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A METHOD TO FORM POLYCIDE LOCAL INTERCONNECTS BETWEEN

NARROWLY~SPACED FEATURES WHILE ELIMINATING STRINGERS
BACKGRQUND 0F7THE INVENTION
(1) _Field of the Invention

The invention .relates to a method of fabricating

silicon structures, and more particularly, to the formation -

of local interconnects of polycide between narrowly spaced

features in.the manufacture of integrated circuit devices.
(2)  Description of the Prior Art

In the art, polycide stacks, for example, tungsten

. silicide overlYing_polysilicon, are often used for

constfucting'local interconnects between nodes in SRAM

memory_cells.' Polycide provides a low resistivity

.conductive material with good mechaniCal'and chemical

resistance properties. _By using polycide to form local
intércoﬁnects; it is possible fé provide the necessary.
connectivity for.a memory:cell while_not:using additional,
and'expénsive,.métal interconnect proceSSes, As an

example, the polydide_interconnect'can be used for the



- common Vss éonnections betwgen metal-oxide-semiconductor
(MOS) transistors iﬁfa'four transistor SRAM cell via self- |
aligned.contaéts (SAC). 1In such application, it is

necessary that the polycide layer exhibit a low sheet

resistancé. Tﬁerefore,'the“tungsten'silicide component of
the polycide'layer-must be;formed-sufficiently thick to

achieve allow_sheet'fesistance for the total film.'__

Referring to Fig. 1, a cross-~section of -a partially
-coﬁpieted:priof_ért'SRAM memory cell in én integrafed
circuit is shoﬁn; Four transistor gates 14 are sﬁoﬁn
formed overlying a'sub5£rate 10. Each gate 14 is composéd
of a gate dielectric 18, a pblysilicon electrodel22, an
encaﬁsulating dielectric 26,1and sidewéil.spacers 30. .
Soﬁice and drain regions_32 are formed in the substiatetlog
 The transistors.shdwn are coﬁventi§nal and ﬁery common -in
lthe art.  The transistofs are forméd as narrowly spaced
pairs; An interpoly layer 34, or IPL, overlies the
transistots and sqbstrate 10. The interpoly layer 34 is a-

dielectric material.

Referrihg now to Fig. 2, the ‘interpoly layer.34*has
been patterned. The .opening in the_interpoly layer 34 is

for a contact to the source or drain region 32 between the



. narrowly spaced transistor gates 14. Note that the opening

in the interpely layer 34 is larger thanlthe contact area

~at the Surfaee of -the subétrate 10. Such a contact opening

is called a self-aligned contact (SAC).

Referring how to.éig. 3, a polysilicoh layer 38 and a
metai silicide layer 4é:are.depoeited overlying the
interpoly layer 34 and the suhstrate 10 in the eource_o:
drain region 32. The metal eiiicide iayef'42'is.composed,
for example,.of tungsten silicide (WSiy) . The combination
of the poly51llcon layer 38 and the metal 5111c1de 1ayer 42

forms a polycide laye:.

Referring now to Fig. é;~the'metal silicide:layer 42
and the polysi;icon layer 3§lare patterned to form local
interconnects dﬁt'of'polycide. In the etch.process, the
metal.silicide layer 42 ahd the’bolysilicon layer 38.are
femoved'where not proteeted by a mask that is not shown.
It is eﬁucial that all of the exposed polycide be remeved
during the etching step} Uhfortunately; polycide is not

easy to etch. In constricted areas, such as between the

‘narrowly spaced gates 14, the polyc1de may not etch
~ completely away. Polyc1de strlngers 46 may remain

 following this etch. . These polycide stringers 46 create



- potential shorting conditions for the circuit and are

unacceptable.

This probiem ﬁould bé eliminated by depositing ahd
z.planariziﬁg a #ery thick inférpoly.layer. Unfortunately,
this will create other problems in'thé etching process.
Overetching ofﬂthe éncapsulating layerlbr thé éidewall
spacers could oécur due to fhe greater depth.éf"thé_
intérpdly.layer that would have to be eféhed-throﬁgh. Gate .

.shbrts to the local interconnect polycide would result.

