; ef'e3e7TER7TB@TR4> $22/ 04/ 2002 - 1 N TYPE | MPURI TY DOPI NG USI NG

.+l MPLANTATI ON OF P2+ I ONS OR AsZ; | ONS BACKGROUND OF THE | NVENTION (1) FIELD
OF THE I NVENTION This invention relates to the use of an ion i npl antati on
beam of PZ+ ions or Asz+ ions to dope N type shallow junction source/drain
regions or gate el ectrodes used in devices with shall ow sourR@dOdi/&i092
regi ons. Use of the PZ+ ions or As2+ ions uses |lower ion density and higher
beam energy resulting in inmproved throughput and ion source life. (2)
DESCRI PTI ON OF THE RELATED ART As junctiops becone very shall ow the use of
Pi ion beans or As* ion beans becones a f obl em because beam energi es mnust

be kept very :omﬂdﬁ??ﬁa%TfyﬂiggnPPBENﬁeﬂ§ lGeiyﬁﬁ%?Tﬁ%ioﬁegf v$ry thh Ehese

requi rements |eads to reduced,i 0 | nd reduced wafer throughput
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BACKGROUND OF THE INVENTION R

*G00002*

(1) FIELD OF THE INVENTION

This invention relates to the use of an ion
implantation beam of P,* ions or As,* ions to dope N type
shallow junction source/drain regions or gate electrodes
used in devices with shallow source/drain regions. Use of
the P,* ions or As,* ions uses lower ion density and higher

beam energy resulting in improved throughput and ion source

life.

(2) DESCRIPTION OF THE RELATED ART

As junctions become very shallow the use of P* ion
beams or As* ion beams becomes a problem because beam
energies must be kept very low while the beam ion densities
must be kept very high. These requirements leads to reduced

ion source life and reduced wafer throughput. This



U.S. Pat. No. 5,155,369 to Current describes a nethod of using two doses of
ions in an ion beamto provide inplantation for shallow junction devices. A
“first dose of ions is inplanted to produce a danaged | ayer through which a
second dose of ions is directed. The damaged | ayer scatters %ﬁe second dose
of ions and channeling is avoided. In their book "Silicon for
the VLSI Era, Volune |I", by WIf and Tauter, Lattice Press, 1990, page 327,
Wl f and Tauter discuss ion inplantation using doubly charged species.
22/ 04/ 2002 - 3 SUN~I ARY OF THE | NVENTI2ON lon inplantation is used
frequently in the manufacture_ of integrated_circuiis. | on beans are used to
i npl ant | APUFPHIRR FYRESWES CBAGUREBPISRIET RS Faprifh ReafShiPRgAPor
source/drggﬁ %gg&gns, polysilicon electrode patterns, and the like. In ion
beam i npl antatron t he beam energy and ion density are chosen to provide the
desired inmpurity profile after inplantation. One problem encountered as
devi ce geonetries becone snmaller and source/drain junction depths becone
smal ler is that theyisn HemamNenesgy561369 biss At demte deskcribesea cases | ess
than 10 KeV. At these low energies it is difficult to obtain sufficient ion
beam densieyhe@sef tusigd rtWwooWeseshpduibmait in Ares candepncteaseavidepl ant
cycle tines, which directly inpact cost. In addition the ion sources are
stressed BpPlpRtatiemdiey 1w Ausctben rdgyigast wikt Kirgér dase ¥ r equency.
It is a principle objective of this invention to provide a nethad of
| mpl ant i nGCBRoSPRUPBIRTET &5, PEGRHFS: A CRIRLRS 1FeTg FPORUBBAN Sbi%int at i on

W o ST 58360 P800 SSEThd N7 BRLLERLAON SRR LA Ha9he! Lestiamet | ons.

