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ABSTRACT

Atomic force microscope (AFM) isan increasing popular tool for charac-
terizing and manipulating of various surfaces. | nthiswork, nano-lithogra-
phy on different surfaces was studied with Atomic Force Microscope. The
scratches on various surfaces were created using contact mode by silicon
and diamond tips. These scratches made on the polymethylmethacrylate
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(PMMA) coated on silicon were compared with scratches created on the
polyethylene (PE) substrate. Effects of applied normal force, time of apply-
ing pressure and number of scratching cycles on the geometry and depth
of scratcheswere studied. This study showsthat thereisacritical tip force

to remove material from various surfaces.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Thehigh-resolutionlithography techniquesarevery
important dueto thefact that they alow the devel op-
ment of micro or nano-el ectromechani cally devices.
Many techniqueshavebeen gpplied with scanning probe
microscopesinthelast decadetovisudize, anadyzeand
manipulatematerid insuch smal scae. Thecontrolled
patterning of nanometer scalefeatureswiththe SPM,
known as scanning probelithography (SPL), isone of
the SPM usages?. Application of various SPL tech-
niquesto semiconductor processing, hasledtothehigh
resolution and alignment accuracy'>4. Therefore, dlow-
ing thefabrication of reliablenanometer scaledectronic
devices, which could not be achieved by conventiona
lithographic techniques>®. TheAFM hasfound many
gpplications, mainly inthestudy of surfacetopography,
frictionforce™, surface adhesion® and deformations.
Scratching soft materid, whichisperformed by apply-

ing forcethrough AFM tip, has devel oped theAFM
usagefor nanofabrication. Lithography techniquescan
be carried out on the film of polymers such as
polymethylmethaacrylate (PMMA), chloromethyl
phenyltrichlorosilan (CMPTYS), polyethylene (PE) and
otherg®. Thiscapability can potentially be extended
to eva uate nano-scal e materia responseto indentation
andwould beided for evaluation of mechanical char-
acterigtic of surfaceg'*12,

Inthiswork, making scratches by using two types
of cantilever tipsonthevarious surfacesare presented.
Silicon nitride cantilever tip with average spring con-
stant isused toinvestigate PMMA thinfilm coated on
thesilicon asasoft surface. A diamond cantilever tip
with high spring constant is used for hard surface of
polyethylene. Theeffects of various parameterson the
depth of scratches, created on the two surfaces are
investigated.
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EXPERIMENTAL

The nano-lithographic processand imaginginthis
paper were performed on pol yethylene substratesand
dliconsubgrate, whichiscovered by PMMA, thinfilms

A commercia scanning probe microscope (Solver
P47H, NT-MDT Company), operated inAFM mode,
equipped with (NSG11) and (DCP20) cantileverswere
used to performthelithography of surfaces.

TheNSG11 cantilever made of siliconnitride, has
arectangular shape, and itslengths, widthsand thick-
nessare 100+15um, 35+3um and 1.7-2.3um respec-
tively. Itsnormal bending constant measured by sup-
plieris11.5nN/nm.

Another cantilever whichisusedinthisprocessis
DCP20 Cantilever made of diamond with thelength,
width and thickness 90+5um, 60+3um and
1.7-2.3um respectively. Itsnormal bending constant
measured by supplier is48 nN/nm.

Thesetwotypesof cantilever weresdectedtoreach
deformation of different typesof surfacesand asofor
obtaining goodimage of scratches.

Our experiments were designed to fabricate
scratchesonthevarious surfaceswith thedifferent ri-
gidity: PMMA (LG-IH 830) thinfilm (whichiscoated
over thesilicon substrate) and PE substrate.

To preparethe PMM A coated on the silicon sub-
strate, aspin coater with 6000 rpm were applied for
30 seconds. For this purpose, avery small amount of
diluted PMMA/CHCI, sol ution was put over desired
surface. Then, the coated substratesweredriedinan
ovenat 130°C for 30 minutes. Thethicknessof coated
layer was 150 nm measured by AFM.

Polyethylene surface was cleaned by washing and
sonicating in acetone-ethanol (50-50%\Vol) for 15 min-
utesat room temperature.

Thelithography processwas executed with theuse
of lithography menu supported by the microscope soft-
ware.

Firg, thetipwashbrought into contact withthesample
surface using the smallest force possibleto minimize
any undesired surface modification. Animage of sur-
face was prepared in order to choose a suitable sur-
faceareafree of defectsfor lithography; afterwardsthe
nano-litilography program was executed.

For AFM -scratching, theforceisincreased by ap-
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plying ahigher voltageto the piezo-scanner in order to
reach the cantilever deflection (AZ) corresponding to
theforce (F) range where plastic deformation of sur-
face occurs. Theforceiscalculated using the Hook’s
law (F=kxAZ)[2339],

Inthiswork, cantilever deflectionin nano ampere
(nA) unitisconverting to nano meter (nm) unit.

ScratchesweremadeinY direction onthe surface
of PMMA on silicon and PE substrates, while scanning
ve ocity, timeof gpplying pressureand number of cycles
was kept constant, so in thisway theinfluence of ap-
plied norma forcewasinvestigated. Then, surfacewas
scanned by atomic force microscope in non-contact
modeto observe and eva uate the shape and depths of
scratches.

