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The present application is a continuation-in-part of U.S.
application serial number 09/078,129 filed 05/13/98 entitled Ion

Implantation Contrel Using Optical Emission Spectroscopy.

Field of the Invention

The present invention concerns a workpiece treatment system
that uses charged ions for treating a workpiece. One such system
immerses one or more silicon wafers in an ion plasma having a
high density of positively charged ions that are then accelerated
against the surface of the wafers to implant a controlled
concentration of the ions into the wafers. A second such system
includes an ion source and structure for moving ions from the

source to an implant station where target workpieces are

situated.

Background Art

Commercially available ion implantation systems employ an
ion source that includes a source chamber spaced from an ion
implantation chamber where one or more workpieces are treated by

ions from the source. An exit opening in the source chamber



and accelerated to forman ion beam The ion beamis directed along an
evacuated beam path to the ion inplantation chanber where the ion beam
strikes one or nore workpieces, typically generally circular wafers. The
energy of the ion beamis sufficient to cause ions which strike the wafers,
to penetrate those wafers in the inplantation chanber. In a typical
application of such a systemthe wafe2s are silicon wafers and the ions are
used to "dope" the wafers to create a senmi conductor material. Selective
inmplantation with the use of masks and passivation |ayers allows an

i nt egr 8L&QWE| LEOFt tPoehtf e 2AMRGE anithay Seam & phepsd. 4anglyzed, t o
Conrad entitled "Method and Apparatus for Plasma Source |on | nplantation”
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ionic bonmbardment. lon inplantation into surfaces of a three di mensional

t ar get '?nﬁbﬁpe§¥acB§tF9Pg?ﬁ@ BRACR o Adte plors iRt tine chrgEeTW t hi n an
enclosin% ch%ggen. Once the p

asma is set up in_a region surrounding the
t ar get WHESRs
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si des mﬁthou& need to nanigglate the target. This inplantation is
acconpBeRE@ 10y SPPFPLari BRISFS epEld t$REFPUILe L Hayker8) t8ge, typically
20 kilov%l.s.or

hi_gher, that cause the ions to be driven into the exposed
sur f ac &S TR gtgggf’lpsﬁ £8BfANTRLER o‘?%‘éﬁ%‘%eﬁf‘? ﬁ“’atfl%é"s‘ 364 PEREERA  For
setti n%hlild%et Q%f%lrgsrlr% it?let gmithaltlt(:)ggfgnacﬂ]ae terxa,l In a typical
application of such a system the wafers are silicon wafers and
the ions are used to "dope" the wafers to create a semiconductor
material. Selective implantation with the use of masks and
passivation layers allows an integrated circuit to be fabricated.
United States Patent 4,764,394 to Conrad entitled "Method
and Apparatus for Plasma Source Ion Implantation" discloses an
ion implantation system for treating a target by means of ionic
bombardment. Ion implantation into surfaces of a three
dimensional target is achieved by forming an ionized plasma about
the target within an enclosing chamber. Once the plasma is set
up in a region surrounding the target, ions from the plasma are
driven into the target object from all sides without need to
manipulate the target. This implantation is accomplished by
application of repetitive pulses of high voltage, typically 20
kilovolts or higher, that cause the ions to be driven into the

exposed surfaces of the target. A technique discussed in the

'394 patent for setting up the plasma is to introduce a neutral



:3 gas into the region of the target and then ionize the gas with ionizing
radi ati on. The system di sclosed in the '394 patent to Conrad uses an ion
source to create an ion plasma in a region surrounding a workpi ece and then
sel ectively pul ses an el ectrode that supports the workpi ece thereby
attracting the positive ions in the pjasma toward the workpiece. United
States Patent 5,654,043 to Shao et al also concerns a systemfor treating a
wor kpi ece surface by causing ions to inpact the workpiece surface. A gas is

injected into an inplantation chanber so that an_ionizaqggﬁggs op%ypies a
regi orfdsh At Ehs FagHry ofothRetabeRbi 8Re ERFRaERM12E pi Hwit
inplantatjon materjial, is created wwthin the interior region of the
i npl antRIBPEHAHAC IR r epeat edl y rel atively biasing conductive el ectrodes

with a sequence of pulses that hoth ionize the gas nolecules injected into
t he chanbeffgﬁufy HadosRE AonFREd '§as ﬁBFEgEIEQ %?N%ﬁ e an

i npl antation surfaces of the qne or nore, workpieces. The disclosure of the
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States Patent 5,658,423 to Angell et al concerns a_nethod of nmonitoring the
statuéw%gk L Pfasthe ﬂﬁ“ﬁléﬁﬁﬁﬁ VR BULEREURE R eﬁﬁrgéﬁhg%?%c%%%Pogﬁ%c?ra
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plasmatoward the workpiece.

United States Patent 5,654,043 to Shao et al also concerns a
system for treating a workpiece surface by causing ions.to impact
the workpiece surface. A gas is injected into an implantation
chamber so that an ionizable gas occupies a region in close
proximity.to the workpiece surface. A plasma of implantation
material is created within the interior region of the
implantation chamber by repeatedly relatively biasing conductive
electrodes with a sequence of pulses that both ionize the gas
molecules injected into the chamber and accelerate the ionized
gas molecules toward the implantation surfaces of the one or more
workpieces. The disclosure of the '043 patent to Shao et al is
incorporated herein by reference.

United States Patent 5,658,423 to Angell et al concerns a
method of monitoring the status of a plasma in a chamber while
conducting an etch process. Spectral analysis data is collected
during etching, with the spectral data characterizing an emission

of light from an etch species contained in the plasma.



