MEANS AND METHOD FOR STABI LI ZI NG POLYCRYSTALLI NE SEM CONDUCTOR LAYERS
2185623 § BACKGROUND OF THE | NVENEI ON Fiel d of the

I nvention This i nvention relates in general to neans and net hods for
stab|$ﬁ2|ng the:properties of polycrystalline 10 sem conductor | ayers
and, nore particularly, to means and nethgdi for controlling dopant
nigration in potycrystalline sem conductor [ayers during high tenperature
processi ng. Background Art 15 .~ Electroni c devices using

pol ycrystal |l i ne semi conduct or regions often exhibit degradation aSSOCIated

with dopant migration in thaymaty s heetres f@ﬁeg.rﬁ#ILfng@xarrpl e, when
polycrystalline silicon is_enployed the pol Ine material is often
inmplanted with large 20 %Q#Qkﬁ# BIINE %ﬁﬁéﬁﬁ AAEERS or exanpl e
arseni c, boron, or phosphorous, because'a Iom1va|ue of sheet resistance is
desired. Hi gh tenperatures often. are used to activate the inpla nt.
The dopant will distribute very rapidly in the polycrystalline Eafgggé
during suctBheat treatment. UBBESKGROUNR OFcTHEUINVENIEON dopant
concentrati on peaks occur at .poly-oxide interfaces. H-gh dopant:
concentrations are known to result in oxide degradation. This is

particul arly trEigddofptheInveptionde is very thin as is often the case
with high 30 perforrrieeiseanietsn :@@Iét@#'ﬂﬁ' M&Saﬁew:%éaﬁapéﬂdl ng thin

gate oxides. Wil S rob rtlal erco r educi t he
dopant concent %?ﬁb‘?& %ﬁ ?L@%"B%/?‘é %%E?gfe |
obt ai n sufXo ci esemyoomauctmtlaﬁers cand} amcre pa&'sbou]ztcelp, | toi eans| aﬁd to
sel ectively doRfetnods for controlling dopant migration in polycrystalline
semiconductor layers during high temperature processing.

Background Art
15 Electronic devices using polycrystalline
semiconductor regions often exhibit degradation associated
. with dopant migration in the" polycrystalline material.
For example, when polycrystalline silicon is employed, the
polycrystalline material is often implanted_with large
20 concentrations of dopants, such as for'example arsenic,
- boron, or phosphorous, because a low value of sheet
1% - resistance is desired. High temperatures often are used
- to activate the implanted'dopant.' The dopant will
distribute very rapidly in the polycrystalline layer
25 during such heat treatment. ‘Under certain c1rcumstances,
dopant concentration peaks occur at poly-oxide 1nte*faces._
- High dopant concentrations are known to result in oxide
degradation. This is particularly troublesome when the
oxide is very thin as is often the case with high
30 performance devices, particularly MOS devices emp oying
thin gate oxides. '

" While this problem may be partially overcome by
reducing the dopant concentration, the lower dopant values
often make it-iﬁpossible to obtain sufficiently low sheet

35 yresistance. Also, where it is desired to selectively dope




-2- poly regions in one location but not in an adjacent location, the rapid
vertical and/or | ateral novenent of the dopant through the poly material
during high tenperature processing may make it inpossible to obtain 5 the
desired |l ocalization of doping. Thus, a need continues to-exi'st for ¥

i nproved nmeans and. met hods for overconmi.ng these and ot her probl ens arising
in connection with polycrystalline sem conductor |ayers. Accordingly, it is
an objective of the present 10 invention to provide inproved neans and
met hods for controlling redistribution of dopants in polycrystalline
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It is a further object of the present invention to

provide improved means and methods for preventing excess
15 or unwanted lateral diffusion of dopants in
polycryStalline eemiccnductor'layers. _

It is an additional object of the present invention
to prov;de improved means and methods for: preventing
excess or unwanted vertical diffusion of dopants in

20 polycrystalline semiconductor_layers._

' It is an additional object of the present invention
to prevent grein boundaries from absorbing and rendering \
electrically inactive. substantial amounts of dopant.

As used herein the words "dopant" or "doping" are

25 intended to refer to the class of impurities which provide

' substantial number of shallow donor or acceptor levels in
the semiconductor:so as to substantially alter the-
conductivity of_the_uaterial; In the case of silicon
materials, examplesiof_this class of depants are arsenic,

30 boron, phosphorous, antimony, aluminum, gallium, and
indium. Those of skill in the art will understand that
other such. dopant elements exist for use in_silieon and
other semiconductor materials. Oxygen and nitrogen or
mixtures thereof do not substantially alter the

35



35 ° _ - -3- conductivity of silicon
and thus,. for silicon, are not wwthin the definition of the word "dopant"
as used herein. As used herein, the word "substrate” is intended to refer
to any™type of ‘supporting méans whet her 5 seniconductor or insulator or
metal or conbinations thereof. As used herein_the words "high tenperature"
are intended to‘refer to tenperatures where the phenonena of interest are
proceeding at a rate significant conpared to the tine periods of interest.
For exanple, for dopant 10 m gration or oxidation of silicon, this is
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t he dopantl®r atigsratien ior rexiidation f il lepantthisl is igenexallyabout
a 1000 degrees C. Those of skill in the art will
understand that different temperatures will apply for
different materials and phenomena. As used herein the
words "“dopant ions" are intended to include neutral atoms

15 of the same species, as for example result from

implantation of dopant ions into solid materials.

SUMMARY OF THE INVENTION
20 - ' '
The attainment of the foregoing and other objects and
N advantages is achieved through the present invention
wherein there is provided a means and method for
stabilizing polycrystalline layers so as to retard
25 redistribution of dopants by providing within the
polycrystalline material a diffusion inhibiting agent
vhich acts to stabilize the grain boundaries of the
polycrystalline layer so that grain boundary diffusion is
decreased. It has been discovered that these effects can
30 be accomplished by implanting oxygen into the
polycrystalline layer either before introducing the dopant
or after the introduction of the dopant and prior to high
temperature héat treatments. The impianted oxygen
| innibits rapid diffusion of the dopant along the grain
35 boundaries of the polyérystalline layer. Pre-implant heat



tenperature heat treatnents. The i npl anted oxygen inhibits rapid

di ffusion of the dopant along the grain 35 boundari es of the

pol ycrystalline layer. Pre-inplant heat --: -4- treatnent of the A
polycrystalline layer, i.e., heat treatnent prior to the oxyden or dogant
I npl ants, increases the grain size. T4 =also acts to retard grain
boundary di ffusi on and enhances the effect of the 5 i mpl ant’ed oxygen.
Ni t rogen or oxygen-nitrogen m xtures can al so be used in place of oxygen.
At very Iom1oxygen concentrations, little effect is obtained. Extrenely
hi gh oxygertEMeRRE 26f ohae PelyrEyshallines LpysEcatise-a B8BSuUrface
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shows ematl ¢ cross-sectional vie nd of
FIGS. 1A-B, Q@tpg;gg;nsﬁglgéne semiconductor layer and reduces its

usefulness for device purposes.
The details of the present invention are more

completely described in the drawings and description which
15 follow.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIGS. 1lA~B show simplified schematic cross-sectional
views of a portion of a semiconductor device containing a
polycrystalline semicenductor.layer and illustrating the W/
effect of accelerated lateral grain boundary diffusion in
the polycrystalline layer. _

25 FIGS. 2A~B show simplified schematic cross~-sectional
views of a portion of a semiconductor devzce containing a

- polycrystalline region and illustrating the effects of
accelerated vertical grain boundary diffusion in the
polycrystalline region. .

jo FIG. 3 shows a simplified schematic cross-sectional
view similar to that and of FIGS. 1A-B, but according to
the present invention.

