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Molecular ion implanter equipped with liquid-metal alloy ion source
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Molecular ion implanter was developed with a liquid-metal alloy ion source. Use of a liquid-metal
alloy ion source enables us to generate various kinds of molecular ions. To apply liquid-metal ion
source to a general ion implanter, it is necessary to converge the divergent beam. We adopted the
lens system we have already developed, and examined its performance by computer simulation and
experiments. An example of molecular ion implantation was demonstrated with gold-antimony ion
source. 24 keV AuSh was implanted into silicon, and presence of gold and antimony atoms was
confirmed by Rutherford backscattering spectrometry and particle induced x-ray emission
measurements. @000 American Institute of Physids$S0034-6748)0)58902-3

I. INTRODUCTION Il. PERFORMANCE OF ION IMPLANTER WITH
LIQUID-METAL ION SOURCE
Liquid-metal ion sourced_MISs) have been utilized al- A. Configuration of ion implanter
most only for focused ion beam techolofput they have
many attractive features as a general metal ion source; ©One of the most significant difficulties to apply a LMIS
simple structure, low power consumption, and no gas flowfo an ion implanter, is how to converge the divergent beam.
which is compatible to ultrahigh vacuum systems. ThusVe have already developed the ion beam transport system.

various kinds of application is expected including materials‘-r_he present implantation system was a slightly modified ver-

science. A LMIS produces not only singly charged monomer>'0": @S shown in Fig. 1. In this system, divergent beam is

ions, but also doubly charged monomer ions, as well as dOLfothﬁr?ed bi’ ﬁ ?kc])urce lens, and tlatet: again "’:?JUSt(afhthe focal
bly charged molecular ions. We have developed gold-eng 0 match the mass separator by a postiens. The source

iy (-5 fon sorceé an found e mo- 7. 41O 5 kot e an e 0 1. conete of
lecular ions of Al',hsdﬁ+ were produced. Especially, the ’ P phy y asy )

intensity of AuSB* reached about 10% of total ion current The extra_cted_ lon beam is converged by this lens at the early
: : Ly stage of its divergence. The source lens can form almost a
?nd glmost half of the mogt dom.man_t Ion Species, Aﬁhe parallel beam. However, beamlets close to beam envelop
.ractlon OT the molepu!ar intensity did not change with an have shorter focal length due to spherical aberration, thus
ncrease in the emission cur_re“thher a_Ion 10N SOUrCesS oy cess focusing is not preferred. Furthermore, focusing just
glso Y'eld Intense mol_ecular |oﬁsProduct|o_n of molecular after extraction gives large image magnification, so it is nec-
ions is one of the unique feature of the ion sourceé Whosggqay 1o use another lens system. In the present study, cy-
ionization mechanism is based on the surface effect. lindrical einzel lens with the inner diameter of 80 mm was
On the other hand, molecular implantation was pery,seq as a postlens. In the previous system, einzel lens with
formed with homogeneous molecules such @ahd G, or  the jnner diameter of 60 mm was set just after the source
hydrides of boron, phosphine and arsehAiso decaborarfe  |ens? The mass separator was a sector magnet with the de-
implantation attracted much interest for formation of a shaljection angle of 60°, and the radius of the curvature of 600
lower junction. We have proposed molecular ion implanta-mm.
tion which emphasizes the introduction of heterogeneous at-
oms into solids. This molecular ion implantation has two B. Evaluation of optics

advantages: introduction of different elements to similar W timated th tical performan f the imolanter
depth at a single implantation, and simultaneous implanta- € estimated the optical periormance of the implanter.
. e . As described above, after passing through the source lens,
tion at the same position. However, we did not demonstratée . :
. : each beamlet no longer has the same object point due to
any typical example because production of heterogeneous , . . . -
molecular ion is cenerally difficult. However. as Statedspherlcal aberration. The trajectory for each beamlet within
9 y : ' the source lens was calculated by trajectory calculation based

abgvgi)us[n%tLMli, I becotm”(_as ;()jolssmle. Combmatpn of Auon the numerical integration of equation of motion. The po-
an might make a metallized layer amdype semicon- tential distribution within the lens were calculated by finite

ductor junction with very thin region. The present article difference method. The entrance aperture of the present

deals with the performance of a molecular ion implantergq, ,ice |ens allows the beam upto the divergent half angle of

equipped with a LM alloy ion source. 25°, thus 15 beamlets including on axis beam was analyzed.
In order to simplify the analysis, radially emitted beam was

dElectronic mail: ygotoh@kuee.kyoto-u.ac.jp assumed at the entrance of the source lens. The potentials of
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Liquid—metal ion source TABLE I. Condition of molecular ion implantation.