22/ 04/ 200 s another principle objective~ ot invention to
provi de atHBt Bedofd ddBY VY iidAsdhABNERakhfle BIHY G @vdiBeledi ONS using ion

beam i nplantation with increased beam energy 1 n applications having very
shall ow junctions. It is another principle objective of this
In their book "Silicon Processing for the VLSI
Era, Volume I", by Wolf and Tauber, Lattice Press, 1990,

page 327, Wolf and Tauber discuss ion implantation using

doubly charged species.



invention to provide a nmethod of inplanting phosphorous in polysilicon

el ectrodes using ion beaminplantation with increased beam energy in
applications having very shallow junctions. It is another principle
objective of this invention to provide a nethod of inplanting arsenic in
pol ysilicon el ectrodes using ion beaminplantation with incrzases/besm
energy in applications having very shallow junctions. These objectives are
achi eved by using ion sources such as solid phosphorous, phosphine gas,
solid arsenic, or SDS arsine in the ion3beam apparatus. The nagnetic

anal yzer of the ion beam apparatus is then adjusted to select either the

P2+ or the As2+ isotopes f ‘Eﬁﬂﬁ i £ﬁ¥¥%' on beans can then be
i npl ant ed usi ng energies o?g ébggrgg?2%¥g}. I52/04/2002 - 5 BRIEF

DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a schematic view of an ion beam
apparatus. Fig. 2 shows a cross section view of a part of an integrated
circuit wafer show ngnaimphteadwnbeésngsagetirégudntllyain tRpuUrities into
source/drain regions. Fig. 3 shows a cross section view of a part of an
i nt egr at ethacufagttreadristegratpdarcirenibsam ben passedreoused to

implant impurities into semiconductor wafers to provide

doping for source/drain regions, polysilicon electrode

patterns, and the like. 1In ion beam implantation the beam

energy and ion density are chosen to provide the desired

impurity profile after implantation. One problem

encountered as device geometries become smaller and

source/drain junction depths become smaller is that the ion

beam energy must become lower, in some cases less than 10

KeV. At these low energies it is difficult to obtain

sufficient ion beam density resulting in lower throughput

rates and increased implant cycle times, which directly

impact cost. In addition the ion sources are stressed by

these conditions and must be replaced with increased

frequency.

It is a principle objective of this inyention to
provide a method of implanting phosphorous in source/drain
regions using ion beam implantation with increased beam

energy in applications having very shallow junctions.



inplant inpurities into a polysilicon gate electrode. Fig. 4 shows an
~.atomic mass unit spectrumof a solid phosphorous source with a beam energy
of 30 KeV showi ng beam current as a function of atom c mass units.

22/ 04/ 2002 - 6 DESCRIPTI ON OF THE PREFERRED EMBODI MENTS The preferred
embodi ments of this invention will now be described with reiféﬁ??§069 Fi gs.
1-4. Fig. 1 shows a schematic view of an ion beam appar at us. erent ion
beam systens may differ fromthe one shown and descri bed herein but certain
key features will be comon to all ion'ﬁbénlsystens. The i on beam appar at us
has an ion source 10 which uses a small accelerating voltage to inject an
ion beam 24 into amn@VacuRiRheeNprakEif1d 2ob] it iSRUEESHEaN be solid
materials or gasses such as solid phosphorous, phosphine gas, solid
arseni c, anvehGiai Staeprddider ai mgtagdi of t bnflantihg areehéamihhen enters a
magneti c analyzer 14 which is selected to select particles with a

parti cul asonEss/dvaharegi anst s ihgr ibhebbamnimbl apdiatiiog whthnagneti c

anal yzer. For the_exanple of an ion source 10 using solid phosphorous or
phosphi neilggseaned nkRpfetanergyalipnz apriicationy Avdas yesy| ebalkowigl y char ged
PZ ions which have a mass of 62 atomic mass units and a charge t equal to
the chargd“BFft4°8%ngl e el ectron. These ions will be designated as PZ+ ions.
Sol i d phosphorous or phosphi ne gas provi de an abundance of PZ i sotopes.
Solid arsenic or SDS arsine can al so be used as the ion source 10. In this
case the magnetic apgl ¥g &nokherS p2dheshed &8 oF ey charged Asz ions
whi ch have a mass of 150 atom c nmass units 22/ 04/ 2002 _ 7 _ and a charge
equal to tiheenhaogetofprowideglac meltdotr ofi. infpkset iinagn phoisphobeusleln gnat ed as
Asz+ ions. Solid arsenic or SDS arsine provide an abundance of As2