Seﬁeral‘prior'art"éﬁproaches discloée mefhods_to form
contacts and to utilize metal silicide in the.fagrication
of integrated circuits. U.S; Patent 5}573,980 to Yoo
diééloses a process to selectively.form silicidé plates;
_over'source contacts_in an SRAM process. A polysiliéqn
.iaYer iszdéposited ovérlyihg the.SRAM polysilicon gates,
_sourées, and drains. The polysilicon layef is removed:
except over the squrce.o£_drain regions where silicide is
‘planned. Titanium is déﬁosited and heat—tfe&ted t§ form
_sili;ide.- The ekcéss titanium is then removed. u.s.
Patent 5,723,374 to Huang et al teaches a process to form
stacked Capaciﬁor DRAM devices. Silicon nit}ide sidewall

spacers are formed over the interpoly oxide to make it



- easier to remove the polysilicoh bottém plate layer during
the etch. U.S. Patent'5,866,449't0'Liaw et al_diécioses a
‘process to fabricate a SRAM device. U.S. Pafent 5,661,085
.to Teong teaches a process to férm silicide_contacts_to
source and dfain regions. U.S. Patent 5,340,754 to Yen .
-teéches a process to fo;m transistor contacts using local

- planarization. A fililiaYer Qf an_insu1ator-materiél is
deﬁosited and blanket etched to from planarizing fills
between polysilicoh lines. The fil1é are tﬁen etched away--

where contacts are desired.

SUMMARY OF THE INVENTION

A principal object of the preSent invention is to
provide an effective and very manufacturable method of
forming local polycide interconnects between narrowly

spaced features in the manufacture of integrated circuits.

A further object of the present invention is to
provide a method to fabricate local interconnects of
polycide between narrowly-spaced features in which polycide

stringers are eliminated.



A yet further object of the'present invention is to -
eliminate polycide stringers by depositing a thick
poiysilicon 1ayér that will both fill the narrow spéces

between'features and be easily etched'away.

‘Another further object of the present invention is to
.provide a method to fabricate local polycide interconnééts'
between narrowly spaced MOS .gates in which poiycide-'

stringers are eliminated.

'In accordance with tﬁe objecfs of this invéﬁfién, a
new method of fabricatiﬁg-lpcal interconnects of'polycide
has been achieved. A substrate is provided.. Narrowly .
spa;ed features; such as MOS transisto? gates and ) |
polysilicon traces; are p;ﬁvided'overlying the substféte. 
'_A dieiectric layér'ié deposited 6verlying the subst;ate and
the narf§wiy spaced features; Thé.dieléctric'léyer is -
patterhed to form openings'between the narrowly sbacedf
features.for planned contacts to the surface Qf;the_
substrate. A doped poiysilicon iayer is deposited
_ overlying the diélectric iayer and filling the openingé.
The doped polysilicon layer is etched down to the tOb
.surface of the narfowly spaced features. Tﬁe doped

polysilicon layer'remaiﬁs in the spaées between the



-narrowly spaced features. A polycide lajer'is_formed
overlying the harrdwly spaééd features and the do?ed
polysilicon layer. The polycide layer and thé doped
pdlysilicon layer afe patterned:fo complete‘the contacts
and create the local interconﬁects of poiycide; an& the

integrated circuit device is completed.

BRIEF DESCRIPTION OF .THE DRAWINGS

. In the accompanying drawings forming a material part

of this description, there is shown:

Fig. 1 through 4 schematically illustrate'iﬁ cross-
 section a partially completéd_priof art_integrated circuit

device where local interconnects are formed using polycide.

Figs. 5 through 11 schematicélly illustrate in cross-
sectional representation a preferred embodiment of'thé

present invention..



-DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Eig. 5; there is
illustrated a cross séction of a partially completed
integratea_circuit device. “This embodiment displays a
four-transistor circuit like.that uséa to create a SRAM

.memory.cell. It shbuld,be'clear to thdSe exﬁefienced in.
the art that the present iﬂéention-caﬁ be,appiied ;Qﬁmany
sceharios'where it is desifable to-make:éontacts between

nafrowly spaced features overlying the substraté.

