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Since its creation (1995) : =y
MICRO & NANOTECHNOLOGY
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LIMMS Research Coverage

NOWADAYS : 3 research axes

Quantum dots

Cell-handing Moy Sl
BioMEMS 7
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fabrication
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Cell-tissue
monitoring
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robe

Nanobio icroscopy
molecular
study Integrated MEMS
Advanced
MEMS /NEMS
RF-systems Smart structures

- New NANOTECHNOLOGIES (process and characterization)
- ADVANCED INTEGRATION of MEMS & NEMS functions
- Micro and nanotech applied to the BIOLOGY
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GOAL: To achieve Low-cost, high performances
(high sensitivity, integrated functions, etc.) Bio-sensors

Bottom up:

Top down:
* Shadow mask patterning
* Electro-spray deposition

* Micro/nano contact printing with SAM
* liquid uCP and R2R micro CP
* Optical soft-lithography for 3D micro pattern

* Electroplating with AAO nano porous membranes /

~

Nano fabrication technoloqy:

To develop unconventional Nano lithography & nano
fabrications with low-cost, larger area even in

3D curved surfaces

Qustalth oy ,"
SNG

KIM Lab.

P /sauman] CIRMM/Institute of Industrial Science, The University of Tokyo /Lp

S L
CiIRMM



Unconventional Nano fabrication

|
Mix and Match Unconventional Nano patterning technology
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= Development of (1) unconventional micro/nano patterning
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Sensor Cantilever

Deflection [nm]
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Biology application
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Fabrication of Micro Structures on Convex/
Concave Substrates

Fabrication Process of PDMS Photomask and Optical Softlithogra

25 mM of 10 mM of
Dodecyltrlchlorosﬂane Metal Patterns 11 Mercaptoundecanoic Acid | PDMS

AN
S|02 . i
Cross Section A-A’

(a) SAM (DTS) Treatment (b) Metal (Cr/Au)  (c) SAM (11-MUA) Treatment (d) PDMS Spincoated  (e) PDMS Flexible
on Oxide Substrate Patterning On Metal Patterns and Cured Photomask

| Fabriation process for PO flexible photomask —

Film Type SU-8 Slltr\ig?sow
Photoresist

(Thickness: 25 or 50 pm)

nicoat™ Coating  (c) Flexible Photomask (d) UV Exposure with Rotation (e) Micro Structures
Film Attachment Wrapped on Substrate & PR Development on Curved Substrate
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GOAL: To achieve Low-cost, high performances
(high sensitivity, integrated functions, etc.) Bio-sensors

Nano wires :

1> Nanowire heater fast,local temperature control (bio-thermal appl.)
2> CMOS-compatible Si FET nanowire sensor (for biosensing)

3> Surface phonon polaritons heat transfer

2011 Journal list
J.Micromech. Microeng.
Lap on a Chip

——

Nano fabrication technology:
To develop unconventional Nano lithography & nano
fabrications with low-cost, larger area even in
3D curved surfaces
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Peter Low et al,

e Previous work:
Temperature mapping with

a) Reference image - I

b) Image of heated structure - Iyeated
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Calibration curve - Dried Rhodamine B
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Cell heating and HSP-exeression result

Patrick et al. Lab Chip (2011)

qu—4|9°C

Optical image Fluorescence image
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I= 62.5 mA

Cell models at the same position
as cells expressing GFP

GFP

O Heat-shock happened in a range 42-44°C
predictable from current literature

Q Accuracy of our method : £1°C

0 High confinement of heat-shock possible

h
o, KIM Lab.
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Non-conventional fabrication of field-
effect transistor silicon nanowire based
label-free biosensors

P. Ginet, S. Akiyama, H. Fujita and B.). Kim

Institute of Industrial Science, The University of Tokyo




Silicon nanowires : FET functionalization

n-doped p-doped n-doped

S SRRV

= Nanowire

Q A top-gate gold electrode is used to adress individually each NW
array and to avoid the high voltages required for backside type gate
electrodes

14
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Real Hot TOEiCS at this moment

® Micro heaters chamber device—Supramolecular interaction between
biomolecules and calixerenes capped Silver nanoparticles. Study of the

mechanism of aggregation and the effect on the plasmonic resonance,

nucleotides

2011, Chemical Science,
IEEE NEMS submitted

® New investigation of thermal conductance in nanostructures—
Surface phonon polaritons Heat transfer enhancement ?

abnormal heat conduction phenomena related to ballistic regimes of
transport. Design by modeling a micro/nano structure that allows for strongly
enhancing the coupling between SPPs. Experimental works to prove their

contribution to heat conduction.

