach.

Therefore many hybrid other than fluorescent and

device platforms exist.

absorption in brief.

Chip (1 emx 2 cm)

Wednesday, August 17, 2005 Regina Luttge M

5.4. Examples of optically integrated microfluidics

Case study I:

New microfluidic-driven experimental
studies exploiting optical phenomena for
the detection of physical parameter

Wednesday, August 17, 2005 Regina Luttge M



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.

0.16+
Fluorescent amide Non-flucrescent spirolactam .

<) |/ D [

S "-.,_/ -VN 0. N\/ 0.08
base
[+ ;,jf S %—-\_ 0.04
| o 0.00 . -

v e

0.124

absorbance (a.u.)

450 500 550 800 850 700
1a 1b wavelength (nm)

F. Mela et al,, Lab Chip, 2005, 5, 163-170
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5.4. Examples of optically integrated microfluidics

Intensity shift

Emission spectra of 1in
1.0+ addition of base methylene chloride as a

| addition of acid
0.34

ap) function of added acetic acid.
5 1 Shown spectra contain 1, 3, 5,
& 08, 10, 15, 20, and 25% of acetic
% o ae
8 Addition of triethylamine
E 951 results in quenching of the
€ o4l fluorescence (data not shown).
g
2
S
=

0.1+
0.0 e —ey—
560 580 600 620 640 660 680 700

wavelength (nm)

F. Mela et al.,, Lab Chip, 2005, 5, 163-170
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5.4. Examples of optically integrated microfluidics

Surface chemistry (SAM) and RhB binding

NH, NH, N m
ore
f 7 97

F. Meia et al., Lak Chip, 2005, 5, 163-170

Wednesday, August 17, 2005 Regina Luttge -M

5.4. Examples of optically integrated microfluidics

Chip layout and microscopy

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

A "o,
reservoir channel width=20um g
channel depth=2 um &
2.
E ............
w
wl |  afecaisiee
Y
~ 20 mm R
E. Mela et al, Lab Chip, 2003, 5, 163-170
Wednesday, August 17, 2005 Regina Luttge
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5.4. Examples of optically integrated microfluidics

RhB-functionalized microfluidics

Condition | Inlet 1 Inlet 2
scan1 acid acid
scan2 base base
scan3 4,5 base acid
scan6 acid acid

— 180 ?
£ £
Q9
g £
i- {
5
& z
E & -]
B
E 0 ; F. Mela et al.,
3 = 3 Lak Chip, 2008, 5 163-170
'S ™S

©

40 00 190 00 20 300
pixel

Wednesday, August 17, 2005 Regina Luttge -M

5.4. Examples of optically integrated microfluidics

Repeated on—off switching of RhB

- 15} - Relative mean

- fluorescence

§ 1%, o g intensity after

£ SR 2 alternating exposure
S 08 to acid (open dots)

g sl and to base (solid

E dots).

; 0af + In between acid-base
& ® o 0 o o cycles the channels
g 0.2} were rinsed with

" methylene chloride.
0 60 120 180 240 300 360

Time (min)

FP. Mela et al,, Lab Chip, 20085, 5, 163-170
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5.4. Examples of optically integrated microfluidics

glass slide - ,j‘“ @3‘:

CN CN CN H, ,  NH, NH  NH

FP. Mela et al, Lab Chip,
2005, 5, 163-170

Wednesday, August 17, 2005 Regina Luttge M

5.4. Examples of optically integrated microfluidics

pH- probing results

.:b

w

(A) Confocal microscopy
images (40 x 40 um?)
of aPDMS channel on
the functionalized
microscope glass slide.

(B) Experimental data
(solid dots) obtained
s from the 06514
osf e functionalized layers
— and fitted curve (solid
oH line).