The substra£e'50_ié'ﬁreferably coméosed of
an;crystal;ine silicon. Several nérrowly spacéd
tranSistor gates 54_and'56'a£e shown fdrmed overlying thé
-subétrate 50. - These transistor gates 54 and 56-are férﬁed.'
‘using convenfional“methodé-that are well known in the art.
‘Each of ‘the transistor Qatés 54 énd 56 islcomposed of, for
example, a géte“dielegtriC'SS, a polysilicon electrodef62,'-
an encapsulatihg dielectricIGG, and sidewall spacers 70.
*Source and draih regions.72 are formed by'coﬁventional
methods-in_the substrate'BQ. The SPaces_between'thé 
:t:aﬂsistof gates 54 and 56 are between about 0.20 ‘and 0.50

microns.



A diglectric layer 74 is deposited overlying the:
substrate 70_ahd the transiStor gates 54 and 56.‘:The
dielectricilayer 74.is pfeferably comprised of silicon
diﬁxide or silicon nitride. ' The purpose of the dieiectric
layer 74 ié to isolate.the substrate_frbm the éubsequent-‘

) poiYSilicon andlpolycide léyers. It is édvéntageous,
though not necessarilyﬂessential_to;the present invention,
-tqﬁchose dne material for the dielectric iayer 7§,and a
‘different material for the sidéwall,spacers-70 and
encapsulatiqn dielectric 66. For example, if siliéon
hitiide is used for both thé_sidewall spacers 70 and
éncapsulation.dielectric 66, then the-éelectionnof silicon
‘dioxide for the dielectric iayer-74'ca#_provide an
advantageous étching selectivity to protect the transistor'
gates 54 and 56 from etchiné damagé; .The dielectric léyer
'ﬁ4 is'preferébly grovn to a thickness-of between about'SdO

Angstroms and 2,000 Angstroms. '

: Référring'now to Fig; 6, the dielectric layer i4 is
pattérned to form openihés'between ﬁhe narrowly spaéed
transist6r §ates 56 for blanned.cqhtaCts to the surfacé of;-
the'sﬁbstraté 50. lThis etchingIOCCﬁrs where the-dieiécﬁrié

layer 74 is not protected by almaSk'that is not shown. The



- etching step is performed using a conventional reactive ion

~ etch (RIE).

-~ Note that, as in the prior art example, the 6pening in'
' the_dieléﬁtric'laye;'74'is-ia;ger thénlthe contaét area at
‘the surface 6f3thé:Substrate 50. This self-aligned céﬁtact
(SAC) etch takes advéntage'bf the usé pf cné ﬁéterial for 
the dielectric layer 74 aﬁdra different materiai fqr'fhe

sideWali'spacers 70 and encapsulation dielect:ic 66.

--An“obtional procéss may be performed,at this-pbint Qf
the sequence.  Ions implantation can be'implanted into.the
exposed substrate'SO in the exposed_source'and drain
regions 72. This implant will reduce the'self-aliéned F
‘contact resistance. In'thé preferred'embodiment:using fhis
.optibnal étep, phosphoréus ions W§uid_be implanted at a
dose of between about 1;bx10“ atoms/cm? and 5.0x10ﬁ

atoms/;mzand an energy of between about 10_KeV'and 30 Kev.

.Referring now tQ'Fig. 7, an impdrtant feature of.the '
_present'invéntioh is diSciosed. A first doped polysilicon
layer 78 is deposited ove;lying the dielectr;c layer 74 and'.
filling the_openings,' This first doped polgéilicon layer .

78 also fills the Spaceé between narrowly spaced transistor

0



gates 54 and 56. The first_dopéd polysilicon layer 78
performs two.functions inlﬁhe présent“invention. First,
where contact openings have-been.etched (between gates 56),
the‘firsé doped'polYSilicon 1a§ér 78 forms contact plugs_to
-the:surfaée of the subStrate_SO. Second, where contact
openings havé not been_etched (between gateé 54), the first
' déped pqusilicon layéf.78 forms a témporary'ﬁiil layer |
- that can easily be-etdhed_awaj during'the'patterninélof

polycide.

Thé two functiqns'of tﬁe first;doped poiysiiicon_léYer.
7# alsq_require_that this iayer be relatiﬁely thick and
-heavily doped.'.The first doped polyéiiicon 1ayér 78.may be
deposited either doped, usiné-insitu_doping, or undoped,
‘and then ion implanted. .InTthe preferred embodimént(_the'l
'firSt_doped polﬁsiliéon.layer 78 is déédsitéd using an
insitu doping process in a low—pressure cﬁemical'vapor
debositibn (LPCVD) chamber; The -first ddped polysiliconn
layer.fs.is deposited to a thickness of befween aboﬁt 2,000
Angstroms aﬁd 5,000 Ahgétrdmé. Thé fifst doped poiysiiiCOn 
layer haslén ion concentration'bf_betwéen about 3.0310?9-

‘atoms/cm® and 1.0x10%! atoms/cm®

1.



