BioMEMS (and Microfluidics)
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Presentation Notes
RF MEMS is more and more finding its applications in RF/microwave applications in modern communications, including wireless communications and satellite communications, etc. RF MEMS components(or systems) include RF MEMS (tunable)inductors, RF (tunable)capacitors, RF MEMS shifters, RF MEMS switches, FBAR(thin film bulk aroustic resonators) & SAW(surface aroustic wave resonators), etc. These components have the advantages of both mechanical components and solid state components. They include small size, low weight, low cast, low DC power consumption, low insertion loss and good isolation. RF MEMS circuits almost may replace most of cricuits in T/R(transmitter/receiver) circuits to obtain better RF/microwave performances and better mechanical properties. 

A MEMS varactor closely resembles a traditional variable capacitor


History of MEMS Technology

5i as a mechanical matgrial (Petersen)

Pressiie Sensnr ermo-pneumatic valve (Redwood)
iy, 5i Pressure
BJT (Honeywell) S , SFB Pressure Sensor
Transistor , i {ovaSensor)
IC (Motorola e
Metal sacrificial I\‘x Anodic Bonding ' S
process (US Patent)\ [HNA  EDP l KOH SFB /\MAH XeF,rF,
\ |' Bio MEMS
* l L 3 L J ¥ l ID
1950 1960 1970 1980 1990 2,000
f_,r" /f’ ' Lok [ | T Optical MEMS
/  PolySibeams =l - GI}F 13;315 )
/ Howe. Muller Si Gyro (Draper
RGT (Nathansonetal) / o0& uien) DMD (TT)
ff ADXI. Accelerometer
/ PolySi Micromotor ) :
/ (Tai, Fan & Muller) IR imager (Honevywell)

Metal Light ‘l’aix'e (RCA) : ) -
PolySi Comb Drive (Tang Zouspasmss

= DEDECMS.COM

BioMEMS is a relatively new field...

Image taken from: http://www.rfmems.net/a/MEMS/20100411/58.html



B
SILICON & ITS
DERIVATIVES

Silicon(Si)
Silicon Dioxide - SiO, (glass)
Silicon nitride (Si,N,)

ﬂ BioMEMS
* Mechanical Reliability Materials

* Performance
* |C compatibility
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Presentation Notes
Noble metals are metals that are resistant to corrosion and oxidation in moist air, unlike most base metals


Microfabrication Consists of 3 Major
Steps: Deposition, Patterning, Removal

1. Select a Substrate (e.g. a silicon wafer)

Structural

—

Film — T 2. DEPOSIT the Structural Material

(usually a few-microns thick film)

3. DEPOSIT PhotoResist (PR)
(PR is photosensitive to UV radiation)

4. PATTERN PR using light (LITHOGRAPHY)

5. REMOVE the structural material

6. REMOVE PR




DRIE of Si — Operation Principle

Step 1 Step 2 Step 3

C,Fg-based Sidewall
plasma /passivation l l SFe plasma ll l SF, plasma ll

Silicon Silicon Silicon

T Repeat cycle |

Etching is performed in cycles of 3 steps:

Deposit Polymer (step 1) : C,F;-based plasma is used to conformally deposit a few monolayers of PTFE-like
fluorocarbon polymer across all surfaces

Etch polymer (step 2): The plasma gas is then switched to SF, that isotropically etches silicon (like typical RIE). lons from
the plasma bombard the surface of the wafer, removing the polymer. Increased ion energy in the vertical direction
results in a much higher rate of removal of fluorocarbon from surfaces parallel to the wafer surface.

Etch silicon (step 3) : Following selective polymer removal, the silicon surface at the base of the trench is exposed to
reactive fluorine-based species that isotropically etch the unprotected silicon. The remaining fluorocarbon polymer
protects the vertical walls of the trench from etching.



Soft- Lithography:

Creating a ‘Soft’ (e

1. Start with a Master Mold

2. Cast and Cure PMDS

e.g. cure at 100°C for 45 min

It can be reused <«——

.g. PDMS) Mold

Master Mold

3. Peel off and u r DONE!

Master
Mold




What can you do with the
‘Soft’ Mold?

1. Micro Contact Printing (1LCP)

2. Replica molding (REM)

\ /

3. Micromolding in capillaries 5. Microfluidics
(MIMIC) +

4. Microtransfer molding
(LTM)



& Multilayer Soft Lithography

...From Simple Valving... ...to Complex Systems:
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BIOMEMS in the Medical Field

Ex vivo...

