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Abstract [. Introduction

Micro-engineering is increasingly interestedVith the development of micromechanics and
in the use of thin films, with a thicknessmicroelectronics, the interest in thin films is
of less than 20 nm. Before integrating increasingly growing, especially for their nu-
these promising materials in complex Nananerous physical properties (Lee, Wei, Kysar,
Electro Mechanical Systems (NEMS), theil& Hone, 2008; Booth et al., 2008). These
properties must be characterized. To dpromising materials will be used to make new
that, they must be transferred on specifidevices like MEMS or resonators (Bunch et
substrates for analysis. Current manipulatioal., 2007). Fabrication processes of thin films
techniques are not suitable to transfeare now well known (Geim, 2009; Shukla,
these thin films since they do not allow toKumar, Mazher, & Balan, 2009). However, to
select the parts of the object that must bategrate them in complex devices it is neces-
manipulated and the quality of the sampleary to characterize their physical properties.
is altered by traces of chemical residuedn particular, structural characterization is a
To perform the transfer of a selected thirprimordial and unavoidable step. Structural
film without modifying its properties, this characterization, at different scales and lev-
paper presents a novel approach based efs, can be obtained by various microscopy
local gluing. This method has been validatetechniques such as optical microscopy, Scan-
by experiments performed on graphitening Electron Microscopy (SEM), Atomic
films. Successful transfers of thin filmsForce Microscopy (AFM) and Transmission
of 4.2 x 4.7 um? to 70 x 12 um? with an Electron Microscopy (TEM). Some of these
estimated thickness between 10 to 40 layetschniques require the use of substrates with
are demonstrated. Limits of this techniquespecific properties (for example, SEM re-
are discussed. quires conducting substrates, while for TEM
suspended samples are needed). Moreover,
many possible applications of thin films also
Keywords— micromanipulation, thin film, transfers encourage the use of particular substrates



(e.g., doped silicon is widely used for elecallows to transfer specific area of thin
tronic applications). Thus, it is necessary tdilms, selected for their physical properties.
place the area of the thin film that must bél'his strategy is validated by experiments
analyzed on a specific substrate, and thus performed on graphite thin films. Thin
be able to manipulate selected parts of thifims of 10 x 10 um? with an estimated
films. thickness of 10 to 40 layers (4 to 1fn)

An important issue is to reduce chemicahre transferred.
contact during this transfert. Indeed chem-
ical residues can change properties of thin This paper is organized as follows. Sec-
films (Boukhvalov & Katsnelson, 2009). Un-tion Il presents thin fiims used and their
derstanding of physical properties modifiparticularities. A review of classical solutions
cations, by adding chemical materials (e.gfor micromanipulation using microrobotic is
doping), is the subject of many researchesade in Section lll. Section IV describe the
((Boukhvalov, 2011; Yazyev & Pasquarello,setup and the performed experiments. Results
2010; Boukhvalov, Moehlecke, Silva, & are discussed in section V.
Kopelevich, 2011; Lahiri & Batzill, 2010)).
Avoid chemical residues on thin films can |
ensure a constant quality of analysis. ThenJ-'

fore, analysis of thin films properties, with- . e . .
out chemical residues, allows an additionnaThe graphitic thin films used in this study,

comprehension of physical properties are obtained by an anodic-bonding tech-
Manipulation of these thin films is chal-mcIue adapted to the preparation of graphene

lenging since difficulties are due to both(ShLJkIa etal, 2009).

: d " 4 2D v of This consists in sticking bulk graphite onto
microworid: properties an geometry ofy pyrex glass substrate, by the simultaneously

the object. In the microworld, surface forcesneating the system (to reach temperatures

(electrostatic, van der Waals, and Capi”a%roundmoo(]) and applying a high voltage

forces) are dominating compared to volumlczOf the order of the KV). After mechani-

force (gravity). Since thin films can be asgim-Cal cleavage of the graphite on pyrex, the

- ; Jamples present graphitic areas of variable
significantly greater than the third one, the}fhick?less,pfrom fe%v I?\undreds layers down

present a great ratio surface/thickness hen the monolayer limit. We focus here on
a great interaction between the surface Yhe mechanical transposition of graphitic thin

the thin film and the substrate. Moreover :
because of their two dimensional geometr)t”mS formed by approximately 10 to 40 lay

: - ers.
they do not offer volume for microhandling,

and grippers cannot be used. The problem of y‘
surface forces must thus be addressed. \ ‘g ‘ ,‘P‘.}
- ’Q -".‘-
/I

Sample preparation

Graphene, a monoatomic thick layer of
graphite, is the prototype of 2D crystals
(Geim, 2009). Because of its many potential

nano-mecanics (Lee et al., 2008; Bunch et al.,
2008), it is a promising material.