i sot opes. padyshdhmon reFigtrodest Mgingnibnabe®s wnlantgtibe whtheti c anal yzer
14 is then directed through a Voltage,acceleraton/decelerator 16 where the
sel ect ed BBSKEBABANCIR SHRTSY: 48 PBPLACAFLPRHANIRNY. VERY FBALBYEM 26
exiting the ngtage accel erator/decel erator 16 passes through a scanning
systen118JNﬁF A°8Ftects the ion beam The ion beam exiting the scanning
system 18 passes through an energy filter 52, to provide inproved energy
uniformty, and a plasma flood gun 54, to neutralize any charge buil dup on
the wafer during iontii®laidtderOprinbeplenobpadtide fi thag the plasma fl ood
gun 54 is directed, by the scanning system 18, to the proper |ocation an an
i nt egr at ednyentaon tafproBGless olethedadfathelantiving warkenihoider 20." A
coupling nechani sm 22 attaches the wafer holder 20 to the evacuated

encl osur e PPAYSEAicanselegiradeshaisiisg peanbogm cnnlianfathenswibii ng system
can be used to inBI nt inpuriti.es in&o sgurce/drain regiong g* intor

pol ysi | i cARNCELBEEH BRYD HISF IV 10, FRELACALI PR MAHEAILLY 8BAWPEh is hel d
in place gmnEQ opafer holder im the evacuated enclosure. The wafer
conprises-a substrate, in this exanple a P type silicon substrate, having
field oxide isolation regions 34

These objectives are achieved by using ion sources
such as solid phosphorous, phosphine gas, solid arsenic, or
,
SDS arsine in the ion beam apparatus. The magnetic analyzer
of the ion beam apparatus is then adjusted to select either
the P,* or the As,* isotopes for the ion beam. These ion

beams can then be implanted using energies of 20 KeV or

greater.



22/ 04/ 2002 _ g _ and a gate oxide |layer 36. A gate electrode 40 is forned
‘on the gate oxide |layer 36. The ion beam 27 is used to inplant inpurities
into the source/drain regions 38. In this exanple the ion beam 27 is a Pz+
i on beam havi ng a beam density of between about 4 X 101 and 6 X 101
ions/cnZ and a beam energy of between about 20 and 48 KeV. EB%J%?HH&%”Bity
used is one half that required for a beamof P+ ions because two

. phosphorous atons are inplanted for every p2+ ion inplanted. The beam
energy is double that would be required for a beam of P+ ions because each

of the PZ+ ions have two phosphorous atons. After the inplantation the
wafer is rapidly anne t bet ween about 900C
and 1100C for betmeenaéﬁgﬂfI?%ﬁgﬁgagghsgggﬁgé?5¥ﬂ?gﬂﬁ%thod produces shal | ow
source/drain regions 38 using beamdensity and energy | evels which maintain
good t hroughput and source life. Fig. 3 also shows a part of the wafer 30
which is held in plree hyshbesvwafechdmditier view b€ amacontiesaencl osure. The
waf er conprises a substrate, in this exanple a P type silicon substrate,
havi ng fi eppaxxtwke. i sol ation regions 34 and a gate oxide |ayer 36. A

pol ysilicon gate electrode 40 is fornmed on the gate oxide |ayer 36. The ion
beam 27 is used to inplant inpurities into the polysilicon gate el ectrode

40. In this exanple . the_ion beam 27 is a PZ+ ion _beam havin beam density
of between about 4%%9T0f4s§ﬁﬁs aZ?ffﬁﬁ:ﬁﬂﬁf¥°qaV1§WX°¥634P?5ﬁ§$%ﬁ¥‘and a

beam e””@ﬂt@&z@%ﬁ‘?‘é{f&%%a%@ a%ﬂoé‘ﬁnf%gﬁ i-gﬁeblé%nbgﬁﬂéilélye&s@ I's one

hal f that require a beamo I ons because two phoSphorous atons are
i npl ant edihplaly einpu2d’t iledn 1heB! astLee/dheiPagions gy i s double that would
be required for a beam of P* ions because each of the PZ* ions have two
phosphorous atons. After the inplantation the wafer is anneal ed at an
anneal tenperature of between about 900C and 1100C for between about 10 and
20 seconds. Thi s ndtipd 3psbdwees gooss ceerluicn wiiky pbratperipodf/sn i con gate
el ectrode 40 using beam density and energy | evels whjch naintain good

