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Figure S1. The method of deter mining the defocus value of the six-membered ring of the

TEM image.

Figure S2. TEM images of six-membered rings.

Figure S3. Intensity distribution of TEM images of the six-membered ring.

Figure $4. 3D reconstruction of 15 through-focus TEM images.

Figure S5. AFM images and cross-sectional profiles of a TEM grid before and after

graphenetransfer.

Figure S6. Z error per atom with respect to the number of sine waves.

Figure S7. Ripple structures.
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Figure S1. The method of deter mining the defocus value of the six-membered ring of the

TEM image.

This is a graph showing the change in correlation value when the TEM image 6 in Fig. 3ais

compared with the six-membered ring of the library. The horizontal axis is the defocus value of

the six-membered ring of the library, and the vertical axisis the correlation value. It can be seen

that the peak (red plot) isat -30 A and that the correlation value decreases as the difference from -

30 A increases. In the method used in this paper, the defocus value of the library that becomes the

peak is used as the defocus value of the six-membered ring. Only one unique peak appeared and

the same was true for all 15 TEM images used for reconstruction. Therefore, the six-membered

ring image in the experiment can uniquely determine the defocus value. The accuracy of the

determined defocus valueis+1 A.



i

i

Y

i

WA

2 3

DODD0
0 0
&)

m

010 »w

(7]

Nt
OO O O

m

(]

' {

0,
i
i

QU N v s
AN TOA A |

R
R

W

]

H M \J ) s - - 2 - .‘ “. .‘ “. “ ." \‘ ’. — - .s-: - ' b=/ > -—- » :". ) N »
0205020 §959 R N NN FEEE S E I e S T :',."',:.J
0505920 $920 5 0 KBt L Dttty .\t“.% ceessiTze o'.;,’.". e "-,I.".-','.’
094 Q0 04 P09 'Q‘-\'..\"s‘t\...\".‘\“:..‘\“l..\:_\g\\‘“:.\:—.;".:.i.‘;m;.:.-o ;,’.:ﬂ;,’.:j_-:’.?_.}l{!_o:’..’.’
o' u"o"n"."l“.\'i PO L5 S ‘: e "'0 ,'.0 .'.. .'.’ 4
s B R R N N N NS e e
O 0 - . < ANO O - ‘l".“."h“.“.\.l\“.‘t\'.‘\.‘.‘l.‘.‘“.\..\"- ..:/.4. -.:A" ’af" “3' ‘:’.’3 .‘.,.'G ...."{‘

=
3
2
%

E: Experiment, S: Simulation.

Figure S2. TEM images of six-membered rings.

The sizes of one and seven six-membered rings are presented as the grayscal e and pseudo colors,
respectively. The grayscale makes it easier to imagine the image obtained by TEM observation.
Pseudo colors have the effect of making it easier to see slight contrast differencesin the intensities

of 2D images.
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Figure S3. Intensity distribution of TEM images of the six-membered ring.

The horizontal and vertical axes represent intensity and frequency, respectively. It was
confirmed that the experiment and the simulation were in good agreement also in the intensity

distribution of the six-membered ring.
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Figure $4. 3D reconstruction of 15 through-focus TEM images.

The vertical axisis defocus (A).
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Figure S5. AFM images and cross-sectional profiles of a TEM grid before and after

graphenetransfer. All scalebarsare 2 pm.

a. An AFM image and a cross-sectional profile of a TEM grid without graphene transfer. Cross-
sectional profiles along the straight line indicated by the white arrows in the AFM image. It can

be confirmed from the profile that the edge of the hole is raised about 20 nm.

b. Consecutive AFM images of holes with graphene transferred after TEM observation.
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. Consecutive AFM images of holes with graphene transferred before TEM observation. The

same area is observed in b.

d. Cross-sectional profiles along the straight line indicated by the white and black arrows in the
AFM images of b and ¢ Al and A2, B1 and B2 are cross-sectional profiles obtained from the first
and second observations performed after and before the TEM observation, respectively. The same

structure appears in Al and A2, and B1 and B2 with a difference of 1 nm or less in height.

e. AFM image of holes with graphene transferred. The data are from another specimen that was

not observed by TEM.

f. AFM image 7 days after e. The same area is observed in e. The TEM grid was stored in a

desiccator during that time.

g. Cross-sectional profiles along the straight line indicated by the red and blue arrows in the
AFM images of e and f. The same structure appears in e and f with a difference of 1 nm or less in
height. Strictly speaking, the state of the cantilever position and that of the laser irradiation position
differ between days 0 and 7. However, since the same structure is measured, subtle differences in

measurement conditions do not significantly affect the results.

From the above results, the change (~ 6 nm) shown in this paper is more than the measurement

error by AFM and supports the change of the TEM sample.



N

4 el 02 03 e4 e5
251 m6 07 o8 =9 =10
2 a1l A12 a13 a14 ai5

Error per atom (A)

o -
(6} - [4,}
Q—DM‘
1
]
1
1
]
1
:
= s e O
:
1
)
)
)
1
| _I>> =i :O»O
i
)
)
1
1
:
oo 0 pfo
i
]
1
]
1
i
as end |
:
1
I
1
)
:
o0 :
)
)
]
)
1
1
1
me® O :
:
)
1
]
)
i
e i
:
1
)
]
)
:
Y o :

1 2 3 4 5 6 7 8
Number of sinusoidal waves

Figure S6. Z error per atom with respect to the number of sinusoidal waves.

The horizontal axis is the number of sinusoidal waves used in the approximation function, and
the vertical axisisthe z error per atom (A). The red dotted line shows the standard deviation of the

height error 1 A in the numerical simulation in Fig. 1b.
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Figure S7. Ripple structures.

Each ripple structure was composed of three sinusoidal waves whose directions corresponded to

the vector of the six-membered ring, as shown in Fig. 5g.
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