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lon implanters have been used for treating silicon wafers by
bombardment of the wafers with an ion beam. The ion beam dopes the wafers
with impurities of controlled concentration to yield a semiconductor wafer that in
turn is used to fabricate an integrated circuit. One important factor in such
implanters is the throughput or number of wafers that can be treated in a given
time. .

High current ion implanters include a spinning disk support for moving
multiple silicon wafers through the ion beam. The ion beam impacts the wafer
surface as the support rotates the wafers through the ion beam. '

Medium current implanters treat one wafer at a time. The wafers are
supported in a cassette and are withdrawn one at time and placed on a platen.
-The wafer is then oriented in-an implantation orientation so that the ion beam
strikes the single wafer. These medium current implanters use beam shaping
electronics to deflect a relatively narrow beam from its initial trajectory to
selectively dope or treat the entire wafer surface. |

lon sources that generate the ion beams used in existing implanters
typically include heated filament cathodes that tend to degrade with use. After
relatively short periods of use, the filament cathodes must be replaced so that
ions can again be generated with sufficient efficiency. Maximizing the interval
between filament cathode replacement increases the amount of time wafers are
being implanted and, thus, increases the efficiency of the implanter.

United States Patent no. 5,497,006 to Sferlazzo et al concerns an ion
source having a cathode supported by a base and positioned with respect to a
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supported in a cassette and are withdrawn one at tine and placed on a

pl.at en. The wafer is then oriented in an inplantation orientation
so that the ion beam strikes the single wafer. These nedi um
current inplanters use beam shapi ng el ectronics to deflect a
relatively narrow beamfromits initial trajectory to 20 sel ectively
dope or treat the entire wafer surface.2 | on sources that
generate the ion beans used in existing inplanters typically
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confinement chanber for ejecting ionizing electrons into the gas
confinenent chanber. The cathode of the '006 patent is a tubul ar conductive

body and gmrératthgqﬁ\p%,ﬁidny extends into the gas confinenment chanber. A
'S supported wthin

filament he tubul ar body and emts el éctrons that heat
t he e present invention is directed to an ion implanter using a new and
' improved ion generating source. The ion generating source of the present
10 invention uses a cathode that shields a cathode filament from the plasma

stream. The design of the cathode and filament allow easily and quick
replacement or repair to reduce implanter downtime. .

An ion source constructed in accordance with the present invention
includes a gas confinement chamber having chamber walls that bound a gas

15 * ionization region and includes an exit opening to allow ions to exit the gas

~ confinement chamber. A gas delivery system delivers an ionizable gas into the-
gas confinement chamber. A base supports the gas confinement chamber ina
position relative to structure for forming an ion beam as ions exit the gas |
confinement chamber,

20 A cathode is positioned with respect to the ionization region of said gas
confinement chamber to emit ionizing electrons into the ionization region of the
gas confinement chamber. An insulator is attached to the gas confinement
chamber for supporting the cathode and electriéally insulating the cathode from
the gas confinement chamber. The cathode includes a conductive cathode

25 body that bounds an interior region and has an outer surface that extends into
said gas confinement chamber interior. A filament is supported by the insulator
at a position inside the interior region of the conductive body of said cathode for
heating the conductive cathode body to cause.ionizing electrons to be emitted
from the body into said gas confinement chamber.

30 The insulator both aligns the cathode with respect to the gas confinement
chamber but also allows the filament to be electrically isolated from the cathode



5 endcap through el ectron bonbardnent, thermionically emtting the

I oni zi ng el ectrons into the gas confinenment chanber.
Di scl osure of the Invention The present invention is
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stream The design of the cathode and filanment allow easily and quick
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a workpiece such as a silicon wafer mounted on a spinning support;

Figure 2 is a partial cross-sectional view of an ion generating source
embodying the present invention for creating an ion beam in the implanter of
15 " Fig. 1;

' Figure 3 is a plan view of the ion generating source showing an electrical
connection for energizing a shielded filament that forms part of the source
cathode;

Figure 4 is an elevation view of the ion generating source showing an arc
20 slit through which ions exit the ion source;
Figure § is an enlarged plan view of structure for mounting a source
cathode;
Figure 6 is a view from the line 6-6 in Figure 5;
Figure 7 is a view from the line 7-7 in Figure 5;
25 Figure 8 is an exploded perspective view of an ion source constructed in
accordance with the invention;
Figure 9 is a top plan view of an insulating block used to electrically
isolate a source cathode from an ion plasma chamber;
Figure 10 is a view from the plane 10-10 of Figure 9;
30 Figure 11 is a bottom plan view of the insulating block shown in Figure 9;



30 The insul ator both aligns the cathode with respect to the
gas confi nenent chanber but also allows the filanent to be
electrically isolated fromthe cathode

3 body. The preferred insulator is a ceram c bl ock constructed
from al um na. This block incluges an insulator body that defines
not ches that extend i nwardly from exposed surfaces of the
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Figure 2 ispgypanyi al cross-sectional view of an ion generati ng source

Figure 16 is a view of the arc chamber as seen from the plane 16-16 of
Figure 15; '
10 _ Figure 17 is a view of the arc chamber as seen from the plane 17-17 of
Figure 14; '
Figure 18 is & view of the arc chamber as seen from the plane 18-18 of
Figure 14; ‘
Figure 18 is a plan view of a mounting plate for mounting a cathode body
15 for positioning within the arc chamber; and

Figure 20 is a view of the mounting plate as seen from the line 20-20 in
Figure 19.

