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current micro/nano-fialkrcation Scenarno
Key definitions & concepts
list of different technigues

fields) ofi applications, examples




The common way: Si & Photolithograph
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www.just2good.co.uk/ cpuSilicon.htm http://www-306.ibm.com/chips/gallery/




Pushed to the limit: Phase-shift Photolithography

Phase-shifting mask

Ap=KkAs=knAl=n

Rogers, ..., Whitesides,

Appl. Phys. Lett. 1997, 70, 2658 :
doubled contrast

90 nm linewidth demonstrated - ) — +25to +100% resolution

«

Michel, B.; Bernard, A., et al.
IBM J. Res. & Dev. 2001, 45, 697-717.




A long story...

you already know about Moore Law !

best consumer gate length
in production: ~65 nm

absolute better result:
20-30 nm

Lithographic method Resolu-
tion [nm| (DRAM)
Photolithography (A[nm])
(436), g line of Hg lamp 500 6 M

A . i line of Hg lamp 350 64 M
] {), KrF excimer laser 250 256 M
) 180 1G :
A% € 120 4G Side Gate
2007 IV (126) 100 16 G
argon laser l

2010  Advanced lithography = 1000 =16 G

extreme UV (EUV, 13 nm)

y (6—40 nm)
focused 1on beam (FIB) i
electron-beam writing

proximal-probe methods




“Bottom-up” Nanofabrication

Several process approaches exist including:

Templated growth Self assembly Physical Vapor Synthesis
nstuinin i THE Y% FRUECESS
Nanoporous solid molecular Nano-
lIlE’ltEI'lﬂI pl’Fe):)eUgeSOI' therm;apor ——_— clusters Crystals

cooling

jets _gas
- injected

SN Ny NN =
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Electrodeposition  Vapor-Liquid-Sclid

Growth »-9‘ :’_
I / i [:-urm;m'l
‘i ' ! i
Removal from Membrane Redwing, et. al, PSU  Letsingeret al., Angew. Chem. Int. Ed. 2001, 40, 2909.

Produces 8nm-75nm
particles in a wide variety
of materials
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Viastenpieces o Weak lnteractions
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» disulfide bond

pretenielding



Self-assembling

definition: of molecules
ophbjects) , well-defined

(
0)/ forces
dIVIRG GrCe: equilierium _ :
final structure:  determined by the subunits In S world of biolegy:
felding| of proteins;
SelifAssembled Voenoelayers

X{(CH,),SH + Au® ———> X(CH,),S~Au' + 1/2 H,

and selifi=erganization
X head group of long-chain
CH,).. organic melecules

on flat substrates

alkanethiolates
CH,(CH,),S

Au (111)

formation off DNA helix; ...



How to obtain SAMs

= AL on SH100)

Image of Gold Surface Patterned with
Hydrophobic and Hydrophilic SAMs

STM Image

Xia, Y.; Whitesides, G. M. Angew. Chem., Int. Ed. 1998, 37, 550.
Michel, B.; Bernard, A., et al. IBM J. Res. & Dev. 2001, 45, 697.




Micrecontact Prnting

bl Ly

Si

l Print SAMs

a-c: Silver,
e: Gold,
f:  copper

a, b: rolling stamp

g, h: metal as etch
L T b Z bt sl Ten By HDT
mask for silicon [ eows |

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.




e Core Materallef Soit LLithegrapny.

Poly(dimethyl-siloxane)

Glass Slide vs. PDMS

-[S1(CH;),-0]-,

GlassSlide
NaLimeGlass
—PDMS
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Wavelength (nm)

* Transparent
* Low Thermal Expansion

* Chemically Inert
* Environmentally Safe
» Reusable for patterning

* Best Resolution: 2-10 nm




eldest & easiest Soft Lithe: Replica Vielding (Relv)

),

l Mold prepolymer ——
0

E].E 1 []

=~ W

PU mold

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.




Miasters & Vields /[ Stamps

Master fabrication:
E-Beam FIB

Photolithography = Micromachining
Holography SPM lithography

Mold / Stamp fabrication:

Replica molding

Advantages:
 keep Master safe

* tune material to application:
PDMS, PC, ...