4 A paper entitled "Dosinmetry Measurenent in lon Inplanters” copyright 1981
by Douglas M Janba discl oses the use of a dosinetry cup to collect charges
i npacting a target during ion beaminplantation. To nore accurately neasure
the charge actually inpacting the target, a biasing el ectrode |ocated

bet ween a beam defining aperture and #the entrance to the cup is used to
suppress el ectrons and negative ions that are trying to | eave the cup. The
bi asi ng el ectrode al so suppresses el ectrons generated on the defining
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target due to electrical discharges aggravate y secondary el ectrons
trappedsod thesiBoneld efd@dns and negative ions that are trying to

leave the cup. The biasing electrode also suppresses electrons
generated on the defining aperture that are trying to enter the
cup, and repels electrons that are carried with the ion beam.

A paper entitled "High Current Dosimetry Techniques"
copyright 1979 by C.M. McKenna discloses use of one or more
dosimetry cups located adjacent to the target for in-situ
measurements of the charge bombarding the target during ion beam
implantation. Measurements made by such dosimetry cups are used

to control the ion beam being used for implantation. McKenna
further discloses a negatively biased cup collector surface used
in conjunction with less negatively biased cup walls to repel
unwanted electrons from entering the cup. However, McKenna
rejected the use of a negatively biased cup collector because
experiments showed that this type of electrical biasing caused
eruptions on the silicon target due to electrical discharges
aggravated by secondary electrons trapped on the magnetic field

lines within the dosimetry cup.



~lines wthin the dosinetry cup. 5 Disclosure of the Invention The
present invention concerns an ion inplantation control systemthat uses the
results of an optical analysis of the ions present in plasm gas and the
concentration of charges inpacting the workpiece to control parameters of
the inplantation process. For exanple5 the present invention nay be used to
suspend the ionization process once the desired | evel of doping is

conpl ete. The present invention nay be used in ion beami nplantation or

pl asma i rmersion ion inplantation. Mre specifically, the present invention
may be used with an ion inplantation system which causes ions to inpact an

i npl antati.on surf The ion.inplantation systemgenerally conprises a
proceggEﬁﬁgﬁﬂéﬁ—{égﬁihﬂé¥3¥4ﬁﬁéﬁﬂer interior into which one or nore
wor kpi eces an be in ert r ion _treatnent , and, an ener g source for
setting up |cﬁ?ﬁﬁ%1 PkﬁPQSgrEﬁpﬁBrfoPleB%%?% %é?rﬁ??qﬁfg'process
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Concenéﬂglw§¥kﬁheééng%E%S%trol parameters of the implantation process.
For example, the present invention may be used to suspend the
ionization process once the desired level of doping is complete.
The present invention may be used in ion beam implantation or
plasma immersion ion implantation.

More specifically, the present invention may be used with an
ion implantation system which causes ions to impact an
implantation surface. The ion implantation system generally
comprises a process chamber defining a chamber inte:ior into
which one or more workpieces can be inserted for ion treatment
and an energy source for setting up an ion plasma. A workpiece
support is located within the process chamber for positioning one
or more workpieces for implantation.

One exemplary embodiment of the invention is used in
calibrating an ion implantation'process and includes the step of
producing a concentration of ions in an ion source chamber and
performiﬁg a mass analysis of the concentration of ions and
recording mass analysis data. The process also includes the step

of performing an optical analysis of the concentration of ions



srecordi ng nmass anal ysis data. The process also includes the step of
perform ng an optical analysis of the concentration of ions 6 wthin the
i on source chanber and recording the optical analysis data. A database of
records based upon this data gathering is stored on a storage nediumfor a
gi ven concentration of ions the ion source chanber. Mst typically, the ion
pl asma within the source chamber is ceated by injecting an ionizable gas
into the source chanber. In this enbodi nent the steps of performng the

mass ana“¥sis and, performng _the optical analysis are perfornmed for,
di f f er®ht it ¥R i IRRES qwqean??albrfscgaé.m%%h%pﬁaﬁ%%ﬂ AForsihe

invention is for use with a system where mass anal ysis of the constituents
of theé’?‘b?'r plzés‘ﬁﬁtfi‘s]%a%t%) Ps l?@tse\ﬁhé‘PEnobﬁ?‘ﬁa%{aEﬁaﬁJ?/E?%r cT&h b

per f or ned. %n such a %Xsten1_he gptical .analysis data for tEe,ion pl asma
can beSHAFRr¥Y A PEIhIw ¢ &dPdYET: FAPGPRFERFAGR p3F R Rr- Bf the

system based on a correlation with data stored in a database. A sonmewhat
di ffereRt LI FTEFORA ical analysis data can be used wi thout resort

to a correlgtion to. anal ysis data. B .¢pnpa {ng o %ical anal ysis data
taken at di ?%Fe5¥p}%$£fnaﬂ§“¥Hé”béﬂ§¥¥$héﬁt ggn%bﬁeﬁ? 6¢ the™Psh pPasma
Chaqbeérggge Q&tgﬁfgéting an ionizable gas into the source chamber.
In this embodiment the steps of performing the mass analysis and
performing the optical analysis are performed for different
concentrations of the ionizable gas. One application for the
invention is for use with a system where mass analysis of the
constituents of the ion plasma is not possible but where optical
analysis can be performed. In such a system the optical analysis
data for the ion plasma can be gathered and is then used to
adjust the operating parameter of the system based on a
correlation with data stored in a database.
A somewhat different application of optical analysis data
can be used without resort to a correlation to mass analysis
data. By comparing optical analysis data taken at different
intervals the constituent components of the ion plasma chamber
are monitored.
One or more dosimetry cups are disposed around the
implantation surface of the workpiece. The dosimetry cups are
electrically biased and include a charged ion collecting surface

parallel to the implantation surface. An optical sensor for



: One or nore dosinetry cups are di sposed around the inplantation surface of
t he workpi ece. The dosinetry cups are electrically biased and include a
charged ion collecting surface parallel to the inplantation surface. An
optical sensor for 7 monitoring the ion plasma provides optical data to
a data store correlatin optical analysis obtained fromthe optical sensor
and dosineter data collected fromthe‘one or nore dosinetry cups with a
paramnmeter of the ion plasma. A conputation nmeans is used to conbir the
stored ogtical and dosineir%wgata and control ranmet er OE the ion
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The combination of optical sensor with dosimetry data
increases the accuracy with which the ion implantation parameter
may be controlled. For example, the dosimetry cups give real
time information about the level of doping present on the
workpiece being processed. Parameters of the implantation
process can therefore be controlled based on the present
condition of the workpiece instead of relying on past experience
to preset the implantation parameters. For example, the voltage
generated by the modulator may be adjusted or imﬁlantation
suspended based on the ion dose present on the wafer being
processed.