To manipulate selected thin films, thisrig. 1. Multi-graphitic thin films. The difference of the
paper proposes a strategy based on l|ocalntrast corresponds to the different tickness of thin films

: : ore constrast is dark, more the film is thick. For example,
_glumg' A drop of glue is created on a Smalfxl,B and C corrrespond to three thin films more and more
isolated part, to preserve from chemicagick.

contact the rest of thin film. This method

applications into different fields, like nano- A 4 'c
electronics (Hwang, Acosta, Vela, Haliyo, & / Q¥ :
Regnier, 2009; Eda & Chhowalla, 2009), or s ‘ﬁ /

500 pm




lll. state of art of conventional
micromanipulation strategies

B. Microrobotics micromanipulation strate-
gies

Microrobotics can bring a promising solu-
tion for micromanipulation since it enables
high resolution movements, the possibility
to select the manipulated objects and the
Many strategies have been applied to manigossibility to perform automated tasks using
ulate and transfer graphene. Most of thermprehensiles and actuators. Many microma-
use a reversible intermediate substrate, deipulation strategies exist, based on different
signed to maximize contact forces with thegphysical phenomena. A quick description of
thin film (Table ). Since these forces arethe main strategies is presented here. More
higher than the ones between the thin filndetails can be found in (Régnier & Chaillet,
and the initial substrate, the graphene i2008).

stuck on the new substrate. The intermedi- In particular two categories of manipula-
ate substrate, for example, can be made tibn can be identified: contact-free microma-
PMMA (Polymethyl Methacrylate), which is nipulation (see sec.lll-B.1) and contact-based
dissolved after transfer (Li et al., 2009; Ya-micromanipulation (see sec.lll-B.2).

maguchi, Eda, Mattevi, Kim, & Chhowalla, 1) Contact-free micromanipulation:The
2010) or a thermal release tape which stickmain advantage of contact-free manipulation
ing and unsticking properties are controlleds that it enables an easy release operation,
by pressure monitoring and heating (Caldwekince it frees oneself from surface forces
et al., 2010; Bae et al., 2010). Another solulike capillary, van der Waals or electrostatic
tion uses surface tension to transfer grapheriierces. Table Il (Régnier & Chaillet, 2008)
to a TEM grid (Regan et al., 2010). Withpresents advantages and disadvantages of
these methods large surfaces of graphene arentact-free manipulation.

transferred 4.5 x 4.5 cm? (Li et al., 2009), Examples of contact-free micromanipula-
16 x 16 mm?(Caldwell et al., 2010)). How- tion:

ever, all these techniques are closely related, Qptical tweezers: a laser beam manip-
to chemical transfers, and do not ensure yjates transparent micro-objects using
a high quality of thin films since physical  radiation pressure. The particles are at-

properties of thin flms might be affected by tracted to the region of highest light
the transfer. Moreover, these methods do not  jytensity.

allow to transfer selected areas of a thin film. , Ejectrostatic forces: micro-objects are
manipulated without contact using an
electric field.

Contact free micromanipulation can be
also useful in the fabrication of thin films.

A. Conventional manipulations of thin films

TABLE |
CURRENT MANIPULATION OF THIN FILM

Transfert substral

Release method

(Unarunotai et
al., 2010)

Palladium
(Pd)/Polyimide(PI

Pd: chemical wet|
) etching PI : reac-
tive ion etching

(Caldwell et

Thermal release

Heating tape

2010)

al., 2010; Bae| tape

et al., 2010)

(Li etal., 2009; | PMMA Acetone
Yamaguchi et

al., 2010)

(Regan et al.,| isopropanol surface tension

For example, electrostatic forces have been
used to deposit graphene on SiCsidorov
et al., 2007).

