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SURFACES 5 . BACKGROUND OF THE | NVENTION Fi el d of the

4l nvention This inventioh rel'ates in general to nmeans and nethods for
stabilizingithe properties of polycrystalline 10 sem conductor | ayers
and, nore particularly, to neans and nethoé fior controlling surface hillock
growm h in polycrystalline sem conductor |ayers during high tenp g#
processing. 15 Background Art El ectronic devices using polycrgéf 5%“34
semwconductors often exhibit problens associated with the formation of
suriaze roughness in the pol VMEANS 2ANDWETIODNEORUSTABEDEAINGyers of

pol ysilicon are heated, susdy, 0| ribution of
‘a dopant it is observed tfmat %E?fé?A%ﬁﬁﬁtrﬁ%ﬁfﬁgﬁ?g?@gﬁr E§g§5?§run t he
surface of the poly. These uneven surface features, collectively referred
to herein as hillocks, can degrade the |ntegr|ty of any subsequent |ayers
pl aced on t gp of 25 the poly, -3 Sﬁﬁﬁﬁgékgifﬁ for
passivation or multi-layer intefeef S i1l ock
formation may be avoided in polysilicon, for exanpl e, by capping the poly

| ayer prior to @1 gk ts of applylng a covering |layer 30

of anot her natepﬁgiigg%% srr#%§g£%§OX| de or silicon nitride. However,
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poly, and in thwmdslafcm@tibiimxnéOtmtpﬁepbaﬁiaererOiaawcbgeI&anme
unavmdabl«io les of such situation 3 are._when

4 miconductor layers an more parélcugarly, to means and
method for controlling surface hillock growth in
polycrystalline semiconductor layers during high

temperature processing.

15 Bacgground Art
~ Electronic devices using polycrystalllne
semiconductors often exhibit problems associated with the
formation of surface roughness in the poly.  For example,
when un—capped layers of polysilicon are heated, such as
20 during activation or redistribution of a dopant, it is
~ observed that bumps, hillocks, and/or spikes form on the
surface of the poly. These uneven surface features,
~collectively referred to herein as hillocks, can degrade
W | the integrity of ahy subsequent layers placed on top of
25 the poly, as for example dielectrics used for passivation
or multi-layer interconnections. .
It_is-known_that_hillock formation may be avoided in
polysilicon, for example, by capping the poly layer prior
. to heating,  Capping consists of applying a covering layer
30 of another material such as silicon dioxide or silicon
~ nitrigde. However, under;certaiﬁ circumstances it is not
practical to use a cap layer over the poly, and -in these
situations hillock formation has heretofore been
unavoidable. Examples.of such situations are when a high
35 temperature processing step must be used prior to



35 tenperature processing step nust be used prior to -2- providing the
cap layer, or when the insulating cap layer would interfere with making
good el ectrical contact to the pon | ayer, or where the cap |ayer woul d
interfere with subsequent processing steps. Thus, a need continues to 5
exi'st for inproved nmeans and met hods for ovgrcon1ng hillock formation and
ot her problens arising in connection with polycrystalline sem conductor
Fayers. Accordingly, it is an objective of the present invention to provide
i mproved neans and net hods for 10 preventing hillock formation in the ., «
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oxygen or- ni trogednt i SAOES Provfidd inbddifed means and methods for
-~ 10 = preventing hillock formation in the surface of _
polycrystalline semiconductor 1ayers during heat o’
treatment. o o

It is an additional objeCt'of'the'present'invention

to prevent hillock formation'in polycrystalline
15 semiconductor layers without using a cap layer.

- It is a further cbject of the present invention to
prevent hillock- formation in polycrystalline semiconductor
layers without using a surface insulating layer.