These and other objects, advantages and features of the
invention are described in greater detail in conjunction with the
accompan~ving drawings.

Brief Description of the Drawings

Figures 1 and 2 are schematic section and perspective views
depicting an ion implantation system constructed in accordance

with a preferred embodiment of the present invention;



cinvention are described in greater detail in conjunction with the
acconpanyi ng drawi ngs. Brief Description of the Drawings Figures 1 and 2
are schematic section and perspective views depicting an ion inplantation
system constructed in accordance with a preferred enbodi nent of the present
i nvention; 8 Figure la i.s an el evational view of a wafer support; Figure
b is a top plan view of the wafer su%port depicted in Figure la; Figure 3
is a cross sectional view of a dosinetry cup for use with the ion

i mpl anation systemdepicted_ in Fig. 1, Figure 4 is a flowhart of a process
for calibr &igWra A& ii6n InBLENELLPBAL sYEe¥ RS 1R HYake X HRRAHem depi cted in
Figures 1 and 2; Figure 5 is a_flowhart of a process for controlling the

i on i npl antEEgWe dFstidmesteR Biaph¥isyseEntiepreten syPrsdudspirtady 2;
Figure 6 is a schematic depiction of a | ow energy ion inplanter; Figure 7
is a graphEHsilfy optical enission spectra intensity as a function of

wavel ength for different ions and nnleiules prgseq& in an i on source
pl asma; andigure 3 1is a cross sectional view of a dosimetry cup for

use with the ion implanation system depicted in Fig. 1;

Figure 4 is a flowchart of a process for calibrating the ion
implantation system such as the system depicted in Figures 1 and
2;

Figure 5 is a flowchart of a process for controlling the ion
implantation system such as the system depicted in Figures 1 and
2;

Figure 6 is a schematic depiction of a low energy ion
implanter;

Figure 7 is a graph ghowing optical emission spectra
intensity as a function of wavelength for different ions and
‘molecules present in an ion source plasma; and

Figure 8 is a graph showing peaks in atomic mass as a

function of intensity for ions emitted from a plasma source.

Best Mode for Practicing the Invention

Figures 1 and 2 depict an ion implantation system 10 that
- includes a generally cylindrical plasma chamber 12 into which one
or more generally planar workpieces 14 are inserted for ion

treatment of those workpieces. The implantation system 10



Figure 8 is a graph show ng peaks in atom c nmass as a function of intensity
for ions emtted froma plasma source. Best Mdde for Practicing the

I nvention Figures 1 and 2 depict an ion inplantation system 10 t hat
includes a generally cylindrical plasma chanber 12 into which one or nore
general Iy planar workpieces 14 are inserted for ion treatnent of those

wor kpi eces. The inplantation system 16° 9 includes a | oadl ock 20 for

i nserting workpieces into the plasma chanber 12. The | oadl ock 20 allows the
pl asma chanber 12 to be mmintained at a reduced pressure (in relation to

at nosphesledes ez slpajleck it Kisire daseatd ngowedkpheoeandnwpt bde aphasmam t he
chanber 12 through a valve 21 that is opened and cl osed. A vacuum punp 22
mai nt afhanper thanbEhe | Inadiatk 20 allewscedepprdgsnpechhnbersl?egolbeed by a
val ve 23 | ocated between_the chanber 12 and the punp 22. The plasma chanber
12 depPeiebainedi gura nediirged mrasavglg slimhaelasfirnete ehmaBeherhcerior 24
into which the workpieces 14 are inserted. The workpi eces 14 are placed

ont o aRESBBUBOLAAS r VATEPIRIRT AU Msvadhrinten anet WéRSFéWénfﬁpmsGbﬁort 30.
The platen 30 may have any suitabl e di mensi ons dependi ng on the size of the
wor kpi eBambernidt thuppeRrta vl ehedlg\Edurice openes padacd@sat-on® end of the

general ly ) ) i )
vacuum pump 22 maintains the chamber interior at a reduced

pressure that is regulated by a valve 23 located between the
chamber 12 and the pump 22.

The plasma chamber 12 depicted in Figure 1 has inner walls
that define a chamber interior 24 into which the workpieces 14
are inserted. The workpieces 14 are placed onto and removed from
a genera}ly planar conductive platen or support 30. The platen
30 may have any suitable dimensions depending on the size of the
workpiece it must support.

An energy source 40 is located at one end of the generally
cylindrical process chamber 12. The energy source 40 injects
energy into the chamber 12 to produce an ion plasma inside the
plasma chamber 12 in a region 42 between the energy source 40 and
the wafer support 30. One example of a suitable energy source 40
is an rf coil operating at 13.5 Megahertz that transmits rf
energy through a quartz plate 43 that bounds one end of the
plasma chamber 12. Other coil energization frequencies are
possible and , for example, could include frequencies of about

2.0 Megahertsz. Rf energy entering the chamber 12 produces an



. cylindrical process chanber 12. The energy source 40 injects energy into
the chanber 12 to produce an ion plasnma inside the plasma chanber 12 in a
region 42 between the energy source 40 and the wafer support 30. One
exanple of a suitable energy source 40 is an rf coil operating at 13.5
Megahertz that transmts rf energy through a quartz plate 43 that bounds
one end of the plasma chanber 12. Q hgiy coil energization frequencies are
possi bl e and , for exanple, could include frequencies of about 2.0
Megahert z. Rf energy entering _the chanber 12 produces an 10 ion plasna
from gERP a0 SR AR IRFHISS ithes eFe PrESRE dR&RbERST PSATEA ext er nal
gas supply 44. Representative gas pressures in the chanber 12 are
mai nt S HREPEH ERRN raR XNl (GRS SYRRLY i4for REPASSERTA%ANEI 828N tr ogen gas
can be routed into the chanber and ionized hy rf ene%%y enteriﬁg t he

e
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molecules. Other techniques known for producing an ion plasma in
the plasma chamber could be utilized whiie practicing the present
invention.

