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GRaphene to Electrons:
Energy and Angular resolved Transmission

A
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ELECTRON TRANSMISSION
THROUGH MONOLAYER GRAPHENE
BETWEEN 200 AND 5000 eV

PTOLEMY COLLABORATION MEETING, 01/07/2025
ALICE APPONI, ORLANDO CASTELLANO, MARTINA CHIRICO, FRANCESCO PANDOLFI, ALESSANDRO RUOCCO



WE NEED TO OPTIMIZE THE TRITIUM SOURCE

® 1.ugof Tcorrespondto ((cm?) of graphene

1) Which is the best way to arrange all this graphene?

2) Can we stack graphene monolayers one on top of the
other?

SR AL A

Yol e G \“. —4
. > & S S .
;".‘.\\3 N

Check whether [ electrons of T are affected by the
passage through graphene
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THE GREEAT PROJECT

Research article

Transmission through graphene of electrons

Extend the

in the 30 - 900 eV range Transmission study to other
o e ones s, et i o priss poioni up to 5 keV nanostructures
Ilaria Rago 9, Giovanni De Bellis "', Gianluca Cavoto ¢, Alessandro Ruocco ° TOtaI cross Differential

section cross section
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THE GREEAT PROJECT

Research article

Extend the

Transmission through graphene of electrons I
in the 30 - 900 eV range Transmission study to other
e Fetnes o, sl e Sl pane peslo =, up to 5 keV nanostructures
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ELECTRON TRANSMISSION THROUGH GRAPHENE

ELea’cmw guw\,

Faraday Cup

E—'Leotrow guw

e beam

Faraday Cup

° Measureample

® Measure /,

~ Reconstruct TG

MARTINA CHIRICO 01/07/2025 4




Imeas IS ASUM OF TWO CONTRIBUTIONS

2 mm

meas — IO geom

laTl,; + (1 —a)l

Where:

Area(( )+ ()
® Tgeam_ =
Area(( ) + () +.)

Area(( ))
Area(( )+ ()

§eo ~ (0.3 mm @ as

Q = covered hole ‘ = electron spot

Q = uncovered hole - = grid

MARTINA CHIRICO 01/07/2025 5



SAMPLE CHARACTERIZATION @ SEM

00000000 OO
0000000000 O
00000000000 O
A 00000000000 HD « :
....‘...‘...... .i V“.'..'.

0 0700000000000 KO 0 (PO HHOOO
A0 0000000 0LVL00 O O KOOy
O O ...OO0.00..... O O
RS O 00000000000
0 0C. 0 O OO O

EHT= 200kv WD=E3

File Nams = A13 HRO3.67

mm  Signal A=InLens Date :31 Jan 2023
Mag= 500X

LS

"

b R L I e s el
FOMNCION 3T SOF oG 0B e e

MARTINA CHIRICO 01/07/2025

6




SAMPLE CHARACTERIZATION @ SEM

Pixel gray level histogram
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SAMPLE CHARACTERIZATION @ SEM

Pixel gray level histogram
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SAMPLE CHARACTERIZATION @ SEM

Pixel gray level histogram
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CREATEAMASKTOEXTRACTHOLES

® Cutlabels and corrupted parts Pixel gray level histogram

Mean value of the
“EEE distribution

Counts

Holes

Pixel values

® Choose threshold pixel by Actually the best choice depends on whether you
pixel (Adaptive threshold): are considering covered or uncovered places of the
mean inside the box + offset grid

MARTINA CHIRICO 01/07/2025 7



CREATEAMASKTOEXTRACTHOLES

® Cut labels and corrupted parts

® Select good holes:

® Choose threshold pixel by -size € [1100,1700] pixel”

pixel (Adaptive threshold): - circularity € [0.92,1.00]
mean inside the box + offset

MARTINA CHIRICO 01/07/2025 7



HOLE AREAS FOR GEOMETRIC TRANSMISSION

] 71-)” 1
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A = (1452 + 7) pixel
Acell = (3473 = 3) pixel

Autocorrelation spectrum: MARTINA CHIRICO 01/07/2025 8



COUNTS

HOLE AREAS FOR GEOMETRIC TRANSMISSION

— - o . Different gradients
This histogram contains at the borders

. [ two populations of areas,
0o - one for the covered holes » \
. " "and one for the uncovered.
- y o It is an artifact of the
250 3 \ threshold.ing prescription
O30 1300 S==rio0 | 500 1600 1700 we are using

1500 4

hole areas |pixel |

A = (1452 = 7) pixel
A,,; = (3473 + 3) pixel —,

T poom = (42.0 £ 1.6) %

MARTINA CHIRICO 01/07/2025
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counts

GRAPHENE IDENTIFICATION
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107 =
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pixel gray level values
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counts
counts

pixel gray level values

GRAPHENE IDENTIFICATION

10% -

10° 1

pixel gray level values
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10° 3
107 5

10! 3

counts
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pixel gray level valnes

GRAPHENE IDENTIFICATION

105 =

10° 1

Compute minimum to separate
covered and uncovered holes

pixel gray level values
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COUTNTS

GRAPHENE IDENTIFICATION

1[)6 -5 1 -
l[)'-’ 3 |.] h()l(\q ) . hﬂlps
3 L 107 ‘I | 107 C "
: | ". - covered
104 - -~ | . 1
i £ 107 ¥ £ " ?
10 - = 10 - = 10° 4
] O : | ~ :
()2 _ 10 ' 102 :
10! 3 | |
10" 1 | 109 ; ‘
| ) : : ; ' 1 r'l ] _ r! ‘ 1 0; r; ‘ -
0 50 100 150 2 950 0 50 100 15() 200 250 (0 Hl) 100 150 200 200)