FIGS. 4A-B show simplified schematic cr css-sectional
views of a portion of a semiconducuor device similar to

35 FIGS. 2A-B, but according to the present invention.



t he present invention. FIGS. 4A-B show sinplified schematic cross-sectional
views. of a portion of a sem conductor device simlar to 35 FI GS. 2A-B,
but actording to the present. .invention. -5- FIG :5 shows the relative
oxygeﬁ#and silicon.concentration as a function of depth for a polysilicon-
silicon oxide-silicon structure, as deterdnigned by Auger El ectron
Spectroscopy analysis. 5 FIG 6 shows the arsenic concentration
versus depth in fine grained polysilicon |ayers for various activation
tenperatures, with and without inplanted oxygen. FIG 7 shows data simlar
tothat of FIG 6 bEIGfoP sheWs thei nedapivesvkigen’ angesili¢OnDETAI LED

DESCRI PTI ON OFcdhEe RRAYE NGR EeraPrﬁﬂeigsﬁosfege*;eﬁa&wna {oa§yQ§Fhesn-
structures 15 ,and nethods herein are shown fof the case of”silicon based
seri conduct or BYiEeR Hﬁadﬁ6F§&F9§PaFFFH€t§FFicBﬁ debernineg ByeAugeKose of

skill in the aglewtkbnusgeesiesdopraknuligstsieans and methods apply to

ot her sem gonduct or bﬁéraﬁes agg other _pal ycrystalline sem.condyctors,
and 20 are presenfgg’ r8 ﬁwﬁs R ﬁfﬁepgcuﬁﬂ@%??gﬁﬁ#ﬁanaﬁﬁrﬁﬁﬁ ﬁPgﬁded
to be |'imtinginafilnehgradnedr padyeilitenahdydovpafivs wayielisoabtivatdonl n
FIGS. 1-4, unl LS€ dgnl r egi of the poly
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clear. Arrows parglegpalifndarpesysiliaphanagdrdoped regions in the poly are

usdd/to i£ icate the direction of novenent of the dopant in the poly during
heat treatnent, e.g., during

DETAILED DESCRIPTIONlOF THE DRAWINGS

| For purposes of explanation, the device structures
15 and methods herein are shown for the case of silicon based
| semiconductor devices and polycrystalline silicon layers.
However, those of skill in the art will understand that
these means and methods apply to other semiconductor
substrates and other polycrystalline semiconductors, and
20 are presented merely as an aid to understanding and not
intended to be limiting, and that other materials and
W dopants may also be used. :
In FIGS. 1~-4, unless otherwise noted, implanted or
doped regions of the poly are generally shown stippled,
25' dielectric layers or regions are shown hatched, and single
crystal regions or undoped poly regions are shown clear.
‘Arrows at the boundaries of implanted doped regions in the
poly are used to indicatz the direction of movement of the
dopant in the poly during heat treatment, e.g., during
30 high temperature activation or annealing..

. FIGS. 1A-B show in simplified schematic cross-
sectional form, portion 9 of a prior art MOS.device
structure_comprising substrate 10, as for example a
silicon wafer, covered by dielect:ic layer 11 and

35 ’



30 hi gh tenperature activation or annealing. FIGS. 1A-B show in
sinplified schematic cross- sectional form portion 9 of a prior art MOS
devi ce structure conprising substrate 10, -as for exanple a si liicon maigy
covered by dielectric layer 11 and 35 -6- polycrystalline’silicon I'ayer
12. Poly layer 12 has thereon gate oxideg egion 13 and poly gate'region 14.
Dopant ions 15 are inplanted into portions 12a of poly layer 12 and poly
gate 14, where they becone neutral 5 atons. Poly gate 14 and gate oxide 13
mask central portion 12b of poly layer 12 so that substantially none of
ions 15 are polyerystalbinei silifcohi bage#2n20f Payprldperan2bnassed for

| t d | F -
AL 5 SR Gt b S5 Ble SO S BB TAS
| at er al edgé@omﬂnth%°@5 15npraninnldobeﬁt ntetpppticna pRaveicpoBy the

maski ng ef f ecdy@f 12%ﬁaspé§ya?sté414ArﬁH&§eleﬂeynﬁéeahs hBgegniection of .
m gration or novenent of ‘do i.on during the

n
~hi gh tenﬁera??ﬁ%ﬁtre%?%%ngaﬁ%eﬂédaPé QEFFVEFSdﬂo%én?aﬁén§eﬁsr§ﬁd anneal any
i mpl ant darreygortﬁohayzb 42 pollyrkgver 12.sbtthatobapstadtibalydapnet oifons

15

20 "Uhat ot hPRE £57akS, Ebtenged pierarh [ IrGLOlohE PR "PE SaPRRT T °°
boundari es y@%nhh¢euaedeﬂoroanaUPbachsothersgurce andydxadnsefarated, if at
all, only byysspit, dbﬁi@QCfslgﬁ tﬁb'?aﬂégEiEEEEQEQEUEﬁd”bQEgtb@gaowhhqh

occur in a few seconds or I'ess in po ycrystalline silicon exanpl
i s verylfuch@foFRergpFe-than is found in

Boundaries l2c indicate the lateral edges of the as-
implanted dopant distribution provided by the maskiné
effect of regions 13 and 14. Arrows 12d indicate the
direction of migration or movement of dopant ions 15 in

15 'poly layer 12 during the high temperature treatment needed
to activate dopant ions 15 and anneal any implant damage
in layer 12 and region 14.

It is observed that dopant ions 15 move very rapidly
in poly layer 12 during high temperature processing so

20 that after such heating the structure is as shown in FIG.
1B wherein boundaries l12c¢ have moved toward each other
until they are separated, if at all, only by small e
distance 12e. This high temperature migration, which may
occur in a few seconds or less in pelycrystalline silicon

25 for example, is very much more rapid than is found in
-single crystal forms of the same material and is believed
to proceed along the grain boundaries of the
polycrystalline layer. Accelerated migratiqn of dopants
along grain boundaries is well known in many materials.