However, contact-free manipulation cannot
solve the problem of the manipulation of
graphite thin films. Indeed these processes are
often limited to a restricted class of materials,
in terms of shape and physical properties
(Régnier & Chalillet, 2008). Moreover, these
strategies provide only low forces (in the
order of piconewton (Régnier & Chaillet,
2008)). This is not enough to counteract sur-



ADVANTAGES AND DISADVANTAGES OF CONTACFFREE

TABLE I

MANIPULATION

Advantages

Disadvantages

Optical tweez-
ers

Parallel displace-
ment of several
volumic objects

Restrictive
conditions on
the refractive

object to pick it up. It is released by
re-liquifying the liquid.

Prehension by depression: prehension
based on the aspiration of objects.
Manipulation by adhesion: manipulation
using basic adhesive contact with a pre-
hensor.

index of Surf t . h . d
object(Ashkin, urface tension: prehensor using modu-
1970) lated surface tension due to the capillary
][V'a”'PU'at'On _ force by modifying the radius of curva-
orces n - . .
the order of ture of the prehensor (Blganzoll,. Fassul
0.1 —10 pN & Pagano, 2005; Pagano, Zanoni, Fassi,

Electrostatic Mainly biologi- | Better  control & F.Jovane, 15-17 November 2006).

forces cal applications -| with conductive

particle materials

It is obvious that grippers cannot be used
for thin film manipulation because of the 2D
structure of the thin films. Methods based on
face forces to release thin films (in the ordesurface tension have already been proposed
of 300 nN/um? (Zhang, Small, Pontius, & to transfer graphene. One of this method
Kim, 2005)). In addition, it is difficult to uses Isopropanol to improve surface tension
avoid disturbances, during the manipulatioffRegan et al., 2010): during its evaporation,
with contact-free micromanipulation, to as-graphene sticks to the new substrate because
sure and keep the original shape at the eraf surface tensions. However, a chemical
of the transfer. So micromanipulation of thinresidue could remain on the material which
film needs a contact between the tool and this a strong limiting factor for many applica-
film to succeed. tions. Manipulation based on phase changes

Contact-free manipulation cannot solve thés difficult to apply for graphite because most
problem of selective manipulation of thindevices use water as a liquid and the sur-
films. face of graphite is hydrophobic. Moreover,

2) Contact-based micromanipulation: in the case of objects of sizes smaller than
Contrary to contact-free micromanipulation500 pm there difficulties arise for the release
contact-based micromanipulation is nopperation (Régnier & Chaillet, 2008). Finally,
free from surfaces forces. Thereforestrategies based on depression face a scaling
release strategies are a crucial step in tHgoblem due to the difficulty to create a
transfer operation. These strategies allow tdanometric contact between the tool and the
miniaturize the prehension principles andhin film.

moreover they are also capable of producing ynjl now, conventional manipulations of
considerable  forces  for manipulationgin fiims are not compatible with our reduc-

in the order of 1 N/mm? In table Il jng chemical contact objectives and strategies
(Régnier & Chaillet, 2008), advantages an@ieveloped by microrobotics do not bring sat-

disadvantages of contact-based strategies. isfactory solutions to solve the problem of
Examples of contact-based micromaniputhin film manipulation. A new approach is
lation: proposed in this paper, using a micro-drop
« Grippers with jaws: devices similar toof glue to create a precise contact between
a hand, with two or several jaws. Dif-the tool and the graphite thin film to enable
ferent grippers exist depending on theithe detachment of the thin film. Compared
conception with strategies described above, the approach
« Phase changes: this method uses th®y local gluing is situated on the boundaries
solidification of a liquid (like water) between different methods like phase changes
between the prehensor and the micrcand manipulation by adhesion.



TABLE 11l

ADVANTAGES AND DISADVANTAGES OF CONTACFBASED

MICROMANIPULATION

Advantages

Disadvantages

Grippers with
jaws

Intuitive manipu-
lation

Only for volumic
object

lidification of the glue is realized with a UV
lamp>. Its power is75 W and the wavelength
of the light is in the range o280 — 450 nm.
Wavelength is dispersed in visible light (blue,
purple colors) betweed00 — 450 nm, UVA
between 320 — 395 nm and UVB between

Phase changes 'qd‘iﬁe”?e“t . Lack of Cog‘p'_it'h 280 — 320 nm. The intensity of the light is
of the type of| ance - used wi 2
materials and| liquid like water greater tharp000 mW/cm :
their shape| - size of manip-