Master

= Silanized

‘ Cast/Mold
| stamp
l material

LI_I \_IJ Mold / Stamp
EARFE. Y

!

|!| o I o P |A|Pattem

‘ Rapid Prototyping‘




CD micre-iImprinting: Soft Lithe ante litteram

LOP-VIEW,
off the pits

© Laser
' /
T T Laser rr.-cnrding

- .
Irom tape Devealopmeaint and

melal deposition

K. Pohlmann, The Compact Disk Handbook, A-R Editions, 1992 photo
lithegraphy,

Melal -—— JJ@ Electralarmng
) Metal ‘falher'— q:__l-l—__‘l_!__—;;
master =

EEm=m e

1 father

tetal “lalhsr - ._L__lT'_-u'—_l—_'J
(S GERHIO rpaerar -rocrngr [ oy Sesloming eplication

sl al sleimpper —] — - - )
#2 3'6 mothers e " 1—'] Claciraforming <

Batal v rraslher s — - J

3-6 sons (Stampers

embOSS| ]9 Stamper -——“m
Polycarberats — — O, Pislective fayer., e Labed
i I I N ealian of
injection molding M ana s

50-100 nm Al or Ag (Au)
10-30 um acrylic
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Deformation of PDMS

Sylgara.184
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Michel, B.; Bernard, A., et al. IBM J. Res. & Dev. 2001, 45, 697.

= =] d =

[
(1=().9910)

(h/1) range is 2.0-0.2

—]

d (.2-20 um); h (.5-200 um); 1 (0.5-200 um)

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.




Odom, T. W. et al.
Langmuir
2002, 18, 5314.

Iimproveadiviaterals

Example application

Sylgard 184 PDMS

h-/184 PDMS

Roof collapse

collapse

Surface tension

Micromolding in
capillaries
184 PDMS
SU.E] st:ate

§ no filling

] e I |

no pattern transfer
due to roof collapse

Lines of polyurethane

Replication of recessed

features

184 PDMS ‘
AV W ..:‘m".'t'.-{._ AV

collapse

\j

Molding of sub-micron
features

polyurethane

Lnms————————

Replication and molding
of sharp features

photoresist
(Shipley 1805)

¥
NP ———

hard PDMS,

Young*

i ~2>~2000 MPa




direct
transfer by
hot pelymer
compression
(50 nm res)

compression
of a resist,

RIE develop...

(10 nm res)

maln seft lithor techniques

14 4124

negative of a
master
(30 nm res)

m hard stamp >
elastemeric replica

controlled pressure
(andi temperature)

hard or thermoeset
(PC) stamp

(fler master presenvation)

22 1759

mold-substrate
cavities filled with
side drop; baking
(L pm res)

mold loaded
with polymer,
upside-down
(200 nm res)

solvent
transferred
— polymer:

blow-up
(60 nm res)

= transfer of a SAM “ink”

m  hard er elastemeric
(PDMS) stamp
(fer conformal
contact)

63 2002

alkanethiol (HDT)
Ink transferred
— Au/Ti: SAM,
~resist ...
(300 nm res)




MicroVelding inf Capillanes (MIMIC)

PDMS mold > /i”';- 5

Flace a drop of

prepolymer
at one end

\ dz  Rycos 9

dt 4nz
Fill channels by
capillary action
77: polymer
viscosity
y: surface
tension
R, z: capillary
section &

length a: PU on Si d; polystryene colloids
remove mold b: polyaniline etf: free standing PU

¢ filling front -
to channel wall & Zr02

angle

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.



Microlranster Vielding (LoFEvi)

UTM

| .Pn_us |

Remove excess [T |
1 2
Flr‘EF"?rﬂﬂTl'Er CENTIMETERS

PDMS
l Place on the support

PDMS
.

prepolymer

m—

l Cure, remove mold

e+f: solgel

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.



Selvent Assisted MicrelVoelding (SAMIM)

photoresist on
a: S10,
b: polystrene
¢ Remove mold c: ABS

i =
resi

dual film

Xia, Y.; Whitesides, G. M. Ann. Rev. Mater. Sci 1998, 28, 153.



NIL (or HEL)

(r,~105 20y

Contact with
patented technigue (19981 US) by Chou the target material
67 3114 , 272 85

~ ~130 bar <~ Thermoplastic material

holes 25 nm diam., 120/ am perod

trenches 60 nm width, 100 nm depth
50 nm width, 175 nm gap, l Applying Pressure

By Jaszewski Thermoplastic material
41/42 575

MW 25k-500k
thickness; 50-300 nm l Stamp Separation
, Tew minutes

Thermoplastic material
| substrate |

substrate




Pressing tool

= “home-made” or professional (isebaric demolding)
= usually fast heating/coeling not necessary.
(seme 10 minutes; but alse: shock cooldewn; by liguidiN,!)
= usually’ vacuum: not-necessary. (lui helps remove: air;
pubblesrandiwater vaper frem interface)

= |ange arneas
= [yall-jeint for
= cuUshion| layers against
(Uneven pressure)

cushion layer.

