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. P SflBwai ! €0 Method to Inhibit the Formation of IonInW@@thn@,-—/
I nduced Edge fects 5 10 Background of the Invention 1. Field of the .

“Invention The present invention relates to a nethod for reducing the

“likelihood that defects form during sem conductor device fabrication. Mre

particularly, the present invention relates to a nethod for limting
defect formation by controlling the norphol ogy of an inplantation profile
in 15 a sem conductor substrate. 2. Description of the Related Art There
is a continuing trend toward increasing the storage density of integrated
circuit nenories to provide increased Llevels of data storage on a single
chip. Hi gher Tidmsity nmenorMethodps Ditiikleths FormGRtdd #n InfpIPRNEmal | y nore
conpact and is often cheaphiducdd Bdge@efdist basi s than an 20 equi val ent
anount of storage provided on plural chips. It has generally been possible
to provide these higher levels of storage at equivalent or inproved |evels
of performance as conpared to earlier, |ess dense chips. Historically, the
density of integrated circuit devices has been increased in part by
decreasing the size of structures such as wiring lines and transistor gates
and by decreasing the separation between the structures which make up the
i nt egratied ciBackgroumieofitialnv@BioReduci ng the size of circuit structures is

general ly reﬁerreﬁeﬁopgggdeqreasing the "design rules" wused for the

manuf acture of the f “_ircuip device. In dynam c random access
menori es (DRAMs) , Thepr@eradvestibnirdattthh Gttol £t rQiuSiHs ¥ ik aBb&Cthic\i8lds AT 91 NY
or dlscharglgggeach.ca acitor of an array of capacitors fornmed on the

surface of T RSAECE e vica fbtiratior . Mptsertigrlamd theprasent gjivention relasés thia nar y
information infthdl @reichidls RREMTordAtiEARAGHEAind¥e ﬁl%g)ggllo 3113 ixﬁplmt%%hagogi?eq
capacitor state with a logical zero and a charged capacitor s ate wth a
| ogi cal 'dne. 2PHRICAdHfiorcubHRea of the el ectrodes of the nmenory capacitors
determ nes bhe appuilicRbr GOREGE WRat can be stored on each of the
capacitors for a given operating voltage, I I I I L L L 10 ¢ 1 1 1 1 1 11
I 1 1 1 1 1 1 | |Therqispcdntipuihg frend t¢wdrd Incleasing|the storage density of integrated circuit

memories to provide increased levels of data storage on a single chip. Higher density memories
provide storage that is generally more compact and is often cheaper on a per bit basis than an

20 equivalent amount of storage provided on plural chips. It has generaily been possible to provide
these higher levels of storage at equivalent or improved levels of performance as compared to
earlier, less dense chips. Historically, the density of integrated circuit devices has been increased
in part by decreasing the size of structures such as wiring lines and transistor gates and by
decreasing the separation between the structures which make up the integrated circuit device.

25 Rcducing the size of circuit structures is generally referred to as decreasing the “design rules”

used for the manufacture of the integrated circuit device.

In dynamic random access memories (DRAMs), information is typically stored by
selectively charging or discharging each capacitor of an array of capacitors formed on the surface

of a semiconductor substrate. Most often, a single bit of binary information is stored at each

30 capacitor by associating a discharged capacitor state with a logical zero and a charged capacitor

state with a logical one. The surface area of the electrodes of the memory capacitors determines

the amount of charge that can be stored on each of the capacitors for a given operating voltage,
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that can reliably be nanufactured, and for the dielectric constant of the
“capacitor dielectric typically used between the el ectrodes of the charge
storage capacitor. Read and wite operations are perforned in the nenory
by selectively coupling the charge storage capacitor to a bit line to
either transfer charge to or fromthe charge storage capacitor. 5 The

sel ective couypl.in f  the charge stor capacitor to the bit line is
typically acclf:l%r‘ftbele?%ﬁ%‘& SCRAEIRG ¢ “Eaf‘éﬁ?%gge pepiieruzed and fof the diglegtfip ponsemtpf . The

bit line COntl&@hpabﬁortdiﬂlﬂcﬁﬁh}ﬁcaﬂ'ﬁd&d%&w@&ﬂh@éle&r@@qs o?@l@?:ﬁ%@%e@'ﬁﬁ&é& c%a@f?grr odes
of the tran\?\lifkge%;11 FET and the charge storage capacitor is typically forned