- Complete | ulated object > .
mechanical 500 um Micromanipulator
connection - et
Manipulation 4
forces in | ST e
the order of L 5
1 N/mm? iy o

( ample

Prehension by
depression

Mass application| Shape scale
0.6 mm (Gastel,
Nikeschina, &
Petit, 2004)
Hydrophilic,
oleophilic

Used to transfe
graphene (Regan

Surface tension

\ Lightguide of UV

lamp

[f

et al., 2010) (Westkamper, Microscope
Schraft, Bark,
Vogele, &

Fig. 2. On the left, CAD representation of setup. Pipette
is fixed on a three axis micromanipulator (two axis are in
horizontal plane and the third is vertical), which is cotgtb
manually. Solidification of glue is succeeded with UV lamp,
arranged in working zone. Imaging is made from the bottom
with inverted microscope. On the right, detail of working
zone.

Weisener, 1996)

V. Materials and methods
A. Materials

The setup is presented in Fig.2. A hollow,
pipett¢, where UV glué is introduced, is
used for local gluing and moving. This type

of gllue polymerises under ultraviolet aCt.ionthe graphite thin film that must be manip-
and its viscosity4.5 Pa -s) allows to move it .04 is selected from an image obtained
inside th‘? pipette by_ monitoring the Pressur€yith the inverted microscope. The pipette
;I'he_ pipette is fixed with an a_ngle_ Ofis moved down to place it in contact with
10° with respect to the vertical direction. o iy fijm (Fig.IV-A). This operation is
lt. IS controlle;d V.V'th a Sutter. microma- ., o hitored using vision feedback from the
nlpulath’, which is a three-axis manipu- microscope. A drop of glue is then cre-
!ator with stepper-motors. The fine COUrS&ted between the tip of the pipette and the
is 0.04 pm/step. A programmable Syringe yoi, fiym using the syringe pump, set to
pumg is connected to the pipette with a plas-7 ml/min, to control the drop. When the drop

tic tube. It controls the speed of the glue b¥)f glue has reached the desired size, it is

monitoring the pressure inside the tube. Soéolidified with the UV lamp, by lightening it
!Pipettes are made with micropipette Puller P1000 fron1Eor 30s. A |I!’1k |.S created be.twe_en the pipette
Sutter Instrument with filament FB255B and pre-installedand the thin film. The thin film can then

program number 5. It is in thin wall borosilicate tubing andhe detached by moving the pipette with the
its reference is B150-110-10. Its final dimensions are: tip__. ibulat The first st is t lowl
2~ 3 jm, taper3 — 4 mm micromanipulator. The first step is to slowly

2Reference 429 from Dymax corporation move up the pipette to unstick the area under

3Micromanipulator P285 from Sutter Instrument
4Aladdin pump made by WPI

. Methods

1) Gluing and detachmentThe area of

Bluewave75 made by Dymax corporation



the glue from the substrate. Visual control is
important and enables to move the pipette in
the direction of the tearing of the thin film
to increase the size of the manipulated thin
film. To detach the extremity of the thin film
from the substrate, special care must be taken
to avoid folding it over, and pipette must be
moved slowly.

Pipette

Drop of
glue

2) Release: After detachment is suc-
ceeded, the pipette (with the graphite thin
film stuck on the tip) can be moved with

, the micromanipulator to the substrate that
IO will be used for the analysis. The pipette is
Fig. 3. Detachment of a graphite thin film. Substrate isg‘en S.|OW|y mc.)VEd down to the substrate.
light grey and graphite is dark grey. Image I, pipette is in2€POSIt goes in the |engthW§yS1 from th_e
contact with the thin film through a drop of glue. Images lIfree edge towards the glue (Fig.3). The thin
to VI, pipette is moved to the left to peel off the thin film. film sticks to the substrate due to adhesion
Image VII, focus is on the substrate and image VIII focusf he | . he thi
is on the detached graphite thin film. Difference of focus QI’CGS. The a_St step Is to §epa_1rate the thin
between image VIl and VIl shows that graphite thin filmfilm and the pipette. Releasing is performed
The task time is around s. located under the glue. The pipette is moved
perpendicular to the direction of the deposit,
to keep only the thin film on the substrate
without glue, which is attached to the pipette.