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

20  intended to refer to the class of 1mpurities which provide
substantial number of shallow donor or acceptor levels in
- the semiconductor so as to substantially alter the
conductivity of the material.” 'In the case of silicon _
materials, examples of this class of dopants are-arsenic, o/
25 boron, phosphorous, antimony, aluminum, gallium, and
indium, but not oxygen or nitroden. Those of skill in the
art will understand that other such dopant elements exist
for use in silicon and other semiconductor materials. As
used herein the words "high temperature" are intended to
30 refer to temperatures where the phenomena of interest are
proceeding at a rate significant compared to the time
" periods of intereSt. For example, for dopant'migration or
oxidation of silicon, this is geherally above about 1000
degrees C. Those of skill in the art will understand that
35 ' '



art will understand that ot her such dopant el ements exist for use in
silicon and other sem conductor materials. As used herein the words "high
tenperature" aré intended to 30 " refer to tenperatures where the phenonena
of interest ‘are proceeding dt™a rate si-gni fi cant Gofipared to the tine
periods of interest. For exanple, for dopa'nt3 m gration or oxidation of

silicon, this is generally above about 1000 degrees C. Those of I sk:cl | in
the-art will un st and. t hat+35 n nperatures apply for
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15 According to the present invention in a further aspect thereof
a method for preventing hillock formation in polycrystalline
semiconductor layers comprising: prov1d1ng a_ substrate having
thereon a polycrystalline semiconductor layer with an exposed
- surface; implanting oxygen ‘into said exposed surface to a dose in the
20 range of 1015 oxygen ions/cm2 to 5 x 1016 oxygen ionsfcm2 at
energy in the range about 10-50 keV; and thereafter heating said
layer.

According to the present invention in a yet further aspect
. thereof a method for preventing hillock formation in polycrystalline
25 semiconductor layers comprising: providing a substrate having
thereon a polycrystalline semiconductor layer with an exposed
— surface; implanting oxygen into said exposed surface at an energy in
‘the range of 10-50 keV to a peak concentration within the
polycrystalline semiconductor layer in the range of 7 x 1019
30 atoms/cm3 to 3 x 1020 atoms/cm3; ‘and thereafter heating said
layer.

According to the present invention in a yet still further aspect
thereof a semiconductor structure, comprising: a polycrystalline
semiconductor layer having a first surface; and an ion implanted

35 oxygen region in said layer and extending below said first surface,
wherein said ion implanted oxygen region has an peak oxygen
concentration located below said surface and having a value in the
range 7 x 1010 oxygen atoms/cm3 to 3 x 1020 oxygen atoms/cm3.



energy in the range about 10-50 keV; and thereafter heating said | ayer.
- According to the present invention in a yet further aspect thereof a method

for preventing hillock formation in polycrystalline 25 sem conductor
| ayers conprising: providing a substrate having thereon a -polycrystalline
seni conductor layer with an exposed surfacd; -i npl anti ng oxygen into said
~ exposed surface at an energy in the range of 10-50 keV to a peak
concentration within the polycrystalline sem conductor |ayer in the range
“of 7 x 101 9 30 aAccordifgrtd the presestr ilventions/inmn mveri furiber aspect |
heating said h n ninayet still .z
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surface, wherein s oxygen dopes region i.s prepared by ion inplanting
oxygen into said surface to a dose-in the range of 1015 oxygen 10 ions/cn®
to of 1015 5 x 1016 oxygerBREEE SCRIE : RAWIN
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‘15 Figs 1A-C show simplified ‘schematic ‘cross-sectional views of a
portion of a semiconductor device containing ‘a polycrystalline region
and indicating the surface roughening phenomenon observed
following uncapped high temperature heat treatment. |

Figs 2A-C show simplified schematic cross-sectional views of a

20 semiconductor device similar to Figs 1A-C, but according to the
present invention wherein- hillock: formation is prevented:

Figs 3A-C show SEM photomicrographs at different
magnifications of portions of a polysrhcon layer, ‘with and without
oxygen 1mplantat10n and after high temperature heat treatment



BRI EF DESCRI Pl ON OF THE DRAWNGS 1 5 Figs 1A-C show sinplified
_schematic cross-sectional views of a portion of a sem conductor device
"tontaining a pol'ycrystalline region and indicating the surface roughening
phenomenon observed fol | owi.ng: uncapped -hi gh tenperature heat treatnent.
Figs 2A-C show sinplified schematic cross-seckignal”views of a 20

sem conduct or device simlar to Figs 1A-C, but according to the present
invention wherein hillock foormation is prevented. “Figs 3A-C show- SEM
photeni crographs at different magnifications of portions of a polysilicon
| ayes Wi th and wit hout oxyPETAILEDDESCRIPTION! oF fME rwiwgeer at ur e
heat treat nent-. -5- DETAI LED DESCRI PTI ON OF THE DRAW NGS For purposes of
expl anati on, the deVIce structures and nethods herein are shown for the

