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Figure 2 (Color online) Inner structure of the SEY measurement
facility
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Figure 3 (Color online) Section images (SEM) (a—d) and surface roughness characterization (AFM) (e, f) for the part of Al,O; and MgO nanofilm

samples

2814



=z

e

JEJE R AR 30 nmit, FRRAE R E R ISEY # TR
E, JLFAMEEA AL, Beah, b )
ALOy/SIFIMO/SIZNAHEREAE i, X L FRA o} 3
FE4 104 30150 nmitt FYSEY Ik nl ;. 4R
1410 nmi, BRI LT A2 BT SEY =4 B i 52
Mi(E,<1500 eVIEFEIN). AR BR AP B LE 4 F
1500 eVHL 73 i1 AL Os. MO iy ASHE BEA3 2R
18.5M121.2 nm, H LA FIZERT U HE T RE 2 R FE /S 1Y
TR A Ny, A2 e 53 T & I P Rk i B 3R
I Z2/A T ILGPK, XSl PR R SR T
FKEH I mizsh HILgek, (CARIRGERZ . 3t
W B SZ R T A e s sh b p B B iR B R, 7E
FIIAR MG A FE R A 2 A Re 4. FiL, K
()32 AT T2 B i PR UEAE B MELL e R, XF TRk
H>1000 eV T, SR HAEATRAR KR BB & N
TURHL A, (RS R R B R RO, MEL
. 4P ERY AR 10 nm, SEYJLEAS T
i VS (A B TR i, X R SEY iR 2 Be e A
FREIF I T T R AR AR A

2.3 ARG TR R B s P

Z R E i HALD T 2 il 2 A5 2 (0 ik F 2 1 4 ol
A PR, HEREHDREFE A< nmAY R, HATIE
FM R TN RT3, R A B 4 M st r L
P A S T 1 45 1 AL O5/SiFIMgO/Si4l K T BE L DL B
VE AR Al R B S U2 S5, BS54
T ERREOSUZ S5 R Y SEEE AR, A0 S Wl IR L R K
HAEIB B AE BRI IR PRI, LRGN K

FL PRI A O B R T I A X TR XUZ
LA AYSEEE RE AT 73 LU BIRREIE: (1) BI4hH 1)
RERLI IR, 2 A 2 ASF B UZR B, A
TZ BN A A I SEY, JRJZ IR R EIA SEY A
S (2) WA H T HAT 08 m pRE R H AR 2
BRI IFREAJRJZ R PR A g1, W
LEIRE AL ISEY H TTUZ MR ZFPRE R D E. Xt T 1
RETEI (D), AU T0Z HUBRE S SEY AT BT, BLIRTE
TR JSE R R i 18 P R O SR R S e
ZMEFTE R L. EE Q) RIZFHR A B
AP U T SR AR LR, DR ) 3 1T Bl
T JE/ A SR J Y S TR 2 L R s MR JC ) S T 1,
NS R R REARAE T (2) FPURZ I A B A Y A —
U Ak S O IRIME. B IR S 1A5SEY I Zef & AN
IR A AT L =B E R, DBUZR S 1 Ik
R Al it B, MOHSEY MZR i Be A, Bk
R LRI SEERFEE AR 22, T B X PRI
T HBUR G SEER R 3 A T1E.

HRAE SCHR[35], BRARXUZ S5 SEY T LI R 11
IrBUREEOR:

_dm1
Pl[l —e 4

bl dlidla

0.,=

d

_d _d 4
Pl[l—e A |+PB|1—e iz][l—e /11], d.>d,.

)
K, PRI AT A AU

(8)4'0 ®eol
54 %0,
3.6 %o
4.8 §§
3.2 : vo S22,
42} ®oy 142
28 T e
> 24 ! Yo, e
- v
w waop " VAV
Al
20 24 L4aaa,
o 18}
1.2 12F ..‘..000..
m
08} Al20s "fEmmmnmaa| gl MgO EEEEEmmn
® Onm ® 1nm A 3nm v 5nm B Onm® 1nm 4 3nm v 5nm
04k ¢ 7nm < 10nm » 30nm @ 50nm 0.0 | ¢ 7nm < 10nm » 30nm ® 50nm
L L 1 1 1 1 L L 1 L 1 1 1 1

200 400 600 800

Ep (eV)

1000 1200 1400

200 400 600 800

Ep (eV)

1000 1200 1400

Bl 4 (M%RUE ) ALOA KM (0~50 nm)(a) HIMgOAI K M (0~50 nm)(b) I SE Y R 44 5
Figure 4 (Color online) Measured SEY curves of Al,0O; nanofilms (a) and MgO nanofilms (b) with 0-50 nm thickness
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£ 1 Si. ALO;. MgO=FMHHSEY & A SH
Table 1 Fitting parameters of SEY curves for Si, Al,03;, and MgO

Mt 4 B 2 E,(eV)
Si 2400 0.064 0.2 3.15

ALO, 3000 0.202 1.0 9.06

MgO 3500 0.227 1.3 9.16
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Secondary electron emission of Al,O; and MgO nanofilms
fabricated by atomic layer deposition
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Electron multiplier devices are widely applied in many electronic instruments like mass spectrometers and atomic clocks. It
is considerably crucial for a multiplier to possess a high electron gain, and this index can be directly determined by
secondary electron yield (SEY) of the dynodes. Al,O; and MgO possess a relatively high SEY level among majority of
dynode materials, and their film products are excellent dynode candidates. Whereas, for some multipliers like
microchannel plate (MCP), only an ultrathin film of several nanometers is allowed to be coated onto the inner wall of the
micro channels to avoid the variation of the channel diameter. Therefore, SEY characteristics of the ultrathin films are
necessary to be figured out. Here, by using the technology of atomic layer deposition, 7 groups of ultrathin Al,O; and MgO
nanofilms with increase thickness (1, 3, 5, 7, 10, 30, and 50 nm) are fabricated on silicon (Si) substrates. As well as, 5
groups of Al,O; nanofilms (1, 2, 3, 4, and 20 nm) are deposited on MgO film (20 nm) substrate. Surface composition,
morphology, film thickness, and SEY have been characterized in detail. Via the experiments, it is found that SEY of the
Al,05/Si and MgO/Si samples largely depends on the film thickness, namely, SEY increases obviously as the film thickness
rises, meanwhile, the increment of SEY decreases gradually. The SEY tendency indicates that the effect of top film on SEY
becomes enhanced, and the influence of bottom substrate on SEY becomes weakened. When the film thickness increases
beyond 30 nm, SEY increment approaches to 0, and SEY tends to be saturated. This phenomenon demonstrates that the
penetration depth of incident electrons is less than the film thickness under the circumstances. To interpret the experimental
results, the SEE semi-physical theory developed for double layer structures is utilized. The calculation results indicate that
the film thickness has a remarkable impact on SEY, especially when the incident energy becomes lower and the film
becomes thicker, the results also reveal that the dielectric surface film possesses a great ability to modulate the surface SEY.
However, SEY becomes less dependent on film thickness as the incident energy increases, and it results from the increase
of penetration depth for the incident electrons. This work reveals the mechanism of the SEE characteristics for ultrathin
Al,O; and MgO nanofilms, which is of great significance for the subsequent research on the use of nanoscale high SEY
dielectric films as the SEE functional layer in electron multipliers.

secondary electron, nanofilm, alumina, magnesium oxide, double-layer structure
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