This allows to obtain a thin film on a given
substrate with limited chemical residue.

Direction of
release

V. Results

The proposed method allows to detach a thin
film and to release it in a different location.
Both tasks (take off and release) take about
90 s. This strategy has been validated by dif-
ferent experiments succeed on graphite thin
films. Two types of transfer has been suc-
Fig. 4. DepositT ﬁgir?nesﬁgfrggilhmgi ?:];h;aéﬂfvlﬂifl%eeded on different final substrats. The first
Z;eEZeonndpgtfé(ﬁed on Fig.IV-A. Substrate is light grey anlyanSfers have been done from pYrex gl?‘SS
graphite is dark grey. Image I, pipette is slowly movedSubstrat to pyrex glass substrat(Fig.3) with
dhOthhif ft”hrﬁ S%tl(?ritrf\;: fé:gg ggtsedtg\\;vvgr:jl ttPLGG 'eﬂjgeth\{vrsgse@iﬁerent size of thin films. Secondly, transfer
:I,epipette is: moved perpendigular to the dire%;tioﬁ of t%le?]as been a}chleved fr_‘om pyrex glass substrat
deposit, to mechanically remove the glue. Image Ill, thdO TEM grid (see Fig.7). The area of the
et thetrin fm s on the subanate and ine rop o g 2 ipulated films range from2 < 4.7 um-

is on thé pipette. The size of the thin film7T® x 12 uﬁ)nz. ’ ?Flg'5)_ to70 x 12 Hmz (F|g.§3). We estimate
The task time is aroundo s by optical contrast that their formed approx-
imately by 10 to 40 layers (corresponding
to thickness ranging from nm to 16 nm).
Thickness of transfered thin film Fig.3 has
been precised with widthwise measured with

AFM (see Fig.6 Image Il). It is approximatly




15 nm (see Fig.6 Image ) corresponding to
a number of layers ranging front0 layers.
Transfer of thin film released onto TEM grid
has been controled with SEMIts area is
4.8 x 11 pm?.

i.; I . . v
B

/ 20 pm

Transferred thin film .~ "

Fig. 5. Manipulation of a very small area of a thin film. (b)
Its dimensions aret.2 x 4.7 um?. Substrate is light grey
and graphite thin film is dark grey. Image I: local gluing is
succeed. Image IlI: thin film is stuck to the pipette. Image
Ill: the pipette is moved to transfer the film. Image IV: the
thin film is released. Total time is aroursd) s and take off
time is aroundl15 s.

This method is however currently limited .
by several factors. According to the results,
the control of the formation of the drop
of glue (speed, shape) is the most impor-
tant point to succeed this manipulation. It
seems that an oblate drop, a thin flat round
drop, allows a successful detachment. It is

necessary to get an appropriated velocity of

d
8SEM Hitachi S4500 (@

Fig. 7. Thin film transfered on TEM grid. Image 7(a) :
TEM grid is under inverted optical microscope. Image 7(b),
7(c), 7(d) : Image from SEM. Image 7(c) et 7(d) : TEM grid

7.560 um is tilted at45°. Image 7(d) : Thin film has some defects. It
7.545 um can be dust, which could come from transport of TEM grid
into SEM.
@
Transfered P glue deposition to create this oblate drop. If
ot ~ Nt the speed is too low, the drop tends to go

up because of capillarity. Although physical
comprehension of gluing phenomena is not

ey completely achieved, it seems that different
AFM measure/'/ physical phenomena help the detachment of
" the thin film. Two main effects are described
o) here.

First, we think that during polymerisation,
Fig. 6. Measure of transfered thin film (Fig.3) with AFM. the drop of g|ue retracts itself, breaking the

Image 6(a), result of AFM measure. Image 6(b), measur. P : :
has been obtained along one axis (see AFM measure arrov@r_St Iayers of the thin film and improving the

Thicknesss of this thin film is approximatlys nm, corre-  grip. Second, even after polymerisation, the
sponding at a number of layers ranging fradmlayers. drop remains flexible. This improves detach-



ment. This flexibility needs to be controled by
round-trips with micromanipulator, to avoid a
sudden release of elastic energy of the drop
of glue which could induce the break of the
tip of pipette or sticking of the thin film on
the glue.