Once the ion plasma is set up in the region 42 between the
support 30 and the quartz plate 43, the ions are accelerated into
contact with the workpiece 14. In a preferred embodiment of the
present invention, the workpiece is a silicon wafer, generally
round in shape, that is placed onto the support 30. The
workpiece support 30 is constructed from an electrically
conductive material. The ions are positively charged so that
application of an electric field of suitable magnitude and
direction in the region of the plasma will cause the ions in the
plasma to accelerate toward and impact the surface of the silicon
wafers. As seen in Figure 1, a modulator 50 supplies voltage
pulses 52 that relatively bias the conductive support 30 with
respect to conductive inner walls of the chamber 12 to set up an
appropriate electric field in the region 42.

Once the wafers 14 are treated, they are removed from the



-round in shape, that is placed onto the support 30. The workpi ece support
30 is constructed froman electrically conductive material. The ions are
positively charged so that application of an electric field of suitable
magni tude and direction in the region of the plasma will cause the ions in
the plasma to accelerate toward and inpact the surface of the silicon
wafers. As seen in Figure 1, a nodul atbr 50 supplies voltage pul ses 52 that
relatively bias the conductive support 30 with respect to conductive inner
wal | s of the chanber 12 to set up an appropriate electric field in the

r egi onPA2smenchamhernadlepsdlialier £ caikel RIRSPSHINT GRAFEPIEr viRerRe

pl asma chanber 12 and taken to other processing stations where the treated
waf er s thee tgAtes wedBrecaredfvether @W%@?t’e&‘g&%im tiategyatedon
treatment has been conducted on eight inch diameter silicon wafers with
good uMMSESHHYS,. SHFN APPaktSRFBANtSERY RePRIWMBIGSH 10 KI@HthdEhown in
Figure 1 has al so_heen used to treat |arge surfaces for the fabrication of
flat pSHATSHisdpiSdydcon yaters Witk geed wnitPErite v Iy iemdagirattiogh
current ion inplanter 210 wherein jons are extracted frogma source to
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source 212, a nass anal ysis- nagnet 214, a beam jne assenbly and a target or
end st &9%h béiéreﬁffeqiaﬁ)uéeséb‘ﬁ C?izfaﬁdt]?ﬁef%a&’scatlon ot f1at panel

displays.

Figure 6 discloses a relatively low energy, high current ion
implanter 210 wherein ions are extracted from a source to impact
workpieces at a workstation. The ion implanter 210 includes an
ion source 212, a mass analysis magnet 214, a beamline assembly
and a target or end station 216. The ion source 212 and the mass
analysis magnet 214, along with their respective power supplies,
are supported within an implanter housing 217. The ion implanter
210 is a low energy implanter which operates with implant
energies of a range .2 - 90 kev and supplies beam currents of
about 10 milliamps. The beamline assembly 215 is relatively
short due to the tendency of a low beam to expand (i.e. blow up)
during propagation of the beam from the ion source 212 to the end
station 216.

The ion source 212 comprises a housing 218 which defines a
plasma chamber 220, and an ion extractor assembly 222. The
beamline assembly 215 includes a resolver housing 223 and a beam

neutralizer 224. The beam neutralizer 224 functions to retard



. anal ysis magnet 214, along with their respective power supplies, are
supported within an inplanter housing 217. The ion inplanter 210 is a | ow
energy inplanter which operates with inplant energies of a range .2 - 90
kev and supplies beamcurrents of about 10 mllianps. The beanline assenbly
215 is relatively short due to the tendency of a | ow beamto expand (i.e.

bl ow up) during propagation of the bd&m fromthe ion source 212 to the end
station 216. The ion source 212 conprises a housing 218 which defines a

pl asma chanmber 220, and an ion extractor assenbly 222. The beanline
assenbP§aR15lovicupdesPavnpeterare rf tasudiheg b22® agutzabéaern2trisitee 224.
The beam neutralizer 224 functions to retard 12 beam bl ow up. Downstream
from tBRdpehAthent 286 i Zerighsinaludes endiskarshopedlvateni shpport u22Ss a

di sk-shaped wafer support 225 upon which wafers to be treated are nounted.
The wafRPRsHPHpERt Wabers cke dea trpatadmays meumtedwhi Fhei wafgensvppoyy
perpendicularly orientated to the direction of the inplant beam The ion
source2%§2rF§léﬁﬁn%%datEF%HF?:E%%RﬂHWWHQhﬂ%SZZG?n?§ﬁﬂixble dopant gas, which
i s obtained Slther directly in the formof a conpressed gas or indirectly
f.r om aPSEPFAAE SHARRAY cPT hekt dersh tragdie ABgeqtdompécths LnPbaphebpirnsna

chanber 220. Typical source el enents are boron (B%j phosphorous (P)
gal | ui m The” 1on source 212 is mounted to an L-shaped frame 226.

Ionizable dopant gas, which is obtained either directly in the
form of a compressed gas or indirectly from a solid form which
has been vaporized, is injected into the plasma chamber 220.
Typical source elements are boron (B), phosphorous (P), galluim
(Ga) , Indium (In), antimony (Sb), and arsenic (As). Most of
these source elements are provided in solid form, except boron,
which is typically provided in the form of gaseous boron
trifluoride or diborane.