Best Mode For Practicing the invention
Fig. 1 illustrates -an ion implantation system 10 having an ion generating
20 source 12 that embodies the present invention and a beam analyzing magnet
14 supported by a high-voltage housing 16. An ion beam 20 emanating from
the source 12 follows a controlled travel path that exits the housing 16 travels
through an evacuated tube 18 and enters an ion implantation chémber 22.
Along the travel path of the ion beam 20 from the source 12 to the implantation
25 chamber 22, the beam is shaped, filtered, and accelerated to a desired
implantation energy. |
The anélyzing ‘magnet 14 causes only those ions having an appropriate
mass to charge ratio to reach the ion implantation chamber 22. In the region
~ that the ion beam 20 exits the housing 16, the beam passes through a high-
30 voltage isolation bushing 26 constructed from' an electric insulating material that
isolates the high-voltage housing 16 from the implantation chamber 22.



enbodyi ng the present invention for creating an ion beamin the inplanter

of 15 Fig. 1; Figure 3 is a. plan view of the ion
generating source showi ng an el ectri cal connection for

energi zing a shielded filament that forns part of the source

cat hode; Figure 4 is an elevation view of the ion
generating source show ng an are 20 5 slit t hrough which ions exit the
i on source; igure 5 is an enlarged plan view of

structure for r;Hmiqnqgnglagmlpaechamber 22 is syppattageon a movable pedestal 28
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rotation of the wafer support 40 is effected by a motor 50 which rotates the -
support 40 and wafers. A linear drive 52 causes the support 40 to be indexed
10 back and forth within the chamber 22. The support 40 is positioned so that
untreated wafers can be moved into the chamber 22 and treated wafers
withdrawn from the chamber. Additional details concerning prior art ion
implantation systems are contained in U.S. Patent 4,672,210 to Armstrong et al.
and assigned to the assignee of the present invention, the subject matter of
15 which is incorporated herein by reference.
Silicon wafers are inserted into the ion implantation chamber 22 by a
~ robotic arm 70 through a vacuum port 71. The chamber 22 is evacuated by'a
vacuum pump 72 to a low pressure equal to the pressure along the evacuated -
tube 18. The robotic arm 70 transfers wafers back and forth between a
20 cassette 73 for storing the wafers. Mechanisms for accomplishing this transfer
are well known in the prior art. Additional vacuum pumps 74, 75 evacuate the
ion beam path from the source 12 to the implantation chamber 22.
The source 12 includes a high-density plasma arc chamber 76 (Figs. 2)
having an elongated, generally elliptically shaped exit aperture 78 in its front
25 wall through which ions exit the source (Fig 4). The arc chamber 76 is
positioned relative the ion beam path by a generally cylindrical source housing
80 mounted to a flange 82 supported within the high voltage housing 16.
Additional details concerning one prior art ion source are disclosed in U.S.
Patent No. 5,026,997 to Benveniste et al. assigned to the assignee of the
30 present invention and which is incorporated herein by reference. As ions
migrate from the plasma chamber 76, they are accelerated away from the

chamber 76 by electric fields set up by extraction electrodes 90 (Fig. 1)



bl ock shown in Figure 9; Figure 13 is a side elevation
view of a cathode cap that emts ionizing el ectrons into an arc
chanber interior during operation of the ion source; 5 Fi gure
14 is a front elevation view of an ion source arc chanber;

Figure 15 is a view of the arc chanber as seen fromthe plane 15-15 of

Fi gure 14; Figure 16 i 8§ a view of the arc chanber as seen
fromthe plane 16-16 of - re 15; 10 Figure 17 is
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those used for implantation follow a tighter radius trajectory.

lon_Source
The ion generating source 12 (Figs. 2-5) embodying the present
invention includes a source block 120 supported by a rear wall 82 of the source
15 + housing 80. The source block in turn supports the plasma arc chamber 76 and
~ an electron emitting cathode 124 that in the preferred embodiment of the
present invention is supported by but electrically isolated from the arc chamber
76. _
A source magnet (Not Shown) encircles the plasma arc chamber 76
20 (Figures 14-18) to confine the plasma generating electrons to tightly constrained
travel paths within the chamber 76. The source block 120 also defines cavities
that accommodate vaporizer ovens 122, 123 that can be filled with vaporizable
solids such as arsenic that are vaporized to a gas and then injected into the
plasma chamber 76 by means of delivery nozzles 126, 128. The plasma
25 arc chamber 76 is an elongated metal casting which defines an interior
ionization region R bounded by two elongated side walls 130a, 130b top and
bottom walls 130c, 130d and a front wall defining plate 132 that abuts the
ionization region R. Extending outwardly from its two side walls 130a, 130b the
arc chamber includes a support flange 134 for mounting the arc chamber.
30 The plate 132 is aligned relative to the source housing 80. As described
" in U.S. patent no 5,420,415 to Trueira, which is incorporated herein by |



The anal yzi ng magnet 14 causes only those ions having an appropriate

mass to charge ratio to reach the ion inplantation chamber 22.

In the

regi on . that the ion beam 20 exits the housing 16, the beam
passes through a high- 30 vol tage i sol ati on bushing 26 constructed
froman electric insulating material that | sol ates the

hi gh-vol t age housing 16 fromthe inplant 4tion chamber 22.
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that bias the arc chamber 78 away from the source block 120 to facilitate

10 . capture of the arc chamber by the alignment fixture 95.

Four pins 150 (only one of which is seen in Figure 8) extend. through
openings 151 in the four comers of the arc chamber's flange 132. These pins
are spring biased away from the source block 120 by means of springs 152.
Slightly enlarged ends 150a of the pins fit within the plate 132 and keep the

15 plate and arc housing 76 connected together.

Vaporized material is injected into the interior of the plasma arc chamber
76 from the support block 120 by the delivery nozzles 126 , 128. On opposite
sides of the chamber 76 passageways 141 extend from a rear of the chamber
76 through a chamber body and open into the interior of the plasma arc
20 chamber 76. Additionally, gas can be directly routed into the chamber 76 by
means of a port or opening 142 in a rear wall 130e of the chamber. A nozzle
144 abuts the opening 142 and injects gas directly into the arc chamber 76 from

a source or supply external to the ion source.

The wall 130d defines an opening 158 sized to allow the cathode

25 124 to extend into an interior of the plasma arc chamber 76 without touching
the chamber wall 130d that defines the opening 158. The cathode 124 is
supported by an insulating mounting block 150 that is attached the rear of the
arc chamber. A cathode body that fits into the opening 158 is mounted to a
metal mounting plate 152 supported by the insulating mounting block 150.