30 Portion 12f of poly 1ayef512 which remains free of dopant
15, if it exists at all, is likely to be toc narrow or too
variable_in size for proper device operation. Hence, the
rapid lateral migration of the dopant makes it difficult
or impossible to build coﬁsiStent, useful devices in this

35  way. | '



single crystal forns of the same material and is believed to proceed al ong
the grain boundaries of the polycrystalline |layer. Accelerated m gration of
dopants al ong grain boundaries is well known in many. materials. 30

Portiwn 12f of poly layer 12 which remains free of dopant 15, if it exists
at all, is likely to be too narrow or toe- vard able in size for proper

devi ce operation. Hence, the rapid lateral mgration of the dopant nmkes it
difficult or inpossible to build consistent, useful devices in this 35

way. -7- A further grain boundary dopant migration problem occurring

wi th pol ycrystal |'ind Sentbendgradn baysdsrysdppantt mageationFpesblen- B.

Devi ce portion i SER} : b r | elkectric
region 22 5 25quEhEAg REE gé}‘ge?gg%%i%% SpilBodiera! 18y8ze 35T
portion 19 so &3lustyabefddnd8pEs.re3rBms PeVigmi BRrEAANT 4RCEPBRTASLS
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by t-he energy pbrtheni &pl snt ad tonpravddehdopednregidashrilquwhithr can
determ ni ng i”?hﬁ&%igﬁpQBE Qﬁaﬁhi@thQ”sBp%c@ekhdkEQWﬂniBfthnéﬁknfso I ong
as heating and channelling are hot sSrgnificant, the rangé of the 15 :
i npl ant ed i onsIPBSnE# §§Bs§éﬁ?i&Wp}aégﬁécﬂédpﬁytﬁﬁé B3Ry dny PV FRELfR ure
of the materiabs, HopRueaeptheBrdpbundaly’ R3eNbélweenheabidntadhpattion
tenperatures t gcta ate d ag t _ions 2% I,n p_rblo% Z%a angéor I n.portions
21), dopah? |o%§ 28 BP&FE P BP&P@ Pﬁ.Fﬁgnd%P_cPloﬁ 8198023 4f ows 23d
until they readetdrminetir by tthedenergyorf22heAinpllantedn ibh& anR &hedmwt i on
of - dopant i'onsp2d MRy pRih@iques for determining implant dopant
penetration are well known in the art. So long as heating
. and channelling are not significant, the range of the
15 implanted ions is not substantially_éffected by the
polycrystalline nature of the material. However, when
device portion 19 is heated to high temperatures to
activate dopant ions 24 in portion 23a (and/or in portions
21), dopant ions 24 migrate rapidly in the direction of
.20 rrows 23d until they reach dielectric oxide region 22.
' 'As shown in FIG. 2B a portion of dopant ions 24 may pile
Y up against interface 22a of oxide 22. This is indicated
by the heavier stippling in region 23f. Heavy dopant
concentrations can adversely affect the dielectric
25 strength of oxide region 22 resulting in premature
breakdown. This is undesirable. Reducing the dopant
concentration in gate region 23 causes a corresponding
increase in sheet resistance in region 23 and also in
regions 21. This is usually undesirable.
30 These and other prOblems are overcome with the means
and method of the present invention illustrated in FIGS.
3-4 and described more fully in connection with FIGS. 5-7.
FIG. 3 relates to the situation illustrated in FIGS. 1A-B
and FIGS. 4A-B relate to the situation illustrated in
35 FIGS. 2A-B. ' ' ' '



up against interface 22a of oxide 22. This is indicated by the heavier
stippling in region 23f. Heavy dopant concentrations can adversely -af fect
the dielectric 25 n~§trength of oxide region 22 resulting in premature,
breakdown. This {s ‘undesirable. Reducing the dopant concentration in Jate
region 23 causes a corresponding increase ¥n sheet resistance in-region 23
and also in regions 21. This is usually undesirable. 30: " These and
ot her problens are overcone with the nmeans and net hod of the present

i tion illust d_in. FIGS. 3-4 ; i b e fully.i tion.
Wi FCS 57 ERE 3 Sadugtrates, ABSTRE, shroRture.ce, MEHAT BRCS. 1A B
and FIGSir4éh8tr¢haF§Gso uheasifomptdsihglpﬁbs&tadeLn035di§EbG&ribA-B.
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dielectric 43-an@hposyrggﬁur§4prﬁdGstﬁudﬁﬁtsrsffED@.t&a¢iﬁﬁéﬁigﬁwnnthat
of ' CSg 5 14:B 4 thak pertiens 43¢ o ?’%3 hayR 43 Bave heda | Pl ant ed

wi th oxygen, or _nitraqden Or an oxygen-ni ture prior to any high
t enper at ur e1pP3ABESANYishe RXYTR GFt NS TRTER OF A% owygenwd tdessh

inpl anted i pikegrenprids ¢b hdychidh tempedathee prowedsimg suth ay i ng
boundar i os BRSE bo ped 1B Sefi¥ate Bhe achlhl el abe B Uh ik "0
and in regi é2a 4Zclayerpd@uentédhias beengfiokindarhadx tiepl arrtimy apiytien W
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acconpl i shegrBynubousRayies PfcPoRsRayey e MG nFhredrPante dans known
in the art. prégentMhaeed one) 423 Andiihy R oHW IR Ere Rirsidiiad ai at
the grain bg“%%%%ﬁ%ﬁdant éxtént.from rapidly migrating into region
42b, where they would_alter device behavior. Localization
15 of the implantéd oxygen of nitrogen to regions 42a can be
accomplished by use of a surface mask. Surface masking
means are welilknpwn in the art. The implanted oxygen or
nitrogen apparently precipitates at the .grain boundaries
and does not migrate significantly with the temperatures
20 and times used to activate the dopant.
o FIGS. 4A-B illustrate the situation analogous to FIGS
2A-B. In FIGS. 4A-B, device portion 49 which may be a \o/
MOSFET but need not be so, is composed of substrate 50
with sﬁperposéd dielectric region 52 and poly region 53,
25 Dopéd regions 51 may be provided at the same time as the
doping of portion 53a of poly region 53 or formed
otherwise. Poly region 53 contains portion 53b in which
héve'been implanted oxygen or nitrogen ions 54 or mixtures
thereof. Portion 53b is placed in region 53 before any
30 high temperature_procesSing has been performed in
connection with the dopant ions 55 implanted in or
otherwise introduce into portion 53a of region 53, Dopant
iéns.ss may be placéd in poly region 53 either before or
after oxygen or nitrogen ions 54,'so long as the oxygen or
35 nitrogen ions are present before dopaht'ions 55 are