When conditions (shape and size of the
drop of glue) are satisfied, we successfully
detached from the substrate region a selected
thin film thicker than 10 layers. The same
approach applied to thinner regions allows t6i9- 8. Hole created by a drop of glue on a thin film
detach only the part of the graphite that is ir(‘:omposed of less than 10 _Iayers. Membrane is dark and

light grey, substrate is very light grey
direct contact with the glue, as in Fig.8.

The shape of the torn thin film is unpre-
dictable. It is necessary to adapt movements
of the pipette based on visual feedback tq
increase the dimensions of the detached thi
film. This shape influences the release st
since the thin film should be placed on th
substrate from the free extremity to the gluec¢ ™
one. The time of the complete task (take oft

pipette

P

Detached

and release) is arountor 2 min. It mainly = = thin ilm

depends on the take off task (pull on drog : Drop of glue

of glue and take off the thin film). Trenches,” = = =

created by engraving, do not enable to detach (@) (b)

predictable shapes (Fig.9). Fig. 9. On the left, trenches have been made on selected

Area of thin film, released on TEM grid, t_hin film befor(_e gluing, to control _the shape of detached_thin
has not been maximized. Only a few par§. G1ie 10, e Poete i he seached tr
of detached thin film has been released turface of detached thin film (Fig.9(b)) & x 12 ym?.
the grid. Area of the original thin film was
32 x 12 um? and area of released thin film
onto TEM grid is only4.8 x 11 um?. The

grid is very flexible and fragile, and can be

broken up by the tip of micropipette and glueparts of thin films without altering their prop-
Sutter micromanipulator has three degrees @fties by chemical residues. To reach this
freedom (tWO movements are in plane and th@oah a technique based on local g|u|ng is pro-
third is vertical). Thus, it is difficult to control posed in this paper. This method is validated
the contact between tip of micropipette anghyy experiments on graphite. Thin films of
grid. Micropipette needs an additional degreg 2 x 4.7 um? to 70 x 12 pm? with a thick-
of freedom like tllt, to avoid this contact and ness of around> nm have been manipu]ated_
improve release of thin film. Increase degreeshese transfers have been succeeded to two
of freedom of setup could ensure an easyifferent substrats, pyrex and TEM grid. This
release of thin film. work is the first step towards selective trans-
fer of thin films. Some stages must still be
_ improved to get a full control of the shape
VI. Conclusion and the number of layers of the released
thin film. Future developments include the
In order to characterize thin films using speautomation of the system, the increase setup’s
cific equipments such as AFM or SEM, it isdegree of freedom and the reduction of the
necessary to be able to manipulate selectedimber of manipulated layers .



References

Ashkin, A. (1970, January). Acceleration and

trapping of particles by radiation pres-
sure. Physical Review Letter24(4),
156.

Zheng, Y., et al. (2010). Roll-to-roll
production of 30-inch graphene films
for transparent electrodedNat Nang
5, 574-578.

Biganzoli, F., Fassi, I., & Pagano, C. (2005).

Development of a gripping system
based on capillary force. Iihe 6th

IEEE international symposium on as-
sembly and task planning: From nano

Caldwell, J. D., Anderson, T. J., Culbert-

son, J. C., Jernigan, G. G., Hobart,
K. D., Kub, F. J., et al. (2010, Febru-
ary). Technique for the dry transfer of
epitaxial graphene onto arbitrary sub-
strates.ACS Nanop4(2), 1108-1114.

Bae, S., Kim, H., Lee, Y., Xu, X., Park, J.,Eda, G., & Chhowalla, M. (2009, February).

Graphene-based composite thin films
for electronics. Nano Letters 9(2),
814-818.

Gastel, S., Nikeschina, M., & Petit, R.

(2004). Fundamentals of SMD assem-
bly: A systematic approach analysing
the relationship between SMD place-
ment machine concepts and their per-
formance RTFB Publishing Ltd.

to macro assembly and manufacturingGeim, A. K. (2009). Graphene: Status and

2005. (ISATP 2005)pp. 36-40).

Booth, T. J., Blake, P., Nair, R. R., Jiang, D.,

prospects. Science 324(5934), 1530
1534.