case of silicon basedFST PYEFOESSIOE explanatdomnthwderics atiuetnids con

I aéer S. hngever I andoaethbd%khle&-elihdtﬁ? %hbfﬁ*sltfﬁftjgg‘%n c?%d 481 TGRE JRANS
t sem_conduct or s
Sglygfys?afl ﬁg seﬁ?g gHEFBFédeXﬁ&eérénﬁrQQ%MHQY%%&L%%PQ%?#%iQQHﬂl&YerS-

under st andi ng aniowevet( thoseendedkidlbdnl ithie! ate wand t\ﬁf&el‘gt g thla*;;=nt ed
| E e erw se .note i
nmaterial s. may- al gRelE Héﬁﬂs ARaMh&Pnoks? R B&h %% % | &M %ﬂ%ﬂiﬁﬁqq

or doped regions of th are genera
| ayers or reg|0n§u§?5r§ﬁﬁﬁnaﬁ§t@ﬁ 8r PRdysrygtalline Gemicdndqucrsatand

undoped poly regaDQSpnéseﬁhedﬂmérEQy aér&ﬁwﬁlatthh gﬁ@fstﬁﬁdi Sot ¢
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' be used. ' '
~ In FIGS. 1-2, unless otherwise noted, implanted or
~ doped regions of the poly are generally shown stippled,
- dielectric layers or regions are shown hatched, and single

15 crystal regions or undoped poly regions are shown clear.
Arrows at the boundaries of the dopantlimplanted regions
in the poly are used to indicate the direction of
migratlon of the dopant atoms in the poly during
subsequent high temperature operations.

20 - FIGS 1A-C show in 51mp11f1ed schematic cross-
sectional form, a portion of a semiconductor dev1ce
exhibiting hillock formation in a polysilicon layer.
Device portion 29, which may be for example a MOSFET,

W . 'comprises substrate 30, dielectrlc region 32, and
25° 'superposed polycrystalline semiconductor region 33 having
' substantially smooth upper surface 33a. Implanted dopant
~ ions 34 dope poly reglon 33 and portions 31 of substrate
30. However it is not essential that substrate 30 be
doped and a MOSFET need not be formed. For example,

30 dielectric 32 ‘may cover the surface of substrate 31 while
poly region 33 functions merely as a first layer
1nterconnect running 1nto the plane of the figure.

It is observed that if poly region 33 is left
uncapped during subsequent heat treatment, as for example,

35 during high temperature processing to activate dopant 34



m gration of the dopant atons in the poly during subsequent high

t enperature operations. 20 FIGS 1A-C show in sinplified schematic
cross- sectional form a portion of a sem conductor device exhibiting
hillock formation in a polysilicon'layer, Device portion 29, whicH may be
for exanple a MOSFET, conprises substrat% 30, dielectric region 32, and 25
super posed polycrystalline sem conductor region 33 having substantlally
snoot h upper surface 33a. |Inplanted dopant ions 34 dope poly region 33 and
portions 31 of substrate 30. _ However it is not essentlal that substrate 30

be doped aA®da anpEET thednplank 4aRage, ERAtRANBPERSIOT BFmASCY i c 3.
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37, hillocks ar, 5_.degrade. L he ge Lt n 36a 10 of |ayer
36 and aw%&?%%ﬁ%eﬁ’g ggy%ftszfepﬁggge%géno sg%;ahl(%n 37a of |ayer %7
Thi s i s undesirabl ethéd$esandndtbeneprpbdpmsnsrer oversomswitih thee neans
and "EthOdﬂgaﬁs“aﬂﬁQQQQﬁodnofnthanresuﬁtrih@@nt&on illustrated in

