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The ribbon ion beam can be used in the commercial ion implanters in order to enlarge the beam current. The
Bernas type ion source and periodical system of electrostatic lenses (electrostatic undulator) are proposed for high
intensity ion implanter design. The ribbon ion source and transport system for such beam are discussed.
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1. INTRODUCTION

Over the past forty years, the breath of applications
for ion implantation in semiconductors (usually silicon)
has created a commercial equipment market that ap-
proaches about two billion dollars per year [1,2]. The
ion source, its extraction and transport system are the
key components of any ion implanter. As there is no
universal ion source, each implanter is built around a
source, or sources, to provide the ion species and beam
currents required by any particular user of the implanter.
At the beginning, the cold cathode ion sources with
“low currents” were used for mushiness for early MOS
(Metal-Oxide-Semiconductor) circuit fabrication, which
requires doses of 10'...10"*ions cm™. The use of hot
filament ion source technology with currents of tens of
milliamperes followed some years later, when ion im-
plantation was applied to MOS transistor source-drain
formation (which required doses 10'...10'° ions cm™).
Because they are simple and robust, hot filament ion
sources are employed in the majority of all commercial
ion implanters.
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Fig.1. The general view of electrostatic undulator

The transport of the low energy multicharge heavy
ions is problem. The choice of effective beam transport
system design depends on main beam parameters: an
initial transverse emittance, an ion energy, a charge to
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mass ratio, beam current. Generally, the magnetic and
electrostatic lenses are used for axi-symmetrical beam
focusing. The magnetic lenses for low energy ion must
to have the high magnetic fields. For transport of inten-
sive ribbon ion beams special beam line is needed. In
this paper a periodic system of the plane electrostatic
lenses (electrostatic undulator) (see Fig.1) is suggested
for this goal. This system has simple design and low
value of electrostatic potential is necessary for beam
transport.

2. ION SOURCE TYPE CHOISE

Two basic designs for the hot filament source com-
prise the majority of ion sources in semiconductor pro-
duction environments now: the Freeman source [3] and
the Bernas ion source [4]. These sources have very simi-
lar operating and maintenance requirements. The indi-
rectly heated cathode (IHC) source representing an im-
provement over the Bernas ion source operates on simi-
lar principals; however the filament has been removed
from the chemical environment of the plasma chamber
leading to longer lifetime. In Table, taken from [1], one
can see that IHC Bernas has serious advantage for the
same current beam production.

Ion sources in semiconductor production environments
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Source Primary Beam cur- Operating
type species rent, mA hours
B* 5 80
B* 10 40
Bernas As', P* 5 140
As', P* 10 100
Sb* 5...10 40...50
B’ 5 30...40
B* 10 15...25
Freeman As', P* 5 40...60
As', P" 10 30...40
Sb* 5...10 20...40
B* 5 150
B* 10 100
e [asP 5 250
As’, P” 10 200
Sb* 5...10 80...100
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3. PARTICLE MOTION IN ELECTROSTAT-
IC UNDULATOR

The potential of electrostatic field in periodic undu-
lator can be represented as a sum of the spatial harmon-
ics. The interaction of the particles with the every har-
monics of the undulator field does not change the aver-
age energy of the beam but causes the fast oscillations
in the longitudinal and transverse directions. A momen-
tum and a coordinate of particles can be represented as a
sum of slow varying and rapid oscillating components.
The ion limit current for any value of charge to mass ra-
tio can be appreciated by smooth approximation when
the slow varying component is taken to account only
[5]. As it was shown in [5] the condition of the trans-
verse focusing for ribbon beam is taken place if
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Here, eZ and mA are charge and mass of ion, V is the

electrode voltage which is applied to the neighboring
electrodes of the undulator, B is ion velocity,
I, = 4neymc’ /e = 3.1010" A, I is the beam current and
S is the beam cross-section.

Note that limit beam current can be increased using
of ribbon beam because its cross-section is larger than
for axisymmetric one. For example, if the ribbon beam
current is equal to /=10 mA for (=0.001 and beam
cross-section is 2ax2h=0.3%3.0 cm, the amplitude of

)

electrostatic field at undulator axis £, = TV /2D must
be equal to 10kV/cm. The limit beam current is
0.75 mA for axisymmetric beam for the same £, value

and r,=0.15 cm, comparatively.

The limit beam current and transmission coefficient
can be accurate calculated by means of a numerical sim-
ulation only. Early the BEAMDULAC code was com-
puted for beam dynamics simulations in linacs. Now the
special version of this code has been adapted for beam
lines using electrostatic undulator. This code utilizes the
well-known Cloud-in-Cell (CIC) method for accurate
treat of space charge effects.