30 The cathode body is constructed from three metallic members 160, 162,
164. An outer tubular member 160 of the cathode 124 is made from a
molybdenum alloy material. A lower end- 161 of the tubular member 160 that



I mpl antation systens are contained in U S Patent 4,672,210 to Arnstrong et
al . and assigned to the assignee of the present invention, the
subj ect matter of 15 - which is incorporated herein by reference.
Silicon wafers are inserted into the ion inplantation chanber 22 by a
robotic arm 70 through a vacuum port 71. The chanber 22 is evacuated by a
vacuum punp 72 to a | ow pressure equal tp the pressure along the evacuated
tube 18. The robotic arm 70 transfers waters back and forth between a 20
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10 - During assembly of the cathode 124 the cap is press fit into the tubular member
162 and frictionally held in place during operation of the ion implanter 10. The
length of the inner and outer tubular members 160, 162 is selected so that the
cap 164 extends upward into the arc chamber 76 beyond the end of the outer
tubular member 160.
15 Two conductive mounting arms 170, 171 support a filament 178 inside
" the cathode 124. The arms 170, 171 are attached directly to the insulating
~ block 150 by connectors 172 that pass through the arms to engage'threaded
openings in the block 150. Conductive energizing bands 173, 174 are coupled
to the filament and energized by signals routed through the flange 82 of the
20 housing 80 via power feedthroughs 175, 176.
Two clamps 177a, 177b fix a tungsten filament 178 within a cavity C
defined by the innermost tubular member 162 of the cathode. The filament 178
is made of a tungsten wire bent to form a helical loop (See Figure 5). Ends of
the filament 178 are supported by first and second tantalum legs 179a,179b
25 held in electrical contact with the two arms 170, 171 by the clamps 177a, 177Db.
When the tungsten wire filament 178 is energized by application of a
potential difference across the power feedthroughs 175, 176 the filaments emit
electrons which accelerafe toward and impact the cap 164 of the cathode 124.
When the cap 164 is sufficiently heated by electron bombardment, it in turn
30 emits electrons into the arc chamber 76 which strike gas molecules and create
ions within the chamber 76. An ion plasma is created and ions within this
plasma exit the opening 78 to form the ion beam. The cap 164 shields the



6 p05|t|oned just outside the exit aperture. The anal yzi ng magnet
14 produces a magnetic field that bends .ions having the correct
mass to an inplant trajectory. These ions exit the anal yzing
magnet 14 ‘and are accel erated al ong a travel path | eading to the
I mpl ant ati on chanber 22. An inplanter congroller 82 is 5 | ocat ed
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181 is impeded by a metal cup 184 that prevents ions from coating the insulator
182. | |

15 The walls of the chamber 76 are held at a local ground or reference
electric potential. The cathode, including the cathoc_le end cap 164 is held at a
potential of between 50 - 150 volts below the local ground of the chamber walls.
This electric potential is coupled to the plate 152 by a power feedthrough 186
for attaching an electrical conductor 187 to the plate 152 that supports the

20 cathode. The filament 178 is held at a voltage of between 200 and 600 volts
below that of the end cap 164. The large voltage difference between the
filament and the cathode imparts a h-igh' energy to the electrons leaving the
filament that is sufficient to heat the end cap 164 and thermionically emit
electrons into the chamber 76. The repelier member 181 is allowed to float at

25 the electrical potential of the gas plasma within the chamber 76.

The ‘006 patent to Sferlazzo et al depicts a schematic of a circuit that
controls arc current between the cathode and the anode (chamber walls of the
arc chamber). The operation of this circuit is described in the Sferlazzo et al
patent and is also incorpbrated herein. During generation of ions, the source

30 heats up due to the injection of ionizing energy into the arc chamber. Not all of
this energy ionizes the gas within the arc chamber and a certain amount of heat
is generated. The chamber includes water couplings 190, 192 that route



pl asma chanber 76 by means of delivery nozzles 126, 128. The plasma 25

arc chanmber 76 is an elongated nmetal casting which defines an interior

i oni zation region R bounded by two el ongated side walls 130a, 130b top and
bottomwal I s 130c, 130d and a front wall defining plate 132 that abuts the
Il oni zation region R Extending outwardly fromits two side walls 130a, 130b
t he arc chanber includes a sd%bort flange 134 for nounting the
arc chanber. plate 132 is aligned relative to the

sour ce houeﬁ??lwgewat%ntﬂ?e%ar sw&e "block and routerheater] waterawaydrdin 486, 415 to

Truei T3, Wil of hOBRS BAERRER. her<in by

erence, ate 132 is attached to an aligning fixture 95
that attaches to the housing 80. Briefly, the alignment fixture

95 is inse{teg JntgltE iource housi ng _ such that the plane of the
fixture is o the ion beam axi s. Cnce I n position
bul | et head pi ne ogEen 18 thelfafig #ERinadlfioth T ek ShemHf RS iclidithg
For el ongbloell 158 pesitiGas the ammhtana wah rre@mts toahe catlicteobodypdhd the
sour co bl oBRNe38 borlyewRB tespaold Jhe are auMmero JGHIRS - 14 ciapiel tBer [ ngs 145
(et sy a0 Wys a1 e o ce bl 120 1o Faci 1t
The insulating block 150 is an elongated ceramic electrically insulating

block constructed from 99% pure alumina (AL,O,). The insulating block has a

10 first generally flat surface 200 that extends the length and width of the insulating
block. This surface 200 engages a cathode mounting flange 202 (Figure 17)
that extends from the rear wall 130e of the gas confinement chamber 76. On a
side of the insulating block opposite the first surface 200, the insulating block
150 defines a generally planar cathode support surface 210 for supporting the

15 + cathode 124 and a second generally planar filament support surface 212 for
supporting the cathode filament 178 in spaced relation to the cathode. As seen
most clearly from the plan view of figure 9, the cathode support surface 210 has
two comer notches 220, 221 having openings 222, 223 that extend through a
‘reduced width of the insulating block defined by the notches.

20 Two connectors 224 having enlarged heads 225 extend through these
openings 222, 223 and attach the insulating block to the flange 202 on the arc o
source chamber 76. The connectors 224 are threaded along their length.

. These connectors engage threaded openings 204 in the flange 202. A backing
plate 206 (Figure 7) also includes threaded openings into which the connectors

25 extend to securely fasten the insulating block 150 to the arc chamber 78.