Referrihg now_td Fié.!S, another important step in-thé-
present inﬁention is shoén. The first doped polysilich
layer 78 is etched dﬁwn to the top surface of £he narrowly

spaced transistor gates 54 and 56. The.first.dopéd |
| éblysiiibon laier 78 remains in the spaces between the
‘narrowly spéced tfansistor gaﬁes 54 and 56. A’bianket'
etch—back.prOCeSS'ié ﬁsed to etch dawp the first'd§ped.
polysilicqn layer 78. :Tﬁe_blanket etch—back:prbcess.is.
COmpriéed of.a'reactive ion etch fRiE) P;oéeSs using an

etching chemistry of Cl, and HBr.

The etch;back.proéesélis optimized 'such that the firsf'
doped polysilicon layer 78 remains between the ﬁarro;ly_
spacéd;transistor.gétes 54 and 56.  The fwo_previoﬁsly 
_' discussed.outcomes.df'the étching down of the first dopedi

lpolysilicon layer 78 are:shown on Eig. 8. First, whefe-a
contactiopenihg was previﬁusly etched:thraughﬂthe
dielecﬁric layei 74 betweep narrowly spaced transiétor
.gates 56, a contaét plug-is formed. Second,lwhere:no
contact opéning was férmed.bétween narrowly épaced

‘transistor gates 54, a temporéry fill layer is formed.

Referring now to Fig. 9, polycide Will'be formed

overlying'the nairole spaced transistor gates.54 and 56

12



B and the first doped polysilicon layer 78. The polycide is:
composed of a eecond doped‘§Olysilic6n layer 82 and a metai
silicide layer 86. The second.doped polysilicon layer ‘82
is deposited overlying the narrowly spaced tran81stor gates
54 and 56 and the first doped poly5111con layer 78. Thee
second doped polysilicon layer 82 is prefe;ably deposited
' using an insitu doping érecess in an LPCVD chamber to a
thickness of between about 500 Angstroms and 1;0001'

Angstrbms.

The metal 5111c1de layer 86 ts preferably comprlsed of
tungsten silicide (WSiy) dep031ted by chemical vapor o
deposition (CVD). The meta1.5111c1de layer 86 is deposited
to a thickness of between'about 500 Angstroms and 1,000

‘Angstroms.

' Referring now to Fig. 10,athe metal.siiicide layer-86,-
-second.doped pdlysilicod.layer.SZ;_and the first doped
polysilicon 1ayer 78 are patterned'tb_complete'the eoatacts
~and create the local.intercdnhectsta-This etching oceurs
where the metal silicide layet}86'is not protected by a '
mask that is not shown. 'The-etching step.is performed
using a reactive ion‘etchiag (RIE) process using an etching"

chemistiy comprising Clz'and HBr. - Etching is stopped at the’

13



dielectric layer 74 that protects the substrate 50.
Processing'continues with'the deposition, for exémple, of a
plasma nitride layer 94 to complete the integrated circuit

device as shown in Fig. 11.

It can now be éeen how the p¥esent_invention improves
the art. .The,novel'téﬁporary £ill layer, compriSed.of'thé
first'doped,polysilicon_layer 18, waslformed bétween'ﬁhé
narrowly-spaced transistof gates 54 where ﬁo-contact
- opéning is plannéd. The etch of the metél.silicide layer
86, second doped_polyéilicbn layer 82, and the firs#'ddped
”polysiiicon iéyer 78 cbméietgly removes this témporary £ill
layér leaving no polycide stringers as showh by:90- “The_
key to the preseﬁt inventibnfis that doped polysiligqn c$n'
be more'easily removed-from'a_constricted space.thah.

- ;polycide. By eliminating polycide Stringérs, yield wi;l_be-;

improved.

As shown.in the preferred émbodimént;.the presént.
invention provides a'vér? ﬁéﬁufacturablé brocess for
fébricating locél interconnects of polyéide between
narrowly spaced MOS gates in which'polyCide stringeré are
_éliminated in the manufacture of integrafed'circuit

devices.