FIGS. 2A-C and described more fully in connection with
15 FIGS. 3A~C. _
| _ The problems illustrated in FIGS. 1A-C may be
overcome by the.means_and_method illustrated in connection
~ with FIGS. 2A—G&wherein device portion 59, similar to -
portion 29 of FIGS 1a-C, comprises substrate 60, doped
20 regions 61, surface dielectric region 62 and superposed
poly region'63._ Portion 63b of poly region 63 has been
implanted with dopant ions 65 either before or after
formation of region 63a, but in. FIG> 2A has not yet been
subjected to any high temperature proceSSing sufficient to
25 cause grain boundary migration of dopant ilons 65 in region
63 or hillock formation. Arrovs 63d at dopant implant
_boundary 63c indicate the direction of movement of dopant Q;
ions 65 during high temperature processing. Portion 63a is -
formed at or immediately adjacent surface 63e. of region
30 63. Portion 63a contains added oxygen,_and is preferably
' formed by implantation of ions 64. Portion 63b containing
dopant ions 65 has been illustrated as being placed
relatively deeply in region 63 and below portion 63a.
However, this is not essential.' SO far as preventing
35 hillock formation is concerned, the location of doped
portion 63b is not important. It is only important

o



FIGS. 2A-C and described nmore fully:in.connection with 15 FIGS. 3A-C. The
problens illustrated in FIGS. 1A-C. may be overconme by the means and mnet hod
illustrated in connection with FIGS. 2A-C wherein device portion 59,

simlar to portion 29 of FIGS 1A-C, conprises substrate 60, doped 20

regi ons 61, surface dielectric region 62 and7super posed poly regi on 63.
Portion 63b of poly region 63 has been inplanted with dopant ions 65 either

before or after fornatlon af:«r egi on 63a, byt Fl.g» 2A has no et been
subjected to atahRHTHOBSA.bEr @ %d&rgpabatgﬂt radjacent exposed csnrface 63
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64. Portion 6 n| ng opant |o ed_as belng
pl aced rel ati vémoathegnd ispbsequently starmed) diglpateict layers £6 andpoly, layer
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e 1 002t 03 O eicaEarlRh b iRl ForHida, BhLsopibh 63, 7L | 150" B
has been found that vvhen oxygen ions, or mxtures thereof 5 are inplanted
into surface portion 63a of regi Oﬁiﬁﬁk@@ﬁtlﬁﬁﬁq@m tion is prevented
during subsequent hi gh 't enper at ur
W, Polycry_stallme silicon layers of about 0.6 microns thickness
15 were formed on oxidized silicon wafers using LPCVD techniques well
known in the art. The as-deposited films or layers had grains
typically 0.02 microns in diameter. Accordingly, prior to heating the
layers were about thirty grain sizes thick. After heating, grain sizes
. increased to about 0.2-0.6 microns. It was observed that if such
20 films were heat treated without a cap layer for example heated from
room temperature to a peak temperature of about 1150 degrees C
and back to about temperature again in about 20-25 seconds, that
the surface of the polysilicon layer was substantially roughened
- Hillocks, bumps, and spikes formed in what previously been a
25 smooth polysilicon surface. The heating was carried out in a Rapid
| Thermal Annealing (RTA) apparatus, type IA-200 manufactured by
— . Varian Associates, Gloucester, MA. This type of apparatus is capable
of very rapid heating and cooling of semiconductor wafers, and
unless otherwise note, was used for all of the high temperature
30 operations carried out in connection with this invention.




processing, as shown in Figs 6B-C. Accordingly surface 63e remai ns snooth
and subsequently fornmed dielectric |ayer 66 and poly |ayer 67 are not

di sturbed. Portions 66a and 67a above surface 63e are 10 not degraded by
an hillock formation in region 63. 'EXPERI MENTAL RESULTS Pal ycrystadlline
silicon layers of about 0.6 micronhs thicknds 1 5 were fornmed on oxidized
silicon wafers using LPCVD techniques well known in the art. The
as-deposited filns_or layers had grains typically 0,02 mcrons in dianeter.
Accor di ngl'y, The wffeetiveatime, aththe peaks tﬂmnerammt is restingatgdaita bezabout