It was shown using BEAMDULAC code that low
velocity beams (3=0.001) with current /=1...10 mA can
be transported to the some meters using electrostatic un-
dulator. The amplitude of undulator field £, must be
equal to 12...14 kV/cm for ions with charge to mass ra-
tio range 4/Z=10...120. The current transmission coeffi-
cient is 100% in this case and high output beam quality
can be derived.

The beam dynamics simulation results are shown in
Fig.2. The input (small points) and output (large points)
beam transverse cross-section (a) and transverse emit-
tances (x,[3,) and (3,B,) are presented. The beam dynam-
ics was calculated for boron ions energy 3 keV and
beam current 10 mA.

4. PRELIMINARY RESULTS OF RESEARCH

In ITEP the common ITEP-MEPhI research program
of ion beam generation for ion implanters is carried on.
The IHC Bernas is the main ion source for this research
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Fig.2. lon beam dynamics simulation results
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Fig.3. The general view and electrical scheme of the
IHC Bernas ion source
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Fig 4. ITEP IHC Bernas ion sour
program. The general view and electrical scheme of the
ion source and its photo are shown in Figs.3 and 4. The
spectrum of phosphorus and antimony beams generated
by ITEP IHC Bernas is shown in Fig.5.

The ion source generates beams of antimony, phos-
phorus, boron and decaborane (BioHis). The antimony,
phosphorus, and boron beams are investigated for multi-
charge state ions generation, which are interested for
“high energy” implantation. However, last time progres-
sive semiconductor device scaling in each technology
node requires the formation of shallower junctions, and
thus lower energy implants. The continuing need to re-
duce implantation energies creates significant chal-
lenges for the designer of advanced implanters. Current
density limitations associated with extracting and trans-
porting of low energy ion beams results in lower beam
currents that adversely affects on the process throughput.
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Fig.5. Spectrum of phosphorus ion beam

The ITEP-MEPHI research program includes two di-
rections of overcoming the low energy beam transporta-
tion problem. One is to use the boron cluster beams
(like decaborane). The second is to construct the low en-
ergy transport undulator for monomer boron and phos-
phorus beams.

5. CONCLUSION

The new concent of ion beam source and beam
transport was discussed. It was shown that using of
Bernas ion source and electrostatic undulator allows de-
signing the low beta (=10"-10") high intensity ion im-
planter.
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NCTOYHUK U CUCTEMA TPAHCIIOPTUPOBKH HU3KOHEPITETHYECKOI'O JJEHTOYHOI'O
HMOHHOTI'O ITYYKA

3.C. Macynos, C.M. Ilonoszos, T.B. Kyneeoii, B.U. Ilepuiun

JleHTOYHBIE HOHHBIE MTYYKH MOTYT OBITH MPUMEHEHBI B KOMMEPYECKHX MOHHBIX MMIUIAHTEPaX JJIsl yBEITUYCHUS
TOKa Iy4ka. {1 co3maHus CHIBHOTOYHOTO MMILIAHTOpa MpeylaraeTcs MCIoJb30BaTh HOHHBIH HCTOYHUK bepHa u
MEPUOAMYECKYIO CUCTEMY AJIEKTPOCTATHYECKHX JINH3 (3JIEKTPOCTAaTUYECKUi OHIy sITop). OOCY ) IaroTcst BEIOOp HC-
TOYHHKA JICHTOYHOT'O HOHHOTO ITy4Ka H CHCTEMa €TI0 TPAHCIIOPTHPOBKH.

JI’KEPEJIO il CHCTEMA TPAHCIIOPTYBAHHS HU3LKOEHEPTETUYHOI'O CTPITUKOBOI'O
IOHHOTI'O MYYKA

E.C. Macynog, C.M. Ilono3os, T.B. Kynesoii, B.1. Ilepuiun

CTpivuKOBi 10HHI ITy4YKH MOXXYTh OyTH 3aCTOCOBaHI B KOMEPIIHHUX 10HHUX IMITIaHTEepax Juis 301IbIICHHS CTPYMY
mydka. [l CTBOpEHHs MOTY>KHOCTPYMOBOTO IMIUIAHTOpa IIPOIIOHYEThCS BHKOPHCTATH i0HHE JuKepeno bepHa i
MEPIOIMYHY CUCTEMY EJIEKTPOCTATHYHHX JIIH3 (EIEKTPOCTATUUHHUH OHIYJsITOp). OOroBOPIOIOTECS BUOIp JKepena
CTPIYKOBOTO 10HHOTO ITy4Ka i cHcTeMa HOro TpaHCTIOPTYBaHHSI.
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