Also, theeffect of number of scratchesand time of
applying pressurewereinvestigated on thesetwo sub-
drates.

RESULTSAND DISCUSSION

Thetopography image and profile of the PMMA
thinfilmand polyethylene surfacewereinvestigated. It
IS seen that the roughness of surfaces werelow and
surface profileswere appropriatefor lithography. An
accurate study was performed on these substratesin
order to find the optimum patterning conditions.

Making scratcheswere performed over PMMA
coated on silicon substrate by exerting various normal
forcesby NSG 11tip. Infigure 1, the groove depths
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Figure1: Dependenceof scratchesdepth with theapplied
normal forcefor PM M A/Si, whilescanning velocity, num-
ber of scratching cycleand timeof applying pressurewas
1400A/s, 10, 25 ms respectively
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Figure2: Topography imageof scratcheson PMMA/S,
whiletheapplied nor mal force, scanning velocity, number
of scratching cycle and time of applying pressure was
3000nN, 1400A4/s 10, 25 ms respectively
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Figure3: Dependenceof scratchesdepth with theapplied
nor mal for ceon the PE substr ate, while scanning vel ocity,
number of scratching cycleand timeof applying pressure
are1400A/s, 20 and 50ms, respectively

areplotted asafunction of thenormal applied forcefor
thissubstrate. However, themost uniform scraticheswere
achieved by applying 3000 nN forceload, while scan-
ning vel ocity, number of scratching cycleand time of
applying pressure were 1400 A/s, 10 and 25 ms re-
spectively. Topography imageof thisscratchisshown
infigure2.

Thisexperiment was also performed on the poly-
ethylenesubstrate. Thissubstratewas moreinflexible
than PMMA thin layer, so performing any modification
over PE needed morerigid cantilever tip. Our obser-
vation verified thiscomment. Scratcheswerejust made
by maximum amount of forceload, whichwasequd to
4uN for NSG11 cantilever tip that wasthethreshold of
forcefor modifying the PE substrate. We continued the
investigation of force effect on the PE substrate by
DCP20 cantilever with diamond tip. The force load
created by thistip was sufficient to make modification
on the PE substrate because of higher spring constant.
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Figure4: Indentation depth dependencetotimeof applying

pressur e, whilenormal applied for ce, scanning velocity

and number of scratching cycle are 4uN, 1400 A/s, 10

respectively for (a) PMMA/S and (b) PE

A topography image of nano-scratchemadeonthe
PE showed that the best quality of scratchisobtained
by performing 4uN forceload. Investigation showed
theuniformity of scratchesreduced by increasingforce
load.

Accumulaionthevicinity of scraticheswasoccurred
becauseincreasing the applied forceinduced additiona
plastic deformation.

Fgure 3 showsthelinear increaseof scratchesdepth
on the PE substrate as a function of applied normal
force.

Meanwhile, increase of applied force caused cu-
mulating of material at the start and end point of the
grooves. Thisdeformity was occurred because of can-
tilever bending at the start point of moving tip through
thesurface. Inthisway cantilever reached thedesired
forceto create scratch.

Finaly, PE and PMMA coated on silicon substrates
were selected to investigate the effect of number of
scratching cycleand time of gpplying pressure at con-
stant conditions.

Theindentation depthsare plotted asafunction of
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Figure 5: Indentation depth dependence to number of
scratching cyclewhilenormal applied for ce, scanning ve-
locity and timeare4uN, 1400 A/s, 25ms respectively for
(@PMMA/S and (b) PE

thetime of applying pressureand number of cyclesfor
PE and PMMA coated on silicon substrates (figures4
and5).

Theresults show that the dependence of depthto
timeisnot quitelinear. According to reference | in-
dentation depthsincrease with timenearly linear or ex-
ponentidly.

Fgure5 showsthelinear increaseof scratchesdepth
with number of cycles, as expected. According to
figures4 and 5, repeatability of resultsfor PE substrate
islessthan PMMA layer. It refersto roughness and
flexibility of PMMA thinfilm. Making scratch over very
uniform and flexible PMMA thin layer wasmuch more
successful than others.

SUMMARY AND CONCLUSION
This paper summarizesthe study of theforce mi-

croscopy lithography processon various substrates.
Drawing pattern was studied using atomic force
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microscopein acontrolled way, over four substrates.

For soft polymeric surface, NSG11 tip with aver-
age spring constant we used. Theload force produced
by thistip was sufficient to deform and make scratch
onthe PMMA thin layer. However to exert scratch on
the hard surface, NSG11 tip wasdisabled to perform
any change, so diamond tip was applied. It must be
mentioned that theminimum necessary forceto modify
the PE surfacewasabout 4uN that can be achieved by
NSG11 and with maximum forceload, but for further
investigation, higher forceswere needed, so DCP20
tipwasapplied.

The necessary parametersto control the depth of
scratchesonthe surfaceswere studied. Aswe expected,
the depth of the lithography mark increased with the
increase of thenormal forcelinearly.

Theincreaseof thelithography depthwith loading
time suggested that the pl astic deformation on surfaces
wastimedependent, but itsbehavior wasn’t completely
linear. Thedependence of scratch depth with the num-
ber of cycleswereinvestigated, it isseenthat thedepth
of lithography patternincreaseslinearly withtheincresse
of thenumber of scratchingcycle.
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