- When the insulating block 150 is attached to the arc chamber the first generally
flat surface 200 extends at a generally perpendicular angle to the back wall
130e of the arc chamber. Two locating pins 203 extend away from a surface
202a of the flange 202. These pins fit into corresponding openings 226 that

30 extend into the surface 200 of the insulator 150 to help align the insulating block
150 during installation.



Four pins 150 (only one of which is seen in Figure 8) extend through
openings 151 in the four:corners of the arc chanber's flange 132. These

pi ns are spring biased away fromthe source block 120 by neans of
springs 152. Slightly enlarged ends 150a of the pins fit within
the plate 132 and keep the 15 pl ate and arc housing 76 connected

t oget her. Vaporized matlérial is injected into the interior
of the plasma arc chanber 76 fromthe support block 120 by the

delivery nozzl eAsk2@n ih2Re Riguasptheirhetal plate 152 that dasparts tHeethrba Pisse 76

Chanber . bogAadR oot 0k {1 ehade GHPPAR Spriace218)ef te Block ahddhanber

76. Additi a ' ‘ '
means of ag’gg}r‘{ﬁoar gpferﬁwgg iz%ﬁ?ﬁ&&é%bgggqagﬁakﬂgd&ebggy ?ﬂg@gﬁgﬁ%@ Wt nozzl e
144 abut s thecopgring i$814Phigadedrtannestara 228i extend intora two necessedoweliher 76

T val | 139 ik ROHEGE 200 1RG Maitrd Bibor.fid Af R SBHLER apenings
124 1o ext2gslin MiebRK 1 éddtie Peddial Bhasings 24 phABteterfia t hout

t ouchi ng the chanber wall 1: t defines the opening 158. The
cat hode 124 i s Two locating ping,236 el catrieshby the plate i§2modstheglate dek 150

thae 1ice Pieehis et AffithoabiBe 150 e plrR,Se8RETHE'aichnfl Mg B3HY
plate 152 puireoblock 150, t Theisiuipd aligmtharbloeki aril plates land38cilidfes connection
The cat hode, body is constructed fromthree netall|ic penbers 160, 162, .

168 An oupkihe twediringdabreationoofcthet athede rsvelh aa dudngdpaintenance of
nol ybdenunhfg E%o%tafér%se A t]hgvfﬁ'fplﬁﬂgr :}61 of the tubular nmenber 160 that

Once the plate 152 is attached to the block 150 and the block attached
to the arc chamber the threaded opening 167 in the plate 152 that positions the
three piece cathode body is aligned with respect to the opening 158 that

15 extends through the wall 130d in the arc chamber. '
| Planar surfaces 240 of the elongated legs 170, 171 engage and are
supported by the insulating block surface 212 that is spaced from the surface
200 by a maximum thickness of the insulating block 150. Threaded connectors
250 having enlarged heads extend through openings 252 in the legs 170, 171
20 and thread into threaded openings 254 in the filament support surface 212. As
seen most clearly in Figure 7, the relative spacing between the two planar
surfaces 210, 212 of.the insulafing block defines a gap G between the surface
240 of the legs 170, 171 and a surface 262 of the plate 152. This gap and the
fact that the ceramic is made of an electrically insulating material electrically
25 isolates the two legs not only from each other but from the plate 152 that
' supports the cathode body. The holes in the filament support legs 170, 171
align with the holes in the insulating body 150 and accufately position the
filament 178 within the inside of the céthode body.

As seen in Figures 9 - 12, the ceramic insulating body of the insulator

30 defines a number of elongated notches or channels N1 - N3. These notches
disrupt the generally planar surfaces of the insulating block 150. When
mounted near the arc chamber, the insulating block is coated with ions. The



8 abuts the nounting plate 152. An inner tubular nmenber 162 is

al so nade from a nol ybdenum al .oy material and has a threaded

| ower end portion 163. The t hreaded end portion 163 of the inner
tubul ar nenber 162 is threaded into a - t hr eaded opening 167 in the
mounting plate 152. The tubul ar nenbers 5 160, 162 are preferably
cylindrical. An end cap 184 (Figure 13) of the cathode 124
is conductive and is made froma tungsten material. The cap 164

fits withininguladors: discloseddn WS, patent no. 5,497,006 to Kéerazzol etralrwemesmjeﬂz

i amerer o) RERTHE oBRY URE ok oeREA BACHL el clPEer, s posing Biltea8 """

Duri ng asseﬁiémmfre tah@-oVér beeRoARE éﬁtﬁfaﬁl@l?e bﬁtms Qé@rcél IThetRahmds t NhtN?r .
menber and frictionally held 0§)<| ace during operation of the

i on i npl ant@rth.eosmqhzeblock insulator |156gnak©fthe hb reali-shadowiog de. theionsr do

oS 150l S AR el e i PR oo A A ¢

nmenber 160. pidne to arc over. Two conductive nounting arns 170, 171 support
a filanment 178 I nsi de t he cathode 124. The arns 170, 171 are
attached directly to the insul ating bl ock 150 by connectors 172

that pass t ag@% tl%@ f64 to engage t hr eaded openings in the
bl ock 150. rgi zi ng bands 173, 174 are coupl ed to
the filament andTérecathodd cap ‘mdglsaémaamaﬂtudysmmthémmbmﬁe%mf the
20 hou5|ags80 vi a power feedthroughs_175

cl anps 177aPraviges A% cﬁ"ﬁﬂmj’sﬂ'@naﬂcl ¢hamaber. 1 Tie \Fﬂmﬂlierp'ﬁk &hapeq cep dlsclosed
def yged by PeildaesEhsy phtdht namBSr 8457,668 18'sibRSzs b arR repliel Wi gt

L7 cap 164 compatible with the cathode structure shown in the ‘006 patent.
The cap 164 has a reduced diameter emitting su-rface 165 and a wider
flange surface 166 that rests against an end of the inner tubular member 162.
The cap 164 significantly reduces thermal load of the support indluding
15+ the insulating block 150. The cap also more efficiently utilizes filament heating
power since less heating power is requiréd to energize the filament 178 for a
given arc chamber current. The cap allows higher arc currents to be achieved
using the existing arc chamber controller electronics. Use of the cap has
resulted in increased production efficiency of all ion species, particularly multiply
20 charged ions. For singly-charged ion, efficiency is increased by a demonstrated
increase in dissociation of molecular ions( e.g., dissociation of BF3 and BF2).
The combination of higher electron current density (due to the reduced emission
area) and higher emitter temperatures (due to smaller thermal mass and
improved emitter thermal isolation) also results in higher fractions of multiply-
25 charged ions.
From the above description of a preferred embodiment of the invention,
those skilled in the art will perceive improvements, changes and modifications.
Such improvements, changes' and modifications within the skill of the art are
intended to be covered by the appended claims.