In vivo...
Micromachined Transducer

Applications for Medical Wi
Diagnostics & Treatment
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Image taken from : http://mems.colorado.edu/cl.res.ppt/ppt/g.tutorial/ppt.htm
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Intravenous therapy or IV therapy is the giving of substances directly into a vein. The word intravenous simply means "within a vein". Therapies administered intravenously are often called specialty pharmaceuticals. It is commonly referred to as a drip because many systems of administration employ a drip chamber, which prevents air entering the blood stream (air embolism) and allows an estimate of flow rate.
Intravenous therapy may be used to correct electrolyte imbalances, to deliver medications, for blood transfusion or as fluid replacement to correct, for example, dehydration.
Compared with other routes of administration, the intravenous route is the fastest way to deliver fluids and medications throughout the body. Some medications, as well as blood transfusions and lethal injections, can only be given intravenously.


http://mems.colorado.edu/c1.res.ppt/ppt/g.tutorial/ppt.htm

Micro Needles

Solid MicroNeedles Ultrasharp Si (Citadel style)

(coated, first generation) ~ with a hole at the side
n : Y oA A .-




Optical Pressure Sensors

Concept: A deformable membrane acts as a mirror in a
Fabry—Pérot cavity

Fabry-Perot Cavity
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The CardioMEMS Sensor

Materials :

BB B B | | | N Y el e e

e Copper-clad Liquid Crystal Polymer (LCP)

Expanded PTFE

e Expanded polytetrafluoroethylene

I B I N O | T T | I B B S

(PTFE)

LCP Cu Clad [a}

Microfabrication Process

e Photolithography/ Wet Etching

e Bonding: The layers are aligned,
assembled and laminated at 180°C
under pressure

Final Device: A self-packaged
structure in which only a polymer
outer surface is exposed to the
environment
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Commercial LCP material is supplied in thin film with
predefined thickness ranging from 25 μm to 3 mm. One or
both sides of the LCP film may have 18 μm thick copper
cladding. This copper layer is laminated in a vacuum press at
a temperature around the melting point of LCP
LCP has very low
moisture absorption (∼0.02%) and low moisture permeability
[17]. For other gases, including oxygen, carbon dioxide,
nitrogen, argon, hydrogen and helium, LCP also exhibits
above-average barrier performance.


BioMEMS Actuators

h 650 um
'Hot and cold arm' actuators

a. Cr/Au layer (heating element)

l- -

= o 3 L
e |

b. SU-8 layer (structural element)

CriAu

8 um

S

c. Cell holder
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Here you see the cross section a single unit of the multiplex TIR chip. The chip is composed of four
Layers. Two glass substrates, one silicon susbstrate and PDMS microfluidics. The key point of the desing is the implementation
Of the silicon/aluminum micromirror that redirects the light to an angle above the critical angle. The incident angle is
Thus defined by the micromnachinign process. For example, the mirro angle is 54.7 degress for standard KOH etch.


Microfluidics/Lab-on-Chip Systems

Fluid * -
Handling,

Amplification, ; : :
Derivatization, Lab-on-a-chip concept for capillary electrophoresis Fi ir{arleswnee, |
Lysis of cells, Sample 2 Dilution 3 Chemical UVAvis Absorptiof,
Concentration, ot o o) reagent Amperometric,
Extraction, Conductivity,
Centrifugation RamanT

Yample Prep Sample Derectiof

Buffer Sample
waste waste

Sample Separation

1

\\\ Electrophoresis, liqguid chromatography /}/




Navier-Stokes Equations

v . -
pl—=—+V- vV = —Vp + pg + LVV

atl L]

Pressure

. Viscous
Inertial Forces Forces
v Forces
Gravity
Forces

In most microfluidic cases, Inertial & Gravity forces are
negligible compared to Pressure & Viscous forces

N-S: 0=-Vp+ ,u?gl_"}



EOF and Electrophoresis

EOF and Electrophoresis might compete each other...
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Capillary Electrophoresis for
DNA Separation

Concept:
Use microfluidic channels (capillaries) to separate DNA fragments

detection area

sample
. . . O sample W //’/
Operation Principle (Ol thoane 3y
. buffer intersection T '-_?,;ﬁ"ﬂ;ste
a) Fill the channel ‘

separation channel
sample waste .7

intersection with
sample solution

b) Apply potential j?j’} _____________
between buffer @ C=r—— ===l
and waste inlets % ®
to initiate
electrophoresis © %f ®

Electric Field applied: 200-400 V/cm, Separation time: 1-2 min, Limiting factor: Joule Heating



Dielectrophoresis

An Non-uniform Electric Field exerts a force on a uncharged,
dielectric object (e.g. particle)

Non-uniform

s / electric field

Neutral, Dielectric
Particle

}Het force
+. www-dsv.cea.fr/.../Image/Pascal/biopuces_64.jpg
The object does not have to be charged,
_All dielectric objects exhibit dielectrophoretic activity!
Application
To move, trap, separate, neutral, dielectric objects (e.g. cells)




Fluidic Operations in Digital ufluidics

Input liquids  [m| [my| [mg [my

__Droplets
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/\IL 1. Create droplets from reservoir

1. Droplet
formation/injection

2. Cut & Merge
(Split & Mixing)

1.4 mm




Microfluidic Components

4

Used to manipulate
(transport, mix, separate, etc) fluids

u-Valves
Passive Displacement
7A) P Vs u—Mixers u—Separators
Active Dynamic Passive p-Filter

Us u-Dispensers
Active Other...