thick. After dipalsefgnddr &ﬂufarz ?ﬁllb@!& Rsur®- &henfismvﬁé:omfmhgv
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15 twice the dose of atomic oxygen (0  at ‘half the energy, i.e. 5'x 1014
~to 2 x 1015/cm2 to 30 keV. The low equlvalent energy was desired
- in order to place the peak of the implanted oxygen distribution at or
very close to the surface of the poly layer. -
It is estimated that for a 30 keV equivalent energy ‘implant,
20 the peak of the implanted oxygen distribution lies about 0.06
. microns below the poly surface. Since the implanted oxygen
concentration falls off exponentially with distance on either side of
the peak, the oxygen concentration at the surface in this case is
expected to be about ten per cent of the peak value. These doses
25 correspond to a. peak concentration of about 7 x 1019 to 3 x 1020
oxygen atoms/cm3, respectively, that is, to a peak oxygen
concentration in the polysilicon of about 0.1% to 0.6%. The oxygen
concentration in the silicon' at the exposed poly surface is estimated
to be about one tenth of the peak values, i.e.. about 0 01% to 0 06%.
30 These :




Yayer was inplanted with oxygen to a dose far beIOM/that required to
produce a surface oxide |ayer, that <the tendency of the surface to 1 0
erupt into hillocks on heating was substantially arrested. Bare polysilicon
| ayers were-inplanted with nol ecul ar oxygen (02+) at about 60 keV energy to
doses in the range 2.5 x 1014/cnR2 to 1 X lglélgnﬂ Mol cul ar oxygen was used
for convenience in selecting the energy. These inplants are equivalent to
providing 15 tw ce the dosesof atom c oxygen (O+}sat .half the energy, ie.

5 x 1014'to 2 x 1015/cn? to 30 keV. The | ow equi val'ent energy was. desired

in arder to pl agentkatpathods aie &R m«eﬂz wnegerreaxﬁtzred)tﬁd Ofo¥h £r very
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(ﬁlﬂ reference to the scale bars associated with each figure.
' ' The smooth appearing regions at the left of FIGS. 3A-B are
~ the regions of the.poly layer which had been oxygen
implanted to a dose of 2 x 1015 ions/cm2 at 30 keV
15 equivalent. The rough appearing regions at the right of
" FIGS. 3A-B and in FIG./3C had received no oxygen implant.
It is readily apparent that hillock formation is
substantlally arrested in the portions of the poly layer
_ which have been oxygen 1mplanted.
20 Samples which had been implanted Wlth a dose of 5 x
1014 ions/cm? at 30 keV equivalent showed only a
marginal change in the propenslty to form hillocks during
uncapped heating. The lower the energy, the lower the
o/ dose which is likely to be effective in suppres51ng
25 hillock formation since more of the implanted oxygen is
| close to the surface grain boundaries. Doses in the range
of about 1015 to 5 x 1015 ions/cm? are believed to
be useful with 2 x 1015 to 1016 ions/cm? being
convenient. It is expected that the hillock prevention
30 effect will increase with increasing dose, i. e., the
layers will be able to withstand longer exposures to.
higher and higher temperatures. However, the res1st1vity
of the surface region of the layers is also expected to
increase with increasing dose. The presence of a high
35 resistivity region next to or at the upper surface may



5 m crographs of various portions of the surface of a_polysilicon |ayer
at several magnifications, with and w thout inplanted oxygen, after being
subj ected to the heating procedure described above known to produce hill ock
formation in un-capped poly | ayers. The sjze of the 10 freat ures ’visi bl e
I'n the m crographs may be judged by réfer’dhce to the scal e bars associ at ed
with each figure. The smpoth appearing regions at the left of FIGS. 3A-B

are the reg o] e a X d
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surfaceygr agirzadedds ¢he pdlesry sta.'thrliémganbéomutoim&yeu. 5 Fot016
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longer expogysngsaho h"l?%?e e ¥Y dpoherig eﬂﬂérérﬁrﬁﬁdersiﬁ&ﬁaehowt Ii‘.% vary

resistivity, the sur reglon of the | ayers al'so, expe
i ncrease wi GRB Ladvte £RSHFYI e gé dagﬂﬁﬁﬁn’éSlE‘pﬁ t | vity

~region nsxtpeneﬁraﬂiddsaﬂﬁﬁmuiﬁtefeme guyin sizes, different target o/
materials and different implant ions, and that different
energies may be required for such different grains sizes,
materials and implant ions in order to place the peak