t hr oughpultPERET_LRAF G HGHE WRERE PRAYIRg A ¥ Pegn being vepfl foam 27 of

AsZ* ions; “égg. I t i i {4 i t /drain region
38. The wa ggaggnp |ségggsggbggr3t§?9$$§%¢§§§ xgﬁppgeggg§§§be silicon
substrate, having field oxide isolation regions 34 and a gate oxide |ayer
36. In this exanple the ion beam 27 is an Asz* ion beam having a beam
density of between miputs 4n¥ws0ad adémbe ddkl mnignspedtrancof Heam ener gy
of between about 20 and 48 KeV. The beam density used is one half that
requi red balid peesplafrots’ soomsebeitbisz hewn ameagycoft 30sKe¥ e i npl anted for
every As2* ion inplanted. The beam energy is double that would be required
for a beafl8Ving DeaghLUTECRLs8SedchuRFtitn Us ALoMdRSMASH UBLKS ar seni ¢
atons. After the inplantation the wafer is anneal ed at an anneal
tenperature of between about 900C and 22/ 04/ 2002 - 10 1100C for between
about 10 and 20 seconds. This method produces shall ow source/drain regions
38 using beam density and energy | evels which maintain good throughput and
source life. Referring again to Fig. 3, an ion beam 27 of AsZ+ ions can be
used to inplant inpurities into the polysilicon gate el ectrode 40. The
waf er conprises a substrate, in this exanple a P type silicon substrate,
having field oxide isolation regions 34 and a gate oxide layer 36. In this
exanple the ion beam 27 is an AsZ+ ion beam having a beam density of

bet ween about 4 X 1014 and 6 X 1014 ions/cn?2 and a beam energy of between
about 20 and 48 KeV. The beam density used is one half that required for a
beam of As+ ions because two arsenic atons are inplanted for every Asz+ ion
i npl anted. The beam energy is double that would be required for a beam of
As+ ions because each of the Asx+ ions have two arsenic atons. After the

i npl antation the wafer is anneal ed at an anneal tenperature of between
about 900C and 1100C fox between about 10 and 20 seconds. This nethod
produces good conductivity for the polysilicon gate el ectrode 40 using beam
density and energy | evels which maintain good throughput and source life.



22/04/2002 - 11 Fig. 4 shows the AMJ, atomi c nmass unit, spectrumfor a
source of solid phosphorous in an ion beam system using a beam energy of 30
KeV. The spectrumclearly shows a first beam current peak 44 at 31 atomc
mass units and a second beam current peak 46 at 62 atomc ss units. This
curve clearly shows that when the nagnetic analyzer is adju AP 4/3092 ect
phosphorous ions having 62 atom c nass units there is anple beam current
avai l able. Wiile the invention has been particularly shown and descri bed
with reference to the preferred enbodi mefts thereof, it will be understood
by those skilled in the art that various changes in formand details may be

made wi t hout deparpiscrfiFOrON bF THEN PREPPRRES GMBOVIMENTSI Nventi on.
22/ 04/ 2002 - 12 CLAIMS 1. A nmethod of form ng source/drain regions,

conprising the steps of: providing a sem conductor integrated circuit wafer
havi ng source/drain regions; providing an ion inplant apparatus; placing a
phosphorous ion sotiheeisfergied ieahopaprakt appdtid dRveadiost Whylsai d i on

i npl ant apparatys so.that said ion inplant_apparatus pr.oduges.an i on beam
conprisiﬁ@ap ¢ ESﬁgflvﬁyr%ﬁé%:ﬁﬁﬁ&rﬁaggbggthﬁg'éfﬁ%an&é@hsﬁtﬁhgﬂﬁ a beam
ener gy, 'a”B'cﬂ%hE?c Pﬁfe&%.&nmi%nsgbgmsgy gféﬂisa' N Ji§¥ean 00 o2l d
I ntegrated circuit wafer using sail I on ant beam

beam systems may differ from the one shown and described

herein but certain key features will be common to all ion

beam systems. The ion beam apparatus has an ion source 10

which uses a small accelerating voltage to inject an ion

beam 24 into an evacuated enclosure 12. Ion sources can be

solid materials or gasses such as solid phosphorous,

phosphine gas, solid arsenic, or SDS arsine.