I's made of a tungsten wre bent to forma helical |oop (See Figure 5). Ends
of 1 ﬂ ””mmrr ' nt 178 are supported by first and second tantal um
| egs ”"IE held in electrical contact with the two arns 170,

171 by the ctafpssi7¥a, 177b. When the tungsten wire
filament 178 is energized by application gf a potentia

di fference across the power feedthroughs1'75, 176 the filanents emt

el ectrons which accelerate toward and i npact the cap. 164 of the cathode
124 Hendng dieecogd ecpreferrest emberiEnentyof {68 iRieripne WecaIigh
bonbardnment, it in turn 30 emts electrons into the arc chanber 76
whi ch stri ke gas nol ecul es and create lons within the chanber

76. An ion1pl asmn ich scsméqqizmilds@nﬁadibhiimpléritérﬂ_m, said ion spuRs™® exi t
the opening 78 to formthe ion beam The cap 164 shields the
9 comprisem@nt from contact with the ion plasma within the chanber

Shich the i1 amdl i & gapsofiefont Bamber{R haviitf ot wis Liodr "The '
filament. 430b, 130c, 1%0d, 13@,@%&%@;@@@@?59@&&% fegimm) 4Rd that are

emtted into tF\_e arc > whi ch do n engage a gas
mol 8cul e wiin¢luding am exit opeping (8) to allow ions twexit the,gas confirement chamber a

e e, L erbi oS Bk (130kH e che s Bahge £202) et eXEHER fro bac
one chamber wall;
b) a gas delivery system (122, 123, '12_6, 128, 144) for delivering an
ionizable gas into the gas confinement chamber;

10 C) a base (80, 82, 120) for supporting the gas confinement chamber in
a position relative to structure (90, 14) for forming an ion beam (20) from said
ions exiting said gas confinement chamber; .

d) a catilode (124) positioned with respect to the ionization region of
said gas confinement chamber to emit ionizing electrons into the ionization

16 region of the gas confinement chamber to ionize gas molecules; and

e) an insulator (150) having a first generally flat surface (200)
attached to the flange of the gas conﬁne.ment chamber wall for supporting the
cathode and electrically insulating the cathode from the gas confinement
chamber; ' .

20 f) said cathode comprising a conductive cathode body (160, 162,
164) that bounds an interior region and has an outer surface that extends ihto
said gas confinement chamber interior and a filament (178) supported by said
insulator at a position inside the interior region of the conductive body of said

" cathode for heating said body and thereby cause said ionizing electrons to be

25 emitted from the body into said gas confinement chamber. '

2. The ion source of claim 1 wherein the insulator is constructed from a
ceramic insulating material.



|nto as ioniza zone to contact a gas nolecule. The netal nenber
181 ’i‘l’iamw of nol ybdenum A ceram c insulator.- 182 insulates the
r epel ’IHIWE 181 fromthe electrical potenti of—the—|louer
wal | 130cC of t ke pl arc chanber 76. The cat Hﬂ%&ﬂfﬁrﬁﬁs BEEN
repel ler 180 are therefore electrically and t herjmal | yRERIAGEDed '
fromthe arc chanber walls. Shorting ofl4 he repell er nenber 68+
is inpeded by a nmetal cup 184 that prevents ions fromcoating the insulator
182. 15 3.  The ion solifte sfadlhin dfwhdreirctheninsulaldr incledesladsuppart bodyl
ground or reference el ectric potential. The cathode, including

t he cat hobiaviegd fiesp geparally planar eathgde support surfaggi(2h0) tar syppedtingthe 50 -

el oct 1 ¢ GEAE et 48 psPoll MorBal Fiafiar fSlert ubpert sirase (AR " 1 o

for att aca:mbrﬁngeéawrrarﬁéﬁt if Spaded vlalidn tb thd bathodatsodyShitd Alaintaiming t s

the 20 cathode. The filanent 178 is held at a voltage of between 200
alid 600 velectrical isolation betweerwsaidfilament aad sald eatpodebodyhe | arge vol t age
di fference between the filament and the cathode inparts a high
energy to the electrons |eaving the filament that is sufficient
to heat the endngienketiredef élﬁﬁﬁ'@éﬂdlﬁ@nﬁélw étﬂ‘hpnsmg first and sédciRi rons into

t he chanber 76. The repeller nenber 181 is al to float at 25 t he
el ect ri camountingtlegs (60,t vd )dhst mgagmthn ﬁlament a@ppwmbe‘ace ef the

The ' 006 E{}asb?%ﬁntﬁwﬂe” azzo et al depicts a schematic of a circuit that

controls bet ween t he cat hode and t he anode (chanber walls of
t he arc chanber). The operation of this circuit is described in
the Sferlazzo et al patent and is al so incorporated herein.

Duri ng ge5er at iTve ioh scamse of tlaim@.whereho the cathodaeapgnugct&déma:g@m%’a"y

t th
thi o ener BYPRs oAt et 1Y A oRgROSs e Har ere R PR Aot rount of
heat support éu?fa%@rtﬁrtﬁé%ulgthfg pldarber includes water coupli ngs 190, 192

that route

. 6. The ion source of claim 3 wherein the insulator body defines notches (N1,
- N2, N3) that extend inwardly from exposed surfaces of the insulator body to
impede coating of said exposed surfaces by material emitted by the ion source

during operation of the ion source.

7. The ion source of claim 3 wherein the flange has positioning rods (203)
that extend away from the flange and wherein the insulating body defines
alignment openings (226) for engaging the positioning rods.