_ concentration of the hillock inhibiting atoms or ions
- 20 ad]acent to or within a diffusion length of the exposed
surface of the polycrystalline semiconductor layer.
|  The stability of the oxygen implants was
investigated by Auger Electron Spectroscopy on capped poly
layers which had been implanted to 1015 ions/cm at 200
25 keV. The implanted oxygen concentration versus distance
from the poly surface was measured on as-implanted samples
_and on samples that had received high temperature ()
~ treatments similar to that used to induce hillock
formation.' Within the accuracy of the measurement
30 technique, no 51gnificant migration or spreading of the
implanted oxygen distribution was apparent._ The above
_described results indicate that the oxygen has, at most,
migrated to the grain boundaries of the polycrystalline
layer and precipitated there. It has not migrated
35 throughout the poly layer. It is believed that the
precipitation of implanted oxygen on the grain boundaries
near the exposed

#



210- cause hi gh -contact or sheet resistance. .This is generally not
desirable. If a silicon inplant is used to .inhibit 5 hillock formation,
there is no risk of forming such an insulating layer. This is an advantage
of using silicon inplantation. The ener.gy qf. the inplant should be adjusted
to place the peak of the inplanted oxygeh just under the 10 surface of the
pol ycrystal | i ne sem conductor |ayer. For polysilicon, 0O+ energies in the

range 10-50 keﬁ{:e&w&g&%gg g0 st ﬁg:ﬁ@lﬁicﬁmmﬂs t-[xépc kev

bei ng typi cal ose art u st an ow to var ant
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The stability_ o éﬁggs: l'ants was g estl at ed.'by Auger E ectron

Spect r oscopy 6ﬁY85p§Bé° &r dayereh QﬁﬂﬁﬁﬂWQHQPe micron.
ions/cm @b 200 25 keNe oibgempk@ﬁ@d.uamg@erommreergﬁaaﬂn Goutkiatises is
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.. the result of implanting oxygen is different than for other

" materials, such as for example silicon, which merely
(% 15 amorphize the surface and do not form a chemically stable
second phase at the grain boundaries. Accordingly, the
hillock blocking effect of the oxygen is expected to be
more resistant to annealing during high temperature
processing and be more permanent as compared to mere
20 amorphization of the pol& surface.

The effect of oxygen implantation on the sheet
resistance of the poly layers was measured for oxygen
implant doses of 1014 to 1016 ions/cm2 at 200 kevV.

The layers were arsenic doped after oxygen implantation to
25 5 x 1015 arsenic ions/cm2 at an energy of 150 keV and
then activated using the RTA technique at peak temperatures
ranging from 1100-1200 degrees. The effective time at
temperature was estimated to be about one second. The
higher the activation temperature, the lower the resulting
30 sheet resistance. The sheet resistance was measured using
a standard four point probe. Such techniques are well
known in the art. Some of the layers were annealed prior
to oxygen implantation to increase the typical grain size
from about 0.02 to 0.2 microns. Control samples without
35 oxygen implantation were similarly doped. '



30 technique, no significant mgration or spreading of the inplanted
oxygen distribution was apparent. The above described results indicate
that the oxygen has, at nost, migrated to the grain boundaries of the

- polycrystalline | ayer and preC|p|tated there. It has not ‘mgrated 35

t hroughout the poly layer. It is believed ihat the precipitation of

i npl anted oxygen on the grain boundaries near the exposed surface
inhibits the grain-to-grain silicon transport. that is necessary for
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sheet resi st quycqfstaﬂmqocdlhcbnyéayemandeahmt cthef arseniggdoped poly-layers
still have comparatively low resistance even after such oxygen o
implantation. SR : &

[




i npl ant doses of 1014 to 1016 ions/cnR. at 200 keV. The layers were arsenic
doped after oxygen inplantation to .25 5 x 1015 arsenic ions/cn2 at an
energy of 150 keV and then activated using the RTA technique at peak
tenperatures rangi ng from 1100- 1200 degrees: The effective tine at
tenperature was estimated to be about one sef®nd. The higher the activation
tenperature, the lower the resulting 30 sheet resistance. The sheet

resi stance was neasured usi.ng. a standard four point..probe. Such techniques
are-wel | known in tHEheset ofSskill dh the arhywill usderstamdahat gthieor dopamtsygen