Referring again to Fig. 1, the beam then enters a
magnetic analyzer 14 which is selected to select particles
with a particular mass to charge ratio for the beam 25
exiting the magnetic analyzer. For the example of an ion
source 10 using solid phosphorous or phosphine '‘gas the
magnetic analyzer 14 is adjusted to select singly charged P,
ions which have a mass of 62 atomic mass units and a charge
equal to the charge of a single electron. These“ions will
be designated as P,* ions. Solid phosphorous or phosphine
gas provide an abundance of P, isotopes. Solid arsenic or
SDS arsine can also be used as the ion source 10. 1In this

case the magnetic analyzer 14 is adjusted to select singly

charged As, ions which have a mass of 150 atomic mass units



and-annealing said integrated circuit wafer having PZ+ ions inplanted at an
.anneal tenperature for an anneal tinme. 2. The nethod of claim1l wherein
said adjusting said ion inplant apparatus so that said ion inplant
apparatus produces an i on beam conprising PZ ions uses a magnetic anal yzer.
3. The nethod of claim1 wherein said beamdensity is betweda/ahdéue02 X
1014 and 6 X 1019 ions/cne. 4. The nethod of claim1l wherein said beam

. energy i s between about 20 and 48 KeV. 22/ 04/ 202 - 13 5. The method of
claim1l1l wherein said anneal tenperature7s between about 900C and 1100C. 6.
The met hod of claim 1l wherein said anneal tinme is between about 10 and 20

seconds. ZngTHecAREQOGAfalchd) Bt WHEESE Tofa iIRATPRIERESoHON SOurce
conpri ses sol 1 d phosphorous.

These ions will be designated as As,* ions. Solid arsenic

or SDS arsine provide an abundance of As, isotopes.

As shown in Fig. 1, the ion beam 25 exiting the
magnetic analyzer 14 is then directed through a voltage
accelerator/decelerator 16 where the selected beam energy is
imparted to the ion beam 25. The ion beam 26 exiting the
voltage accelerator/decelerator 16 passes through a scanning
system 18 which directs the ion beam. The ion beam exiting
the scanning system 18 passes through an energy filter 52,
to provide improved energy uniformity, and a plasma flood
gun 54, to neutralize any charge buildup on the wafer during
ion implantation. The ion beam 27 exiting the plasma flood

gun 54 is directed, by the scanning system 18, to the proper
location on an integrated circuit wafer 30 which is attached
to a wafer holder 20.” A coupling mechanism 22 attaches the
wafer holder 20 to the evacuated enclosure 12. In this
manner the ion beam 27 exiting the scanning system can be
used to implant impurities into source/drain regions or into

ﬁ
polysilicon electrodes.

Fig. 2 shows a part of the wafer 30 which is held
in place by the wafer holder in the evacuated enclosure.
The wafer comprises a substrate, in this example a P type

silicon substrate, having field oxide isolation regions 34



8. "A nethod of form ng source/drain regions, conprising the steps of:
providing a sem conductor integrated circuit wafer having source/drain
regions; providing an ion inplant apparatus; placing an arsenic ion source
in said ion inplant apparatus; adjusting said ion inplant apparatus so that
said ion inplant apparatus produces an ion beam conprising 23764/2062
wherein said i on beam has a beam density and a beam energy; inplanting As2+
ions into said source/drain regions of said integrated circuit wafer using
said ion inplant beanm and annealing said integrated circuit wafer having
As2 ions inplanted at an anneal tenperaBure for an anneal timne.

22/ 04/ 2002 - 14 9. The method of claim8 wherein said adjusting said ion

i npl ant apiRd & @atsooxhde saveri 3. i fplgahe gigstapde 49 obRickermed oon beam

conpri sing AsZ+ ions uses a magnetic anal yzer.
P gthe gate oxide layer 36. The io&/beam 27 is used to implant

impurities into the source/drain regions 38. In this
example the ion beam 27 is a P,* ion beam having a beam
density of between about 4 X 10 and 6 X 10! ions/cm? and a
beam energy of between about 20 and 48 KeV. The beam
density used is one half that required for a beam of P* ions
because two phosphorous atoms are implanted for every P,
ion implanted. The beam energy is double that would be
required for a beam of P* ions because each of the P,* ions
have two phosphorous atoms. After the implantation the
wafer is rapidly annealed at an anneal temperature of
between about 900°C and 1100°C for between about 10 and 20
seconds. This method produces shallow source/drain regions
38 using beam density and energy levels which maintain good

throughput and source life.