The Herringbone Mixer

Concept:
2-Flow Mixing  Use set of ridges to create transverse vortices,
A 100um (parallel to the cross section of the channel

Ay=3cm

3-Flow Mixing

Ay =3 cm

o e
200 um,

e Channel Width = 200 um, Channel Height = 70 um ,Ridge
Depth = 40 um, Ridge Width ridge = 200 um
e Mixing length 1-3 cm, Re ~ 102
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Presentation Notes
Herringbone describes a distinctive V-shaped weaving pattern usually found in twill fabric. The pattern is called herringbone because it resembles the skeleton of a herring fish.


Integration. x—lenses on p—Actuators

Concept
Integrate electrostatic p-actuators with p-lenses (e.g. for scanning...

\-

» u-lenses are simply dispensed on the actuator ring and UV cured...
eElectrostatic actuators (comb drives) are used as they require minimum power



Integration. Optical Detection and
Excitation on-chip

External Optics | «— CCD
P - Camera

(for fluorescent

detection) “ «+— Filter

Plano Convex

Lens Array

Double Convex

. \‘— Microlens Array

Sample Delivery
Channel

<«—— Suction Channel

Waveguide

Micromirror

B - /“\ /‘\
CSA — — — —4—P|nhoIeArray
Module
TIR-CT
Module

External Optics === Laser source Laserout —

(for excitation) [ I

The biochip integrates two
modules:

* the TIR-CT module for
Isolating, Trapping and
llluminating single WBCs

ethe UCSA module for
imaging/counting the
trapped WBCs



Some other exciting stories...



1. Single Molecule Real Time
(SMRT) Sequencing

Motivation: The $1,000 Genome Project

What if you could sequence the entire human genome
in a single day, in a single experiment — for less than
$1,000?



Nanopores for
DNA SMRT Sequencing
Concept

Flow DNA through a (~1nm) nanopore and measure the electric current
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Currently under development by several companies (Oxford Nanopore Technologies, Noblegen)



Zero-mode Waveguides for
DNA SMRT Sequencing

T ms)

photons/1Ums oin

-
%, | llumination
Dichroic filler ! ;
G0 65 70 75 80 85 a0 95 100 108 110 115 120
Collected fluorescence

Zero-mode wavequides (ZMW) guides light into a volume that is small
in all dimensions compared to the wavelength of the light:
- Minimize background noise - Single Molecule Imaging

Under development by Pacific Biosciences



2. Large Scale Microfluidic
Handling



Large-Scale Integration of u-valves

A Ricvwas Horizontal comparmentalization

msitipleseor | . valva 55":;';' nput SPECS

| : * 3574 on-chip p-valves

e 22 outside control interconnects
* 1,000 individually addressable
picoliter reaction chambers

e A column and row multiplexor
are used to address each
chamber

The microfluidic Multiplexor
1 2 3. 4 & & ¥

Bit 3 =

Bit 2 =1

9 rF9 i rrnra ' Bit1 = 1
(T T R T T

o11=3 I

e i = i =

Reference: ‘Microfluidic Large-Scale Integration’,
Science, 2002, Vol. 298 no. 5593 pp. 580-584



Fluidigm Dynamic Array
Integrated Fluidic Circuits (IFCs)

On-chip High-throughput Polymerase Chain Reaction (PCR)

Fluidigm chips have an on-chip network of microfluidic channels, chambers,
and valves that automatically assemble up to 2,304 unique PCR reactions,
decreasing the number of pipetting steps required by up to 100 fold.

Applications

* Gene Expression

* SNP Genotyping

e Targeted Resequencing

* Single-Cell Gene Expression
 Protein Crystallization

Watch Videos at: http://www.fluidigm.com/biomark-videos.html|



3. Centrifugal Microfluidics

Commercialized by GYROS:
http://www.gyros.com/en/company/about_gyros/index.html



The GYROS BioDisk

mobile player unit

* application specific design * process control by spinning
* low-cost & disposable * detection

Key Idea:
Use hydrophobic Patches to block fluid flow. Use
Centrifugal Forces to overcome these pads
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wwaro viovic. www.gyiua.cun/en/products/gyrolab_bioaffy cds/gyrolab_bioaffy _cds/index.html



GYROS for Protein Quantification

CD for protein quantification

| distribution
metering channel
structure
inlet
hydrophobic metering
patch 7~ | structure
* 112 parallel measuring DyeEiD
channel
structures per CD
capture i) _
* 200 nL of sample and column [ ] IVLL] NI T~
reagent per measurement
. B =
* time-to-result < 1h B
. . . \
Applications: Point-of-Care Immunoassays capture  streptavidin

column beads



BioMEMS: The future is Bright!

MEMS products phase of development
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Hope you got Inspired!

...And please do not forget to evaluate the class...
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