-
-

-

08

o7

Realtive.emission intensity

P. Mela et al., Lab Chip, 2005, 5, 163-170

Wednesday, August 17, 2005 Regina Luttge M



5.4. Examples of optically integrated microfluidics

Case study I1

Applying optical phenomena to
microfluidic chip-based
single cell analysis

Wednesday, August 17, 2005 Regina Luttge M

5.4. Examples of optically integrated microfluidics

Cytometry: using scattered signals

Large angle scattered light (15~150° )
(Cell internal granularity,
surface roughness)\ T Extinction

/ (Cell size, viability,
hemoglobin)

Incident

light
"""*.**
/ /" A \ g
" / \
Fluorescent light ¥ \i % Forward scattered
(Antigen, DNA/RNA, prgtein. light (0.5~5°)
enzyme activity etc.) (Cell size, viability)

Z Wangetal, LabChip,2004,4,372-377
Wednesday, August 17, 2005 Regina Luttge



5.4. Examples of optically integrated microfluidics

Microchip cytometer layout

Lensheight

Z Wangetal , LabChip,2004,4,372-377

Wednesday, August 17, 2005 Regina Luttge M

5.4. Examples of optically integrated microfluidics

i — Microchip cytometry

mweguide

A) Design of the microchip. All
the optical elements, the

Sample inlet outlet microfluidic system, and the
9 ) fibre-to-waveguide couplers
were defined in one layer of

D

etection waveguide PO Iymef‘ -

Sheath I'luw

e e T B) Schematic of the chip's
. packaging. The chip is placed
in a holder and a PDMS lid (n=
B FOR—— 1.4) was utilized to seal the

flow channels and to serve as
top cladding layer. The
thickness of the SU-8 layer
Do s was ad justed to readily
accommodate 70 um outer
diameter optical fibres in the

fibre couplers.
Z Wangetal , LabCThip,2004,4,372-377
Wednesday, August 17, 2005 Regina Luttge 4
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5.4. Examples of optically integrated microfluidics

o Results

]
Fluid channel ™ Lens
nghl mtensmes of several sectlons along the nght path
Flow direction of beads e——————— : e focu:nu POII'! =N T
—— center of channel {I!J
a3 / edge of the bottom
channel wall (uy
d I-'
100 +— Dectection waveguh Center of the light path I
[ Width of the Forward Scattered |

light detection window

intensity al’lunms::anl light (AU )

Width of the fight path (micron}

Z. Wangetal. ,LabChip,2004,4,372-377

Wednesday, August 17, 2005 Regina Luttge M

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.

Slgngljs - of Scattered light

%‘_ T remiemes ||+ Simultaneously, large angle
2 | —e——. scattered light (LS (90°))
p SSTNEVEY Y ! N VOO0 SSORo R W was detected vertically
§ through the microscope
24 : objective.
Time (second)
s Enl_arged \fiew
E |
g _ i i
3
§ o Z Wangetal , LabChip,2004,4,372-377

Time (second)}
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5.4. Examples of optically integrated microfluidics

Distributions of Forward Scattering data

Gaussian fit for

Scattering data

[ Fs ot 28 micron

22 micron

Distribution of forward

s scattered light intensities
- B #s of 46 micton (peak height) for four
‘§ :x Douu(‘;:sussian ft for 46 micron diffepen‘r bead sizes.
£ | - : : _+ Inthe histogram for 9 um
5 beads an extra peak is seen in
3 [ Fs of 58 micron the low intensity area. This is

Gaussian ft for
/ Doublets

5.8 micron

due to an impurity of smaller
particles in the beads sample.

3 i

———Gaussian fit for

o

Intensihies (peak height) of Forward Scattered
Wednesday, August 17, 2005

1 3 i

B FS of 9.1 micron

9.1 micron

5
light (V)
Regina Luttge

Z Wangetal LabChip,2004,4,372-377

MEA*

5.4. Examples of optically integrated microfluidics

Fitting the data

linear fits of (bead size vs mean peak height)

204
1.5+

10+

o
L A

(=]
(=]

s
s

-
o

Mean of peak height (V)

-
un
L

L
=2
1

®  Forward Scattered light (FS)

Large angle Scatlered light (LS)
Extinction (EX)