and does not mgrate significantly with the tenperatures 20 and tines
‘used .to activate the dopant. FIGS. 4A-B illustrate the situation anal ogous
to FI-GS 2A-B. In FIGS. 4A-B,~device portion 49 whith may be a MOSFET but
need wot be so;'is.conposed: of substrate 50 with superposed dielectric

regi on 52 and-poly ‘reyi bn=53. 25 * Doped redl ons 51 may be provided at the
sane tinme as the doping of portion 53a of poly region 53 or forned

ot herwi se. Poly region 53 contains portion 53b in which have been i npl anted

oxygen or nitr Qgﬁjeb%g,g ié th”hﬁ%ﬂr Eim Q%‘E%e g?ﬁﬁ-xte alin ﬁ%z‘ 3cideed o

regi on 53 before eratu € Processi €en perforned in
connection Mﬁtﬁt§§§ do§§nﬁsl§n§VSBiﬁﬁ$I§ﬁtéaplnn&rporhepw §3bi @&€ce into
portion 53a ofpbgghga §3a. Dopant ions 55 may be placed in poly region 53
either before or after o en or nitr gen ions 54, sq long as the qxygen or

35 nitrogen ions are PP -ﬁt°5eP€P¥ the dopanfsmigration gnd pidieslipeq
to any high teefi€estsr dldnstariated dn ms\zanA@-m ,Spogtionl B3bs mbtvé@ ent to

ot ot on-anaBeEuRel BUEt1BR. g aB ank s PR poRat U,
must be bet weeROBYr regioB3R3amad nmddﬁac@gagm §ﬁ.theeboun@appnﬂ1qnﬂ§ﬁc

region 53 and gl degtegl @3 .52wplert nigh cRlidrd ‘&2% el & rle‘aS adhen hi gh
t enper at ur es areﬁggille exanp t o qctlvat opant 55 in region
53, dopant 10 ©% e55‘.":"’\/\/|al CPRANGr 30,1560 Spo PR es of

| ayer 53 b t hdoflisr 86t mrnofra@riaq\ys mBerate |alfdi@’ wecwatler Wﬂdm&%f
poly ot ains | nirvstondsih B diBecti R 4 akond B8 BT e ati on
encounter portlon 53b. The oxygen or nitrogen in portion
53b plugs the grain boundaries of the poly grains in
region 53b and substantially inhibits dopant migration
15 therein. The result, as illustrated in FIG. 4B, is that
- portion 53f remains substantially free of dopant ions 535,
or at least has a substantially lower level of dopant ions
55 than would otherwise be the case absent region 53b.
The oxygen or nitrogen is believed to inhibit grain
20 boundary migration by chemically binding to the surfaces -
of the grains, that is, occupying unsatisfied silicon
bonds at the.grain surfaces which would otherwise be
available as transient, low activation energy sites for
_mlg*atlng dopant atoms.

25
 EXPERIMENTAL RESULTS

| Undoped polycrystalline silicon £ilms about 0.6
30 microns thick were deposited on oxidized silicon wafers
using LPCVD techniques well known in the art. Silicon
oxide cap layers about 0.025 microns thick were grown or
dépoéited on the poly layers. The oxide cap layers




15 therein. The result, as illustrated in FIG 4B, is that portion 53f
remai ns substantially free of dopant ions 55, or. at |east has a i
substantially | ower |evel of dopant ions.55 than would otherw se be tiQe.
case absent region 53b. The oxygen or nitrogen is believed to inhibit grain
20 boundary migration by chemnically=btfdrng to the surfaces of 'the
grains, that is, occupying unsatisfied silicon bonds at the grain surfaces
whi ch woul d ot herwi se be avail abl e as transient | ow activation energy
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films or layers had_grains m crons across. Sone
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Associ at es oucest er i‘NCr ased t he
typi cal graapperenuSOmanuﬁaCQuzeﬁmbyoﬁgréenoé§SOC¢ahes,pﬁacanneal

tenperf§ure§18ﬁééﬁéé9? #RQ0 @ﬁﬂ§e€§e5£ﬁaﬂttiHE%ethhh%hEa%leéaio SecondéJJ
are useful wth 11 rees C and 5-30 seconds.being preferred. The
hi gher t he ggﬁﬁgrg EFet° abo .2 microns across. Other pre-anneal
temperatures exceeding 1000 degrees C and times in the
range 1-90 seconds are useful with 1100-1300 degrees C and
5-30 seconds_belng.preferred.. The higher the temperature
15 the smaller the time required to achieve the same effect.
other inert ambients can also be used. '
. The polycrystalline layers were then'oxygen_
implanted. Doses of 1014 to 1016 /cm2 of atomic
oxygen (0%) at an energy of 200 keV were typically used.
20 At this energy the peak of the implanted oxygen
distribution is well within the bulk of the
polycrystalline layer.  Other energies can also be used, o/
depending upon the thickness of the poly layer and the
_ desired depth of the peak of the implant distribution.
25 Those of skill in the art understand how to vary implant
depth and dose, taking into account the differences in
properties of the ions béing implanted and the material
into which implant occurs. Those of skill in the art will
also understand that photoresist or other masking
30 materials can be used to define particular areas to be
implanted and areas not to be implanted. Such masking
procedures are well known in the art. . -
The oxygen implanted layers were then heated
typically to 650 degrees C for 20 minutes to enhance the
35 oxygen concentration at the grain boundaries. This step



15 ° the smaller the tinme required to achieve the sanme effect. O her inert
anbi ents _can al so be used. The polycrystalline |layers were then oxygen
|nplanted Doses of [err] to [err] /[err] of atomic oxygen [err] at an
ener gy of 200 keV were typlcally used. 20 At this energy the peak of the
i npl ant ed oxygen distribution is well withikl t=he bul k of the

pol ycrystalline:-layer. Qher energies can al so be used, dependi ng upon the
t hi ckness of the poly Iayer and the desired depth of the peak of the

i mpl ant distriRution., Those f skill in the art underst nd how to véry
i npl ant dept h %oeécs@&}r*?lt *he TEmPES alﬁ‘ S SENEES
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650 degrees C for n1nutes t,0 enhance the 3 n concentratlon at
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tenmperatures, oxygen oxr nitrogen_to.the_graln boundaries and
precipitation thereen.;.Alse, with smaller grain sizes,
15 1less time is required forLexygen or nitrogen to diffuse
from within the graiﬁ to the grain boundary. Temperatures
- below about 500 degrees C are not useful since the
diffusion rate for oxygen.in silicon within the grains is
s0 low as preclude reésonable grain boundary oxygen or
20 nitrogen concentration enhancement in a reasonable time.
'~ Those of skill in the art will understand that different
times:may be required when_nitrogen, oxygen-nitrogen
mixtures, or other materials are used.
The oxygen lmplanted polysilicon layers and control
25 layers without oxygen were then implanted with a dopant
" known to substantlally enhance the conductivity of the
poly. As, B, P, Sb, Al,_Ga, and In are well known
 examples of such dopants used in silicon. Other
appropriate dopants are well known for other semiconductor
30 materials. |
- Arsenic was lmplanted into the polyc*ystalllne
silicon layers typically to a dose of 5 x 1035
ions/cm? of 75As* at an ‘energy of 150 keV. Under
these conditions, the peak of the arsenic implant
35 distribution is closer to the surface of the poly layer