Hill, E. W., Bangert, U., et al. (2008). Hwang, G., Acosta, J. C., Vela, E., Haliyo,
Macroscopic graphene membranes and S., & Regnier, S. (2009). Graphene
their extraordinary stiffnesfNano Let- as thin film infrared optoelectronic sen-
ters 8(8), 2442—-2446. sor. In 2009 international symposium
Boukhvalov, D. W. (2011, June). on optomechatronic technologiépp.
FirstéARprinciples  modeling  of 169-174). Istanbul, Turkey.
the interactions of iron impurities with Lahiri, J., & Batzil, M. (2010, July).
graphene and graphitghysica status Graphene destruction by metal-carbide
solidi (b), 2486), 1347-1351. formation: An approach for pattern-
Boukhvalov, D. W., & Katsnelson, M. I. ing of metal-supported graphenép-
(2009). Destruction of graphene by plied Physics Letters97(2), 023102—
metal adatoms.Applied Physics Let- 023102-3.
ters 95(2), 023109. Lee, C., Wei, X., Kysar, J. W., & Hone,
Boukhvalov, D. W., Moehlecke, S., Silva, J. (2008, July). Measurement of
R. R. da, & Kopelevich, Y. (2011, the elastic properties and intrinsic
June). Oxygen adsorption effect strength of monolayer graphen&ci-
on magnetic properties of graphite. ence (New York, N.Y.321(5887), 385—
arXiv:1106.5565 (Phys. Rev. B 83, 388. (PMID: 18635798)
233408 (2011)) Li, X., Zhu, Y., Cai, W., Borysiak, M., Han,
Bunch, J. S., Verbridge, S. S., Alden, J. S,, B., Chen, D., et al. (2009). Trans-
Zande, A. M. van der, Parpia, J. M., fer of Large-Area graphene films for
Craighead, H. G., et al. (2008). High-Performance transparent conduc-
Impermeable atomic membranes from tive electrodes. Nano Letters 4359—
graphene sheetsNano Letters 8§(8), 4363.
2458-2462. Pagano, C., Zanoni, L., Fassi, I., & F.Jovane.
Bunch, J. S., Zande, A. M. van der, Ver- (15-17 November 2006). Micro-
bridge, S. S., Frank, I. W., Tanen- assembly : design and analysis of a
baum, D. M., Parpia, J. M., et gripper based on capillary force. In
al. (2007). Electromechanical res- Proc. of the 1st cirp - international
onators from graphene sheeBtience seminar on assembly systems, stuttgart,
3155811), 490-493. germany(p. 165-170).



Regan, W., Alem, N., Alemain, B., Geng,
B., Girit, C., Maserati, L., et al.
(2010). A direct transfer of layer-
area graphend\pplied Physics Letters
96(11), 113102.

Régnier, S., & Chaillet, N. (2008).
Microrobotics for micromanipulation
Lavoisier.

Shukla, A., Kumar, R., Mazher, J., & Balan,
A. (2009, May). Graphene made
easy: High quality, large-area samples.
Solid State Communication44917-
18), 718-721.

Sidorov, A. N., Yazdanpanah, M. M., Jalilian,
R., Ouseph, P. J., Cohn, R. W,, &
Sumanasekera, G. U. (2007). Elec-
trostatic deposition of graphen®&an-
otechnology18(13), 135301.

Unarunotai, S., Koepke, J. C., Tsai, C., Du,
F., Chialvo, C. E., Murata, Y., et al.
(2010). Layer-by-Layer transfer of
multiple, large area sheets of graphene
grown in multilayer stacks on a single
SiC wafer. ACS Nang0(0).

Westkamper, E., Schraft, R., Bark, C.,
Vogele, G., & Weisener, T. (1996).
Adhesive gripper - a new approach to
handling MEMS.

Yamaguchi, H., Eda, G., Mattevi, C., Kim,
H., & Chhowalla, M. (2010, January).
Highly uniform 300 mm Wafer-Scale
deposition of single and multilayered
chemically derived graphene thin films.
ACS Nanp4(1), 524-528.

Yazyev, O. V., & Pasquarello, A. (2010,
July). Metal adatoms on graphene and
hexagonal boron nitride: Towards ratio-
nal design of self-assembly templates.
Physical Review B82(4), 045407.

Zhang, Y., Small, J. P., Pontius, W. V., &
Kim, P. (2005). Fabrication and
electric-field-dependent transport mea-
surements of mesoscopic graphite de-
vices. 10.1063/1.1862334.



