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The chemical lab as it used to be
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Measuring
on the spot
in the 70's-80's:

hit the road
with your
lean & mean
analysis machine

......
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ca. 1985: microtechnology enters the game
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Slide by Caliper
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Benefits of integration

Comparison of an
accelerometer built using
traditional technologies and
MEMS. The single chip is
capable of performing the
same function as the
complex hand assembly
pictured
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Miniaturised ammonia gas analyser

©]

PhD work of B.Timmer “"""'",1,"1..’.".',‘,.“.'.!



Hand-held microanalytical instrument for chip-based
electrophoretic separations of proteins

Muin system board
HY board carmer,

Sample Loop

= FilliMush pon
with lileer

b Bipraration channel

pnChemLab instrument
Bottom: 2 cm x 2 cm
microseparation chip
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Hand-held microanalytical instrument for chip-based
electrophoretic separations of proteins

Fluidic module

Epifluorescence Laser- 2500 | s
Induced Fluorescence
. . 2000 |
detection module connecting 2
directly to the base of the - ek ovh BSA
fluidic module 5 2000 o LT o]
2 A
) R TR
1000 +
m + " . &
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time (aee)

Repeated measurement on
protein samples
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Integration concepts

Interconnection levels

on chip

tube
connectors TREE

microfluidic circuit board
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"MAFIAS" uy Ammonia Flow Injection Analysis System
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"MAFIAS" u Ammonia Flow Injection Analysis System
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Modular assembly
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"MATAS" by Lionix B.V. (formerly 3T BV), Enschede, NL
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Modular
assembly

Reaction
Chamber

- Qutline of modules
—— Channels

Q Fluidic connection between module <-> Baseplate

Tiggelaar e.a. Sens.Act.B. 92, 25-36 (2003)
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Microfluidic system circuit board

Trmesgmpeii

Design lay-out and photograph of a Micro Fluid System demonstrator with P-
sensors, T-sensors, flow restrictors, flow sensors, in/outlets and electronics on
a channel plate.
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"Monolithic" MAFIAS
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Tiggelaar e.a. Sens.Act.B. 92, 25-36 (2003)

Monolithic integration

Light

piezoelectric
micropump

reactor

AN

optical absorbance cell

complete mixing
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Measurement example
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VLSI microfluidics?
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Stacked concept

Stacked FIA systems: Concept

Ref: 1.C. Fettinger et al., Sensors & Actuators B 17 (1993), 19-25.
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Fiber Optic

Microsystem to Mars B piode Laser

A TEC Fan/Shroud
HV Cathode/Interlock
Connector X
Fan/TEC
Connections

Electrode
< Connections

b

Focusing Lens
Dichroic PMT

Emission Filter / Lens

¢ © |
Pneumatic Electrical Capillary
Connections Connections External Sipper_
Manifold

‘ Computer Control
Fan & TEC Input/Output

Control PMT Control

TEC=thermoelectric cooler
PMT=photomultiplier tube
HV=high voltage

Instrument for amino acid analysis based on CE;
mass 11 kg, peak power consumption 15 W
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M Skelley e.a. PNAS 102, 1041-1046 (2005) University of Twants
°
Microsystem to Mars
B
Fluidic
PDMS
Manifold | E
Channel
(A) Top view showing registration of the CE channel (red), pneumatic manifold (black), and fluidic bus
wafers (blue).
(B) Expanded view showing the microfabricated device assembly. The channel features are formed by
thermally bonding the etched glass channel and manifold wafers. The manifold and fluidic wafers are held
together by the PDMS membrane to create on-chip valves, pumps, and reservoirs
%
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Stacking by wafer bonding

Turbine Hydrostatic Journal
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"World-to-chip”
Microfluidic interfacing



Many possibilities...
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Glued capillary connector

Capillary ——__-,§

Flow 3‘\\\

Low dead volume

Electrically insulated

Used for (correlation) capillary zone
electrophoresis
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More glued capillaries
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Glued capillary-to-chip connection

silicon silicon
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Connections in PMMA block
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LEE MINSTAC system

* The company Lee provides
various connection and
tubing systems

- Easily applicable to
microfluidic systems if joints

fitting to 0.8 mm MINSTAC
062 System are provided

MINSTAC 0862 System

FERRULE -

COLLET SLEEVE — m
COUPL IND SCREW &
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PCR chip holders

Rubber Sheet Guide
&—Flastic Fittings—_
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Micro injection molded connection
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Hermetic plastic package

Piezoelectrical
/' Actuator

Cover
' Membrane
fmk Valves
Top - . e Base
Fluid Channel —— = =~ Alignment Pins
_‘_’__.- b

Outlet  Inlet
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Solder connections to ceramics

. Pneumatic valve: MegaMic

i & Source: HSG-IMIT
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-, Flange joints by screw connection through housing,
%/ pressure resistant up to 20 bar
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Local (anodic) bonding of Kovar to Pyrex

+ 02_ Pyrex

Auidic chanrel
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Silicon bulk-micromachined connection
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Patterm
& Elch

Remave Dxide
& Bond

: Pattern & DRIE
E3 |__ || Tube Fitting
= 1 Apply Moid
\ Release, Insert
Pattern & DRIE .
=& | | Opening | Tube, & Mald
{

B

.| ¢
Pattern & KOH S,
Peg
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Release Coupler

Bulk Coupler Process Flow

Mating
Interface
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Micromachined Rubber O-ring Micro-
Fluidic Couplers
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(1) DEIE Fontcide holes 250 pm  (d) D EIE etch fromback side
Ll [
mfﬁ; Hmaiﬁﬂf (2] Strip Hitride and oxide
(1 Silicone Squeeges ) Tube dusertion
D; (1D of the O-ring)
S
W (anntilus width) Du (back hole diameter, 1 mm)
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Glass preform seal
for high temps. (~500 °C

keovar Tube
Carbon / Gilass
Fixture Preform

| mm

e

J--uu

Increasing T
from 200 - 400 °C

i

Cross section of the harmetic seal created by using

glass solder
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temperature control
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Sci-Fi: nanofluidic interconnections

AFWL TP — Deposition Source

() 1

A | Draw fiber from 1% polymer droplet | p |Vapor deposit metal, glass or parylene|

Solvent Solvent

VY

[ ]  E— |

g |__Join fiber into 21 polymer droplet | _ | Dissolve polymer, leaving capillary
Edge
sheet Fabrication methods for forming and using polymer fibers.
; (A) drawing fiber from liquid polymer droplet

(B) attaching drawn fiber into second droplet to

complete a suspended beam

(C) alternative to (B): drawing multiple suspended fibers in
c parallel

(D) overcoating polymer network

(E) dissolution of the polymer to produce a suspended
capillary network
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Nanofluidic interconnections
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