|l ess tinme may be required to obtain mgration of the oxygen or nitrogen to .
the grain boundaries and precipitation thereon. Also, with smaller:grai'n
si zes, 15 less tine is required for oxygen or nitrogen to diffuse fL9n1
mnthln the grainto the grain boundary.” Tenperatures bel ow about 500
degrees C are not useful since the diffusion rate for oxygen in -silicon
within the grains is so | ow as preclude r'easonabl e grai n boundary oxygen or
20 nitrogen concentrati on enhancenent in a reasonable tine. Those of
skill in the art will understand that different tinmes nmay be required when
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I npl ant ed di I'on an esl re resi Stance of the poly
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to block rapagdntEeategiofif okNéndépdate desired to be protected.
Those of skill in the art will understand that masking
layers of photoresist or other materials nay be used to
laterally delineate particular dopant or oxygen implant
15 areas and the implant energy may be varied to adjust the
| implant depth.

- Following" implantation of the dopant, the poly layer
is heated to activate the dopant, i. e., render it
electically active, and ' anneal any residual implant

20 damage. Temp;“atures in ‘the range 6f about 1000 to 1300
degrees C and :imes in the range l to 20_seconds are
useful. Those of skill in the art understand that the ~/
-higher the temperature, the smaller the time required to |
activate the dopant. If too high a temperature or too

25 long a time is used, diffusion through the bulk of the
grains will distribute the dopant substantially uniformly
through the poly 1ayer despite the presence ©f the oxygen
or nitrogen implanted region. This is because ‘the oxygen
or nitrogen implant apparently has its most important

30 effect in retarding grain boundary migration of the

dopant. ' '

The same RTA apparatus was used for'aotivation as
used for the pré?implant anneal step. Typically} the RTA
apparatus was set to a particular peak temperature, e.g.

35 1100 degrees C, and energized:. The temperature of the



toward a particular region or interface, then the region of enhanced oxygen

‘or niktrogen concentration nust be 10 | ocated vertically and/or
horigzgtally bet ween the dopant and the region or interface desired to be
pr ot ed. Those of skill in the art will understand that masking |ayers of

photigresi st ..or other materials nay be usedl3o- aterally delineate
particul ar dopant or oxygen inplant 15 areas and the inplant energy may
be varied to adjust the inpl.ant depth. Follow ng inplantation of the dopant

, the poly layer is heated to actiyvate the dopant , i.e., render it
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FIG. 5 shows the results of an Auger analysis of the
oxygen concentration as a function of depth in the
polycrystalline silicon 1aYers both before and after an

15 RTA step identical to that used for activation of the
arsenic dopant, The oxygen implant dose was 1016 /cm2
at 200 keV. The sputtering rate of the layer was about
0.01 microns per minute, i.e., about 60 minutes to sputter
through the 0.6 micron poly layer. From the data of FIG.

20 5 it is apparent that, within the accuracy of the _

| measurement, there is no substantial migration of the

K_/ - implanted oxygen as a result of the 1100~ 1200 degree C RTA -
' ' treatment.
Assuming that the Auger peak height is linearly

25 proportional to the concentration of silicon or oxygen,
the peak implanted oxygen concentration in the polysilicon
layer is about 0.6%, that is about 3 x 1020 oxygen
atoms/cm3.. The peak of the implanted oxygen distribution
appears to be about 0.2-0.25 microns below the surface of

30 the poly layer. Since the Auger analysis sputtering was
carried on completely through the poly layer, through the
underlying silicon oxide layer and into the subs trate, the
oxygen concentration near the oxide interface and in the
oxide layer can also be determined. It is apparent that,

35 within the depth discriminatiornr of the method, there is



heater and the wafer. The supporting wafer and poly |l ayer 5 then dr opped
back to about roomtenperature within about an additional ten to fifteen:
seconds. Thus, total RTA tine was about-taénby seconds or less. It is 4
estimated that the effective activation/ annealing tine, dl. tgg I

equi val ent tine k_tenperature, is about one secon 10 ntro
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dept h dfscriU&QQ&&QH¢°£ytﬁﬁtHE&QBQa bd8kEchitering analysis techniques
well known in the art. The peak of the as-implanted
arsenic distribution is about 0.05 microns below the
20 surface of the poly layer. This is about 0.15-0.2
microns shallower than the oxygen implant. The
temperatures noted on the eurves of FIG. 6 are the
pre-set peak RTA activation temperatures and the
effective time at peak temperature is estimated to be
25 about one second. It is apparent from FIG. 6 that the
arsenic migrates extremely rapidly through the untreated
poly layer. The presence of the implanted oxygen
significantly retards the migration of the implanted
arsenic. The effect is greatest for lower actlvation
30 temperatures. :
. FIG. 7 shows similar data for otherwise ideﬁtical
conditions except that the poly layers had received a
pre-implant anneal to increase the grain size, as
described above. It is apparent that the increased grain
35 size also retards grain boundary migration of the
dopant. When the oxygen implant is provided, the effects
are cumulative, i.e., migration of the doﬁant is further
inhibited. - :
Other tests showed that oxygen lmplant doses of
1014 ions/cm produced little dopant migration




-14- substantially no oxygen n1graf|on fromthe oxide layer into the poly
silicon layer. It is desirable to have.the 5 thickness of the oxygen

i mpl ant region be at |east one fourth oftTu}ﬁxﬂylayer t hi ckness. The
oxyger™t o silicon ratio in the oxide layer is substantially 2:1 as is

expected. FI.G ' &f depth
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desirable for doses in the range of 1015~ 1017/cm

to be used which, based on obtaining a peak concentration

of about 3 x 1020 oxygen atoms/cm3 at a dose of
20 1016 oxygen ions/cm2 corresponds approximately to

peak concentrations in the range of 1019-1021 oxygen

atoms/cm3.

The effect of oxygen implantation on sheet

resistance of the poly layers was measured using oxygen
25 implants at doses of 101% to 101® ions/cm? at 200

keV in polycrystalline silicon. The sheet resistance of

polycrystalline silicon layers constructed as described

above was measured using standard four point probe
techniques. Such techniques are well known in the art.