in contact qnd &ritg gpsratigns apqpetiomrad drthg mmarydly selegtiydle soupling the chargensf er
FET. Word i L analiGr a9 ¥ . t rect
rd | i B@rasé paditor Aadit 1 RPLitEdrh: xichsrﬁ% of ﬁg’ri’ 6“%&%@5&%}8@? &pagget one

el ectrode of the charge storage capacitor throug o]
the bit i neTEdpleative dopplingiof the ichpgeet strsagercamasitag to thé bit himerig oyplveltyweermptliasedc har ge
storage capagiilof AR N8 £l j bl shows in schenptic cross-section
two menory cel Iés) of a DRAﬁﬁ?{acE tr%ﬁﬂﬁﬁgg%g}egftgme SLss 'cqﬂn;)h’ﬁ‘ra%ct? ﬁ?ee(?ts e
illustrated DR d@h Flsctrdes dftrermmdsfarFET aRd thy pRargadag igeabpacild itppicaliyTsdmede

thick field i reqi.ons. 12 .to provyjde isolatiqn fram ot her, adjacent
mermory cel | s.%é,&q%gt vﬁg]t[ge ((’)t'?(‘f'r(%h‘f’é‘g’é?eydi n plgctogespt eB?“#ﬂ@%&alw‘B?}“&Fa?%Ha@n
part of the auplistodearef tedETN. bahieem cldchedefof ele@h@yd dah -eQBpaEﬁfgitﬂ'Qt%hand
pol ysi | ilgon grtat %{fgl %%%_r O%e?}. &6 are fornmed on the gate oxide layer 14. The
two gate el e81EPEHEY FEE 9 fhe bt {ing eontpct facilagpe the tgnaferiofichargg batwigsn thependent
transfer FETstofagé caphdi@r indQhd tid st rat ed menory cells. Polysilicon gate

el ectrodes 16 are_forned by depositing a | ayer of undoped polysilicon over
the substrate, tyfBcaihPys isrhegatioossseaion fveo mereery cells ofaPBAME 2u &pasicdiaten

(LPOVD). and st laibhaliiel e fultitch e bills Qrel i Bh ¥ Bl oSl Ao 864 T vaLi ng
the inpurities to render the polysilicon layer conductive. € gate

el ectrodes aisludpgickisld axideaesionsd? trprevdnienittioo fian qiivotadhichivagnaplhstls. A
gat e el et v odse R pEh Fn bER R HIE R Bk baBh B e AU Tk RPmbRvater ng
st eps and, the field oxidation regions and polysilicon gate electrodes 16 are formed on the gate oxide layer -
14. The two gate electrodes 16 illustrated in Fig. 1 are part of two independent transfer FETs for
the two illustrated memory cells. Polysilicon gate electrodes 16 are formed by depositing a layer
of undoped polysilicon over the substrate, typically using low pressure chemical vapor
20 deposition (LPCVD), and then implanting impurities into the polysilicon and activating the
impurities to render the polysilicon layer conductive. The gate electrodes are then patterned
using conventional photolithography techniques. A layer of silicon oxide 18 is provided over the
polysilicon gate electrodes 16 to protect the gate electrodes in subsequent processing steps and,
often, to serve as an etch stop for subsequent etching steps. Sidewall oxide spacer structures 20
25 - arealso provided adjacent the gate electrodes during the source/drain implantation process
(discussed below). At the same time that the gate electrodes 16 are formed, wiring lines 22
which connect different gate electrodes are formed on field oxide regions 12. Because the wiring
lines are generally formed in the same process used to form the gate electrodes 16, the wiring
lines have a similar structure consisting of polysilicon lines 22 covered by oxide layers 24 with

30 sidewall oxide spacer structures 26 formed alongside the wiring lines 22.