Energy is transferred to the ionizable dopant gas to
generate ions within the plasma chamber 220. Generally, positive
ions are generated, although the present invention is applicable
to systems wherein negative ions are generated by the source.
The positive ions are extracted through a slit in the plasma
chamber 220 by the ion extractor assembly 222 which comprises a
plurality of electrodes 227. The electrodes are charged with
negative potential voltages. Accordingly, the ion extractor
assembly functions to extract a beam 228 of positive ions from

the plasma chamber and accelerate the extracted ions into the



- (&), Indium(ln), antinony (Sb), and arsenic (As). Mst of these source
el ements are provided in solid form except boron, which is typically
provided in the form of gaseous boron trifluoride or diborane. Energy is
transferred to the ionizable dopant gas to generate ions within the plasm
chanber 220. Cenerally, positive ions are generated, although the present
invention is applicable to systens wigrein negative ions are generated by
the source. The positive ions are extracted through a slit in the plasm
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by the frame 2 e nmass anal ysts magnet 214 functions to pass only ions
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mass anal ysis magnet “214 1 s required because the 1on source 212, in
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ratio than that desired.

The mass analysis magnet 214 bounds a curved beam path 229
which is defined by an aluminum beam guide 230, evacuation of
which is provided by a vacuum pump 231. The ion beam 228 which
propagates along this path is affected by the magnetic field
generated by the mass analysis magnet 214. The strength and
orientation of this magnetic field is controlled by control
electronics 232 which adjusts the electrical current through the
field windings of the magnet 214 through magnet connector 233.
Partial focusing of the ion beam by the magnet 214 is achieved in
the "dispersive " plane (the plane of the curved beam path 229)
only by establishing a gradient in the magnetic field (i.e.
"Indexing"), or by rotating the entrance or exit poles of the
magnet 214.

The magnetic field causes the ion beam 228 to move along the
curved beam path 229, from a first or entrance trajectory 234

near the ion source 212 to a second or exit trajectory 235 near

the resolving housing 223. Portions 228' and 228'' of the beam



-which is defined by an al um num beam gui de 230, evacuation of which is
provi ded by a vacuum punp 231. The ion beam 228 whi ch propagates along this
path is affected by the magnetic field generated by the nmass anal ysis
magnet 214. The strength and orientation of this magnetic field is
controll ed by control electronics 232 which adjusts the electrical current
t hrough the field wi ndings of the nagﬁét 214 t hrough magnet connector 233.
Partial focusing of the ion beam by the magnet 214 is achieved in the
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exit trajectory 235 near the resdolving housing 223. Portions 228" an
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mass-to-charge ratio are deflectéd away fromthe curved trajectory and into

the waldemnPfz280 aliWH MHAPDAR AWbdSed3RaskDibbigaPBONLLr1d he magnet 214
passes to the resol ving housing 223 only those ionS in the beam 228 whi ch
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234, 235 of the ion beam
228, being in the plane of the curved beam path 229, lie in the
dispersive plane. The 'non-dispersive' plane is defined herein as
the plane which resides perpendicular to both the dispersive
plane and the target plane. Accordingly, the magnet 214 performs
mass analysis in the dispersive plane by removing from the beam
ions of inappropriate mass-to-charge ratio, and redirecting the
beam from the entrance trajectory 234 to the exit trajectory 235
and toward the target plane in which the wafer lies.

The resolving.housing 223 contains an electrostatic lens

236, constructed according to the principles of the present
invention, which mass resolves and focuses the ion beam 228
output by the magnet 214. The eléectrostatic lens 236 is
constructed in a triple electrode (triode) configuration
comprising a terminal electrode pair 237, a suppression electrode
pair 238 and a ground or resolving electrode pair 239. The
terminal electrode pair 237 is fixedly attached to the housing
217 and operates at the voltage thereof (positive in the

acceleration mode,negative in the deceleration mode, and zero in



© 228, being in the plane of the curved beam path 229, lie in the dispersive
pl ane. The 'non-di spersive, plane is defined herein as the plane which
resi des perpendi cular to both the dispersive plane and the target plane,
Accordi ngly, the nmagnet 214 perforns mass analysis in the dispersive plane
by renoving fromthe beamions of inHppropriate mass-to-charge ratio, and
redirecting the beamfromthe entrance trajectory 234 to the exit
trajectory 235 and toward the target plane in which the wafer lies. The
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el ectrode 237 operates at a negative pdtential an
collectively referred to as the adjustable lens subassembly 240.
The resolving housing 223 defines a chamber 241 in which resides
the electrostatic lens 236, as well as a dosimetry indicator such
as a Faraday flag 242. The chamber 241 is evacuated by a vacuum
pump 243. The adjacent beam neutralizer 224 defines a second
chamber 244 which includes an electron shower 245. The electron
shower 45 neutralizes the positive charge which would otherwise
accumulate on the target wafer as a result of being implanted by
the positively charged ion beam 228.

The disc shaped wafer support 225 at the end station 216 is
rotated by a motor 246. The ion beam strikes wafers mounted to
the support as they move in a circular path. The end station 216
is pivotable along an axis 247 which is generally parallel to the
path of the ion beam.so that the target plane is adjustable about
this axis. In this manner, the angle of ion implantation may be
slightly modified from the normal.