2010-2012, FIAFEHEB

CIRMM/Institute of Industrial Science,

Phonons with short free path
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SPPs with long propagation length

SPPs coupling
in the tube wall
SPPs coupling
in the cavity




GOAL: To achieve Low-cost, high performances
(high sensitivity, integrated functions, etc.) Bio-sensors

A

Nano channel/fluidics :

1> Single DNA molecule’s mobility investigation
2> Long DNA separation in nano fluidic devices

r
Nano fabrication technology:
To develop unconventional Nano lithography & nano
fabrications with low-cost, larger area even in
3D curved surfaces
@yﬁ R %*t ' ' . . ' KIM Lab.
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NOT Published YET

The 2" stage ;

DNA electrophoresis . s
LONG DNA separation success!

nanoslit device - Length dependant mobility

Qﬁ% *‘,:: CIRMM/Institute of Industrial Science, The University of Tokyo /LZ“




‘Shadow evaporation’ to achieve the device scale to deform DNA.

Conventional UV lithography cannot easily fabricate the relevant scale for DNA confinement.

Radius of gyration
A-DNA ; 0.69 £0.05 um Sub-micrometer scale required
T4-DNA ; 1.46 £0.2 um
5 um with UV lithography ' ‘ -'
metal evaporation with _
tilted angle ; 0 81805 series ; ~ 500 nm high
amame l with trapezoidal profile

s oy T h; PR thickness
; Silicon nitride
» ~ nanometer scale
™ ; Silicon .
B : Photoresist g~T-tan 0 From vertical nano
~ nanometer scale to lateral nano

; Metal

KIM Lab.
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‘Anisotropic etching’ of zigzag pattern to achieve
the repetitive deformation of DNA.

The alternating structure of wide and narrow parts can be fabricated
by parallel at ONE TIME process.

D 50KV X1,000 10gm WD 7.7mm LEl  50kV X30000 100nm WD 8.0mm
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The length dependent mobility in chamber-channel type device

The large T4-DNA i1s slower than the small A-DNA.

>

50um

~

Q|
T 2 INA
T
§ 15 -
N~ = T4-DNA
2 10 - ~— $
S ~ 5 um/sec
S % y Iz
3 : ( X 38 34
. . — n 200-nm
in 200-nm wide chamber-channel 0 ! !
10 um» wide chamber-
E=5volt/cm 0 1 2 5
channel
The average intensity (arbitrary unit),) ~ E=5volt/cm
«y’\wmh N KIM Lab.
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B.J. Kim lab. (NEMS -> J33& () Vision)

-Practical Point-of care & disposable bio-sensor chip (interface with electrical signals).
- “Chip in a Lab”-> Smart Portable “ Lap on a Chip”

MS
j@ng

_t?
Point of Care
Portable Chip!

GEL CHANNELS
PHOTODETECTORS

WIRE BONDS

HEATERS

TEMPERATURE
DETECTORS

FLUIDIC CHANNELS

AIR VENTS

Isi.epfl.ch
SRR, KIM Lab.
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Biosensors:

Target Protein “Antigen”
Needs: micro fludics

. X
MICro pump,  Epitope

valves, etc.

kA

Key: interface sensor

Signal transducers
(electrical, optical, mechanical, etc.)

Electrical signal
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1. Twin Microcantilever Type Sensor Arrays for
electrical/physical characterization of single cell
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- Imped mt\uades of air, DI water,
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To outlet channel

10000000

N

[ L Naormal cell
1000000 -t —F—3
B
\%:HJ =
100000 \
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¥1,888 18Mm 10000

Impedance (ohm)

—— average normal RBC
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1000

—=— average abnormal RBC
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100 1 1 1

1 10 100 1000 10000 100000

Average impedance value for normal and abnormal
RBC through the same device (7 times/each cell)

Fabrication Results



2. Single-cell Electroporation Microchip with Three Dimensional Si
Microelectrodes for Gene Transfection

Bl LobaRL—a BARA428F T DREFEES T

. Schematic View

SU-8

Fabrication Results

channel
€ Experimental conditions
- Jurkat (T-lymphocyte) cells
- Waveform generator

PDMS _
sealing
Outlet
! (Tabor Electronics Ltd.)

Expression of GFP after 24 hours - Pulse duration: 100 ms
- Pulse period: 1 ms

- Pulse sequence: 10 times
- Applied voltage: 0.7
- Fluorescence: GFP, trypan
blue

Simulation results of electric field

around microcantilever electrodes
(Max= 3x10* V/m) Expression of GFP after 4




