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Progress in Clusters Ion Beam with Nanoscale Manufacturing Technology

ZHANG Zao—di, LI Hui, WANG Ze-song, FU De-jun
(School of Physics and Technology, Wuhan University, Wuhan 430072)

Abstract: Cluster is an intermediate state between atoms and molecules and condensed matter, and its is a
model matter state for studying the physical and chemical properties of nanoscale materials. Cluster ion beam
is charged state clusters and it can be accelerated, transmitted or deflected under an electric field or magnetic
field, forming ion beams of several eV to a few MeV. This paper reviews the basic concept, generating meth-
od and main application of the cluster ion beams. lLarge size gas clusters and boron-containing clusters have
been produced by supersonic adiabatic expansion from high pressures, followed by electron impact ionization
to form cluster ions. Boron cluster beams have been used for fabrication of ultrashallow junctions with junction
depths of 10-20 nm. Large clusters containing thousands of atoms are used for surface smoothing of semicon-
ductors, resulting in smooth surfaces with root—mean—square roughness down to 0. 7 nm. Cesium sputtering
ion sources are used to produce negative small cluster containing several to tens of atoms, including B, C, F,
Si and their molecular clusters (SiB, GeB). Among them, boron-containing molecular cluster ion beams have
been applied to transient enhanced diffusion doping of semiconductors, which also leads to ultrashallow im-
plantation down to nanoscale when combined with ion beam amorphization of the surface layer. Most carbon
clusters are recently used for preparation of ultrathin material such as monolayer and bilayer graphene., and it
is found that nonlinear irradiation damage induced by the cluster ion beam has an evident influence on the for-
mation of graphene. The results indicate that the cluster ion beam technology has a broad application prospect in
fabrication ultralarge integrated circuit devices and synthesis of novel ultrathin nanomaterials.
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Fig.1 Schematic diagrams of the Cs sputtering ion source''*
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Fig. 3 Intensity of the carbon cluster ion beams genera-

ted from targets with different front cone angles''*
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Table 1 Comparison of the carbon cluster ion beams (nA)
Research institutes Ton Sources Cr C, C,y Cs Cs (O
TeSUH Cesium sputter source 88 100 68 100 6 250 1160 1298 116
Peking University Ceslum sputter source 8 200 5 200 460 64 55
University of Birmingham  Cesium sputter source 450 430 42 4 2.4 0.4
Paul Scherrer Institute,
Cesium sputter source 4 000 400 40
Switzerland
Accelerator Lab. ‘ ) )
) Hollow cathode 6.3x107? 2.2X107° 3.8X107°
PINSTECH Pakistan
Wuhan University Cesium sputter source 50 000 16 000 1200 650 20 40
" A1 SiB, i SiB; #L4f AT 5| Hy SiB;, SiB,
- SiBT PRS-+ LI SIBT HUBE AT L3k 14 5 5 9
101y 24 ym i2c |MB,+B,H,: 18 pA %}E@% %Eﬁ(lﬁ . SiB ik #| 132 nA, SiB, ik F|
§ 15 pA | or WBUB+9BI2C 32 nA,SiB; 8 6.7 nA,
~ 8H . -
= "B, GeB, B PRIk S 51 . —Fh g 4l
z o B 06 £ I . 5 9 9 JE
5 VBB, GeB BT HMHT 33 nA. 5 —FEERA
41 . N N .
: o GeB, #UbF GeB™ #3355 160 nA. SiB, . Geb,
M 3 S — N
2} B, +B,H, S50y ¥ RO HL T R B B, B RAR 20~40 i,
| vs, v, SRS R T B A G B 1 5 T
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Fig.5 Mass spectrum of the boron clusters TE 20 keV M+, 60 keV T 3R 7 & AN I 25
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Table 2 Cluster ion beam currents of the elements from Cs sputter ion sourcel'*] (nA)
Cluster size, n
Element
1 2 3 4 5 6 7 8 9 10
B 7 450 7 700 954 28.4 6.23
C 88 100 68 000 6 250 8 700 1160 5010 615 1298 292 116
Si 25 900 3 430 216 22.2 5.5 0. 85
Co 16 500 2 150 184 12 1.5
Cu 9120 1 980 3 250 380 160 42
Ge 6 810 2 790 480 105 37
Au(60 keV) 70 000" 7 464~ 5 923" 293"
Au(20 keV) 3 900 416 330 16. 3

% The ion beam currents at 60 keV were extrapolated from the values measured at 20 keV.
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Fig. 6 Schematic diagram of the gas cluster ion beam system
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Fig. 8 Gas nozzle and skimmer installed in the ion source
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(b) 5 x 10" ¢cm™ CO, cluster ions

(c) 5 x 10" em CO, cluster ions

(d) 1 x 10" ecm? CO, cluster ions

Bl 12 CO, BB 7 A48 BAL BT IS ZnO WY AFM JE 55

Fig. 12 AFM morphologies of the ZnO films before and after treated by CO, gas cluster ion beams!?®
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Fig. 13 Depth profiles of boron in single crystal Si im-
planted with B, BF, and decaborane (B,, H,;) ions!'*
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Fig. 15 TRIM simulation of the Si ions implanted into single crystal Si-*"!
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RBS/C analysis of the annealing single crystal
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Fig. 18 Raman spectra of the graphene synthesized from

negative cluster ionst!
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Fig. 21 Raman mapping of graphene prepared by C, cluster ion implantation at 20 keV and 12X 10" cm
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