A

5

6

Beads size (micron)

Wednesday, August 17, 2005
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Z Wangetal , LabChip,2004,4,372-377
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5.4. Examples of optically integrated microfluidics

Special optical techniques in brief:

Introducing optical integrated systems and
phenomena to monitor molecular interactions
and microfluidics operation

Wednesday, August 17, 2005 Regina Luttge M

5.4. Examples of optically integrated microfluidics

Remote
release of encapsulated beads

- Confocal fluorescent analysis during
optically-induced particle release from
a encapsulated fluorescently labelled
polymers from nanoengineered
polyelectrolyte multilayer capsules.

- Incident intensity of laser diode
operating at 830 nm was set at 50 mW

A.G. Skirtach et ol., Nano Letr., Vol 5, No, 7, 2005, 1371-1377

e MEN*



5.4. Examples of optically integrated microfluidics

Thermal lens detection

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

Thermal diffusion area

—  =—1.5 um Heat source area
— == 2um Probing area

Probe beam lens fomation
Pinhole " Before thermal
lens formation
Detection
K. Uchivama et al., Jon. J. Appl. Ehys. 39, 2000, 5316
Wednesday, August 17, 2005 Regina Luttge
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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
tracer molecules,

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

selective docking of
proteins

biofunctional interface layers

Source: “piciure finder Google”
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5.4. Examples of optically integrated microfluidics
Biochip affinity arrays

Evanescent field

hitpdwww.zeptosens.com/

http Showw. textorgroup.chl
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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.

httpalheww.zeptosens.com/
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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 (50pM) with immobilized complementary strands.
Superior S/N ratio obtained with the PW& detection system (centre).

Fr A e -

- * ~ e
PR e m o ae (top: PWG intensity)

BESEES I et e e S/ - 200/1
Market leading con ocal (bottom: scanner
fluorescence scanner  infensity)

http Showw.zeptasens.com’
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Planar waveguide based
detection system

5.4. Examples of optically integrated microfluidics

Detection of chemiluminescence

o
B ared by JP Kut
£ Back-side photodiodes
=
2
£
s ot
E :
~ schematic
and working principle
of backside photosiodes
— 20
g ~125uM H,0;
£ 15
¢ measurement of
g 18 chemiluminescence
5
g5 from a p-FIA/
2
Lo enzyme reactor T
Time (5) EEn—
L

Sotirce: 4. M. Jergensen, MIC, slide

Wednesday, August 17, 2005 Regina Luttge M



5.4. Examples of optically integrated microfluidics

—— D]ffractlve Optlcs integrated
! Z _ spectrometer

Incident Light

Amplitude Grating
Bova sdenn 1igeln g

NN

Lincar Blazed Phase Grating

. hitpdiwicrocpiics. hanyang.ac.kr

MY Yy

Binary Step Phase Grating

G.M Yee etal / Senvors and Actuatars A 58 (1997) 61-66

_MEA*
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5.4. Examples of optically integrated microfluidics

Panially Transmissive Mirror Pel‘f()rmance

DNA Sample { He-Ne Laser

I sp 40.0
35.0 i
Pl 735.0
§ _ 5300 ]
-é 25.0 ', f250 |
<200+t 20.0 -
ftsul Spectrometer without Lens / §15.0-
£ 100, : Z100 |
5.0 R-' 5.0 E/\'\f—"
4 —
0.0l 9.0 ==
s3-R883%g82gn3zeaee 3333
——————— NN N N NN N NN Latersl alon "mi
Lateral Dispersion (Pixels)
.M Yee et al. / Sensors and Artuators A 58 (1997) 61-66
Wednesday, August 17, 2005 Regina Luttge
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Examples of commercial systems
using optical detection

Topics in this section

Commercialization

e Point-of-Care
— Colorimetric reagent strips

L N

e Pharmacokinetics and drug
screening

e Biomedical research
— Biomarker, PCR

Agilent

Wednesday, August 17, 2005 Regina Luttge M

5.5. Examples of commercial systems

Reagent strips
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
of the analyte on the test pad.