8. An ion generating source (12) for use with an ion implanter (10), said ion
generating source comprising:
a) a gas confinement chamber (76) having conductive chamber walls
(1304, 130D, 1360, 130d, 130e, 132) that bound a gas ionization zone (R) and
5 including an exit opening (78) to allow ions to-exit the gas confinement chamber;
b) a support (80, 82, 120) for positioning said gas confinement
chamber relative to structure (90, 14) for forming an ion beam (20) from said ions

exiting said gas confinement chamber; \
+ : This Sheet HasB
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r into the source bl ock and route heated water
avvay froU"l"H ﬁﬁ"l Ilwﬁiﬁegl on of the arc chanber. I nsul ating

Bl ock 15 In addition to insulating the cathode fromthe
arc chanber the |nsul ati ng 5 bl ock 150 positions the filanent 178
Wi th respect to the cathode body and the cat hode body with
respect to the arc chanber. Figures 9- 125dep| ct the I nsul ating
bl ock 150 in greater detail. The insul ating block 150 is

an el ongat ed cefhni cagasdelivesy systems(I22; 123, 126, 128, 144) i cemoumicatiart ed

t100: ”goncbiffsPiq Bu BobiberBh héibher for HeTerdd mB BAaPle RAIPTAN iiln 168 ¢ e

|nsul at i nggas confinemeft SfdmbdrRi s surface 200 engages a cat hode nounting
flange 202" (Figure 17) that extends fromthe rear wall 130e of

the gas confi nedpnt alcathede (124)@or emitting lonlzmgseleletrmris inte thengas at i ng bl ock
opposite the.first_sur the insulating blo 150 defines

a gener al N?“E%RQF%%%CHEGGE%B&S%GP@ f?ﬁkﬁh%?b%ruﬁﬁﬁjr?ﬁ"thed?he 15 .
0
cuppor &1 ne Y BAsRX ARt R AN Y bBR1IE0, 1CAYTRRL paRRY et AP sdl” 2

nt 17 space I on
sdén gas comﬁmmentaenambérr mxheridrearm nanludesm condudiiveecp, (1643 thattﬂaoeb?
support sur er nqtches, 22 221 havi ng

openi ngs 28 aﬁﬁgae ﬁgp? gemgﬂhcl't\amggrg r%%lﬂmg said nonlzmg electrons into the
gas confinement chamber;

e) an electric insulator (150) connected to said gas confinement
chamber for supporting said tubular conductive body of the cathode in a spaced
20 relation to the conductive chamber walls of said gas confinement chamber; and
f) a filament (178) supported by said insulator at a position inside the
tubular conductive body of said cathode for heating the conductive cap and
~ causing the ionizing electrons to be emitted from the conductive cap into said
. gas confinement chamber; . |
25 said insulator including an insulator body defining a planar cathode
support region (210) for supporting the cathode body and a planar filament
support region (212) spaced from said planar cathode support region for
supporting the filament in spaced relation to the cathode body while maintaining
electrical isolation between said filament and said cathode body.

9. The ion generating source of claim 8 wherein the gas confinement
chamber includes an opening (158) in one wall (130d) for insertion of the tubular
conductive body into the confinement chamber and wherein the electric insulator

supports the tubular conductive body in spaced relation to the wall of the
5 chamber. )

10.  Animproved cathode structure for use with an ion source (12) for
generating a beam (20) of ions comprising:



reduced—w-dt-hof the insulating block defined by the notches. 20
Two connectors 224 having enl arged heads 225 extend through these

e DRI 2 (2 oo e o e oo o

their I*engt h: * These connectors _engage t hreaded openings 204 in

the flange 202. A backi ng plaﬂg 206 (Figure 7) also includes
t hr eaded openings into which the connectors 25 extend to securely
fasten the i nsul gathegden124) fappsitioning withorespashiera gas confinement chygmsher he

et curt 428 BEmICPoling BIRSRTE b 4 B3s Bz EiT2Bhe (RER e e e back
wak| confineh#dift chlanitis, saidl ﬁ%ﬁ@d@&omﬁﬁi% fibular Gorductive bodygnaoavay

froma surface 2b2a of the flange . These pins fit into

cor r espondi6R) anshaicegduetiee cap(1684) supporteddy thedtubuitay conduetive body fB0 of
the insulator,.150 to hel.p align the insul ating bloc . 150 during
i nst al | at | GRIING sal(PIOHIZle e&ec(?rons into the & %‘Eﬁﬁ‘%".‘?‘?‘sﬁé‘aﬂ?%r es the netal

plate 152 that g#RRABKE(178Y s d'af8%osition insjde ! tiBdRrkRAYuERS Bod
agai nst the cat hggée?ﬁsup(por SSEP a%e%l?og#tl()tnhlesbl ock and Y e?<t¥ands

away fr om oftsaid cathadsefar helating gaidh condudiivecapoayd cause the ipniring eleattons
109 OPeN' " P Bmitled FaT the S it 26 48 confinament champér angecessed. wel I's
an electric insulator (150) connected to said gas confinement chamber for
_positioning the cathode with respect to the confinement chamber and for
supporting said cathode and said filament in a spaced relation to each other and
with respect to the conductive chamber walls of said gas confinement chamber;
15 said electric insulator comprising an insulator block having a first
generally planar cathode support surface (210) for supporting the cathode body
' and a second generally planar filament support surface (212) spaced from said
~ first generally planar cathode suppbrt surface for supporting said filament in
spaced relation to the cathode body while maintaining electrical isolation
20 between said filament and said cathode body.