i npliant ati on t gesifdseatseripe chﬁpbggbgg)}gg@dsﬁg Cthle! %ﬁ%ﬁbi@r galqtne,{rﬁaé’ i%opant.
esl%

m crons. Coptr anpl es w t hout, n i nplantation wer i
doped. - - 12%“1%!??’)5’2'@@? P s’ﬂ%‘llal% fart ywtl understand. that the, peincapless

varied. from ahawghtherein dpplypes ohesr semiddindRictof Smaterials, oduc ' \Wose 5
i denti cal Iayerz "iﬂ%el Vi 'aﬁ.i o4s og%gen doses wer.e ﬁﬁ-Xle oh per
square for a d&&8 108Y¢ gt '["éﬂ?‘f seeEpapiiR gad ;Y aptgrialsgose of
1015 i ons/ [ er r JAcoordixgly4dit dismintended gtonrinchude alldsaeh otariftiéns dns thé atlaims
Wil e the oxyg%ﬂl-icﬁplfaﬂbal in these tests were deeper in the layers than

t hose used for elterm'nl ng the hillock 10 inhibiting effect, the results
demonst r atld0t hat ‘oxygen -inplants in the sane dose range do not destroy the
conducting nature of the polycrystalline silicon |ayers and that the

arseni ¢ doped poly-layers still have conparatively | ow resistance even
after usuch oxygen- i nplantation. . o S
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- 13 - Those of skill in the art wll understand that other dopants hesides
arseni ¢ can be enployed as the conductivity altering dopant. 5 Furt her,
those of skill in the art will understand that the pri nmnmmm’mmmnﬂ“lm n o §
apply to other sem conductor materials, such as for exa "
limted to, germaniumand I11-V materials. j4ccordingly, it Fs tntended 't o
include all QUAAVYRAISitions in the clainms which follow 10. -14- 1. A
net hod for stabftTzZing pol ycrystalline sem conductor |ayers conprising: 5
providing a spbstrAt ehethodrifos stabilivingy spélycrystatiiie Cc semicodudtorelsye?s,
said substrate; then in either order, inplanting oxygen into the surface\gf
sai d pol ycrys‘f‘?;l‘PPPrﬁ%ngem conductor |layer to a doses in the range of [err] 1
0 ions/ Perr] to providing aosabstrate;and i npl anting a conductivity altering

dopant into said crvstall hge.Seli | 5 ; eaf:ner, :
heating said pol y%f?ﬁgﬁl %ngdggﬁiﬁﬂi&ﬁ%]_%%eﬁg&ellggglr'gl_ggfIflglgct | vate’
sai d dopant. m;bstra.te; The method of claim 1 wherein said formng step '
conprises f.ormng ¢yanS#h leithdS ordef, ImPaNGhYSbRYEERCIntS MO WA Jfaysid
havi ng a subst gnti al Iﬁ.srmoth. upper surlf ace. 3. The .net.hod. of cl ﬁl {%115
vherein sai d ROFETYgalling, semisonducton layer, tpa dases 38| e yangei Phe

seni condLt oridmyemaitbh®ut 1038 iiopsfom?d, tawd cimplantingn ca fcondudtiviey
sufficient toalié)ﬁfﬂg eﬂoﬁghfj it 35l polycrystalline semiconductor layer; and

thereafter, heating said polycrystalline semiconductor layer to
electrically activate said dopant. '

| o
15 2. The method of claim 1 wherein said forming step comprises
forming on said substrate a polycrystalline semiconductor layer
having a substantially smooth upper surface.

3. The method of claim'! 1 wherein said forming step comprises
20 forming said polycrystalline semiconductor layer without heating to
a temperature and for a time sufficient to roughen said surface.

- 4, A method for preventing hillock formation in polycrystalline
semiconductor layers comprising: :
25 providing a substrate having thereon a polycrystalline
semiconductor layer with an exposed surface;
implahting oxygen into said exposed surface to a dose in the
range of 1015 oxygen ions/cm2 to 5 x 1016 oxygen ions/cm2 at
energy in the range about 10-50 keV; and
30 thereafter heating said layer.



