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Large-area suspended graphene (LSG) is the strongest and thinnest target for laser ion acceleration.

Thinner target generates energetic ions more efficiently in laser ion acceleration.

Unknown physical process may be crucial to the interaction between LSG and intense laser.
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First experimental result of ion acceleration with nanometer thick target, kJ & ps-class laser and no plasma mirror.

Energy spectra of protons obtained with 
TPS. Shadowed area corresponds to 

energy range of cutoff obtained by CR-39 
stack.

Even at the extremely thin target regime, the ion acceleration is more efficient than that with plasma mirror.
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Figure 2. (a) The SEM images of SLG and (b) The SEM images of 4-L
graphene film suspended on 500 µm hole.

cm!1) and D’ ( 1620 cm!1) bands as the defect provides
the missing momentum to satisfy momentum conservation
in the Raman scattering process. Namely, the D (D)́ band
represents processes activated by a defect assisted single-
phonon intervalley (intravalley) scattering processes. A 532
nm excitation laser (2.41 eV) is implemented in an optical
microscope so that the spatial resolution of the measurement
is about 1 µm.

3. Results
To detect impurities, ruptures, folds, voids and discontinu-
ities of synthesized or transferred graphene on the substrate,
we performed the scanning electron microscope (SEM)
image on the suspended graphene. The SEM image of
500 µm single layered suspended graphene (SLG) is shown
in Fig. 2 (a). This image indicates uniform film without
contamination. Figure 2 (b) shows an SEM image of 500 µm
4-layered (4L) suspended graphene. The edge of a ruptured
sheet was selected to show both graphene and the silicon
surface. A magnified view at the edge shows continuous
wrinkles across the suspended and supported area, indicating
the suspended graphene film is relatively flat across the
hole boundary. The atomic force microscopy (AFM) in
the non-contact mode has been employed to characterize
the topography of the graphene samples. Figures 3 (a) and
(b) demonstrate the AFM height profiles. The horizontal
and vertical axes show the distance (µm) and height (nm),
respectively. The AFM images at the edge of a single layered
suspended graphene is shown to demonstrate the height
di!erence between the graphene surface and the substrate.
The white line marks the cross section across the graphene
and silicon substrate with a height di!erence of around 1 nm,
suggesting a single-layered graphene film as shown in Fig.
3 (a), while the cross section across the 4-layered graphene
is about 4 nm as shown in Fig. 3 (b). To determine the
quality of the SLG and 4-L suspended graphene obtained, we
performed Raman measurement on the suspended graphene

Figure 3. The AFM image and cross section profile at the edge of (a)
SLG and (b) 4-L suspended graphene film, respectively. (c) Raman spectra
acquired along a line in a four layered graphene suspended across a 250
micron hole.

[Fig. 3 (c)]. Both SLG and 4-L suspended graphene films
exhibit low defect density (low D band), implying high
crystalline of graphene film. Figure 3 (c) shows an example
of Raman spectra acquired along a line on a four layered
graphene suspended across a 250 micron hole. The D band is
relatively low compared to the G band, indicating low defect
density. The 2D/G ratio is lower than 1, indicating multiple
layered graphene. Overall the similar intensities in the G and
2D show good uniformity of the suspended graphene in large
area.

The above data shows large area, controllable and rela-
tively clean suspended graphene samples can be routinely
prepared. This atomic thin graphene film with high purity
and quality is expected to produce a controllable proton
beam.

4. Discussions and summary

We have produced a large-area (500 µm) suspended
graphene as a target of energetic ion beam produced with
an intense laser pulse, such as the NCU 100 TW laser
facility. Based on SEM, AFM, and Raman spectroscopy
characterization, the surface flatness, thickness , i.e., the
number of layers, and the quality of graphene have been
confirmed.

We have produced suspended graphene on the substrate
with many holes with di!erent diameters. By using a 2-
axis motorized stage in the vacuum chamberand the target
monitors, we can shoot many graphene targets without
opening the chamber. This is a still slow process since we
have to make sure the target position at each shot. Although

~500 µm

1 layer LSG has 1 nm thickness.
Aspect ratio of hole diameter to LSG thickness is > 105.

Target  : 8 & 16 layered LSG 

Graphene

Pico-second laser generally has ~ns long pedestal, which easily destroys thin target.
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Images of etch pits of maximum 
energy proton (18.5 - 21.5 MeV) 

obtained with CR-39 stack when 8L-
LSG was irradiated without DPM.