5 230 in the surface 200 of the insulating block 150 and pass

t hr ough openi ngs 232 in the block to engage threaded openi ngs 234
in the plate 152. Two | ocating pins 236 are carried by the
plate 152. As the plate is attached to the insulating bl ock 150
these pins extend into alignnent holes 238 in the block 150. This
hel ps align the block and plate and facilitates connection 10 of the

two during fabrication of the cathode as well as during maintenance of

t he cathode after use in the inplanter 10. " Once the plate
152 is attached to the bl ock 150 and tﬁq bl ock attached - to the
arc chanmber the threaded opening 167 in‘the plate 152 that positions the

t hree pi e CATHODIEO MOUNTING FOR iIHNe SONRCE WISHe FINDIRECHEYo HEATED CATHORE: 15
‘extends through the wall 130d in the arc chamber. Pl anar

surfaces 240 of the el ongated | egs ﬁ&; ngage and are
supported.by the insulating bl ock s&&%gge fg that is spaced fromthe

surface An io?Péolrge 1 Zﬁéﬂnﬁbdxhb! this preserttiinvditionisfortis@ th 8hask 150.
Threaded connectors . 250 havi ng enl arged heads extend through
openi ngs isplanter (10)] ddhe ienEourga comprises a gagepnfthesmeantichember(éeled

[ 54.in t £l | : t
ol earl'y 1 REuig ol ductiveRading AR (a0, 1366, ik, e, tge tappdte” ™
surfaces %b@nd@éa@ﬁoﬁiﬁéﬁtbri‘ﬁéhémﬁ oThe @@% copfinéafent cBamber RuGssah eRit
surface 240 of the legs 170,” 171 and a surface 262 of the plate
158. Thi s opening(F8)ite allow ions to exitdise chamber.nA basea(B0; 825 12@)positions

ot onl % geB R BeEN BuBmkRs FeieRES b SFuctes 90,:44) forforfig ah Jgp 17 °°
the cathoggp {761 1A% BSitinG thE YalsidonRBMmeNt BRGfbek.c0s 170, 171

align with tﬁmh@l es iln thel IIhQSUPgaI ng body 150 and accurately position the
filament 128 .jygin the inside of the cathode body. As
seen in Figures - 12, the ceram c insulating body of the insulator 30

defines a nunber of el ongated notches or channels N1 - N3. These notches
di srupt the generally planar surfaces of the insulating block 150. Wen



nount ed near the arc chanber, the insulating block is coated with ions. The

12 . I nsul ators disclosed in U S. patent no. 5,497,006 to
Sferlazzo et al were subject to surface coating during operation
of the source. This coating could lead to . premat'ure arc-over or
shorting and failure of the source. The channels N1-N5 in the
single block insulator 150 nmake the b#ﬁfk sel f-shadowing i.e. the ions do 5
not coat a continuous surface across e insulating block and are therefore
| ess prone to arc over. Cat hode Cap 164

The cat hode cap 164 [F—a—ectmed=ztungsten——thermonic—enitie

provides arc currentljto the arc chanber. The sinple di sk shaped cdp

di scl osed 10 injUnited States patent nupber 5,497, 006 to Sferll azzo et
al is replaced.with 2 cap 2 C I §l e—with the cathode
structure shown in the '006 patent. The cap 164 has a
reduced di aneter em fjting surface 165 r fl ange| surface
166 that rests agai n§t an end of the inn menber 162.

The cap 164 significgntly reduces ther the support imekudi ng

©
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15 the insulating block 150. The cap also nore efficiently utilizes

filamgnt heating power since |less heating power.is required to
energi ze the filament 178 for a gi ven arc chanber current. The
cap allows higher arc currents to be achieved usi ng the existing
arc chanmber controller electronics. Use of the cap has ' resul ted
in increased production efficiency of all ion species, particularly

mul tiply 20 charged ions. For singly-charged ion, efficiency is

i ncreased by a denonstrated ' i ncrease in dissociation of

nol ecul ar ions( e.g., dissociation of BF3 and BF2). The

conbi nati on of higher electron curreng/density (due to the reduced em ssion
area) and higher emtter tenperatures (due to snmaller thermal nass and
i nproved emtter thermal isolation) also results in higher fractions -of

mul tiply- 25 char ged ions. _ From t he above
description of a preferred enbodi nent of the inventigQn, ' t hose
skilled in the art w| Mlperceive inproveneaglis, chang®s and mﬁjifications.
Such inprovenents, ch S  an dificatioM wthint kil §of the art
are i ntended fo be red by th ended\§&4i s

13 Hav| ng d \bDed a d eabofitbent pf the

i nvention, we claim
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1. An ion source (12) for use in an ion inplanter (10), said ion source

conpri,si ng: a) a gas confinenent chanber (76) having
chanber walls (1 30a, 130b, 130c, 130d, 130e, 132) that bound a
gas ionization region (R) and 5 i ncluding an exit opening (78) to
allowions to exit the gas confinenent chanber wherei n one
chanmber wall (130e) |ncludes a flange (202) that extends from said
one chanber wall; b)3/7a gas delivery system (122, 123,
126, 128, 144) for delivering an- |on|zable gas into the gas
confi nenent chanber; 10 .—C) ba 80, 82, 120) for
supporting the gas. confinenent chehber i 'D a p8§|t|on relative to
structure (90, 14) for formang e} oms i ons
exiting said gas confinenent a ° ° a cat hode (124)
positioned with respect to t |zat|onS§eg|on of o, sai d gas
confinenment chanber to egit §/4 J ele ons in exr§qni zation 15
region of the gas confi nt er—tp— ecu\ es; and
e) an insul ator (150) Logrra flifrst penerally ff pt rface &g00)
attached to the flange of el@as {d or Wl | forigfpporting
the cat hode and&l ¢t ri == ' he%gat Hode, X2 om t he gas
conf i nenent _ ochaienk f i d JcatHade
conprising a conducti we \ y—¢  ave— p 164) that bounds
an interior region and has surface fhat ends imto
sai d gas confinenent cha NG lor and acdi | ane 1 supported by
sai d i nsul at or "at sN{ion insfde th rAor region of the
conductive body of said catyode for in i d body and
t her eby cause said ionizing el eCR& t O migted fromthe body
I nto said gas confinenent chanber.
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2. The ion source of claim1 wherein the insulator is constructed from a
ceram c insulating materi al . :
14 3. The ion source of claim1 wherein the insul ator includes

a support body having a first generally planar cathode support
surface (210) for supporting the cat hode body and a second
generally planar filanment support surface (212) for supporting

said filanent in spaced-relation to t4& cat hode body while maintaining 5
el ectrical isolation between said filament and said cat hode body.

4. The ion source of cl@ additionally conprisong first and second
nmounting | egs (170, 171) tlhat engage the filagfnt sd?port surface of the
i nsul ati ng bl ock. The ion so ' reig the
cat hode i s connecte | at § (152)

that engages st e s g
|7 Ii

Q

‘ /N

152 17706
@ 1
C{J/E:>

” luwllh4

T

1747
Fig.5
!

.