21 A method for preventing hillock formation in polycrystalline
sem conduct or | ayers conprising: 25 .. providing a substrate having

t hereon a pol ycrystalline sem conductor layer with a .

i mpl anti ng oxygen into sai d exposed surface fo a dosllmmﬂﬂgmﬂmlsﬂm] 1015
oxygen ions/cnR to 5 x 1016 oxygen ions/cn2 B -energy *i ntt he randge about
10-50 keV; and 30 thereafter heating said |ayer. -15- 5. The
~nethod of claim4 wherein said inplanting step conprises inplanting to a

dose-in the ramye of e xmethedehsiaim 4owherein 5a1d dmplanting: stserapmprises
the xange aboulimflafinkedé aSdose TACHErhAge 'GX 2P&CYOIS! BEnbickiD G j@18RLI on
in pol ycrys%al l.i ne ,sery conduct qr -I.ayef‘s conpri sing:._providing a subStrate
havi ng" t her®on lgnﬁé?%ry%‘tﬁpﬂﬂss 11 the Sangs, abeu20-40ckeli-t h an exposed
surface; inplanting.oxygen into said exposed surface at an energy in the
range of 10-50 g&eV t OfGe I Wikl the Lycrystalline .
sem conduct or Idz(iyqr 'ﬁ?\ét ﬁlg?#(%@;gg&o;ﬁr%eéﬁtiﬁgmbhz?%ﬁrgfﬁﬁ ol Polygrystalline
atoms/ [err] ansemisonductor hlayens t comprigingy sai d | ayer. -~ -16- 7. A
sem conduct or struct ; | S{H Pratd Veteal Li ng G Lar |ayer
having a fjgst surf gb?l%n% 5 sﬁiﬂﬁ.gratgnﬂlﬁgﬁfé ﬁ\%?%é%d&o??&%g%@é in said
| ayer and )Ieéteﬁgm}gon uctor layer with an exposed surface;

B implanting oxygen into said exposed surface at an energy in
the range of 10-50 keV to a peak concentration within the
_polycrystalling semiconductor layer in the range of 7 x 1019
Y - atoms/cm3 to 3 x 1020 atoms/cm3; and - |

15 thereafter heating said layer.




bel ow said first surface, wherein said ion inplanted oxygen region has a
peak oxygen concentration |ocated bel ow said surface and having a value in
the range 7 x 1019 oxygen atons/cnB to 3 x [err] ox”

The sem conductor structure of claim7 wherein said m,"mﬂmmm,lmygen
regi on has a concentration between said surface and the®|dcatti of of said

' peak concentration which is |ess than sal'dléeak concentration.. 15 9. A

sem conductor structure conprising: a polycrystalline sem conductor |ayer

having a first surface and an: oxycen doped: regi.on in said | ayer..adjaceng
said first suffacefart¥micondycto E“@H‘n’g’e STISHIS odat B%Wlé%éd fi vt

20 surface y&m{amdmoﬂ l«ayggehav&nge(t rfhgtosunfacarmdred by ion inplanting
oxygen inko said s h Y. err]
s ot %5%076 oxyBnti ibibiRptar Hken Eséffﬂﬂé ikl My e L dghRdink
seni conduct orbshorw:csandefmt auafaqeg whereinn said doax jmplantede oxygenomegion a
concentratio i e | d

concentrati orr:h%sgl 0\% sal 3”@5%?‘ ﬁ\%ﬁ ﬂ'gtﬂoﬂ J%%Hs‘té& gﬁldgl %ﬁﬂ 3 ?@ée and
concent r at | onhaving a value in t e range oxygen atoms/cm3 to 3 x 1020

. oxygen atomslqm3.

10

8. The semlconductor structure of claim .7 wherein said ion

implanted oxygen region has a concentrauon between said surface

and the location of said peak concentration which is less than said @ -

peak concentration. ~
15

9. A semiconductor structure comprising: a polycrystalline
semiconductor layer having a first surface; and
an oxygen doped region in said layer adjacent said first

surface and having a peak concentration located below said first
20 surface, wherein said oxygen doped region is prepared by ion

implanting oxygen into said surface to a dose in the range of 1015

oxygen ions/cm2 to of 5 x 1016 oxygen ions/cm2 and then heating

said layer.

25 10. The.semiconductor structure of claim 9 wherein said oxygen
dopes region has a concentration between said surface and the U
location of said peak concentration below said surface which is less =
than said peak concentration.