Fig. 3 also shows a part of the wafer 30 which is
held in place by the wafer holder in the evacuated
enclosure. The wafer comprises a substrate, inethis example
a P type silicon substrate, having field oxide isolation
regions 34 and a gate oxide layer 36. A polysilicon gate
electrode 40 is formed on the gate oxide layer 36. The ion
beam 27 is used to implant impurities into the polysilicon
gate electrode 40. In this example the ion beam 27 is a P,

ion beam having a beam density of between about 4 X 10!* and



10:. The nmethod of claim8 wherein said beamdensity is between about 4 X

© 1019 and 6 X 1014 ions/cne. 11. The nethod of claim8 wherein said beam
energy i s between about 20 and 48 KeV. 12. The nethod of claim8 wherein
said anneal tenperature is between about 900C and 1100C. 13. The net hod of
claim8 wherein said anneal time is between about 10 and 202%&%MR02 14,
The nmethod of claim8 wherein said arsenic ion source conprises solid
arsenic. 15. A nmethod of doping a polysilicon el ectrode, conprising the
steps of: providing a sem conductor integrated circuit wafer having a
polysilicon el ectrode forned thereon; providing an ion inplant apparatus;
22/ 04/ 2002 - 15 placing a phosphorous ion source in said ion inplant

6 X 10 jons/cm?* and a beam energy of between about 20 and
48 KeV. The beam density used is one half that required
for a beam of P* ions because two phosphorous atoms are
implanted for every P,* ion implanted. The beam energy is
double that would be required for a beam of P* ions because
each of the P,* ions have two phosphorous atoms. After the
implantation the wafer is annealed at an anneal temperature
of between about 900°C and 1100°C for between about 10 and
20 seconds. This method produces good conductivity for the
polysilicon gate electrode 40 using beam density and energy

levels which maintain good throughput and source life.

Referring again to Fig. 2, an ion beam 27 of As,*
ions can be used to implant impurities into the source/drain
region 38. The wafer comprises a substrate, in this example
a P type silicon substrate, having field oxide isolation
regions 34 and a gate oxide layer 36. In this example the
ion beam 27 is an As,* ion beam having a beam density of
between about 4 X 10%% and 6 X 10 ions/cm? and a beam
energy of between about 20 and 48 KeV. The beam density
used is one half that required for a beam of As* ions
becauée two arsenic atoms are implanted for every As,* ion
implanted. The beam energy is double that would be
required for a beam of As* ions because each of the As,* ions
have two arsenic atoms. After the implantation the wafer is

annealed at an anneal temperature of between about 900°C and



apparatus; adjusting said ion inplant apparatus so that sai

has a beam density and a beam energy; inplanting PZ+ ions

d ion inplant

'~ apparatus produces an ion beam conprising PZ~ ions, wherein said ion beam

nto said

pol ysilicon el ectrode using said ion inplant beam and annealing said

integrated circuit wafer having PZ+ ions inplanted at an a

1288 %er at ur e

for an anneal tinme. 16. The nethod of claim 15 wherein said adjusting said
ion inplant apparatus so that said ion_jnplant apparatus produces an ion

beam conpri sing PZ+ ions uses a nmagnétic "anal yzer. 17. The
15 wherein said beamdensity is between about 4 X 1014 and

met hod of claim
6 X 101 ions/cne

18. The nethod of claim 15 wherein said beam energy i s between about 20

énd 48 KeV. 19. The nethod of claim15 wherein said anneal

tenperature is

bet ween about 900C and 1100C. 20. The nethod of claim 15 wherein said
anneal tine is between about 10 and 20 seconds. 22/ 04/ 202

1100°C for between about 10 and 20 seconds. This method

produces shallow source/drain regions 38 using beam density
and energy levels which maintain good throughput and source

life.