The present invention concerns a system for greating a

workpiece surface that takes advantage of a database of



*the resolving electrode 239 is at ground potential (zero volts). The
suppression and resol ving el ectrode pairs 238, 239 are collectively .
referred to as the adjustable |ens subassenbly 240. The resol ving housing
223 defines a chanber 241 in which resides the electrostatic |ens 236, as
wel |l as a dosinetry indicator such as a Faraday flag 242. The chanber 241
is evacuated by a vacuum punp 243. THe adj acent beam neutralizer 224
defines a second chanber 244 which includes an el ectron shower 245. The
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flow charts of Figures 4 and 5 depi ct
process 150 of data gathering by the system of Figure 6. Two
process steps 160, 170 are performed on a plasma. A first step
ig the step of performing a mass analysis 160 of the ions and
récording the mass analysis data. This processing step is
performed using control over the magnet 214 and its field output
as well as a Faraday cup for monitoring beam intensity downstream
from the magnet. The step of recording the mass analysis data is
performed with the use of a programmable controller such as a
general purpose computer. One presently preferred technique for
performing the mass.analysis is to use a computer to control the
operation of the magnet 120 (Figure 6) which causes the ions to
bend along controlled arcs or paths to a Faraday cup detector 180
located behind the wafer support 225.

A second step of the process in the Figure 4 depiction is to
perform an optical analysis 170 of the ion plasma within the
plasma chamber 212 and record this optical analysis data. The
optical analysis 170 is performed by use of an optical

spectrometer 270 that views the ion plasma inside the plasma



"the process steps perfornmed during practice of the invention. The ion

I npl anter 10 of Figures 1 and 2 and the source 112 depicted in Figure 6
bot h i nclude an evacuated region that confines an ion plasnma. The fl ow
chart of Figure 4 depicts a process 150 of data gathering by the system of
Figure 6. Two process steps 160, 17Q7are performed on a plasma. A first
step is the step of perform ng a mass anal ysis 160 of the ions and
recording the mass anal ysis data. This processing step is perforned using
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214 and a mass storage device such as disk drive for the storing

the database 185. A combination of computer programs including

artificial intelligence software 190 executing on the computer is

prégramed to utilize the data on the database 185 to predict

parameters of the plasma based on the observed data. 1In

accordance with one aspect of the invention a computer 195

executing the same artifical intelligence software controls at

least one parameter of the ion implantation process of the Figure

1 system 10 or alternately can be used to control a process such |

as the process described below in conjunction with Figure 6.

Data used in creating the database 185 is depicted in the

graph of Figure 7. Figure 7 is a graph for an optical emission

of BF; plasma (gas concentration fixed) from the optical

spectrometer 270. A number of peaks have been labeled with the

constituent particle that produced that peak. These peaks are

derived from readily identified wavelength data gathered from

optical spectroscopy information tabulated by others. The 311

nmeter peak, for example, is a well known spectral peak for a



- chanmber 218. These two data gathering steps 160,170 yield two views of the
sane plasma. A database 185 of records is created in which the nmass

anal ysis data and the optical analysis data for plasma concentrations are
stored together for subsequent access. The data gathered is stored using a
general purpose programmable controll grg that includes an I/O interface
coupled to the magnet 214 and a nass storage device such as disk drive for’
the storing the database 185. A conbi nati on of conputer prograns including
artificial,_l tellugfnce sof tware 190 executingﬂon t he conputer i s prograned
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shown in Figure 7 is stored in the database 185 for each gas
pressure and excitation energy. Thus, a series of different data
tablulations for different gas pressures and different rf powers
is produced from the optical emission and mass spectrum analysis.
The entire database is populated by forming a plasma at a
certain measureable condition of gas density and then varying the
magnetic fieldlstrength of the mass analysis magnet for the
plasma under consideration. This will allow data such as the
data of Figure 8 to be obtained and stored at the same time the
data of Figure 7 is obtained and stored in the database. To
gather additional data the gas pressure of the source material
injected into the plasma chamber is adjusted and both the mass
analysis and optical sprectrum analysis again performed.
A preferred process of prediction uses learning algorithms
associated with artificial intelligence or neural network

.software. The process involves the comparisons of data points

from the optical analysis with optical analysis of the database



18 neutrally charged BF nolecule. Note, the data on the graph of Figure 7
is based on a specific starting gas (boron tri-fluoride) of a specified
pressure and specified power input to the plasma. Changing the gas
concentration produces a different characteristic curve of constituents and
hence the data of Figure 7 changes. Img preferred data gathering step 170
the pressure is varied and the entire optical analysis over the wavel engths
shown in Figure 7 is stored in the database 185 for each gas pressure and
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associated with artificia nce of neural network sofrtware. The
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wi th optical analysis of the database
Figures la and 1b illustrate a conductive workpiece support

30 of Figure 1 to which has been added several dosimetry cups 60
for use in practicing the present invention. Although the
present discussion is directed to the ion implantation system 10
depicted in Fig. 1, it is well known that dosimetry cups may
similarly be added to the ion implantation system depicted in
Fig. 6 by disposing them on the spinning workpiece support 225
(not shown in Fig. 6). The cups 60 are placed so that a top
plate 66 is even with the implantation surface of the workpiece
14. TIons accelerated toward the implantation surface enter an
aperture 62 to be measured. The close proximity of the chs 60
to the workpiece 14 causes the amount of ions which enter the
cups 60 to be rebresentative of the amount of ions which are
implanted in the workpiece. The dosimetxry cup 60 provides a
measurement of the total current striking the collecting surface

of the dosimetry cup (shown as 69 in Fig. 3). This current wvalue

is then manipulated by the control unit 195 to determine a charge



19 that has been previously obtained along with the nass data of Figure 8.
By neans of a neural network training and the use of the trained al gorithm
the relative concentrations of the plasna constituents within the source
chanber 12 are obtained. A preferred conputer programthat performs the
anal ysi s uses techni ques such as backypropagati on, sinulated annealing or
genetic algorithns for the neural network training. Figures la and | b
illustrate a conductive workpi ece support 30 of Figure 1 to which has been
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of the total current striking t
cylindrical shape and includes the top plate 66, a top Faraday

electrode 63, an insulator 64, and a bottom Faraday collecting
plate 65. Dosimetéy cﬁps having other shapes such as sectors
(not shown) disposed around the circumference of the implantation
surface may also be used. The top plate 66 of the dosimetry cup
is located at the same level as the implantation surface of the
workpiece 14a (not shown in Fig. 3). The top plate 66 is
electrically connected to the pulse generator 50 which is used to
accelerate ions into the workpiece. Hence, the top plate 66
becomes electrically biased when the workpiece support 30 is
biased by the pulse generator, thereby attracting plasma ions
from the region 42 into the dosimetry cup 60.