v ﬁ with source lens
et | T [ l Terms Conditions

Ve T 00C0R | T Vsien
' lon species Aust
PN Aligner lon energy 24 keV
Post-lens system | lon current 0.6uA, equivalent to 0.2uA cm2
To 6"FP 1 T 'T lon dose 6.%X 10'° ions cni?
o ‘ Substrate n-Si(100)
Detail of source lens lon incident angle 7° off with respect to substrate normal

Vplen

+

2(d) are those at the exit of the source lens, just in front of
Sector magnet the postlens, just in front of the mass separator, and at the
Deflection: 60° exit of the mass separator. The initial beam is slightly diverg-
Radius: 600 mm . . .
ing, but after passing through the postlens, the beam is
formed to be almost parallel. The 10 beamlets which passed
through the source lens could be transported to the target.
@ Based on the radial current distribution of In ion source at
Ve the source current of 20QA, the current is almost 3@A.
We have obtained the current of approximately 48 with
Ga ion source, which agrees well to the present result.

20 cm Target chamber

FIG. 1. Schematic diagram of ion implanter.

ion emitter, extraction electrode, center lens electrode, an ;

last electrode were 20 kV, 12 kV, 18 kV, and 0 V. The outere' Separation of molecules

5 beamlets hit the lens electrode and 10 beamlets passed the The ion species which appear close to the

source lens. We assumed the ion beam includes enerdyuStr(mass/charge160) was Sb(mass/charge 122),

spread of+100 eV. and SB*(mass/charge 183). Am/m’s are 0.24 and 0.14,
From the above calculation, we obtain the radial positionwhich can be well separated by the present mass separator. If

and the component of radial velocity of each beamlet. SincduSb™ is used, A§*(mass/charge295.5) and AuSp"

the beam diameter is less than 10 mm, we can treat th@nass/charge 342.5) appear close to AuSfmass/charge

following optical elements with the first order approxima- =319) thus separation of these ions is difficult.

tion. The focal point of each beamlet was calculated using a

given characteristics published as a taSi@ransport matrix ~ 1ll. MOLECULAR IMPLANTATION

of sector magnet was also given in the literattire.

. ) A. Sample preparation
Figures 2a)—2(d) show the phase space diagram for the

c (d)
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CHANNEL NUMBER (ch)

ion beam at the various point of the implanter. Figurés-2 Molecular ion implantation was performed with the
AuSh, ion sourcé As described above, use of AuSbis
50 — 50 — preferred to avoid cross contamination of different mol-
_ Eritiance inx ~ Emittance in x ecules. We implanted with the condition written in Table I.
A . _ < - . . . . .
g Bsr r’ § % S The ion current during implantaion was Qu@\. Taking the
N ) i ook ’ | fraction of AuSB" ions in the total beam curreri7.4%,
4 . .
g ) g K transported current was 8/A, if we assume the ion beam
b4 e -4 e . . . . . .
L = Ll - . consists of a single ion species. This value is lower than the
. L | L above calculated values, and it would be attributed both to
e s o s w0 e s o0 5 1 low angular intensity growth for Au—Sb ion soufcand to
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FIG. 2. Phase space diagram of the ion beam at various points of the im-
planter.(a) At the exit of the source lengb) at the entrance of postleng)
at the entrance of mass separator, &fdat the exit of mass separator. FIG. 3. RBS spectrum of the molecular ion implanted sample.
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. 10° T T ) tion was performed by PIXE. Figurda@ shows the raw data
2. 4L 1.7 MeV He* _ obtained from the implanted and virgin samples. Only a
§ 10 24 keV AuSH? — Si slight difference could be seen, and the difference was en-
~ 108 | - hanced by subtracting the virgin signal from the implanted
% o b _ signal. The difference was normalized by the virgin singal.
> --= Virgin This result is shown in Fig. ®). The peak at the lower
% 10" — implaned \ energy corresponds to AM«a 2.12 keV, and that at the
o 100 i | A higher energy corresponds to 8k 3.60 keV'® From these
0 50 100 150 200 measuremnts, simultaneous implantation of both Au and Sb
CHANNEL NUMBER (ch) was confirmed.
(a) IV. SUMMARY
Molecular ion implanter equipped with a liquid-metal
— 108 T T T alloy ion source is proposed and a fundamental result on the
% 102 | 17 MevHer sb ] molecular ion implantation was demonstrated. AfiStvas
3 24 keV AuSH? — Si implanted into a silicon substrate, and the presence of Au
o 10" Au - and Sb atoms were confirmed by RBS and PIXE.
(ZJ 100 -
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FIG. 4. PIXE spectrum of molecular ion implanted samyég Signals from
implanted sample and virgin substrate afil difference of two signals
normalized by virgin signal.
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