Technologické
aspekty biosensoru

M techniky pro masovou produkci (bio)sensoru

Sitotisk

B sitotisk (screen printing) vychazi z elektronické technologie tlusté vrstvy

B vlastni postup je obdobny jako pfi tisku grafickych listi; na nosnou
podlozku se tiskem pfes matrici postupné nanasi rizné pastovité vrstvy,
které po vytvrzeni vytvari jednotlivé elementy biosensoru

B pasty jsou smési praskovitého materialu koneéné vrstvy (napf. smés
prasku z grafitu a pojiva) a rozpoustédla, aby se ziskala visk6zni tekuta
pasta

pohybliva stérka
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- sitka s motivem

B

nosny substrat

nosny ram matrice
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prenos pasty pfes matrici
na podklad

Sitotisk




Sitotiskovy stroj

(manuélni)

matrice

posuvny
stolek

/ stérka

Sitotiskové sensory
(keramicky podkiad) T "

M produkty firmy BVT
Technologies (Brno)




Sitotiskové sensory
(plastovy podkiad)

Univ. Florencie

BVT Technologies

Sitotiskové sensory
(slozitéjsi struktury)

CRL (Londyn)




Sitotisk

M relativné jednoducha a levna technologie, pouzitelna i
v laboratornim méritku (pozor na pfriliSny optimismus — dulezité je
i know-how)

B Siroka dostupnost tiskovych past, vhodnych i pro nanaseni
enzymu (pasty na vodné bazi, event. UV polymerizovatelné)

M ,rozliSeni“ cca1 um
B vyuzivan i pro komeréni vyrobu biosensort pro méfeni glukosy

BST Biosensors (Berlin)

automatické nanaseni
enzymu
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Litografie

B techniky pfenosu kopie vychoziho motivu (,,master pattern®) na
povrch pevného materialu

B tenkovrstva technologie nejen pro vyrobu zakladniho chemického
sensoru, ale i mikroanalytickych systému, jakési miniaturni
laboratoie na povrchu €ipu

B zakladnim materialem je kiemik (,,silicon wafer®)

Fotorezist

B modifikovany material se pokryje

¢ resist Negati

/ ; = tenkou vrstvou fotocitlivého
“ m materialu - fotorezist (spin-coating)
i ! Il wgnr -
\ wmm.u“““ ten se pak osvétli pfes masku
_“_ nesouci zadany motiv

y B fotorezist — pozitivni nebo negativni




Litografie
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kfemikovy substrat

vyvolani

naneseni vrstvy

(kov, izolace,
biovrstva, membrana,
..)
—_—
odstranéni fotorezistu
_—

wormain ox B schéma
ermalni oxidace .
(vznik SiO,) pracovniho
naneseni fotorezistni postupu
vrstvy
osvit pfes masku —
definovani tvaru

Litografie

odleptani SiO,

leptani kfemiku
I s

Emerging: soft litography

MAKING AN ELASTIC STAMP

@ Aliguid precursor to
polydimethylsiloxane [PDMS] is
poured over a bas-relief master

produced by photolithography or
electron-beam lithography

© The liquid is cured into a rubbery solid that
matches the original pattern.

__—LIQUID PRECURSOR TO POMS

© The POMS stamp is peeled off the master

POMS STAMP

PHOTORESIST




Soft lithography:
microcontact printing

MICROCONTACT PRINTING

@ The POMS stamp is inked with a solution consisting of © The thiols form a self-assembled monolayer on the gold
organic molecules called thiols and then pressed against surface that reproduces the stamp's pattern; features in the
athin film of gold on a silicon plate pattern are as small as 50 nanometers

SELF-ASSEMBLED
MONOLAYER

/
THIOL INK

Soft lithography: micromolding

MICROMOLDING IN CAPILLARIES

SOLIDIFIED POLYMER

LIQUID POLYMER

© The PDMS stamp is placed on a hard surface, © The polymer solidifies into the
and a liquid polymer flows into the recesses desired pattern, which may contain
between the surface and the stamp features smaller than 10 nanometers




Subtractive techniques

M Etching
M Focused lon Beam (FIB)
milling (metal ions, e.g. Ga)

M Laser machining
(short, ultrashort, long pulses)

M Ultrasonic drilling
(25 um amplitude at 20-100 kHz, stress free in brittle materials)

M Traditional precision machining

Etching

wet etching dry etching
(attacco chimico)

Chemical/physical removal of a material from a
substrate

Substrate

SN

Isotropic Etch Directional Etch Vertical Etch




Srovnani technolo

IABLE 3.13 Comparison of Different Sensor Technologies: Economic and Technical Aspects

Classic construction

Thick film technology

Thin film technology

IC technology

Technology substrate

Initial investment
Production line cost
Production

Units per year
Prototype

Sensor price

Lse

Markets

Dimension

Solidity
Reproducibility
Maximum temperature

Interfacing

Wires and tubes

Very low

>$10Kk

Manual production
| o 1000
Cheap

Expensive sensor

Multple use, in vitro-in vive

Resezrch, aerospace
Large

Pragile

LOow

300°C

Externzl discrete devices

Scresn-printing ALO.. plastic

Moderate

>$100k

Mass production
1000 to 1,000,000
Cheap

Low cost per sensor
Disposable, in vitro
Automotive, industrial
Moderate

Robust

Moderate

800°C

Smart sensors, surface mount

Evaporation-sputtering AL, O,
glass, quartz

High

>§400K

Mass production
10,000 to 10,000,000
Moderate

Low cost per sensar
Disposable, in viva
Industrial, medical
Small

Robust

Iigh

1000°C

Smart sensors, surface mount

IC techniques silicon, GaAs

High

>3800x

Mass production
100,000 1o 7
Expensive

Low cost per sensor
Disposable, in vivo
Medical, consumer
Extreme miniaturization
Robust