The top Faraday electrode 63 is kept negatively biased
relative to the top plate 66 by source 70. An appropriate
negative bias is -200 V. The negative potential between the top
plate 66 and the top Faraday electrode 63 prevents secondary
electrons caused by ions striking the plate 65 from leaving the

dosimetry cup 60 and also repels plasma electrons from entering



- of the dosinetry cup (shown as 69 in Fig. 3). This current value is then
mani pul ated by the control unit 195 to determ ne a charge 20 per square
centineter within the dosinmetry cup and correspondingly on the surface of
t he wor kpi ece 14. The use of four cups 60 spaced around the periphery of

t he support 30 yields dose data at fpur different |locations. Figure 3 is a
nore detailed depiction of a dosinetry cup 60 shown in cross section. The
dosinmetry cup has a generally cylindrical shape and includes the top plate
66, a top Faraday el ectrode 63, an insulator 64, and, a bottom Faraday
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50 which js used to accelerate ions into the workpi ece. Hence, the top
pl at e BB IRCOHRE RY&FSE 8%al |y bi ased when the workpi ece support 30 is
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voltage source 61. This pogitive bias prevents plasma ions from
drifting into the collecting plate 65 in between pulses from
pulse generator 50 and causing false registrations of ions by the
dosimetry cup 60. When the pulse generator 50 applies a negative
pulse to the workpiece support 30 and the top plate 66, the
collecting plate 65 also becomes negative, in this embodiment the
collecting plate is 20 volts more positive than the negative
voltage (typically 20 kilovolts) applied by the pulse generator.
Because the collector plate voltage varies only slightly in
magnitude from the pulse applied to the workpiece support, plasma
ions are attracted to the collecting plate 65 in essentially the
same manner and amount as the plasma ions impacting the surface
of the workpiece 14, so that an accurate representation of
workpiece dosaée is obtained.
Figure 5 is a flowchart showing processing steps performed
in accordance with a preferred embodiment of the present
invention combining the optical spectroscopy measurements and the

dosimetry cup data. The process shown in Fig. 5 describes the



‘negative bias is -200 V. The negative potential between the top plate 66
and the top Faraday el ectrode 63 prevents secondary el ectrons caused by
ions striking the plate 65 fromleaving the dosinmetry cup 60 and al so
repels plasma el ectrons fromentering 21 the dosinetry cup 60, both of
whi ch may conprom se the accuracy of tk2 dosinetry cup neasurenent. The
insul ator 64 electrically isolates the top Faraday el ectrode 63 fromthe
bott om Faraday collecting plate 65. In this enbodi nent, the bottom Faraday
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from the database that was previously created. Making reference

to the database created, at a step 330 the plasma constituency is

compared to the treatment process specification. If the plasma

constituency is not satisfactory, the gas mixture and/or power

input are adjusted accordingly 340. Once the plasma constituency

is within acceptable limits, ion implantation is performed 350 on

one or more workpieces.

Current from the one or more dosimetry cups is monitored.and

OES data gathered 360. From this data an implant duration is

preducted 367. Workpiece treatment takes place until a

determination is made 370 that the workpiece has reached the

desired level of doping based on a time interval determined from

the dose signal from the dosimetry cups and the OES data. The

workpiece dqse is calculated by control unit 195 (shown in Fig.

1) . Integrating over the multiple pulses from the modulator

yields the total charge and dividing by the area ofthe opening

yields the charge per area or dose. The workpiece dose is

continuously compared to the desired dose by control unit 195.



. of the workpiece 14, so that an accurate representation of workpi ece dosage
is obtained. Figure 5is a flowhart show ng processing steps perforned in
accordance with a preferred enbodi nent of the present invention comnbining
the optical spectroscopy nmeasurenents and the dosinetry cup data. The
process shown in Fig. 5 describes thg, 22 present invention for use with
the ion inplantation systemof either Fig. 1 or Fig. 6. At the start of the
i npl antation process, a plasma is created 310. Optical em ssion
spectroscopy data and nmass data is gathered 320 for the plasma. In Fig. 6

t he OESndat bheésdgae hbeeel finmatisfiapsoryoforee gigeandafarkighelion is
gathered fromthe spectroneter 175. The mass data is derived fromthe

dat abas®piABEahAen ppEYtees | is crusmasiedvaitiidg BeheveWaéeroisheldaedbase
created, at a step 330 the plasma constituency is conpared to the treatnent
procesdnspebhei ehambar- I f the plasma constituency is not satisfactory, the
gas m xture and/or power input are adjusted accordingly 340. Once the
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performed 350 on one or nore workpieces. Current fromthe one or nore
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i nplant duration is preducted 367. Workpi ece treatnent takes place_until a
increase doping accuracy in a manufacturing environment. While

several alternate embodiments of the present invention have been
described with a degree of particularity, it is the intent that
the invention include all modifications and alterations from the
disclosed design falling within the spirit or scope of the

pending claims.



