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Fig. 1. A schematic drawing of the experimental setup, the tilt angle 1) between the axes of capillaries and the electron beam, the

observation angles ¢ and 6 given with respect to the electron beam are defined.
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Fig. 2. A primary beam profile of 2 keV electrons and the corresponding projections on the planes of ¢ and 6.
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Fig. 3. Two-dimensional penetration angle distribution of 2 keV electrons through PET nanopores in a stationary state at different

inclination angles: (a) Two-dimensional penetration angle distribution; (b)  plane penetration angle distribution projection.
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Fig. 4. The transmission rate of 2 keV electrons in stationa-
ry state as a function of ¥, the red dash lines stand for the

geometrical transmission angle.
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Fig. 7. The 3-dimensional model of PET sample used in
CASINO.

TEMEM A ¢ L 2550 v 1 F AT PO A RS B

J7 1 SAL R AR S I AR (K] 3). X2l T
TR B RIS — L A BE 2 T A7 A LE R A B,

WG| B P AR s . O°Milf b s LA, 2F s R BE A 5
B kit 70 L R AE T8 (1] 5(b)) Huny 1202 PN RE R 1
B IE R I 5 3 . e RIS R IR A (] 5(a) .
&1 6) 2210 IE FLAT 5 AP B B A AR R B iR
Jei, PO AT R SRR AR R, IR R .
PR RE 2 1T 1 F faf I 75 ) S H ik A R ThT s/ L 28
BRI 2535 FL T BEY 9K, AR P B H At ) S HE
JF 1T 1 HL 1A EL SRR SR il 2 3 L T
BEWCAR, WO A i i 2 SR IR G AL
XTI 21 (1) 28335 A A3 AT 0 7 10 43 4 R
MHTBEELS (B 5(b) & 6), 7 1Ah: T PET
AL RE HAT 10 o, 7 8] LI /)N R 25
iR TR Qs 9 B, PET 44 K (L B A7 78
6 V1 b /N B, S E0RT A 0 f LU
— R BN ATEL. XA AL,
T AG T EOMAL b e L, g T ) R
B X TR RCL, AR S BUSIL T R
T 701 L, W | R 1) e . Bl e FL RS ] 1) 2R
AN 7 1 I ol T TN R g STV A WG R AR e

0
B Electron deposition
50
—20 £
g
40 =
g .
3 £
T -0 30 £
3 B
&) 20 Z&
—60 2
10 ~
780 i 1 1 1 1 1 1 (b) 0
—50 0 50 0 0.5 1.0 1.5
X/nm Intensity /(103 arb. units)
0
200
Vacancies
2
150 2
—0.5 =4
g 3
= 3
< 100 ~~
& z
wn
2 1o g
50 ;5
‘ R ) (d) 0
_15 g . ) . . . .
0 20 40 60 80 0 3 6 9 12
X/nm Intensity /(103 arb. units)

K8 2 keV HLT7E 4° AN A T i i PET ABHR I AL AT DU TH SRR (a) AR HL T~ DURR S8 A9 28 4043 1 S (b) 7E TR
AR AT A R I (o) R AS 7R BE 1 4k A [ R () FETRBE B S B A AR 1 I

Fig. 8. Calculated results of charge deposition on the surface of PET material caused by 2 keV electrons at an incidence angle of 4°:

(a) The two-dimensional distribution of the intensity of the incident electron deposition and (b) its intensity distribution projection

at depth; (c) the two-dimensional distribution of the surface hole intensity, and (d) its intensity distribution projection at depth.
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Fig. 9. Schematic diagram of the distribution of transmit-

ted electrons at 0° tilt angle.
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Transmission of low energy electrons through a polyethylene
terephthalate 800-nm diameter nanocapillary”
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Abstract

The transmission of 2-keV electrons through a polyethylene terephthalate (PET) nanocapillary with a
diameter of 800 nm and a length of 10 um is studied. The transmitted electrons are detected using microchannel
plate (MCP) with a phosphor screen. It is found that the transmission rate for the transmitted electrons with
the incident energy can reach up to 10 % for an aligned capillary in the beam direction, but drops to less than
1% when the tilt angle exceeds the geometrical allowable angle. The transmitted electrons with the incident
energy do not move with change of tilt angle, so the incident electrons are not guided in the insulating capillary,
which is different from the scenario of positive ions. In the final stage of the transmission, the angular
distribution of the transmitted electrons within the geometrical allowable angle splits into two peaks along the
observation angle perpendicular to the tilt angle. The time evolution of the transmitted full angular distribution
shows that when the beam turns on, the transmission profile forms a single peak. As the incident charge and
time accumulate, the transmission profile starts to stretch in the plane perpendicular to the tilt angle and
gradually splits into two peaks. When the tilt angle of the nanocapillary exceeds the geometrical allowable
angle, this splitting tends to disappear. Simulation of the charge deposition in the capillary directly exposed to
the beam indicates the formation of positive charge patches, which are not conducive to guidance, as seen in the
case of positive ions. According to the simulation results, we can explain our data. Then, the possible reasons
for the splitting the transmission angular profiles are discussed.

Keywords: insulating nanocapillaries, low energy electrons, guiding effect
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