hitp Shwww.makro-med.comiproducts.hitm
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5.5. Examples of commercial systems

Commercial examples of analytical
biochemistry chips

- Exploiting optical detection

Agilent GeneScan

Wednesday, August 17, 2005 Regina Luttge M

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,
®
A,

GeneChip®
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5.5. Examples of commercial systems

Products: Affimetrix- GeneChips

wwn.aifmetrix.com

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

Products: Cepheid “smart cycler’

7

- DNA Extraction,
concentration, and
purification from real
world samples

- Allin one step

Processing ...
chambers = ‘..
contain reagents, ", .
filters, and cap- x
ture technologies
necessary to
extract, purify,
and amplify target
DA

Optical windows ~
ensble real time
four-color detection

See also sampling session
and microarrays

www.cepheid.cam
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5.5. Examples of commercial systems

Integrated detection cuvette

Heater —
rapid, precise temperature control

I1-CORE module
fclick for more information)

"+ Circuitry —

passes optical

information to

computer for

analysis and

display

Information) f ;
Optics blocks -
optical analysis, detect and www.cepheid.com
quantify up to four different
DNA targets simultaneously
Wednesday, August 17, 2005 Regina Luttge

Outlook: Future developments

¢ Bio-MOEMS

— Unique bioassembly and optical
signal collection.

— Schemes will employ
microelectromechanical-assisted
optically enhanced techniques in

Hapihmphinsudelfnledigiopmasgf g mnuch more progressive parallel
| tashion then today.

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

Sidernall Fectiooe and YWire Sidews Chlosan

Palymer (SU-8)

Cnannel  Brcirede (IT0)
S W e s
S
‘ Chitosan
M. A Powerset al., Lab Chip, 2005, 5, 583-580 i
1P, % Pyrex

- Siica

_MESN*
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5.6 Future outlook

Realization

Waveguide

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

- Established micro-
fabrication techniques
meet new operation
challenges.

M. A Fowers et al,, Lab Chip, 2005, 5, 583-586

Ti-Au Trace ITO and Photoresist
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5.6 Future outlook

Resulting performance

Channel sidewalls
200um apart

- 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.

M A. Powers et al., Lab Clip, 2005, 5, 583-5686

Fluorescent chitosan selectively
deposited on sidewall

Wednesday, August 17, 2005 Regina Luttge M

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.

&

800 - " Spectral Response: Not Activated (b) d
700 700
800 600 4
5 s S s00
< <
400 400 4
E 300 300 4
200 200 4
~
100 4 100 - . e ™
[ v - £ s 0 - - - - - -
610 830 850 &70 890 Ti0 70 610 B30 650 870 690 Ti0 730
Wavelength (nm) Wavelength (nm)

M. A Fowers et al, Lab Chip, 2005, 5, 583-586
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o Fuure oufloo ISGEN: In-Situ Genetics
Experiments on Nanosatellites

The miniaturized system telemeters genetic changes in micro-organisms.
Integrated analytical "cassette”, ~ 2" x 4" x 8". It includes:
- pumps, valves, microchannels, filters, membranes, and wells to
maintain the biological viability of various microorganisms.
- an integrated thermal control system.
- a suite of sensors.
- a miniaturized optical detection system.
- 8 - 24 integrated "microwells.”
- Each 20 - 50 4L rnlcr'owell confams a opula‘rlon
of a model organism, with the o flonf o include

replicates and/or gene‘rlc var'lan'l's
in the different wells.

- A permeable membrane cover'm%each well Fr'owdes 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 wa counting or
optical density measurement.

http Shwwe nasa. govicentersiames/researchitechnology-onepagersiisgen.html
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Summary

¢ Many established techniques
and methods but no universal

approach.

¢ Upcoming trend to merging
technologies.

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

httphwnww. photonice.comispectraltech)
KOMAEPlteckid 1002/0 X iread htn
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