-determ nation is made 370 that the workpi ece has reached the desired | eve
of doping based on a tine interval determned fromthe dose signal fromthe
dosi metry cups and the OES data. The workpi ece dose is cal cul ated by
control unit 195 (shown in Fig. 1). Integrating over the nmultiple pulses
fromthe nodul ator yields the total Bgrge and dividing by the area ofthe
opening yields the charge per area or “dose. The workpi ece dose is
continuously conpared to the desired dose by control unit 195. 23 Chce

the dose level is satisfactory for a given wafer, thgs&sRRH ﬁ%ﬁ
process is suspended while a new wafer is placed int
present invention conbines accurate plasna constitue Wﬂé s vm th
continuous real tinme dose nmeasurenment to increase do

manuf acturing environnent. Wiile several alternate enbodlnents of the
presentCLavesti on have been described with a degree of particularity, it is

the intent that the invention include all nodifications and alterations
fromt hdedebsainwsed design falling within the spirit or scope of the pending

claims. 1. A method for implanting ions into a workpiece surface
comprigsing the steps of:

a) producing {(310) a concentration of ions;

b) performing (320) an optical analysis of the
concentration of ions and recording optical analysis data;

c) determining (330) if the constituency of the ion
concentration is satisfactory by comparing the optical analysis
data with a database of records (185) on a storage medium wherein
the optical analysis datal(170) for given concentrations of ions
have been stored for subsequent access;

d) causing ions from the concentration to impact a
workpiece surface (350);

e) measuring (360) the dose of ions implanted into
the workpiece (14) with ions from the ion concentration; and

£) ending implantation of the workpiece once an

appropriate dose has been reached.

2. The method of claim 1 wherein the database of records

includes mass analysis data as correlated with optical analysis

data.
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‘24 Cains 1. An ion inplantation systemfor causing ions to inpact an
i npl antation surface conprising: a) a process chanber defining a chanmber
interior into which one or nore workpi eces can be inséfféd“for ‘+-on
treatnment; b) an energy source for setting up anThssmﬁhaﬁgam th| t he

process chanber; c) an optical sensor for nDnltorl and for
provi di ng optical data; d) a data stogé correlatl ﬂ,’ yS|s
obtained fromthe optical sensor to constituency o ; e) a

wor kpi ece support for positioning one or nore workpieces within an interior
region of the process chanber so that an inplantation surface of the one or
nore workpieces is positioned within the ion plasma; f) a conducting nenber
whi ch gener &.es ahecimethoidcofi eldihhatwharnses tlonssiawmBft ha-dRiziplasm to
strike the inplantation surface of the workpiece; g) a pulse generator in
el ect ri(calo)c emunceaitiran ivwnt bft hensobhdupét ngrmedbed droriappaume el ectri cal
pul ses to drive ions into the inplantation surface of the workpiece; h) one
or nor ehslmdety i @2)l.y bi ased dosinetry cups including an ion collecting
surface parallel to the inplantation surface biased to prevent ions from
drifting into the dosinmetry cup during the tine between the electrical
pul ses; and
4. The method of claim 1 wherein the step of producing a
concentration of ions is performed by setting up an ion plasma in

the process chamber.

5. The method of claim 1 wherein the step of measuring the
dose of ions implanted into the workpiece is performed by

" collecting ions in an electrically biased dosimetry cup (60).

6. The method of claim 1 wherein the step of determinining

if the constituency of the ion concentration is satisfactory is

performed using neural networks.

7. The method of claim 1 further comprising the step of
discontinuing the implantation process when the required dose

profile is reached.

8. The method of claim 1 further comprising the step of
discontinuing the implantation process if the constituency of the

ion concentration, as determined by optical analysis, becomes
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-1) a conputation neans for calculating the ion dose profile of the

wor kpi ece from dosinetry cup data. 2. The ion inplantation system of
claim1l wherein the data store further correlates optical..analysis data
wi th mass anal ysi s dat a. 25 3. The ion inplantation system of

lon inplantation systemof claiml further conprising I n

claim 1 wherein the conputational nk@ns is a neurghlmﬁmeenkcplacedrhe

comuni cation with the conputation neans for controlli t| on
paranmeter. 5. The ion inplantation systemof claim4 wherein
par anetwrsapigfatiedyi s the duration of the inplantation process . The

lon inplantation systemof claim1l wherein the one or nore dosi net ry cups
i nclude: a) a negatively biased el ectrode to repel secondary electrons from
the collecting surface and electrons fromthe plasma;, and b) a positively
bi ased i on cdi| & iirp slmpf]@G@altoonepe'Btpmaéﬁrﬁ)l 6nx. cqusingheons oo
i npl antation system of claim 1 wherein the conducting nenber is the
morkp,e@@p%g%p@mtlmplantatlon surface comprising:
a) a process chamber (12) defining a chamber interior
(24) into which one or more workpieces (14) can be inserted for
ion treatment;

b) an energy source (40) for setting up an ion

plasma;

c) an optical sensor (175) for monitoring the ion
plasma and for providing optical data;

d) a data store (185) correlating optical analysis

obtained from the optical sensor to constituency of the ion

plasma;

e) a workpiece support (30) for positioning one or
more workpieces within an interior region (24) of the process
chamber (12) so that an implantation surface of the one or more
workpieces is positioned within the ion plasma;

f) an ion acceleration means (50) for causing ions
from the ion plasma to strike the implantation surface of the
workpiece;

g) one or more electrically biased dosimetry cups
(60) including an ion collecting surface parallel to the

implantation surface; and
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h) a computation means (195) for calculating the ion

_

dose profile of the workpiece from dosimetry cup data.

10. The ion implantation system of claim 9 wherein the
data store (185) further correlates optical analysis data with
mass analysis data.

11. The ion implantation system of claim 9 wherein the

computational means (195) is a neural network.

12. The ion implantation system of claim 9 further
comprising a control unit in communication with the computation

means for controlling an implantation parameter.

13. The ion implantation system of claim 12 wherein the

parameter controlled is the duration of the implantation process.

14. The ion implantation system of claim 9 wherein the ion
acceleration méans is a pulse generator (50) in electrical
communication with the workpiece support (30) for applying

electrical pulses for attracting ions to the support.

15. The ion implantation system of claim 9 wherein the ion

acceleration means is a plurality of electrodes (227).
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