14



While the invention héé been particularly shown and
desc_:ribed.with reference to thé prgferred.embédiments
..thereof, it will be'understood'by those skilled in the arf
that varioﬁs changes ‘in férm_and aetails may bé made
without departing from the spirit-and scope of_fhe

invention.
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1. A method of forming contacts-betweeh narrowly

- CLAIMS

spaced features in the_manufacture of an integrated
circuit deviee comprising:

proViding_featufes overlying and projecting.abpve
a substrate_wherein said features are nérrOwly spaced;

depdsiting a dielectric layef-oveflying said’
featuies and séid substrate;

patterning eaid dieleetriC'iayer to form.ppenings

for planned contacts wherein said openings are formed

" between some of said features but not formed between

_other of said features;

depositing a first doped polysilicon layer

~overlying said dielectric layer and filling spaces

between said features; -

etchlng down sald flrst doped poly51llcon layer

to the top surface of said features whereln said first -

doped polysilicon layer'remains insaid spaces-between,

said features;

forming a polycide layer overlying said

dielectric layer and said first doped polysilicon

layer;
patterning said polycide layereand said first
doped polysilicon layer to COmplete said contacts

between said. features whereby said polycide layer and

16



25

* ¢ L M 3 *

said_first'dopéd_polysilicbn layer are completely
removed between said features Where_contacté are not
to be made; and

completing the.fabriCétioh of the integrated

circuit device.

2. The method according to Claim 1 wherein said

features comprise one of the group:of:fmetal oxide

semiconducﬁor gates and'polysilicbn traces. -

3. The method according to Claim 1 wherein said spaces '
between featureslare'between-about 0.20 microns and

0.50 microns.

‘4. The method according to Claim 1 wherein said

features have an overlying silicon nitride-

encapsulating layer and adjacent silicon nitride

sidewall spacers.

5. The’method'accoxding'td Claim'l wherein said
dielectric layer;is_cbmprised.of"one of the group'of:

silicon dioxide and silicon nitride.

17
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6. The method according to Claim 1 wherein said first
doped polysilicon layer is deposited using'insitu
doping with an ion concentration of between about

3.0x10% atoms/cm® and 1.0x10%! atoms/cm®:

7. The method according to Claim 1 wherein said_first
doped polysilicoh léyer is deposited undoped and is -
then ion implanted to an ion concentration'of-bétween

about 3.0x10% atoms/cm® and 1.0x10?' atoms/cm®: -

.8. The method adcordihg_to-Claim 1 wherein said first
doped polysilicon7laYer is depositéd to a thickness of

between about 2,000 Angstrdms and 5,000'Angstroms.

9. The method a¢§ordin§ to Claim 1 wherein said ;tép--
" of foiming a polyciae layer éomprises: |
depositihg a;éecond"doped'polysilicoh-layér; and
depositing a metal silicidellaye; overlying said -

5 second'dopéd polysilicon layer.

©. 10 The method according to Claim 1 further comprising
. implanting ions intq said.subétrate-after said step of
patterning said dielectric layer to form openings for :

planned contacts and before said step of

18
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depositing said first doped polysilicon layer wherein

said implanted ions reduce contact resistance.

11, A method of forming ldbal interconnects-betweeh

MOS transistors'in_thé manufacture of an integrated

circuit device comprising:

providing'MOS transi$tors ove#lyihg_and

- projecting above a substrate wherein said MOS .~

transistors are narrowly spaced and comprise’
transistor gates, drains, and sources;.

depositing a dielectric layer'ovérlying said

transistor gates andlsaid.substrate:

_ patterning said dielectric layer to form

'openings for planned cqntécts wherein said openings

are formed between_sqmé of said transistor gates bﬁt:

not formed'betwéen'other.of said transistor gates and

'wherein said openings extend to the top surface of

said substrate;
‘depositing a first doped_polysilicon.layer'

overlying said'dielectric-layer-ahd filling spaces

between said transistor_gates;_

etching down said first doped polysili¢on-iayer

19
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to the top.surféce of said tranSistOr gates wherein
said first'doped polysilicon layer réméins'in said
spaces between said transistor gates; |

.forming'a.polycide-layer overlying said =
dieléctric laygr and said first qoped pdlysilicon
layer;

patﬁerninglséid polycide layéi and éaid:firét
doped polysilicon.layef.to complete*said éontacts_
betﬁeen said transistor Qates_wheréby said polycide

layer and séid-first doped polysilicon'layer_are

- completely removed between said transistor gates. where

contacts ére not to. be made; and

completing the fabrication of the integréted_

‘circuit device.’

