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2-D Formation of Au Nanoparticles in Silicon Dioxide Film by Negative-lon Implantation
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A metal nanoparticle embedded in insulator is promising as a single electron device
showing an effective Coulomb blockade at room temperature. These nanopatrticles should
be placed at a certain depth in a very thin gate-insulator less than 10 nm by an ion
implantation. We employed here a gold negative-ion implantation technique because of
its “charge-up free” property even in insulators such as oxide film with a precise control of
energy and dose. Thus, we formed a single layer of crystalline gold nanoparticles (2-
Dimensional Formation) with almost the same size just below the surface of a silicon
dioxide film at a very low energy of 1 keV.
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Fig. 2 Feature of negative ion implantation.

ANVF—D/REZNHDITTIEREINE L) I2% ) BN
WBIEDOEV TR L CEFIREE 2 5,

2. FAFREGES /HTFDDH

INFETOWNETRAA & ~ % 30keV DJEAL A
VF =T 50 nm EDEAFRALEL (Si0,/Si) 1Z7EA L7
12, Ar7 0 —H1500C T 1 R EULEE S 5 = & T4
IRFEET A LI L TnwA,ZZTEYT
AN YIal—3 3y TRIMDYNIZX D EAT T
T ANVEEELMETEM I IC X ) L2 F / kit
DAGIRAE L LB L 72 FORER, FATE T 7 1)L
DI10ENEIZH S T B8 &, o & - F kD5
IES L SHHIBLTWBE S Edbhorz (K3),

Ag 30keV, 1x1077 —8i0,/Si, T=500°C  Ag 30keV. 1x10'¢ —8i0,/Si, T= 500 oC
Max Diameter: 3 nm for 1 at % Max Dhameter: 6 nm for 10 at %o
—_— T
g o g ™TT T ] g 1} T B y T
= [ E25ma ] = 1€ 30nm 3
= 0'E i £ Po1snmp
g F i gsom | N
2 H e 1 2 0 TR SERTPECE ST SO
BooE Phoni i d e a2 i/
& Y E s IS £
8 1 jponflep \” =y 1110 g
§ i N §
§ Fafii, il .
2 1] i0 20 30 40 &0 g
Depth (nm)

Al-ay

3 FEARSEE CHE TEMRDEEE

Fig. 3 Simulated depth profiles of Ag atoms and Cross
sectional TEM images of Ag negative ion implanted
SiO, after annealing at 500°C. In the simulations the
thermal diffusion were out of consideration.
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Fig. 4 Depth profile of Au atomsin SiO, simulated by
TRIM-DYN.
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Fig.5 Simulated peak concentration of Au atoms.
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Fig. 6 Optical absorption of Au™-implanted silicaglass
annealed at various temperature.
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Fig. 7 Cross sectional TEM images of 5keV, 1x10' ions/cm?
Au-implanted SiO, after annealing at 700°C and
900°C.
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Fig. 8 Cross sectional TEM images of 35keV, 1x10% iong/
cm? and 1x10%*ions/cn?, Au™-implantedSiO, after
annealing at 900°C.
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Fig. 9 Cross sectional TEM images of 15keV, 5x10%iong/
cm? Au-implanted SiO, after annealing at 1000°C.
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Fig. 10 Cross sectional TEM images of 1keV, 2x10%iong/
cm? Au-implanted SiO, after annealing at 900°C.
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Fig. 11 High resolution cross sectional TEM images of
1keV, 2x10™ ions/'cm? Au™-implanted SiO, after
annealing at 900°C.
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Fig. 12 Enlarged images of fig. 11.
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