N 1 S OTraVv RAWIA o g 1 e ' 7 T o
pixel oray level values pixel gray level values pixel gray level values

MARTINA CHIRICO 01/07/2025 9



SAMPLE VISUALIZATIONS

°

°
| a— |
<

L

-~

—
—
 —

0

80
- 60

4

20

ith our apparatus

700 eV

ission map w
E

e
© = 5 g 5 = 7 85 g
r By < o P | o [ o 4
f— - [un] A g
® O

afd

(&)

QO

] o

O o

I O

abeiano
m - (-] o (-
1 |

s
-
2o s

i
. 3
’, ,J.o ooooooooco .ar..ntcc 2

e SEM

040 980 10.20  10.60  11.00  11.40
DI'H mm

9.00)

8.60

J

-

Gun DeFlections ¥

10

MARTINA CHIRICO 01/07/2025




TRANSMISSION “AS PREPARED"

1

We are hitting here: TG = — ( 7 n}eas — (1 — a)))
' 0+ grid

*Sample as prepared = graphene + PMMA

IRICO 01/07/2025 11



TRANSMISSION “AS PREPARED"”

1 /1
TG=_< meas _(1 —Cl)))
a IOTgrid

Coverage*=80% £ 1%

*Sample as prepared = graphene + PMMA

IRICO 01/07/2025 11



TRANSMISSION “AS PREPARED"”

Coverage*=80% £ 1%

*Sample as prepared = graphene + PMMA 1

0 1000 2000 3000 4000 2000
K [(}.\f’] MARTINA CHIRICO 01/07/2025 11



SAMPLE IS CLEANED THROUGH ANNEALING

® We want to preserve
as much graphene as
possible

MARTINA CHIRICO 01/07/2025
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SAMPLE IS CLEANED THROUGH ANNEALING

® We want to preserve
as much graphene as
possible

1 hour @ 350°C
XPS and

* EELS

XPS and EELS

MARTINA CHIRICO 01/07/2025
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® We want to preserve

SAMPLE IS CLEANED THROUGH ANNEALING

C1s

1.75 1

as much graphene as -

u

possible

cl

1 hour @ 350°C
XPS and

* EELS

XPS and EELS

MARTINA CHIRICO 01/07/2025
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SAMPLE IS CLEANED THROU

—

GH ANNEALING
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2.00
1.751 — as prepared | C1s
l
® We want to preserve Lt 360°C 1
as much graphene as 1 anncaling -
. = 2nd 350°C /
= 1.00
pOSSIble 5 anncaling ;
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® We want to preserve
as much graphene as
possible

1 hour @ 350°C

XPS and
EELS

';1 hour @ 350°C

| I —

XPS and EELS
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TRANSMISSION AFTERANNEALING

WORK IN PROGRESS! 1.0 - /W

° ° ° o~ 08 ]
First considerations: S
S
: ~
® Energy dependency: we still have 0.6+
—~—
graphene on the sample! ~.
S .
c e 2 04~
® Transmission improves after ~
annealing ho. — asprepared
after annealing
® after 3 keV! 2
0.0 | | | | | |
0 1000 2000 3000 1000 5000

E [eV]
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TO CONCLUDE:

® The measurement of the transmission of electrons through graphene between 200 eV
and 5000 eV has been performed on the as prepared sample

® Graphene monolayer as prepared is practically transparent to electrons above 3 keV
® The sample has been cleaned with double annealing at 350° C

® Transmission in the same range through the clean sample is reveals higher
transmission at lower energies and is still transparent to electrons

® scheduled for next week

Thank you for Your attention!

MARTINA CHIRICO 01/07/2025 14
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CHECKS WITHANEMPTY GRID

(.500

® Geometric transmission of an
empty grid does not depend on

In energy

We can use SEM images of
the grid to estimate it

® Current fluctuations
during a single
measurement below 1%
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PMMA FRAGMENTATION PATTERN

Methyl methacrylate
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ACETONE FRAGMENTATION PATTERN
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MEASURE HOLE AREAS

® Uncertainty in the definition of the

uncovered holes appear to have different areas

of a hole. With this method covered and

® Change threshold by adding an offset to the mean value and see how the mean

area changes

1525 -

4— —> —> = offset 1500 -

& 1475 -

Counts

menne =Mean

™

N

Pixel values

value 2, 1450 -

"
QL
-C
= 1400 -
D
= 1375 -

1350 -

—10

—)

0

| Offset |

10

® New SEM analysis

will help us to
investigate this
aspect

MARTINA CHIRICO 09/06/2025

19



CREATEAMASKTOEXTRACTHOLES

® Cut labels and corrupted parts

MARTINA CHIRICO 01/07/2025 20



CREATEAMASKTOEXTRACTHOLES

® Cut labels and corrupted parts

® Choose threshold pixel by
pixel (Adaptive threshold):
mean inside the box + offset

ICO 01/07/2025 20



CREATEAMASKTOEXTRACTHOLES

NOhq®
'm-0

® Choose threshold pixel by ® “Compactify” objects
pixel (Adaptive threshold): (Morphological
mean inside the box + offset closure)

® Cut labels and corrupted parts

IRICO 01/07/2025 20



CREATEAMASKTOEXTRACTHOLES

® Cut labels and corrupted parts

> %! , ®
' ‘k ‘- . A V V » D » D
4 . p ‘- ‘ ' ' .
: : ®a ' 1 -
s Ll 3
: - .
L N /
—1

® Choose threshold pixel by ® “Compactify” objects . o
pixel (Adaptive threshold): (Morphological -size € [1100,1700] pixel

mean inside the box + offset closure) - circularity € [0.92,1.00]
MARTINA C [07/

® Select good holes:



