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< Present project status

| belonged to the bilayer graphene quantum device team and was working on device fabrication. The
concept of the device is based on valleytronics which utilizes a valley degree of freedom in the bilayer
graphene. The desired function of the device is the valley splitter which can split the electrons which have
deferent valley state (K, K*). We are planning to use a domain bond state which is shown in an interface
between the two regions which are applied an opposite electric field in the bilayer graphene. To realize
the fabrication of such device, | am trying to fabricate a well-designed graphite back-gate with high
cleanness and accuracy.

. Recent progress in fabrication

There were many problems in the fabrication process. Especially, overcoming the issue of the flipping
process is most important to improve the device quality. Additionally, we are newly facing a bad effect on
the transport of the device by flipping technique, especially by the annealing at high temperature (650°C)



when we remove PPC. We suppose that the annealing process causes movement of BLG encapsulated
in hBN layers, this makes new alignment of BLG and hBN. It should be possible to create commensurate
phase in BLG. We have already measured few devices, and these actually show the side peaks besides
the Dirac-corn, this is the obvious sign of the presence of commensurate phase. With this, we cannot
reach to pinch-off current because mini Dirac-corn emerged in the commensurate phase prevent to be
dielectric. Therefore, the new approach to fabricate the kink-state device is highly required avoiding the
annealing process to BLG and commensurate phase.

Furthermore, regarding the flipping technique, we developed the new process for fabricating the
graphene nano-device. The base of this idea is placing the structured gate under the stack with an
extremely clean interface. Combining to the top-gate and such structured bottom-gate, we can obtain the
new freedom of the gating to the nano-graphene, making possible to freely tune Fermi level and even
displacement field in arbitrary position. As the first challenge of the process for such device, we tried to
employ finger gates under the BLG quantum point contact (QPC) formed with etching process.

Here | report the new fabrication process of the kink-state device with technical progress on the flipping
process and the new process for the fabrication of graphene nano-device.

(A) New fabrication process of kink-state device

The main issue of the fabrication process we supposed is on annealing. Therefore, we tried to avoid the
annealing process to BLG. For this, we arrived an idea to separately build a BLG sandwich and bottom
part and combine these stacks in the end. Furthermore, we decided to employ the additional graphite
global back gate to well tune the Fermi energy of the kink-state channel instead of the ordinal silicon global
back gate. Thus, we need additional stacking process to place additional hBN and graphite. In this process,
the annealing process is applied to only the bottom part, then we can completely remove the bad effect
from annealing to BLG. The illustration of whole process is shown in Fig. 1. We assumed two routes of
the process to arrive the full stack. One is the method using the alignment of the bottom split gate with
PPC membrane when flipping it (Fig. 1(a)). To realize this way, precise handling of PPC membrane is
necessary. The other way is picking up the separately prepared parts with BLG sandwich in order (Fig.
1(b)). In this method, we found that the gold structures, which are used when etching graphite, are still
remained the substrate when we pick up the flipped bottom part. This phenomenon might happen if the
gold structures are enough large because we have seen the tiny gold structures are successfully picked
up with graphite. With this interesting phenomenon, we can remove the gold structures when picking up
process. Therefore, we are finally able to obtain the full stack without gold structures.

(a)

Graphite/Gold — —

hBN — —

- =) = - = - = -

(b) "

Fig.1: Two routes for the full stack. (a) and (b) shows the routes with and without alignment of PPC

membrane.



To realize the process with the alignment of the PPC membrane regarding the process shown in Fig.
1(b), we improved the flipping method. In the previous method, we employed the PDMS stamp covered
by tape as a support of the PPC membrane. In this way, however, the success yield of picking up is still
quite low. Furthermore, the membrane easily ruptured when temperature goes higher. This also leads
difficulty in handling the membrane. This might be because the membrane partially attaches to the
substrate, resulting in rupturing the membrane. Therefore, we tried to directory put the PPC membrane
on the substrate and peel off the membrane (Fig.2(a)). We annealed after putting the membrane (typically
50-100 C for 1 min) and peel it off with the support of a tape. By this, we finally obtained the PPC
membrane with picked up stack (Fig. 2 (b-c)). The membrane peeled off from the substrate has still flat
surface, therefore we are easily able to handle it. Thanks to this, the membrane is possible to be
suspended with the arm of the transfer system (Fig. 2(d)), this makes possible to align the stack on the
graphite global back gate (Fig. 2(e,g)). After annealing to remove the PPC, we obtained two results, Fig.
2(f) shows good alignment of the split gate on the graphite global gate, meaning the stacks mostly did not
move. On the other hand, we found the long-distance movement of the stack which can be seen in Fig.
2(h), this might happens due to the holdings of the membrane which is possible to cause the unexpected
flow of PPC in annealing, resulting in the movement of the stack.

By these two process routes, we finally got two kind of stacks with and without gold structure (Fig. 3(a-
b)). We can confirm that BLG was successfully aligned on the channel by raman mapping measurement
(Fig. 3(c-d)). We will compare these two configurations in transport measurement, and clarify which
configuration is suitable.

a
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Fig.2: (a) The process of new flipping process with PPC. (b-c) The picked up bottom parts with PPC which
has (b) flat surface and (c) holding. (d) A picture of tranfer system with suspended PPC membrane. (e. g)
Pictures aligning the bottom part on the bottom global back gate with PPC. (g, h) Pictures after annealing of

(¢) and (g).



Fig.3: (a, b) Full stacks with nad without gold structures. (c, d) Raman mapping of 2D spectra of (a)

meAd (RN

(B) New processing for nano-graphene device

Based on the flipping process we developed, an idea of new fabrication for a graphene nano-device
came up. With the one of merit of the flipping technique that we can structure the bottom gate with clean
interface, it is possible to place the structured bottom gate on a graphene nano-structure. The fabrication
process is similar to that of kink state device, but deference is etching the graphene after flipping with gold
hard mask. We expected this gold structure finally works like a top gate. Based on this technique, we
envisioned the BLG quantum point contact (QPC) device with finger gates and top gate shown in Fig. 4(a-
c). The split gates are apart from 150 nm each other and its width is 300 nm. BLG was etched with gold
hard mask down to 200 nm. For this configuration, we expect the quantum dot (QD) operation because
we can tune the displacement filed and thickness of tunnel barrier with finger gates. A device has already
been ready for transport measurement (Fig. 4(d-e)). We measured the conductance in this device at low
temperature (~1.5K). We found that this device showed the insulating state with BG and TG shown in Fig4
(a). This means this device is able to work as ordinal bilayer graphene device. This is actuary first report
which shows the insulating state with etched bilayer graphene. Furthermore, we observed the periodic
oscillation of conductance in pnp and npn regime. This imply the Fabry—Pérot oscillation which comes
from the ballistic transport of carriers and that we realized really clean interface of hBN and BLG. In the
such insulating regime, we further found the additional feature which is normally not observed in BLG
shown in Fig. 4(b). This might be relating to the presence of etched edge of BLG. Such device
configuration and measurement should improve the understanding of the impact of the edge to the
graphene transport. This device is still in measurement and analysis in RWTH Aachen University.
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Fig.3: (a-c) Schematic images of BLG QPC device. (b)and (c) are cross section images along A and B
direction shown in (a). (d) Optical microscope and (e¢) AFM image of the device.
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Fig.4: (a-b) The mapping of conductance with TG and BG2 (a) and TG and BG inside of the transport
gap (b). The conductance in (b) is differentiative with BG.