Referring again to Fig. 3, an ion beam 27 of As,*
ions can be used to implant impurities into the polysilicon
gate electrode 40. The wafer comprises a substrate, in this
example a P type silicon substrate, h;Qing field oxide
isolation regions 34 and a gate oxide layer 36. In this
example the ion beam 27 is an As,* ion beam having a beam
density of between about 4 X 10! and 6 X 10! ions/cm? and a
beam energy of between about 20 and 48 KeV. The beam
density used is one half that required for a beam of As*
ions because two arsenic atoms are implanted for every As,*
ion implanted. The beam energy is double that would be
required for a beam of As* ions because each of the As,* ions
have two arsenic atoms. After the implantation the wafer is
annealed at an anneal temperature of between about 900°C and
1100°C for between about 10 and 20 seconds. This method
produces good conductivity for the polysilicon gate

electrode 40 using beam density and energy levels which

maintain good throughput and source life.



- 16 21. The nmethod of claim 15 wherein said phosphorous ion source
conprises solid phosphorous. 22. A nethod of doping a polysilicon

el ectrode, conprising the steps of: providing a sem conductor integrated
circuit wafer having a polysilicon el ectrode fornmed thereon; providing an
ion inplant apparatus; placing a arsenic ion source in said2i2gdwosi/2pbant
apparatus; adjusting said ion inplant apparatus so that said ion inplant
apparatus produces an i on beam conprising Asz+ ions, wherein said ion beam
has a beam density and a beam energy; inplldnting As2 ions into said
polysilicon el ectrode using said ion inplant beam and annealing said
integrated circuit wager4hshowg tAsx AMINS aitophanhesis atnin, apeeddrutienper at ur e
for an anneal time. 23. The nethod of claim 22 wherein said adjusting said
ion t, inflemt sopacet o selidamhagpherions ipppaniomphramtIES Y oduces an ion

beam conprising As2+ ions uses_a magnetic anal yzer.
using a beam energy of 30 KeV. The spectrum clearly shows a

first beam current peak 44 at 31 atomic mass units and a
second beam current peak 46 at 62 atomic mass units. This
curve clearly shows that when the magnetic analyzer is
adjusted to select phosphorous ions having 62 atomic mass

units there is ample beam current available.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.



24.. The nethod of claim 22 wherein said beamdensity is between about 4 X
101 and 6 X 1019 ions/cnR. 22/ 04/ 2002 - 17 25. The nethod of claim 22
wherein said beam energy is between about 20 and 48 KeV. 26. The nethod of
claim 22 wherein said anneal tenperature is between about 999t ansl,d400C.
27. The nmethod of clam 22 wherein said anneal tinme is between about 10 and
20 seconds. 28. The nethod of claim22 wherein said arsenic ion source
conprises solid arsenic. .A'H.Aa .A AAW.Ayr. Ar.AA3.A;: A

CROACA(LL. A(. ABBIM: y. Ayl . A I >TpMWN) * QTdef gq+d{ vl gb] X] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] caJlca] dakethed]eh] tatllicw sehespédrssl cegainnsladompalisahgatba] cal caj ¢
el el 2 Y2

providing a semiconductor integrated circuit wafer
having source/drain regions;

providing an ion implant apparatus;

placing a phosphorous ion source in said ion implant
apparatus;

adjusting said ion implant apparatus so that said ion
implant apparatus produces an ion beam comprising P,* ions,
wherein said ion beam has a beam density and a beam energy;

implanting P,* ions into said source/drain regions of
said integrated circuit wafer using said ion implant beam;
and

annealing said integrated circuit wafer having P,* ions

implanted at an anneal temperature for an anneal time.

2. The method of claim 1 wherein said adjusting said ion
implant apparatus so that said ion implant apparatus
produces an ion beam comprising P,* ions uses a magnetic

analyzer.

3. The method of claim 1 wherein said beam density is

between about 4 X 10 and 6 X 10} ions/cm?.

