PS 1 3 4 Extended Abstracts of the 2014 International Conference on Solid State Devices and Materials, Tsukuba, 2014, pp340-341

Defect Generation in Mono-layer Graphenein O>-PDA and FGA
W. J. Liu, K. Nagashio, T. Nishimura and A. Toriumi
Department of Materials Engineering, The Universityrokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan
Phone: +81-3-5841-7161, E-mdib@adam.t.u-tokyo.ac.jp

Abstract 3. Results and Discussion
Either post deposition annealing (PDA) or form- Fig. 1 shows typical results of mono-layer graphéne

; ; ; ; ) the Raman measurement as a function of annealing
Ir.]g gas_ annea_llng (FGA) is to_ Improve the top-gate temperature in ® The D band peak obviously increases
dielectric devices. However, it would degrade the with the increase of annealing temperature. To anprthe

grapheme because of possible reactions of graphene. accuracy, the semi-log scales were used to estithat®
This paper discusses the defect generation in and G peak maginitude. Additionally, both G andt2ihds

mono-layer graphene under both O>-PDA and FGA. have a blue-shift after an.Cannealing, which can be
clearly seen in Fig. 1.

1. Introduction . . MLG / O, 30 mins
Graphene has emerged as a promising material fer va G 2D
ious practical device applications. To make graghep- ~ D sosc A A
plicable for practical devices and circuits, the-gated g 500°C A
graphene device is much more required, compared to ~ 400°C f\
. . . > -

back-gated devices. However, it is quite toughaonf a £ ,

) . . . i = 300°C _

high-quality or uniform top gate dielectric stack gra- 2 p

phene because of no dangling bonds on two-dimeaision g s00cc ) L
material. In addition, although the post-depositidnan- =

nealing (Q-PDA) or forming gas annealing (FGA) is initial A

needed to achieve high quality dielectric films, time L L L
meanwhile it may degrade graphene quality owingato 1400 1600 2600_] 2800
possible reaction between graphene apndr@4, molecules. Raman shift (cm ™)

Prior to the formation of top-gate dielectric,stof signifi- Fig.1 Typical Raman spectra of mono-layer graphene foersé

cant importance to understand the characteristicgra kinds of annealing temperature in.O

phene without top-gate dielectric under such antbien

nealing. The thermal treatment for conventionalk gaie- The Raman intensity of D band over G band/l¢, as a
lectrics usually needs around 8Q0wh|ch also restricts the function of temperature is summarized in Fig.2. idt
PDA process for graphene. This paper reports hewd#: bviously ob d that t kinds of defect enat
fects are generated in mono-layer grapheme (MLG@jnsg obviously observe a W9 inds ot detect genera )
0, and Ar/H at elevated temperatures. Defects were estj-Processes are overlapped in MLG. It appears a apeci
mated by microscopic Raman measurement and atomi€orner-point of 408 in defects generation process along

force microscopy (AFM). the temperature, as denoted in Fig.2. Below the
corner-point the defects generation ip @nealing is quite
2. Experimental insensitive to the temperatures.
MLG was transferred onto a 90-nm-thick Si®-Si
substrate by the micromechanical cleavage of Kiaplyte. 10° T T T T

MLG
PDA (0,) 30min
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Prior to graphene transfer, SiSi substrates were anneal-
ing at 1000C for 5 minutes in 100% £Lflow. Graphene
flakes were annealed in 100% ©Or Ar/H, (5%), respec-
tively, for 30 minutes as a function of annealiegnpera-
ture in a home-made tube furnace. The number qhgnze
layers were detected by optical contrast and funthefied = E ~0.17eV
by Raman spectra. Before and after annealing, Raman a2
spectroscopy measurements of graphene layers vegre p

formed withA =488 nm Ar laser (Horiba HR800) with a 102F  400°C (corner—point) i 3

power of ~ 0.5 mW at the sample position, which seisto . . . .

prevent potential damage to graphene during the 1.2 1.4 1.6 18~ 20 22
measurement. The laser spot size at focus and the resolu- 1000/T (K™)

tion of the wavenumber were +im dia. and ~0.3 crh Fig.2 In/ls as a function of 1/T in fannealing. Two kinds of
respectively. activation energies are clearly observed.
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More interestingly, the defects generation is premt
above the corner-point. The results indicate thab t
independent activation processes are involved iae th
degradation process, whick can be described asfs|l
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where A1, A, are constantsEar and Ea; are activation
energy En) above and below the corner-pginespectively.
In case of MLGEA1 andEa; are estimated to be 1.2eV and
0.17eV, repectively, from the fittingea2 in the temperature
range below the corner-point is negligibly smalbsgibly
resulting from the thermal mismatch between graplerd
SiO,/Si substrate. Above the corner-poiBi of 1.2eV
should be much more concerned, which is correspting
the oxygen effect in the annealing.

in FGA above the corner-point is similar . (0.17) in
O.-PDA below the corner-point, though whether theedef
are also generated by thermal mismatch expansi@asa
of FGA or not obviously needs further investigaton

Indeed, we observed prominent differences in Raman
spectra between LPDA and FGA treated graphene. The
Raman spectra of MLG at 58D for both Q-PDA and
FGA are compred in Fig.5. It appears that D band is
broadened and the “baseline” is also enhanced iA,FG
marked by the red dash in Fig.5(a). Furthermoreugh
the G band near the center is still sharp, its tadem to
extend to some extent, as shown in Fig.5(a). This
phenomenon is similar to that observed in disomlere
carbon[3] and CVD graphene heated in vacuum [4f Th

In the Q-PDA, the defect generation is dominated by the band spectral broadenings indicates that a striclisorder

chemical reaction between graphene anda® elevated
temperatures, especially above the corner-poina Amtter
of fact, the etching “pits” are detected afteranealing as
shown in Fig. 3 [1]. Therefore, it is quite natuttahtEa; of
1.2V should be related to the C-O bond breakingy ve
similar to the theorectical expetation of 1.5e\Vgirmphene
oxide [2]. This fact is quite suggestive of the GbOnd
formation in Q-PDA.

Fig.3 3-dimensionaAFM image of MLG befre (a) and after (b)
an @ annealing at 50C for 30 minutes. RMS is 0.1nm for the

former and ~0.3nm for the latter, respectively

Fig.4 shows temperature evolution efl§ of MLG in
FGA for 30 mintutes. Below 483G, Ip/lg is very small and
almost keeps unchanged, Bbove 408C in FGA is only
0.28eV, which is quite different from PDA in,Qin case
Ea1 is 1.2eV. It is interestingly pointed out that (0.3eV)
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Fig.4 Io/lc as a function of 1/T in the Ard{5%) annealing. Two
regions are also observed.

occurs in MLG after FGA [4, 5], which may resulbifn the
heating effect and/or the small amount reactiortsvéen
graphene and remainingzHor & and HO underneath
graphene. It is worth noting that the heating effalso
exists, though the reaction between graphene apd O
dominates the defect generation above the corrat-po
case of @-PDA.
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Fig.5 Raman spectra of MLG at 58D for both (a) FGA and (b)
O—PDA.
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4. Conclusions

The defect generation in MLG in both-®DA and FGA
was investigated. Two kinds of activation energies ob-
served. Above the corner-poiriEa for O,-PDA is 1.2eV
while ~0.3eV for FGA. The present results point oure
importantly that the thermal treatment in &ven below
40C°C for the top-gate graphene device integration may
affect the graphene characteristics.
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