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SESSION 1
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PREDICTION OF MAGIC ANGLE tBLG:

a)

CONCLUSION GRAPH
Emergence of Stro_ngIY Fig 2: Moiré bands: (a) Energy
correlated system in Bi- dispersion for the 14 bands

Layer Graphene for closest to the Dirac point
twist ~ 1.19,0.59, ... b) plotted along the k-space

trajectory. (b) DOS.

Bistritzer, R. & MacDonald, A. H. Moiré bands in twisted double-layer graphene. Proceedings of the National Academy of
Sciences 108, 12233-12237 (2011).
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TEAR AND STACK PROCEDURE FOR BLG:

IMAGE

Fig 4: Rotationally aligned graphene double layer realized by successive transfers
from a monolayer graphene using a hemispherical handle substrate.

CAPTION

Kim, K. et al. Van derWaals Heterostructures with High Accuracy Rotational Alignment. Nano Letters 16, 1989-1995 (2016).
Cao, Y. et al. Superlattice-Induced Insulating States and Valley-Protected Orbits in Twisted Bilayer Graphene. Physical Review Letters 117, 116804 (2016).
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CONFIRMATION OF MAtBLG:

IMAGE

Fig 5: Unconventional Superconductivity in MAtBLG CAPTION

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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Standardising the TEAR, TWIST and STACKING in tBLG
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SESSION 2

Reviewing
Previous
Stacking
Procedure

Image credit: Shutterstock


https://www.shutterstock.com/search/graphene

DRY PROCEDURE:

IMAGE

Fig 6: lllustration of van der Waals heterostructure assembly

. CAPTION
process as done in Danneau Group.

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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DRAWBACKS FORTBLG:

TEARING PROBLEM 0

Tear a graphene along the edge
of hBN flake

Avoid PPC stamp contamination
on other half of graphene

0 CLEAN INTERFACE PROBLEM
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SESSION 3

Modiified Dry
Stacking
Procedure




TEAR PROBLEM

IN FERENCE

« Fipl3: tab Ageaphen @it ke

befpGrapleHe. b) Same
flake after pickup. Faint

-ougiie ipnihe GaRagh
regie0islieBMicks
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TEARING A PAPER:

TEARALONG AN EDGE 0

0 RIPPING APART
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TEARING A PAPER - RIPPING APART:

TEAR ALONG AN EDGE 0

ING APART

D. L. Mathieson, The Tensile Strength of Paper, Phys Teach 29, 412 (1998).
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TEAR ALONG AN EDGE - DRY STACK PROCEDURE :

IMAGE

b)

stamp
substrate

Fig 9: (a) Optical image during stacking. Concentric circles and tear
outlines are overlayed and (b) cross sectional schematic.

CAPTION

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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TEARING A PAPER:

TEARALONG AN EDGE 0

0 USING KNIFE
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AFM TEAR - USING KNIFE:

IMAGE

Fig 9.1: Optical image of two graphene flakes
with a tear partition

CAPTION

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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DRAWBACKS FORTBLG:

Avoid PPC stamp contamination
on other half of graphene

0 CLEAN INTERFACE PROBLEM
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CLEAN INTERFACE PROBLEM

IMAGE
Stamp
Flake
Substrate ] ] ]
e Fig 10: cross sectional schematic of
the effect of heat on hemispherical

stamp
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CLEAN INTERFACE PROBLEM

CONVEX stamp

» O Necking

Easy to detach from
substrate after contact i

X Contact edge expansion

CANNQOT be controlled s 13: Formation and neck and
eventual breakage.
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CONCAVE stamp

< NECK FORMATION and
breakage

Contact edge expansion
CAN be controlled
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CLEAN INTERFACE PROBLEM

CONVEX stamp

+ Easy to detach from
substrate after contact

X Contact edge expansion
CANNOT be controlled

24-04-2023 JOVIK

I ICAL stam

: .
Contact edge expansion

CAN be MANAGED

No Neck Formation

E'Sigyta%‘i?!\%ﬁhf%?ﬁ“
soRYRRHL AL TLT T ERLRE

UM DAE CEBS

CONCAVE stamp

< NECK FORMATION and
breakage

+ Contact edge expansion
CAN be controlled
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CLEAN INTERFACE PROBLEM

~

%

s
CONVEX stamp CYLINDRICAL stamp
Contact edge expansion
Easy to detach from CAN be MANAGED
substrate after contact
No Neck Formation
Contact edge expansion
CANNOT be controlled Easy to detach from
substrate after contact
\
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CLEAN INTERFACE PROBLEM

Convexo-Cylindrical
stamp

Contact edge expansion
CAN be MANAGED

No Neck Formation

Easy to detach from
substrate after contact
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SESSION 3

CONCLUSION

Image credit: Shutterstock


https://www.shutterstock.com/search/graphene

raphene flakes
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graphene flakes
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Pickup of hBN

Tear Graphene

Pickup of 1% half of graphene
Twist and pickup of other half

newN
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3. Tear Graphene
4. Pickup of 15t h
Twist and pi alf

st processing
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7. Analysis
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SUMMARY OF MY WORK

L

Clean tearing edge by use of AFM

o

Innovative solution to the clean interface problem leads to ultra clean
interface.

d Standardised the dry stacking procedure for tear and stack.
d Easily generalisable for a MAtBLG.
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THE END
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APPENDIX




SLG — MOIRE SUPERLATTICE:

IMAGE

Figure 2.2: Energy Band in Graphene: a) Plot of Energy band in
reciprocal space. b) is the corresponding Reciprocal space.

CAPTION

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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FABRICATION MAGIC ANGLE TBLG:

«— [Zig Zag

a)
b) +«—— Armchair
C) <«— God knows what

Fig 3: Edge of graphene. (a) and (b) are naturally occurring with
equal probability while (c) does not occur in nature. The Black line
represent the bond cu
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SLG — DIRAC CONES:

IMAGE

Figure 2.2: Energy Band in Graphene: a) Plot of Energy band in
reciprocal space. b) is the corresponding Reciprocal space.

CAPTION

Cao, Y. et al. Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43—-50 (2018).
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tBLG_1 Angle ~24°
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tBLG_1 Angle ~24°

Annealing at

300° for 3 hrs. AFM Ironing
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tBLG_1 Angle ~24°
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tBLG_1 Angle ~24°
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5% Power

24-04-2023 JOVI K UM DAE CEBS http://www.int.kit.edu/krupke-group '



tBLG Angle ~24°

2686.97147 26.6696 0.99631
Gr stack 2687.27108 25.9488 0.98766
tBLG 2693.26407 23.5229 0.99223
tBLG 2693.63354 24.6959 0.94786
Gr stack 2686.63373 19.9056 0.91869

- tBL has blueshift “6 cm-1
- Before after heat blueshift is same
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AFM contact Tear

Tap before tear
IG—-0.5

PG-5

Target —310mV
Setpoint —270mV

24-04-2023 JOVIK

Contact before tear
IG-5

PG-10
Setpoint—0.6 V

UM DAE CEBS

Tap after tear
IG—-0.5

PG-5

Target —310mV
Setpoint —240mV

http://www.int.kit.edu/krupke-group



tBLG_2 Expected angle ~ 3° Before annealing

After annealing
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tBLG_2 Expected angle ~ 5°
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tBLG 3
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Clean Interface — tBLG4

AFM tear

v
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Clean Interface — tBLG4

REM Microscope 100;
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Clean Interface — tBLG4
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