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Nanotube FET

Band gap:
On-off ratic:
Mobility:
Ballistic @RT
Fermi velocity:

05-1eV

~ 155

~ 100,000 cm?/Vsec @RT
~ 300-3500 nm

10° m/sec

Max current density

=109 Alcm?

FPh. Avours el al, Nalure Nanotechnalogy 2, 605 (2007)
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Mobility > 200,000 cm?/Vs was obtained in suspended
graphene

Bolotin et al., Solid State Communications 146, 351 (2008)
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9:40 “Theory of electromic states and T. Ando (Tokyo Inst. Tech)

transport in graphene and nanotube™

10:30 *Graphene conduction control by gate Dr. K. Tsukagashi (AIST)
voltage

11:20 “Epinu:lgl graphene on Si substrate Prof. M. Suemitsu (Tohoku U.)
mediated by an ultra-thin SiC layer”

12:10 Lunch

13:00 “*Evaluation of number of graphene Dr. H. Hibino (NTT)
lavers grown on SiC*”

13:50 *Beyond-CNOS applications of Prof. P. Kim (Columbia U.)
graphene based nanoelectronics™

14:40 Summary Prof. T. Hiramoto (Univ. of Tokyo)

or Dr. Y. Awano (Fujitsu)
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| Electronic States and Transport in Graphene and Nanotube II

Tsuneya ANDO

1. Electronic states

+ Weyl's equation for neutrino

+ Berry's phase and topological anomaly
2. Zero-mode anomalies

+ Density of states and conductivity

¢ Effects of level broadening

3. Special time-reversal symmetry

4. Phonons and electron-phonon interaction
+ Acoustic phonon
¢ Optical phonon
o Zone-boundary phonon

5. Multi-layer graphene

Summary

KF 15-8 /T 7 xr +F ) F 2— T OFEIRRE S (B T RZHER)
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dual-gate graphite FET

Graphite thickness= 0.5nm — 5nm
Top gate (Al) Thin graphite film

Source

T

A

Back gate (Doped 5i)

4

top gate

.;.m Electric fields are applied
S from top-and bottom gates.

bottom gate ,ﬁ B
]
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Comparison of the Raman 2D band

2D Hand s g
I \ ;
o[ BHSIC .| A peak — Single-layer EG on 6H-SiC
= || B peak — Double-layer EG on 6H-SiC
m i A 2715 cm?
z[ scsic. A4~ T Good agreement!
é -
5 5 B
o i
BH-SIC - | Formation of a single and a two-layer
I | graphene films on SiC(111)/Si(110)
|
NI et al, PHYSICAL REVIEW B 77,

2800 2700 23{){5) 2900 115416 (2008)
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DETERMINATION OF NUMBER OF GRAPHENE LAYERS

3.0 eV EEM images : 4.0 oV

Intensity (arb. units)

0 2 4 6 8 10 12
Start voltage (V)

500 nm

H. Hibino et al, Phys. Rev. B 77, 075413 (2008). 1
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Scaling of Energy Gaps in Graphene Nanoribbons
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W (nm)
[X5% 15-12 7' T7 = UREE RS REpy 7 (a7 K Kim K)

Ham, Oerydmaz, fhang and Kim PRL {2007
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DO 077 2%~ T, 2 BIRIIMEHE a2 0E LT, CVD B, /v —hb—ar iz o7
TA MR CHBEST 2715, HEHIWEDCT WL 77 = % T 7 2 ALSE L ER E S E ST,
WT L IERTARANELEEEORPLUCH D, BATY, & Lil7 V—773, 500°CREDIKIR T CVD
WD TTT7 2 BRI L TG, ETIET T 7 2 b )T a—T 307 R o T2 LW A E S
HITRY(XFE 15-15), =7 WHERIND, 757 2 BT LT ZOMEIBEAEEL TRk 712720, %
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8:00AM-11:30AM PDT
12:00AM-3:30AM (Oct. 17) Japan
Teleconference Information

8:05AM Introduction & Japan WS Summary M. Garner

CVD on Ruthenium, Silicon, etc.
8 :20AM Graphene CVD Alexei Preobrajenski (Lund Univ.)
8 :50AM Graphene CVD on Ir 111 Johann Coraux (Univ. Cologne)
9 :20AM Discussion
Liquid Phase Exfoliation & Deposition
9 :30AM Graphene exfoliation & electrical properties
Jonathan Coleman (TCD)

® E1OH Extoliavon Sonicaion
—> —= e —r

10:00AM Discussion

Graphene oxide depostion & decomposition
10:10AM Graphene Oxide Deposition C Gomez-Navarro(EPFL)
10:40AM Graphene Oxide Deposition Vincent Tung (UCLA)
11:10AM Discussion
11:20AM Meeting Summary & Next Steps M. Garner
11:30AM Close Meeting
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H. Ago et al., J. Phys. Chem. C 112, 18350 (2008].
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