4. The method of claim 1 wherein said beam energy is between

about 20 and 48 KeV.
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apparatus;

":r_

adjusting said ion implant apparatus so that said ion
implant apparatus produces an ion beam comprising As,* ions,
wherein said ion beam has a beam density and a beam energy;

implanting As,* ions into said source/drain regions of
said integrated circuit wafer using said ion implant beam;
and

annealing said integrated circuit wafer having As,

ions implanted at an anneal temperature for an anneal time.
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9. The method of claim 8 wherein said adjusting said ion
implant apparatus so that said ion implant apparatus
produces an ion beam comprising As,* ions uses a magnetic

analyzer.

10. The method of claim 8 wherein said beam density is

between about 4 X 104 and 6 X 10 ions/cm?.

11. The method of claim 8 wherein said beam energy is

between about 20 and 48 KeV.

12. The method of claim 8 wherein said anneal temperature is

between about 900°C and 1100°C.

13. The method of claim 8 wherein said anneal time is
between about 10 and 20 seconds.
14. The method of claim 8 wherein said arsenic ion

source comprises solid grsenic.

15. A method of doping a polysilicon electrode, comprising
the steps of:

providing a semiconductor integrated circuit wafer
having a polysilicon electrode formed thereon;

providing an ion implant apparatus;
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placing a phosphorous ion source in said ion implant
apparatus;

adjusting said ion implant apparatus so that said ion
implant apparatus produces an ion beam comprising P,* ions,
wherein said ion beam has a beam density and a beam energy;

implanting P,* ions into said polysilicon electrode
using said ion implant beam; and

annealing said integrated circuit wafer having P,* ions

implanted at an anneal temperature for an anneal time.

16. The method of claim 15 wherein said adjusting said ion
implant apparatus so that said ion implant apparatus
produces an ion beam comprising P,* ions uses a magnetic

analyzer.

17. The method of claim 15 wherein said beam density is

between about 4 X 10 and 6 X 10 ions/cm?.

18. The method of claim 15 wherein said beam energy is

between about 20 and 48 KeV.

19. The method of claim 15 wherein said anneal temperature

is between about 900°C and 1100°C.

20. The method of claim 15 wherein said anneal time is

between about 10 and 20 seconds.
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source comprises solid phosphorous.

22. A method of doping a polysilicon electrode, comprising
the steps of:

providing a semiconductor integrated circuit wafer
having a polysilicon electrode formed thereon;

providing an ion implant apparatus;

placing a arsenic ion source in said ion implant
apparatus;

adjusting said ion implant apparatus so that said ion
implant apparatus produces an ion beam comprising As,* ions,
wherein said ion beam has a beam density and a beam energy;

implanting As,* ions into said polysilicon electrode
using said ion impiant beam; and

annealing said integrated circuit wafer having As,*

ions implanted at an anneal temperature for an anneal time.

23. The method of claim 22 wherein said adjusting said ion
[

implant apparatus so that said ion implant apparatus

produces an ion beam comprising As,* ions uses a magnetic

analyzer.

24. The method of claim 22 wherein said beam density is

between about 4 X 10 and 6 X 10** ions/cm?.



10, @O0%& ()-310%& ()-F"z10% & ()- 10t 10t

10t s9-10% & ()-7z10% & () - D. Di DDDDEdELC

" 10F1099& () -, @0%I& ()- ,10%& ()-10%& ()-Y1I0%& ()- ' 10%& () - EVTEDDEJEDLC
10F10%0& () -, @O0%W& ()- ,10%& ()-1099& ()-Y1I0%& ()-10%& ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c2z2/0Heb00? 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Font ~ #vb &*-1z58<@BFHILNPRTVXZ\ 2" bdf - ~#16: ?i DTE456789: ;
<=I~71)-0n1234567{89:; _ _

<G>’ ?@®B_CDE7E>?@\BCDEFGHI JKLM\ICPQ?ST&/V\XYZ[ \]~_"ab6Ti mes New

RomanAri al Couri er New'h Root EntryWrdDocunent R

" #$UR' ()*+, -./0123456789: ; <=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\] " " abcd

25. The method of claim 22 wherein said beam energy is

between about 20 and 48 KeV.

26. The method of claim 22 wherein said anneal temperature

is between about 900°C and 1100°C.

27. The method of claim 22 wherein said anneal time is

between about 10 and 20 seconds.

28. The method of claim 22 wherein said arsenic ion source

comprises solid arsenic.