240 174I T
Fig.7

\450

o]

©

©©

73

-

A

OWN
RN S
N \ - -
T NN«
. N &
© P ol
\ =y B &
~ ©
—e e e o ____‘— m
— N O N oty
& (o2}
\"tr 208 0s01 87777 H ™~ LL
N h )| -~
© ;D 1
[ ’
[{o] - o
- M~
o




support surface of the insulating bl ock. 6. The ion source of
claim 3 wherein the insulator body defines notches (NI,. N2, N3)
that extend inwardly from exposed surfaces of the insulator body to

i npede coating of said exposed surfaces by material emtted by the ion
source during operation of the ion source. ' 7. The

I on source of claim3 wherein the gas confinenent chanber includes a
nounting flange having positioning rods that extend away fromthe nounting

fl ange and wherein the insulating body defines alignnment openings

for engaging the positioning rods 5/ supported by the gas

confi nenent chanber. 8. An ion generating source (12) for use

with an ion inplanter (10), said ion generating source

conpri si ng: a) a gas confinenent chanmber (76) having

conductive chanmber walls (130a, 130b, 130c, 130d, 130e, 132) that

bound a gas ionization zgae i ncl udi ng an exit opening (78)
nt chanber, b) a

ai d gas confinenent
for form ng an ion beam (20) from




15 C) a gas delivery system (122,123, 126, 128, 144) in
communi cation 10 with said gas confinenent chanber .for delivering an
ionizable material into the gas confinenment chanber

d) a cathode (124) for emtting ionizing electrons into the gas

i oni zati on zone defined by the gas confinenent chanber, said cathode
conprising a tubular conductive body (160, 162) that partially extends into

said 15 gas confinement chanber interior and includes a conductive cap
(164) that faces into the gas confinenent chanber for emtting
said ionizing electrons into the 6/7 gas confinenent chanber;

e) an electric insulator (150) connected to said gas confi nenent
chanber for supporting sqi t ubul ar conductive body of the cathode in a
spaced 20 rel atpgp ¥o conductive chanber walls of id gas
confi nenent chanber; - 212 f)101?1ilanent (17

t ubu

ported

by said insgﬁ ; iIctive
body of said~cat Hpdg forO heatlt fig thégpnducii v p cap and b causi ng
the ionizing el ed tonductive cpp iifo daid
gas confinement d! r$J25 i nsul ator ihcl udi ng |an
i nsul at or body dgiH-ni ng--&” pl su rt region {(
for supporti r?éoc h:_ hede i | ament \ l sypport
region (212) spaded from sam pport regiof i on
supporting the fijl anent _.in spg e cat hode pody: whi lle
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el ectirical isolation between said filanent and said cat hode body.

9. The ion generating source of claim8 wherein the gas confi nenent
chanber includes an opening (158) in one wall (1 30d) for insertion of the
t ubul ar ' conductive body into the confinenent chanber and wherein
the electric insulator supports the tubular conductive body in
spaced relation to the wall of the 5 chanber . 10. An
i nproved cat hode structure for use with an ion source (12) for

generating a beam (20) of ions conprising:

16 a cathode (124) frgv positioning with respect to a gas
confi nenment chanber (76) to emt ionizing electrons inaﬂsa gas
ionization zone (R) of the gas 5 confi nenent chaugher, sai t hode

conpri sing artubﬂlar ductive b
cap (164) supr%Lgﬂ

’ﬁ? and a conductive

said ionizing g §z§r 0 ; |
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a filament (178) suppor at a position inside the tubul ar

REPLACEMENT SHRET

oT=ZT17¢

of said cmmﬁmmn'm"m“ g said conductive cap and cguse tih T
1 ect tted fromthe cap into sai gas jcan
Shes ronsaﬁd C L Wws © p f6$?39%l Q

chanber ;

an electric insulator (150) clonne

gas confinenment chanber for positioning the catho ]

to the confinement chanber and for 14 supporting sdi d cat hode and
said filanment in a spaced relation to each other and _ ~pt-t—t
respect to 3d.he cbhelion soarcehaindiaim vavhiereirf thedhsulator inclatbies N@iPpdHBHG! ;
sai d el ect

generally
body
(212) spac

ric |nsul at or CO[TEI’ISII‘] an insul ator block having a flrst

d1aving adysheaeeral Fniaﬂarsceathg@@ spppoit sugace (g he) for sypporingdhieode
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surface forsuppopting isai fikinsbritiih %Fﬁﬁéd rélation to the cath%ﬂé%ﬂiyr whifd h%"ht%ﬂnﬁge
e

cat hode body whjl e naintaining e

ctrical isolation tween sa

filanment arfleskical isplatipnbgiwgen said filament and said cathode body.

4. The ion source of claim 3 additionally comprising first and second
mounting legs (170, 171) that engage the filament support surface of the
insulating block.

5. The ion source of claim 3 wherein the cathode is connected to a generally
planar mounting plate (152) that engages the first generally planar cathode
support surface of the insulating block.

6. The ion source of claim 3 wherein the _iriéul_ator body defines notches (N1,
N2, N3) that extend inwardly from exposed surfaces of the insulator body to
impede coating of said exposed _sdn‘aceé by mate}ial emitted by the ion source
during operation of the ion source. |

7. The ion source of claim 3 wherein the gas confinement chamber includes a
mounting flange having positioning rods that extend away from the mounting flange and
wherein the insulating body defines alignment openings for engaging the positioning rods
supported by the gas confinement chamber.

8. An ion generating source (12) for use with an ion implanter (10), said ioﬁ
generating source comprising:

a) a gas confinement chamber (76) having conductive chamber walls
(130a, 130b, 130c, 130d, 130e, 132) that bound a gas ionization zone (R) and
including an exit opening (78) to allow ions to exit the gas confinement chamber;

b) a support (80, 82, 120) for positioning said gas confinement
chamber relative to structure (90, 14) for forming an ion beam (20) from said ions

exiting said gas confinement chamber;

| AMENDED SHEET




