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THE CLAIMS

1. An ion implantation system, comprising:
an ion source including an arc chamber, arranged to ionize gas therein;

a dopant gas source;

8. Thegfon implantation system of claim 7, wherein the cooling structure is operative to maintain

tergPerature of diboron tetrafluoride in the dopant feed gas line below 700°C.

9. The jon implantation system of claim 1, wherein the cooling structure comprises a heat sink body

including at least one passage therein through which coolant is tflowable to effect cooling of the
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dopant gas, and the heat sink body is adapted to be secured to the dopant gas feed line by a

mechanical securement.

10. The ion implantation system of claim 9, wherein the ion implantation system comprises an ion
source cooling flow circuitry through which coolant is circulated, wherein said flow circuitry #

/
coupled in coolant supply relationship to the heat sink body for flow of coolant through said atfeast

one passage therein.

11. The ion implantation system of claim 10, wherein the ion source comprises an argfchamber base
y,
liner, wherein said base liner has an opening therein in gas flow commiunication with the dopant gas

feed line.

12. The ion implantation system of claim 1, further comprising at * one of a cleaning gas
supply, a diluent gas supply, and a supplemental material supply,

wherein when the cleaning gas supply 1s present, the ion source anged to receive cleaning gas
from said cleaning gas supply, during receipt by said ion sourg fof said dopant gas from said dopant
gas source, and/or when the ion source is not receiving id dopant gas from said dopant gas
source,

wherein when the diluent gas supply is present, thgfion source is arranged to receive diluent gas
from said diluent gas supply during receipt by sgl ion source of said dopant gas from said dopant
gas source, and

wherein when the supplemental material gapply is present, the ion source is arranged to receive
supplemental material from said supplegfiental material supply during receipt by said ion source of

said dopant gas from said dopant gagSource.

13. The ion implantation sysighn of claim 12, wherein: the cleaning gas comprises at least one gas
species selected from amgfig Xel, and NF;; the diluent gas comprises at least one diluent gas
species selected from gfiong XeF,, inert gases, noble gases, BE;, H,, Ar, N,, a mixture of Xe and
H,, CH,, and NH;; gAd the supplemental material comprises at least one of a supplemental material
effective to shify 1nization reaction equilibrium toward B+, hydrogen, methane, and material
effective to cgfnbat deposition of decomposition species in the arc chamber, in the dopant gas feed
line for flgfing the dopant gas to the arc chamber, and/or in a region of an interface between the

arc chagfiber and dopant gas feed line.
#. The ion implantation system of claim 1, further comprising at least one of features selected

# from the group consisting of:
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(1) a controller arranged to maintain a predetermined temperature in the arc chamber or in an
outside wall thereof, in the dopant gas feed line, or in a region of an interface between the arc
chamber and dopant gas feed line, to combat deposition therein;

(i1} the arc chamber being arranged to dissipate heat by radiation heat transfer;
(iii) the arc chamber including heat dissipation extended surface;

(iv) the arc chamber comprising structure formed of tungsten or molybdenum;
(v) the arc chamber and/or a feed tube thereto comprising a deposition-combating cq :' or
shielding; .

(vi) the arc chamber being coated, wrapped or covered with a higher emissivity#material than

material of construction of the arc chamber;

(vil) the arc chamber being formed of at least two materials of construction, ang'including materials

having differing emissivity;
(viir) a controller arranged to 111,aintain process conditions combating degosition in the arc chamber
and/or dopant gas feed line; /

(ix) the arc chamber comprising at least one graphite wall and/or gfhgsten wall;

(x) the arc chamber comprising at least one wall having an emjfSivity of 0.7-0.8;

(xi) the arc chamber comprising at least one wall having an#missivity of 0.1-0.2;

(x11) the arc chamber comprising at least one tungsten wgl;

(xiti) a controller arranged to control emissivity in oggration of the ion source;

(xix) a controller comprising a cooler;