30 Some of the layers were annealed prior to oxygen
implantation to increase the grain size from about 0.02
to 0.2 microns. These samples are identified as "fine"
and "large" grained poly respectively in Table I below.
The layers were arsenic doped to a dose of 5 x 1015

35 ions/cm2 at an energy of 150 keV. Control samples
without oxygen implantation were similarly doped. The
sheet resistance of the various samples is presented in
Table I below. The Rapid Thermal Annealing (RTA) was

carried out as previously described. The RTA



are curul ative, i.e., mgration of the dopant is further inhibited. Qher’
tests showed that oxygen inplant doses of 1014 ions/[err] produced little
dopant m gration - 15 - blocking effedf for the arsenic concentratiens
used. Significant effects were observed at 1015 ions/cn2 5 and | arger ot
effects at 1016 ions/cn2. It is expected that the magni_tude_ of the bl ocking.
effect will itemparatures shewn|argcthexyrersebspeakntiespetraturdsptnat

doses. Howev i NeRl@ a 1 s/ cn®
are not desi ?&ﬁ ﬁ%ﬁflm%n%iééfﬂgecauzgé]i% # %jéfg’gse?ggér ?é%?hg *such
hi gh oxygén M@ﬁﬂ%&'#%‘fﬁ wtivaticnctl ?%s#%tm’é temperakre ifyers.

Wher e sheetlggugﬁgﬁam'tﬁ potabvotbnondesétond. | arger doses coul d be used.

However, at sufficiently |arge doses, i.e., about 1018 ions/cn2 or above, a
thin, distinct insulating 15 silicon oxide or nitride |layer may formwthin
the sem conductor material. It is therefore thought desirable for doses in

the range of [err] to be used which, based on obtaining a peak
concentration of about 3 x [err] oxygen.atons/[err] at a dose of 20 1016
oxygen i é®s/cnp corresponds approxi mately to peak concentrations in the
range of [err] oxygen 3 atons/cm The effect of oxygen inplantation on sheet
resi stance of the poly layers was neasured using oxygen 25 inplants at
doses of 1014 to 1016 ions/cnR at 200 keV in polycrystalline silicon. The
sheet resistance of polycrystalline silicon l'ayers constructed as descri bed
above was neasured using standard four point probe
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techni ques. Such techni ques arée wel | known in the art. 30 Sonme of the
‘layers were anneal ed prior to oxygen inplantation to increase the grain
size from about 0.02 to 0.2 microns. These sanples are identified as "fine"
and "targe" grai ned poly respectively in Tz?l | below. The | ayers were
arseni c doped to a dose of 5 x [err] 35 iond/cnR at an energy of 150 keV.
Control sanples*w thout oxygen inplantation were simlarly doped. The sheet
resi stance of the various sanples is presented in Table | below The Rapid
‘Thermal Annealing (RTA) was carried out ? RBPECY i ously descri bed. The RTA
tehperatures shown are the pre-set peak enperatures that the wafer
.containing the polycrystalline | ayer reached. 5 The effective activation

tinme at peak teﬁperaSHtﬁTlﬁESﬁQTﬂﬁéﬂdo?OAEebébﬁBt Péﬂ?sﬁﬁﬁéﬁﬂ 1AQERE 20 25

30 35 -17- TABLE I "SHEET RESISTANCE oF AS DOPED [ CON LAYERS
(Ohns/Sq.) 5 RTA TEMP.  GRAIN  CONTROLOhmS{HeEN DCSE (|ons/cn2) DEGREES C
SI ZE NO gOXY. [err] [err] [err] 1100 FI NE 125 130
160 240 RTA TEMP. GRAIN CONTROL OXYGEN DOSE (ions/cm?)
DEGREES C = SIZE  NO OXY. 1014 1015 1016
mEmmsrmmmam .===== =SmmEmnmms  Smmmm ===== =m===
1100 FINE . 125 130 160 240
Y 10 1100 ~ LARGE 67 67 74 145
1150 FINE 90 90 102 .. 155
1150 .~ LARGE 62 62 65 90

The results presented in Table I show that while some
15 increase in sheet resistance does occur as a result of .
_oxygen implantaticn, the changes for.oxygen doses (e.g.
1016 ions/cm2) sufficient to provide a large dopant
nigration blocking effect are not so large as to render
the polysilicon layer not useful for device purposes.
20 While the invented means and method has been
illustrated in terms of polycrystalline silicon wafers and
' oxygen, those of skill in the art will understand that
other elements such as nitrcgen or nitrogen-oxygen
mixtures'cculd also be used. Further, those of skill in
25 the art will understand that other dopants besides arsenic
- can bé employed as the conductivity altering dopant.
Further, those of skill in the art will understand that
the principles taught herein apply to other semiconductor
materials, such as for example,_but not limited to,
30 gefmanium and III-V materials. Accordingly, it is
'~ intended to include all such variations in the claims
which follow.

35
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all sud® var|at|c#!Pl#P?*ESc?%Yﬁﬁnmﬂrcﬂ tEegen, Opsmixtuyaes\thereof into

-18- 1. aA ﬁﬁ?é@dzéﬁé éengaddl pBDyd??ﬁﬁilmﬂé ageRficbRdastyer Yayalk), i ne

o conduot ek Ve Sasd SWPERE! Plnehap 5 peBatd, Phifkdesiorbes! Enahorrt e
wher ei n saighil firgstthicknessyi tondudose inythehrangeafremt merei than J
separ at ed o6 39 POURIRELES101? dons/cul TPAAR' A BeRK) BiB1RAL" M OUCN -Of
15 concentration located at a predetermined distance below the -
outward surface of said polycrystalline semiconductor layer
and an implant concentration at said outward surface less
than said peak concentration; |
heating said polycrystalline semiconductor layer to
20 migrate said oxygen or nitrogen or mixture thereof to said
grain boundaries; | o
 thereafter implanting a conductivity enhancing dopant
into a second zone of said pclycrystalline semiconductor
layer; and. '
25 heating said polycrystalline Semiccnduétqr layer to
activate said dopant so that it is electrically active. W,