3

heating/ TS E—

cocling line,
polymer layer,

5
[ e e

g
;
cushion layer, [

press platen

ball joint,

lrydranlic wnit,
Obducat “Eitre2”

(Nanonex, Suss Microtech, ...




Elastic regimes; Ini tine on compression

Peso molecolare crescente

viscous fluid:

—1/E,
adaptation te
mechanical stress

Log (t) [u.a.]

similar to phase transition :
of reaction

since the difference in time scales is of orders of magnitude,
to observe the different regimes one has to




Micrecentact Printing DNA; Pretelns

A-Scheme . B - Fluorescence image
© R

[ (e

e

¢ Eipmrea— - AFM image

LSt

printed DRA pattern

S.A. Lange, V. Benes, D.P. Kern, J.K.H. Horber, A. Bernard, Anal. Chem. 2004, 76, 1641.
H. Wolf et al. IBM Journal of Research & Development. 2001, 45, 697.




Mesaic limmuneassays

(injected) analytes

%ﬂ@ﬁﬁ

human IgG |
bovine 1gG |
m. mouse 196, |

chicken g3 |

dog 193 |
guinea pig 19G |

I:L]

(immobilized) antygens

.e‘i"‘“u x'-.‘a

b _-.].F" i:’.!-

D Beading Mosaic

A. Bernard, B. Michel, E. Delamarche, Anal. Chem. 2001, 73, 8




Lalerenra Chip

Courtesy of Agilent Technologies, Inc.

e goal: to : moves ions in the fluids
normally made by humans (different speed for different mass)

e miniaturized means : works on thin layers
(health care, terrorist attack reply, ...) of ions at the wall interface,

e N0 conducting wires as in electronic relatives & moves all column

e - channels, to be designed 3D . 's “GeneChip”,

e no pumps/valves, but by V: 's “LabChip”




Organic Light Emitting Diedes

Seit contact lamination
Provides: a means, for

at reem temperature in
ambient conditions
Applications:
a Confermalle light seurces
s Nanoscale optoeelectronics

EL layer
ITO

Substrate

Lee, T., et.al.,PNAS 2004, 101, 429.




Distributed Feedback Lasers
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hot embessing (NIL) or even RT
emboessing (for lew: MWW active
matenials, elygemers)

planarization of patterned (quartz)
substrate (lower n contrast I.e.
higher lasing threshold)

Output Intensity (arb. units)
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Pump Fluence {uJ/cm?)




u-contact Prantingl niade: Electronic Paper;

Au-couled 4: Denosi :
111> Tk : Deposit other
TR I it 1: Ink, print l substrate circuit components

CH,CH —-—#
- ,r g3 //” f ”///
a S

2: Remove staml f I 3: Remove HDT

/%
/ /4 &tch Au /

'ﬁé’

: andddasdds
Faahnabbadgddddn
-L'J-llilliill

—
—
| R
P

Dodabalapur, A.et.al. Appl. Phys. Lett. 1998, 73, 142-144.
Rogers, J. A. et. al. Proc. Nat. Acad. Sci. USA 2001, 98, 4835-4840.




AENMlithegraphy:

Vector scan ploughing

e subtractive
* hardly uniform (dragged matter!)
e convolution effects (edge ripples)




AEM LCocal Anodic ©Oxidation

1n air we have adsorbed water at the surfaces v
—> electrically induced chemical transformation i

<V

sample

AFM tip

attipp  2H,0 +2e 2> H,T +20H:
at Si: Si+20H- - 4e- = SiO, + 2H"
net EC reaction:

» conducting levers (e.g. Pt coated) « T-AFM imaging with low A
« conducting substrates (e.g. doped Si, thin Ti or GaAs) * pulsed electrical bias




IthegrEaPNIC VECIOR SCan
IPARGAIC Veliagelitheaapny.

* additive

* less edge problems

e large convolution
broadening (meniscus)




AENIEDipren Nanelithograpny.