(xx) a thermally non-conductive adaptor betwgfh the dopant gas feed line and arc chamber;

(xx1) a coaxial adaptor between the dopant ,_r,"- feed line and arc chamber;

(xxi1) an adaptor between the dop #oas feed line and arc chamber that is of a different
conductivity and/or emissivity than 4teria1 of construction of at least one of the dopant gas feed
line and arc chamber; Y

(xxii1) a radiation shield betw the source tube and arc chamber;

(xxiv) the dopant gas feed being constructed of material having lower thermal conductivity
than material of construg flon of the arc chamber;

(xxv) the arc chambg comprising cylindrical protrusions, and optionally an adaptor between the
dopant gas feed M V‘ and arc chamber that is connected to one of said cylindrical protrusions,
arranged to prg fide a molecular flow regime in the protrusion;

(xxvi) the ¢#pant gas fecd line comprising a coaxial tube;

(xxvil) § ;.,,-:-; dopant gas feed line having a diameter greater than .635 cm; and

multiple inlets for flow of dopant gas into the arc chamber.

15. The ion implantation system of claim 1, wherein a flow passage of the ion implantation system

is susceptible to deposition of solids deriving from the dopant gas in operation of the ion
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implantation system, further comprising a solids deposition monitoring and control system
comprising;

a monitoring device arranged to defect and provide an output indicative of accumulation of
deposition solids deriving from said dopant gas in the flow passage; and

a control assembly responsive to said output of said monitoring device to modulate operation of 4
lon implantation system so as to prevent, reduce or reverse said accumulation of deposition gélids

dertving from said dopant gas in subsequent operation of the ion implantation system.

16. The ion implantation system of claim 15, wherein the solids deposition monito ’ and control
system is characterized by at least one of the features of:

(i) the monitoring device comprising a pressure transducer arranged to 'v;'/ pressure in said
{low passage;

(1) the monitoring device comprising a mass flow controller arranged v;"{" a signal indicative
of valve position of the mass flow controller, wherein a valve r; said valve position opens in
response to solids accumulation in the flow passage to maintain edetermined flow rate through
the passage; ) g

(iif) the contro] assembly comprising a flow control valve rable to modulate flow of dopant gas

though the flow passage; (‘/ﬁ,.

fluid through the flow passage;

(v) the control assembly comprising a flow cghtrol valve operable to modulate flow of a diluent

fluid though the flow passage;

(vi) the control assembly being operabo modulate residence time of the dopant gas in the flow
passage and/or the ion source of the implantation system; and

(vii) the contro] assembly being gherable to modulate power input to the arc chamber of the ion

source.

17. A method of implagfing ions in a substrate, comprising passing dopant gas from a source of
same to an arc chamjfer of an ion source, under conditions producing ionization of the dopant gas,
and cooling the gfpant gas prior to entry to the arc chamber, to thereby combat heating of the
dopant gas by Jeat generated in operation of the arc chamber, and decomposition of the dopant gas

resulting frgfh such heat.

18. Yhe method of claim 17, wherein the cooling includes flowing coolant medium through a

offling passage arranged to cool the dopant gas feed line and dopant gas flowed therethrough.
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19. The method of claim 17, wherein the dopant gas source comprises a pressure-regulated gas

storage and dispensing vessel.
20. The method of claim 17, wherein the dopant gas comprises diboron tetrafluoride.

21. The method of claim 17, characterized by at least one of the features of: )
(i) the boron dopant gas comprising diboron tetrafluoride and the cooling being to
maintain temperature of diboron tetrafluoride flowed to the arc chamber below 700°C;

(i) the boron dopant gas comprising diboron tetrafluoride and the cooling com ,:,“" flowing
coolant from an ion source coolant supply in heat exchange relationshio said diboron
tetrafluoride prior to its entering the arc chamber; 4

(1) the dopant gas comprising at least one boron compound selected ‘,1 among B,F,, B,Hg,