2. The method of claim 1 further compfiéing'béfore said
first implanting step the step of heating said

30 polycrystalline semiconductor layer to increase the grain
size. =

3. The method of claim 1 wherein said semiconductor layer
is formed of silicon. '

35 '
4. The method of claim 1 wherein said first implanting
step comprises implanting so that said first zone is



a first zone of said polycrystalli‘ne seniconductor mﬂ ﬂ
-first' zane has a second thickness .| ess- thay‘ﬁsal d fi rsnmw mﬂ "Ilﬂﬂl dose

in the range fromnmore than 1014 to |l ess than 1017 iond/chR,t alld & peak

i npl aa 15 concentration located at a predeternm ned di stance bel ow t he

out war d sur f. cssparfated dfpohysajdt £lrsbesarfacendyca othirg ezonechavingpaant

concentrationg r s ngen o
heating said é#ycryg? #%*ﬁégs§%1%gﬁ °%§ﬁ 1%ayer§€£f% gﬁgu?%tggséégegx§°t
or nitrogeh oﬁubﬁﬁﬂﬂﬁéa%hﬁréﬁfeFﬁ §9P6n§r&iﬁrbﬁéﬂﬂa#heseinhereafter
inplanting a conduct|V|ty enhanci ng dopant into a second zone of said

pol ycrystal |l i pe conductor | gyer;.and 2 ating, said
po[ycrystaII|£E se Eﬁﬁﬂﬁﬁ%ﬁé P yﬁiaéﬂ_gcygsﬁﬁﬁnsﬁ?ggd%%ﬁgF SEP}ﬁBPiPF i's
electrical |l y skcep veomfirises Timphahbingowithaorygehutohardosepinsthg pahgee

said first i?E+gﬂtﬁg? SEﬁQntﬁslstﬁB ngggaibmg ighglégéﬁolycrystalline

sem conduct o ayer I'NCrease e grarn s e nethod of claim 1L
wheréin sl d sem conductor layer is formed of_S|I|con. 35 4. The et hod
of claim11 wherein said first inplanting step conprises inplanting so.that
said first zone is - 19 - separated fromsaid first surface by a
third zone having an inplanted oxygen or nitrogen |level small enough so as
to not 5 substantially affect dopant migration therein. 5.. The nethod of

claiml wherein said first inplanting step conprises inplanting with oxygen
t o\g dose in the range fron1nDre than [err] to about [err] ions/[err].
15 -
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10 15 20 25 30 35 6. The nethod of cFaim 3 wherein said second

I npl anting step conprises inplanting As, B, P, mmmmum‘u . 5 7. '
The method of claim 3 wherein said firstpeatin ’ mgHmheati n’g)to
temperatures in the range 500-1000 degrees C for |ess 'thdn &botit 40
m.nutes. 10 8. The method of claim 3 wherein said first heati-ng step

conpri ses I§eat i nFheo medihnst Afiraiaim 3 hexeige =0RD-=l0hd cipplentingr a

time | ess FULS -inblantie et Hpd of aign 3 ergel aid first
heati ng st resp S%Cgrrpr;i sesin%elaat?%ig@iﬁ't rﬁt)'o lto'er?;#e'r ggﬂu'r e#sgl'l n hrteé'r ange
500- 1008 degrees C, and thereafter heating to tenperatures in the range
3\300- 1300 degreeTHe fmtHodb of lelafid Sadmriin aid fhstaidoeing stapm 3
erein sai Q eat. e X | se ating to m
“t enper at ur.ggfni’%t&ﬁ%%r gﬁ?geé%aéﬁ%ogﬁeéﬁg, e M9 rﬁ%‘qeh %Pfg%e 1- 20
seconds. 18egred@ise efidwdass dhamabaukr40 misnitesecond heating step
conprises heating to a maxi numtenperature .in the range 25 1000-1300
degrees C for tines in the range 1-20 seconds. 12, The nethod of claim8 .
wher ei A0saBd secFhe makhad) aff Sraip ivhareisais (Hlrstdheating FHRP at ure
in the rangenid@ekdHeatigiras Génperdtinres Nix the afgegd - Dfos<ryogls. 30

neating o R TEAS AR i 996 R S FRIBR00 degres C for i mes
\/

in the range 1-20 seconds. _ _
9. The method of claim 3 wherein said first heating step
15 comprises heating first to temperatures in the range
500-1000 degrees C, and thereafter heating to temperatures
in the range 1000-1300 degrees C for less than 60 seconds.

1lo0. The method of clainm 3 wheréin said second heating step.
20 comprises heating to a maximum temperature in the range
1000-1300 degrees C for times in the range 1-20 seconds.

11. The method of claim 7 wherein said second heating step
comprises heating to a maximum temperature in the range
25 1000-1300 degrees C for times in the range 1-20 seconds.

12. The method of claim 8 wherein said second heating step
comprises heating to a maximum temperature in the range
1000-1300 degrees C for times in the range 1-20 seconds.
30 '

13. The method of claim 9 wherein said second heating step
comprises heating to a maximum temperature in the range
1000-1300 degrees C for times in the range 1-20 seconds.

35



.35 -21- 14. The nethod of claim 2 wherein said se
conprises silicon. 5 15. The net hod -of cl&j m 14 wher m& |'&ﬂ&“|@l
step €onprises heating to tenperatures in e “range 10 |nes
| ess tHan 90 séconds. 10 16. The ‘'net hod of claim 15 wherein Sald first

I npl anting st S | apt h n to dos I n th

from nore tha§91014 é ?essgphgg %8%}“:%nsﬂéﬁginlsai ﬁgPHHE E%XFE
15 wherein samqmprises|ﬁ§naﬁpnng 15 step conpri ses |nplant|ng wi t h oxygen
to a dose gn the range form([err] to about [err] ions/[err]. 18. The
met hod of clajm 14 erei sald seiond heatlng itep conprises heating to
tenper atures +R*t heTh&nle 86-9508 3dmydf, where PofiF§§shﬁﬁ§§nEb§§§P40

m nutes.. 1ﬁ cahprﬁseBOHeatingatﬂltémpbeaeuﬁeﬁa%gogﬁggggn CEVLL ] %b?&300
conprises he e a SahN.the _range- - egrees or a
time | ess thg%6€9t£§%% gggg gﬂég 90 ?%‘gﬂgghod of claim 14 wherein said
second heating step conprises heating first to tenperatures in the range
500- 1000 grees C akke @l 89 u n

1000- 1300 Gegtbs CTorFaou henoBga ig owhrgPADgaIa EEst LhRTaREUNG, |
14 wherei n safteRtSPUBY ﬂﬁﬁt#oglﬁPF pa; withi exygen: tenpl dAeendnsthe range

conpri ses heafrau hore thzsnhnl eﬁaemeggrehan 1bé7rgag§/&ﬂ60 1300 degrees C
for times in the range 1 20 seconds. 35

/\/’ - 17. The method of claim 15 wherein said first implanting
-~ 15 step comprises implanting with oxygen to a dose in the range
form 1015 to about 1016 ions/cm

18. The.method of claim 14 wherein said second heating
step comprises heating to temperatures in the range 500-1000
20 degrees c for less than ahout 40 minutes.

