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e TYPESOF GRAPHENE
o CURRENT USES



TRANSPARENT ELECTRODES

e INDIUM TIN OXIDE (ITO) WIDELY USED IN THE MARKET
e TRANSPARENT

e NOT VERY FLEXIBLE

e LIMITED GEOGRAPHIC AVAILABILITY

e RISING ITO PRICES

e SHEET RESISTANCE, TRANSMITTANCE
e ITO=100Q/0, 85%
e THIN GRAPHENE = 280Q/0, 90%

e  MULTI-LAYERED GRAPHENE = 10Q/0, 20%
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SINGLE LAYER OF PURE CARBON

207 TIMES STRONGER THAN STEEL

NEARLY TRANSPARENT

CONDUCTS ELECTRICITY

FLEXIBLE

ALMOST WEIGHTLESS

WORK FUNCTION MODULATION
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DISCOVERY e

ANDRE GEIM AND KOSTYA NOVOSELOV, UNIVERSITY OF MANCHESTER

GEIM WANTED TO EXPERIMENT WITH UNFOLDED CARBON NANOTUBES

HAD IDEAS TO USE SCOTCH TAPE TO PEEL OFF TOP LAYER OF GRAPHITE

PUT THE TAPE INTO SOLUTION RESULTED WITH GRAPHENE THAT WAS 10 LAYERS THICK

(GEIM PUBLISHED “* ELECTRIC FIELD EFFECT IN ATOMICALLY THIN CARBON FILMS" IN OCTOBER
2004,



STRUCTURAL PROPERTIES

fullerene nanotube

(GRAPHITE, LAYERED PLANAR STRUCTURE OF GRAPHENE

e HONEYCOMB LATTICE

e ONE ATOM THICK(POSSIBLY THINNEST MATERIAL ON EARTH)
CARBON'S 4™ VALENCE ELECTRON FORM CONDUCTING Pl BOND
FORMS HIGH-QUALITY CRYSTALLINE LATTICE

 NO VACANCIES OR DISLOCATION

ABLE TO RETAIN INITIAL STRUCTURE AFTER STRAIN

graphene




ELECTRO-OPTICAL PROPERTIES

e /ERO BAND GAP
e BALLISTIC TRANSPORT

e BECAUSE OF LIGHT WEIGHT, ELECTRONS ABLE TO MOVE LIKE PHOTONS
*  MICROMETER DISTANCE WITHOUT SCATTERING

e ABSORBS 2.3% OF WHITE LIGHT

e |NCREASING LAYERS OF GRAPHENE, INCREASES ABSORPTION OF WHITE LIGHT BY
APPROXIMATELY 2.3%



TYPES OF GRAPHENE

e PURE GRAPHENE
e (GRAPHENE OXIDE

e REDUCED GRAPHENE OXIDE

graphene

Graphite




APPLICATIONS IN SOLAR CELL DEVICES

e LOW TEMPERATURE PROCESSING

e TRANSPARENT ELECTRODE IN SOLAR CELLS
e FLEXIBLE SUBSTRATES

e TANDEM CELL INTERLAYER

e  GRAPHENE OXIDE WITHIN THE BULK
HETEROJUNCTION ACTIVE LAYER




Transparent

sranhene electrode PPN - _— Transparent
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A-C, SCHEMATICS OF INORGANIC (A), ORGANIC (B) AND DYE-SENSITIZED (C) SOLAR
CELLS. I- AND |-, ARE IODIDE AND TRI-IODIDE, RESPECTIVELY. THE I- AND -3 IONS
TRANSFER ELECTRONS TO THE OXIDIZED DYE MOLECULES, THUS COMPLETING THE
INTERNAL ELECTROCHEMICAL CIRCUIT BETWEEN THE PHOTOANODE AND THE
COUNTER-ELECTRODE. D,E, SCHEMATICS OF AN ORGANIC LED (D) AND A
PHOTODETECTOR (E). THE CYLINDER IN D REPRESENTS AN APPLIED VOLTAGE.
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