B5Hg, B3F5, BHFQ, and BH2F. ;ﬁ

ionization reaction equilibrium toward #8+, hydrogen, methane, and material effective to combat

deposition of decomposition specie the arc chamber, in a dopant gas feed line for flowing the

23. The method of clai characterized by at least one of the features of:

(1) maintaining a p termined temperature in the arc chamber, a dopant gas feed line, or in a
region of an intgf ce between the arc chamber and dopant gas feed line, to combat deposition
therein;
(i1) contro Ing arc voltage and current of the arc chamber;
(i) diggfy

(iv)ntrolling outside wall temperature of the arc chamber;

ating heat from the arc chamber by radiation heat transfer;

#) the arc chamber comprising structure formed of tungsten or molybdenuni;
# (vi) the arc chamber and/or dopant gas feed line comprising a deposition-combating coating or

shielding;
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(vii) the arc chamber being coated, wrapped or covered with a higher emissivity material than /
material of construction of the arc chamber; f
(viil) the arc chamber being formed of at least two materials of construction, and including f
materials having differing emissivity, ff
(ix) maintaining process conditions combating deposition in the arc chamber and/or dopant gas fi e;e’é?
line; ,&
(x) controlling residence time of the boron source dopant gas;
(xi) mediating lower residence time in regions of the ion source susceptible to greater glé{’position of
solids deriving from the dopant gas; i
(xii) the arc chamber comprising at least one graphite wall; Aéé
(xiii) the arc chaniber comprising at least one wall having an emissivity of 0. 740.8;
(xiv) the arc chamber comprising at least one wall having an emissivity of @/{-0 2;
(xv) the arc chamber having at least one tungsten and/or graphite wall, /5
(xvi) controlling emissivity in operation of the ion source; /{,b
(xvi1) conducting said cooling using a coolant fluid; &
(xviii) said cooling comprising forced convection cooling; 4 é&
(xix) disposing a thermally non-conductive adaptor bggWeen the dopant gas feed line and arc
chamber; /{‘4

4 ,

(xx) disposing a coaxial adaptor between the dopa;ft"gas feed line and arc chamber;

(xxi) disposing an adaptor between the dopan%/ég feed line and arc chamber that is of a different
conductivity and/or emissivity than materia/%’o’ﬁ; construction of at least one of the dopant gas feed
line and arc chamber; ’

(xxii) disposing a radiation shield bet é{: the source tube and arc chamber;

(xxiii) constructing the dopant gag ffeed line of material having lower thermal conductivity than

material of construction of the / chamber;

(xxiv) the arc chamber comgmg cylindrical protrusions, optionally disposing an adaptor between

the dopant gas feed lie, fid arc chamber that is connected to one of said cylindrical protrusions,

arranged to provide a golecular flow regime in the protrusion;
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24. The method of claim 17, as conducted in an ion implantation system including a flow path
susceptible to deposition of solids deriving from the dopant gas in operation of the ion implantation
system, said method comprising:

monitoring and responsively generating an output indicative of accumulation of deposition solids "
from said dopant gas in the flow path; and :
responsively modulating operation of the ion implantation system so as to prevent, redugt
teverse said accumulation of deposition solids from said dopant gas in subsequent operati ot of the

ion implantation systen.

25. The method of claim 24, characterized by at least one of the features of:
(i) the monitoring comprising monitoring pressure in said flow path;
(11) disposing a mass {low controller in said flow path, and generating z}s'j nal indicative of valve

position opens i response

position of the mass flow controller, wherein a valve defining said valvg
to solids accumulation in the flow path to maintain a predetermined { ’o/ rate through the flow path;
(i11) said responsively modulating operation of the ion implant' system comprises modulating
flow of dopant gas though the flow path; v |
(iv) said responsively modulating operation of the ion nlation system comprises modulating
flow of cleaning fluid though the flow path; (

(v) said responsively modulating operation of the i 3 implantation system comprises modulating
flow of diluent fluid though the flow path; [/n

(vi) said responsively modulating operation gffthe ion implantation system comprises modulating
residence time of the dopant source matgfial in the flow path and/or the ion source of the ion
implantation apparatus; and

(vii) said responsively modulating ggferation of the ion implantation system comprises modulating

power input to the arc chamber of#the ion source of the ion implantation system.
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CLAIMS

1. An ion implantation system, comprising:

an ion source chamber, arranged to ionize gas therein; and

at least one gas source vessel arranged to supply gas to the

ion source chamber, wherein the gas comprises at least
one boron compound selected from among B,F,, B;H,,
B.F., BHF,, and BH,F.