Piner Mirkin A
i e =ik
5ol Y9 255, 681 o chemicalraiinity;

PIGRIENMIOI; e writing lieguired

c| uSeht?Jar 1Eﬁrecselon capillary | : dmm" (tlp="nin")

Maolecular
Water

e ~ p-contact printing
USETtINiee) | I[— X

meniscus size : _ _
function of (after imaging)
RH%, tip area

after 1 min d| |n n acetonltrlle sol of cta ecane hiol:

'I".'uh AL
| Ih “'!Hr'r\.':l h".l'




e fouRdingl SPEECh! off nanetechneloay
60 nm

Az scon as 1 mentior th:s. [:Ef:.-ple tell me
about miniogturization. ond ho. Far it has
F.Ii‘ udff““‘-t:'d T. ﬁdt.]ld T} ‘H "LE*I' e '.]hr.'}utf
electric mo%ors thot are the si:

Aai l on Your =mall "Finaer.

d*‘:‘.:?[:.—.‘- o *._L:L‘ pre Tf""’.é‘ - L |"It'."l_j ! fI; e

L_'it:u con write the Lord s Pr-ander on the head
F |

c pin. But ~hot's nothking: vthat s the mose
Pr'm e S-S . _!, 17 t['".fr d’l‘*-?-_":“‘ 1Oy I
irtend o i€ 0 stoggeringly small
wor |d that is helovs. In whe year- 2088, . hen
'thﬁlj lack bock ot this age. thoy ¢ il

coonJer -...x.:hlj it wnis not until the year

1968 «hotw ﬂrgbﬁda E-—*Har sar jous TH +0
move in +h|¢ direction.
—pHe— -
400 nm Richard F. FEHnrhnn, 1968




el celera

SNOM Photolitho (SNFP)
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y .-' ' .". {(He’( Fid
negative .
pattern l CH;(CH,)7SICk
transfer

1 Ao
."r" L rg

JOTSJ‘

positive
pattern

| erscery,sicy
transfer

rif—-’f(fr

Au dots (1 gm high) by evaporation
through a CF—5i{OFEt)s-coated stencil

AuS{CH.).X + 3.0, + — Au® + X(CH2).S0s

exposad SAMs
are
photochemically
oxidized:

oxidized adsorbate molecules

displaced by immersion
into an alcohaolic thiol solution

selective
etching
of A

AFM Nanografting

HEAM
| s

substrate

gold W evaporation

no clogging 7

—

_—
= - g

—

conic dot shape

cylindrical dot shape



Eeuntain Ren Nanolithegirapny:

BIOFORCE

L]
N ANDBSBCIENCES

Nano eNabler™ System

Benchtop Molecular Printer
Technology

Principle: The Mano eMabler™ system is & muttifunctional surface patterning
=1z y plattorm for dizspensing attolter to femtoliter wolumes of hiomaolecules,
by FI B m”“ng g ( 93) nanoparticles and other liguids onta a wide variety of surfaces.

Technical characteristics: Prints spots and lines from 1 1o 30 microns,
100mzec printing cycle, 20 nm stage resolution, S0 mm Y travel, multiplexing
ability .

Benefits: Faster and mare flexible than conventional technologies; no clogging

Reservoir of mizalignment problems, muttiplexing akility .

Design. Print. Publish. Repeat.

— - m _
Cell patterning Biosensor

Direct cell growth and functionalization Creste
The Mano eMabler™ system interactions “H novel zensors and devices
allory s the deposition of

minute guartities of liquids at

defined locations with high W giomarker sCcreening ﬁ Virus detection

commercial prOdUCt (’07) spatial accuracy and high o Fast, sensitive non-
speed. destructive

Applications R

L=
e
.
)

The technology opens doors
far innovation in various
fields of biotechnology,
nanctechnology and
medicine.

| =
: < Small volume bipassays
| Fast HTS through Data fram 1 pl zamples
4 multiplexing




“Soiit lIithegiapny: IR Shor

s an erganic material isiused
as target, stamp or imeld
ol transfer the pattenm

s e radiauen

Uisually:additive,
o500 pwmi - 10 nmi res
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no diffraction, scattering, etc. parallel but

required ol r=sanlicariclticion
OlEANICISEMICENEERIEIECUIE
1916IGEICINTEIEHEIEFEXIEE
co)llofcle)fzlss
celramic-metal
PoIyMEr-SUpPErcenductor: ...



Thank you !




