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® Introduction
® Catalytic CVD: graphene on Cu

® Noncatalytic CVD: graphene on
Si;N, and HfO,

® Conclusions
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Graphene

® Mechanical exfoliation

® Reduction of graphene
oxide and other wet
chemical methods

® Desorption of Si on SiC §_
(=
To)

® Chemical vapor
deposition on metals (Ni,
Cu)
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Catalytic CVD on Cu
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® Graphite is made at >3000 °C
® Inconvenient and costly

® Transition metal lower T to ~1000 °C

® Solid carbon source [Small 5(2009)2291 &
Nature 468(2010)549]

® Carbon segregation (Ni)
® Surface chemistry (Cu)
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L A S th 5 f H 5 h 0 I 't and transfer graphene grown on metal substrates
a rg e rEa yn es I s U Ig ua I y (5-7). Although graphene has been grown on a
number of metals, we still have the challenge of

C = =
W h y o p p e r? a n d U n Ifo rm G ra p h e n e FI Ims 0 n growing large-arca graphene. For example,
u graphene grown on Ni seems to be limited by
CO p p e r F 0 i I S its §m:1|| grain Vsizu presence of nmhilfl_\-‘urs at the
grain boundaries, and the high solubility of car-
bon (6, 7). We have developed a graphene chem-
ical vapor deposition (CVD) growth process on
copper foils (25 pm thick in our experiment). The
films grow dircetly on the sur by a surface-
catalyzed process, and the film is predominantly
graphene with <5% of the area having two- and
three-layer graphene flakes.
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Graphene has been attracting great interest because of its distinctive band structure and physical
properties. Today, graphene is limited to small sizes because it is produced mostly by exfoliating
graphite. We grew large-area graphene films of the order of centimeters on copper substrates by ing conditions, the two- and three-layer flakes do
chemical vapor deposition using methane. The films are predominantly single-layer graphene, witha | © grow larger with time. One of the 1 jor
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® Black Magic, AIXTRON

® Cold wall, low pressure
CVD with graphite heater
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® Acetic acid, acetone, ©® Hidecompose T

IPA ® One C per molecule
® High Temperature ® Long diffusion length
® Low partial P ® High purity CH, 99.9995%

® Cold-wall ® Ar instead of N
2
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Temperature (°C)
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® Cu foil grown ® Cu film grown
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Signal A = InLens
Ma, 2233KXK Time

® Graphene can cover
holes with a diameter
larger than 10 ym

1 pm EHT = 10.00 k Signal A=Inlens  Date % Oct 2010 ™
WD = 44 mm Mag= 1883KX Time :11:39:53 ‘
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® Sheet resistance below 1 kQ per square
(Room temperature)
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4: Room Temperature
4x10 ’
) 3x10°-
x
®* Kim et al. 2x10*]
Appl. Phys. Lett.
94 (2009) 062107 L P o e A g
® Electron & hole Vv, (V)
mobility ~2700

cm?/Vs
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® CVD on Cu is a promising technique to
make large area polycrystalline graphene,

® The graphene can be transferred to many
substrates and the quality is good

® Optimizing the growth and transfer for
more reproducible decent graphene
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Noncatalytic CVD on
Si;N, and HfO,
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Large-area uniform graphene-like thin films grown by chemical vapor
deposition directly on silicon nitride

Jie Sun (#M#),"® Niclas Lindvall," Matthew T. Cole,? Kenneth B. K. Teo (kii#),® and

August Yurgens
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(Received 1 April 2011; accepted 2 June 2011; published online 23 June 2011)

L"lrge area umtorm carbon films with graphene-like propelrles are synthesized by c,hemlml vapor
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Proceedings of the 2001 US DOE hydrogen program review
NREL/CP-370-30a3a0
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An X-Ray Study of Carbon Black

J. Biscor AND B. E. WARREN
George Eastman Laboratory of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts

(Received February 16, 1942)

X-ray studies have been made of a number of carbon blacks, prepared under different con-
ditions, and subject to various heat treatments. The patterns were made in evacuated cameras,
using Cu Kee radiation monochromated by reflection from rocksalt. The patterns consist of
crystalline reflections (00/), and two-dimensional lattice reflections (k). The structure is one
of true graphite layers arranged roughly parallel and equidistant, but otherwise completely
random. The dimensions within a layer are the same as in graphite; the layer separation is
somewhat larger than in graphite. The effect of heat treatment is to increase the size of the
parallel layer groups. At graphitization the material changes discontinuously to the crystalline

® Macroscopically amorphous / / -—__:_\\\\\
///

® Nano scale graphitic crystallites ////
® Random and porous <\\\/ /%

® Carbon black is black! ///// N

J. Appl. Phys. 13 (1942) 364 «

N\
\ \
VN
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Bare SiO, Bare SiO,

Monolayer Few layer
(1) Cu-grown ' SiO,-grown (2) Cu-grown, SiO,-grown

® Controllable thickness
® Large area
® Macroscopically uniform

® Similar transparency and conductivity as
standard graphene
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115 (2011) 14488
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® Transfer free, semiconductor industry compatible
® Scalable

® Controllable thickness

® Macroscopically uniform

® Similar transparenc
standard graphene

® Substrates withstanding ~1000 °C

and conductivity as

<
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Catalytic Noncatalytic
Substrate Metallic Nonmetallic
High temperature Yes Yes
Transfer Yes No
Uniformity Somewhat Yes
Mobility High Low
Transparency/conductivity High High
Domain MM nm
Scalable Yes Yes
Novelty No Yes

Self-limiting Conditionally yes No
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