19. The method of claim 14 wherein said second heating
step comprises heating to temperatures in the range
1000-1300 degrees C fer_a time less than 60 seconds.
_— N 3 : |
20. The method of claim 14;wherein said second heating
step comprises heating first'to'temperatures in the range
500-1000 degrees C, and thereafter heating to temperatures
in the range 1000-~1300 degrees C for less than 60 seconds.
30 _ . | _ | m_ o )
21. The method of claim 14 wherein said step of heating
prior to said first implanting step comprises heating to a
maximum temperature in the range 1000-1300 degrees C for
times in the range 1-20 seconds.
35



22. The nethod of claim 1 wherein said second inplanting step Ls deeper
than said first inplanting step. 5 23. . The nethod of claim1l wherein sai'd

secdond inplanting step is shall ower tha id fi ep. 24“
The met hod of claim2 wherein said seco rrpl arl “[“”m’“m l mm deeper\
than said first inplanting step. 25. The met hod* of¢ clai f 2 mhereln sald
second i nplzng i ngrwé ex@etﬁo&@f'éi@imti]%éféﬂgfééfa é&B&ﬂ&ti {n@ﬁag

26. A seniconduct or devigce co str pol yc
sem conduct®y qafﬁ feReTthan 8 ng:[’é Gijg%*ﬁei?ﬂli’aﬁ ‘aﬁts'ﬁﬂ’h sai d substrate
and a sétond surface opposite said first surface; a first region’

W thin sai oly t ug talnln t a peak
concent r at fbojrjl i an;‘?lée %"r:lﬁé;&[éeﬂ%fgm %e%%ﬁg?ﬁa Te"a“ge&!ﬁga}‘sgmn in
sai d pol ycr8k&em| $rﬁh§%&9€%ﬁdﬁb§%rsa fivstt iplantingesteponcentrati on of
a conductivity 25 altering dopant; and wherein a portion of said first

region |ies pbetween sai cond |on and said first surface. 27. The
de\gl ce of agﬂ 2’@‘%@?9;5%?& 2312 '¥Rereinsaid jpecondcimpiantingt

| east A@ee fahep Mg hiedper kelean sﬁioafﬂrﬁolyﬁpysﬁaihgnetgﬁm conduct or layer.
28. A sem conduct or device conprising: a substrate; ‘a
polycrystalline sem conductor layer having a first surface in contact wth

sai d subst i2fie arthe methed cfirelaimcPpdsereinasalidisecondrinpranting
step is shallower than said first implanting step. g_)
15 26, A semiconductor device comprising:
a substrate; | ' i
. a polycrystalline semiconductor layer having a first
‘surface in contact with said substrate and a second surface
opposite said first surface.-
20 a first region within said polycrystalline
semiconductor layer containing oxygen at a peak
concentration'in'the range 1019=to 1021 atoms/cm
a second region in said polycrystalline semiconductor
: layer containing a peak concentration of a conductivity
25 altering dopant; and
’ ‘wherein a portion of said first region lies between "/
_ said second region and said first surface.

27. The device of clain 26 wherein said first region has a
30 thickness of at least one fourth the thickness of said
polycrystalline semiconductor layer.

28. A semiconductor device comprising:
a substrate; o |
35 _ a polycrystalline_semiconductor layer having a first
' surface in contact with said substrate and a second surface
opposite said first surface:;



.-23- afirst region within said pdlycrystalline senicon_“zz;ﬁTzﬁﬁﬁr\““*-

cont gai ning oxygen at a peak 5 concentration in the rang ﬂ" v
atons/[err]; a second region in said pol ycﬁﬁstal i ne semy M ﬂ'ﬂ” m‘“"l .
contérﬁing a peak concentration of a conductivity altering dopant® andsx
wherein a portion of ggid firs& rengg | i es getmeen 10 sai d second region
and sai d second surfatersboredien Within sa3{d PaIRCEVSHALIENA said first
regi on has a semitomductébralajezstontaihingt bxyyent atcknpeskof said

pol ycrystakli ' t 9} e “3Q19 em,gonduct or,_dgvi ce
conprisingé aaéﬁﬁgg?%?ggﬁgv?ﬁngé %ﬁgégaiﬁngAgér ce;ggpﬁﬁ(ﬁﬂﬁystalline
'sem conduct or | ayeraofegend reagiont ingssidf podycrietaihinei semiconductor

polycrystal | ir@yéeyeanJealifmngOaf pédk &sgegﬂtéaegén%k hagﬁéhgagﬁlﬁgg t a

second regi on substantia ree of sail I rst dopant, egi on
cont ai ni ng ox34ERTHNIAPPBREA 8Rda peak concentration in the range [err] to

[err] atonms/[err] |whetadnl at pogtivnbeEveaidsigsti feé§ioandl $8580BEtkRENHONS.
25 31. -~A.senigconductor device copprisi,ng. a ubst&ate havi ng an
insulatiﬁgbsu??gge?eﬁ°ﬂgl§89§8Pa??$ﬁ§a§8ngﬁﬁﬁﬂac?BF fS$er on said 30

I nsul ating surface, wherein said polycrystalline |layer has a first region
doped with a 337st $083bviReSEE0BYatRIaA wARSLANLARA! F1lhEerahiaR labl St
dopant, and a third region |nE anted wi oxygen or_ nitrogen fo a_dose in
thearange f roWAHEKBEERARE 10k, eastcane; AAHEED Fheokbieknesscatosaid

| aréral Iy bétyeppcspbeaiiine sefliceaatdtseolaper.
15 - '
30. A semiconductor device comprising:
a substrate having an insuléting surface; a
polycrystalline semiconductor layer on said
insulating surface, wherein said polycrystalline layer has a
20 first region doped with a first dopant a second region
substantially free of said first dopant, and a third region
containing oxygen or nitrogen at a peak concentration in the
range 1019 to 1021 atoms/cm3 located laterally between
- said first and second regions. :
25

31. A semiconductor device comprising:
a substrate having an insulating surface:;
a polycrystalline semiconductor layer on said
30 insulating surface, wherein said ﬁélycrystalline layer has a
first region doped with a first ddpant, a second region
substantially free of said first dopant, and a third region
implanted with oxygen or nitrogen to a dose in the range
from more than 1014 to less than 1017 ions/cm2 located
35 laterally between said first and second regions.



32. The sem conductor device of claim 31 wherein said dose in the range

from[err] to about [err]. 5 33. A nethod fer ul u n1grat|on
in polycrystalline sem conductor |ayers,s staﬂmmn "Jml ﬂm'n)efore v
descri bed by way of exanple with reference’to the drawi nlys.s 10 34.

seni conduct or device substantially as herelnbefore descri bed by way of

exanpl e with 4£f er ofee donidondlicvbr ddevide 20¢ 2861 80m 351 wherein said
dose in the range from 1015 to about 1916

'~ 33. A method for controlling dopant migration in
pochrYstailihe semiconductor layers substantially as
hereinbefore described by way of example with reference °
to the drawings. ' '

10 : _

34. A semiconductor device substantially as
hereinbefore described by way of example with reference
to the draW1ngs. U
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