High

150°C (Si)

Smart sensors, CMOS,

bipolar

Source: M. Lambrechts and W. Sansen, Biosensors Mic

elevirochemical Devices, The Institute of Physics Publishing, Philadelphia, 19925 Reprinted with

Material science - combinatorial approach

Imagine and Define
A new material with desired characteristics and qualities is defined.

Select Likely Elements
From the whole Periodic Table, a chemist selects the combination of elements most likely to yield the desired
material.

Create a library
Using robots and other automated devices, a library composed of thousands of different chemical combinations
is rapidly created.

Process in Parallel
The library is an example of parallel processing, allowing up to 25,000 variations of material to be tested at one
time.

Process
Processing can include any number of variables, including heat, high or low pressure, and time.

High Throughput Analysis
The library is screened by detectors that quickly scan various optical, magnetic, electrical, or other
chemical/physical properties of a material, and the results are entered into a massive database.

Discovery and Information
Our scientists apply this analysis to identify the most successful new materials and the process used to produce
them.




MST = Micro System Technology

MEMS

Micro Machines

Micro
Electro
Mechanical
Systems

< MEMS < Micro machine

= Used mainly in the = Used mainly in Europe = Used mainly in Japan

_— ) = System approach, = Background in

= Background in IC covers both MEMS and precision engineering
technology => micro machines
maSS-DFOdUClIOH alle ANTOMATION AND

User
MEMS 2 3

| Human / machine interface |

1t

MICROSYSTEM

Signal processing
circuits

Microactuators

| Micromechanisms Microsensors

| Microworld !

< No general agreement concerning the dimensions of a
microsystem (cm...im)

< One compromise is to refer microsystems as systems realized
within a very small space and having at least one
microfabricated component (Fatikow)

10



LAB on a chip / uTAS

«» Micro Total Analysis System (uTAS)
< What: miniaturization of chemical analysis systems
< Where: laboratory, factory or field.
< How:
= Planar device/stack facilitating microcomponents
= Number of chemical processes are being performed
= From reactants to products or from sample to analysis

< |t might be considered also as a total analysis system transforming
chemical information into an electronic or optical signal.

light source

Lab-on-a-Chip

B stejné ¢i podobné procesy
jako v makro-méritku, ale
odliSna technologie

B aktivni komponenty
— mikropumpy
— mikroventily
— mikro(bio)sensory
— mikromichace
— mikroreaktory

glass-bonded silicon ground plate

containing fluid channels

11



Silicon Mirror and Drive System

mirror design, driven by a three gear torque increasing system.

Pop-up Silicon Mirror
Comb drive forces propel a linear rack, which pushes and pulls on a hinged sheet of silicon. A HeNe optical-band (red) laser is
focused at an angle such that at full extension, the coherent light is reflected onto the microscope camera.

12



Microfluidics

- popisuje pratoény systém s rozméry v oblasti mikrometrii; zahrnuje
miniaturni zafizeni zajiSt'ujici pohyb, michani, filtrovani, zahrivani/chlazeni
a reakce roztokt ¢inidel, pfipadné véetné suspendovanych ¢astic

Vyhody
e Uspora c¢inidel, vzorkd, rozpoustédel, méné odpadu

¢ zvySena prostupnost - fada reakci bézi rychleji,
paralelni zpracovani
e piresna geometrie pracovniho prostoru - davkovani,

uzavieno - Ize pouzivat labilni reagencie, pracovat
s nebezpeénymi latkami za normalnich podminek

e lepsi kontrola reakci - CistSi produkty

e rychlé ustaveni pozadované teploty kapalin a reaktoru
¢ mala velikost - Uspora pracovniho prostoru

¢ robustnost

Fig. 6. Scanning electron microphotographs of some microfabricated devices. a) Immobilization reactor with 5 pm
wide lamellas in a 50 wm deep channel. b) A mixer structure in a 50 pm deep channel. c) Inlet filter: Silicon
membrane (15 wm) with laser micromachined pores. d) Coulter sizer setup with 5 planar inlets and a z-level inler.
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Scanning Probe Lithography

Self assembled monolayer of PTCDA (3,4,9,10-perylenetetracarboxylic
dianhydride)

scannen ruster schreiben Scannen

U, 3
/" 2. 4.

AFM dip pen lithography

AFM T|

Wiriting direction

Molecular transport Y —’

Water meniscus

Substrate

Molecular Patterns " Specific binding of nanostructures|
generated via
Dip-Pen Nanolithograp by

|
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Litografie

M tenkovrstva technologie nejen pro vyrobu zakladniho
chemického sensoru, ale i mikroanalytickych systém,
jakési miniaturni laboratoie na povrchu €ipu

M zakladnim materialem je kiemik (,,silicon wafer®)
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