2. An ion implantation system, comprising:

an ion source chamber, arranged to ionize gas therein; and

at least one gas source vessel arranged to supply gas to the

ion source chamber,

wherein the at least one gas source vessel supplies B,F , and

B,H; to the ion source chamber.

3. Theion implantation system of claim 1, wherein said gas
supplied to the ion source chamber comprises at least one
additional material selected from the group consisting of
cleaning materials, diluents, equilibrium-directing materials,
reactants, and coolants, and wherein the ion implantation
system further comprises a cooling structure arranged for
cooling the gas supplied to the ion source chamber just before
its entry to the ion source chamber.

4. A method of implanting ions in a substrate, comprising
supplying gas to an ion source chamber for generation of
ionized dopant species, and implanting 1onized dopant spe-
cies in the substrate, wherein the gas comprises at least one
boron compound selected from among B,F,, B;H,, B;Fs,
BHF,, and BH,F.

5. A method of implanting ions in a substrate, comprising
supplying gas to an ion source chamber for generation of
ionized dopant species, and implanting ionized dopant spe-
cies in the substrate, wherein the gas comprises B,F, and
B,H,.
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6. The method of claim 4, wherein said gas supplied to the
ion source chamber comprises atleast one additional material
selected from the group consisting of cleaning materials,
diluents, equilibrium-directing materials, reactants, and cool-
ants, and wherein the method further comprises cooling said
gas supplied to the ion source chamber just before its entry to
the 1on source chamber.

7. The ion implantation system of claim 1, further compris-
ing a gas feed line from the gas source vessel to the ion source
chamber, to supply gas to the ion source chamber, and a
cooling structure arranged to cool the gas comprising at least
one boron compound 1n the gas feed line.

8. The ion implantation system of claim 7, wherein the
cooling structure is arranged at a distal end portion of the gas
feed line.

9. The ion implantation system of claim 1, wherein the at
least one boron compound comprises B, F,,.

10. The 1on implantation system of claim 9, further com-
prising a gas feed line from the gas source vessel to the ion
source chamber, to supply gas to the ion source chamber, and
a cooling structure arranged to cool the gas comprising at
least one boron compound in the gas feed line.

11. The 1on implantation system of claim 10, wherein the
cooling structure is arranged at a distal end portion of the gas
feed line.
comprises at least one other boron compound.

13. The ion implantation system of claim 12, wherein the at
least one gas source vessel comprises at least one sorbent-
based gas storage and supply vessel.

14. The ion implantation system of claim 12, wherein the at
least one gas source vessel comprises at least one pressure-
regulated vessel including at least one internal gas pressure
regulator.
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15. The ion implantation system of claim 1, wherein the at
least one gas source vessel comprises at least one gas source
vessel containing a cleaning gas.

16. The ion implantation system of claim 1, wherein the at
least one gas source vessel comprises at least one gas source
vessel containing a diluent gas.

17. The method of claim 4, further comprising cooling the
gas comprising at least one boron compound before it enters
the ion source chamber.

18. The method of claim 4, wherein the at least one boron
compound comprises B,I,.

19. The method of claim 4, wherein the gas further com-
prises a diluent gas.

20. The method of claim 4, wherein the gas further com-
prises a cleaning gas, and the cleaning gas is supplied to the
1on source chamber either sequentially or concurrently with
respect to the at least one boron compound.
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