12. The méthoa according to Claim.1 ﬁherein said step
of . forming a polycidé layer comprises:
depositing a’ second doped polysiiicon léyer;fénd' 
depésiting a tungsten sili¢ide layer oveflying

said second dopéd polysilicon layer.

13. The method according to Claim 11 wherein said

first doped polysilicon layer is deposited using

'20_'
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insitu doping with an ion concentration of between

about 3.0x10* atoms/cm® and 1.0x10% atoms/cm’®

14. The method according_fo Claim 11 wherein said
first doped polysilicbh.layer is deposited undoped and.
is then ion implanted to an ion c0n¢ehtration of

between about 3.0x10* atoms/cm® and 1.0x10% atoms/cm*

15. The method according to Claim 11 wherein said
first doped polysilicon léyer is deposited to a
thickhess of beétween about 2,000 Angstroms and 5,000

Angstroms.

16. The method aécoraing t6 Claim 11 furthef
_comprising implénting'ions'into-said-éubstraté'afﬁe;
said Sﬁep of pattéfning_éaid diélectric layer ﬁo-form '
. openings forlplannéd_cOntaété-and-before'said.étep of
depositing said first dopéd“polysilicon layer wherein

' said implanted ions reduce contact resistance.

17. A method of forming local interconnects‘betweén
MOS transistors in the manufacture of an integrated
-circuit:deVice comprising:

' providing MOS transistors overlying and -
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projéétiﬁg above said substrate wherein said MOS-
tranéistors are narréwly spaced_and compriée
. transistor gatés, drains,.and sources and wherein said
MOS transistor gates. have an overlying silicon nitiide
encapsulating layer aﬁd-adjaqent'silicoﬁ niffide
sidewall'épacers; |
depositing-a diélectric-layer overiying said
transistor.gates-and said substrate; |
.patterning said-dieléctriéllaYef to form openings
for planned contacts wﬁerein said openings'é;e fofmed
bgtween'some of'éaid-ﬁransistor gates but n¢t-forﬁed
between other-df-éaid'transistors gates and whereih
' said dpeni#QS extend to top surface of~saidzsﬁb$traté}
._depositing'a'fifst:doped'poiysilicon'iayé;i
- overlying said aielectric laye:'and_filling.séaces /Z
betwéen said ﬁransistor_gates; | |
| étching down said first.doped:polysilicon layer
to the tdp'surfacé-of said transistor gates Qherein;
ééid first deed'polySilicon layer,remains in said
spaces between said tfahsisfor_gateé; |
_forming a polycide iayer_overlying said
dieiectric léyé; and said first'doped polysilidon

layer wherein said polycide layer'compfises a second

22




30

35

BT . ._

doped polysilicon layer overlying eaid first doped
polysilicon ;ayer-aed a tungsten.silicide layer
overlYing said_secehd.deped:polysilicon 1aYer;

patterning said polycide layer and said first
dopéd_pdlysilicdn layet'to complete saidecontacts
between seid'traneistor gates ﬁhefeey'said-polycide-
layer and said fifetfdoped'polysilicon;leyer are
completely'removed between said'transisﬁer.gates_wﬁere
contacts are not to besmade; and_'

'completing the feb:icetion of the_integreted'_

circuit device.

18. The method according to Claim 17 wherein said

first doped polysilicoﬁ layer'is deposited toa -

'thickness of between about 2,000 Angstroms and 5,000-'

Angstroms{

19. The method.accoidin.g to Claim 17 further
cemprising.implanting'ione into said'subetrate:after

said step of patte#ning said dielectric leyer to form
opehiﬁQS'for planned_cohtacts and before said step of f,
depoeiting'eaid.first doéed poiysilicon layer wherein -

said implanted ions reduce contact resistance. -
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20..' The method acco_i:ding to Claim 17 ‘wherein said
first doped polysiliéon layer is deposited .using _
insitu doping with an ion concentration of between

about 3.0x10'° atoms/cm® and 1.0x102! atoms/cm3:
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