.often, to serve as an etch stop for subsequent etching steps. Sidewall

oxi de spacer structures 20 25 are also provided adjacent the gate

el ectrodes during the source/drain inplantation process (discussed bel ow).
At the sane tine that the gate electrodes 16 are formed, wiring |lines 22
whi ch connect different gate electrodes are fornmed on field oxide regions
12. Because the wiring lines are generally fornmed in the sane process used
to formthe gate electrodes 16, the wiring lines have a simlar structure
consisting of polysilicon lines 22 covered by oxide |layers 24 with 30

si dewal | oxi de spacer structures 26 forged al ongside the wiring lines 22. 3
Doped source/drain regions 28, 30 and 32 are forned on either side of the
pol ysi | i con gat e RPRSE Fustsiisain Betops e prd Rinee fomadrvs leithes gidonfthofolysitieon
transfer FETS$ate diB&roaQuil i i . i n to the transfer
FETo i1l serye aethe by o s chamhagi or b Raneid EER TR op e B
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rule menory §, 1St . that are primari.l d in nodem
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typi cal |y f ofraseitaryofahe typr thite poiradBased ibegidemn nghow 4n 1okic deicat Lyg) y | ow

| evel dopant _| nt ation e | f-aligned to the polysilicon gate
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the gate el eodimi@eig_%“mvdwgﬁahri&tpladﬁﬁ&gsﬂnﬁde@&f-@lién@d’%ﬁh&;fol;@ﬁ@od)%‘ét ecBY&%s 15 he
devi ce and then ani otroplﬁall etching back the oxide 10 Tayer to expose
t he subst rat 8PSV RS WS P &6/ hfn domed aypidessidepf tm@atgslectagles Koty back t he

CVD oxide Iagpeﬁitiﬁg'@rdyl&@chb%xﬁiB%G&ﬁhe%bigcear{d%nggéot gicgl &t eoraclfﬁlggxig the
pol ysilicon (lgate el ectrodes 16 and on either side of the polfysilicon
wiring I nes®¥ to ppogsthe svbstetenver thesougte/dragtyieaings 2303%and 32.pEokingl batk dre GV her
side of the pahymjdrirRAlicdaSpRbakid econdsavier ion
inplantation is %,rélge i_r?t o the sour g%foglfc' %f@%ﬂ ‘?“ehérl S(‘)%so(}l%,pogﬂil‘é(’ﬁ'cga?flec"‘)des

sel f - al i gned !¢ ahddieithgsside pf thx palpsilicey imiring 1iR€s 220 Aftbbthe gapdr ekide tdg@ns 20 are

source/drain I . rothe formation of the transfer FETs of the DRAM
cells, pr oceglrsoie%é@%geﬁtth%&gso f[hg%?lg?lir’ﬁontgﬁtg CleRE9gR % f S AeIisHIOn fBplantalien ¢ he

bit |ine contsaudds inytht baousde/dteprgiohs 78y 3@und 32 Sbik-alidnBPtoIhd sp&RPoxi@klEnsl ¥ 34
over the  Fig, 1 St {hugcguucrez usi ng chem cal vapor deposition (CVD). The
resul ting structurs U RgMFEPRSFig. 2. Openings 36 are then formed by
conventi onal photsftdr lﬂ&ﬁ@frﬁﬁdﬂyotz& ttRERUTs PG M@éﬁls,%@@inlg%&ﬁfnugﬁlb m
expose the sour e/drain regions 28, 32 of the substrate.
¢ charge storage capacitors and the bit line contacts by first depositing an insulating silicon
oxide layer 34 over the Fig. | structure using chemical vapor deposition (CVD). The resulting
structure is shown in Fig. 2. Openings 36 are then formed by conventional photolithography
20 through the silicon oxide layer 34 to expose the source/drain regions 28, 32 of the substrate.
Referring now to Fig. 3, a layer of undoped polysilicon 38 is next deposited by low pressure
chemical vapor deposition (LPCVD) over the surface of the device and within the openings 36 in
contact with source/drain regions 28, 32. Polysilicon layer 38 will form part of the lower
electrode of the charge storage capacitor for the DRAM memory cells. The layer is doped by ion
25 implantation and annealing and then the lower electrodes 38 are defined by photolithography. A
capacitor dielectric layer 40, such as a two layer structure of silicon nitride and silicon oxide, is

provided over the surfaces of the lower electrodes 38. Upper capacitor electrodes 42 are formed

by depositing, doping and patterning a layer of polysilicon, producing the structure illustrated in
Fig. 4.
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. Referring nowto Fig. 3, a layer of undoped polysilicon 38 is next

deposited by | ow pressure chem cal vapor deposition (LPCVD) over the
surface of the device and within the openings 36 in contact with

“source/drain regions 28, 32. Polysilicon layer 38 will formpart of the

| owner el ectrode of the charge storage capacitor for the DRAM nenory cells.
The | ayer is doped by ion 25 inplantati,on and annealing and then the | ower

el ectrodes 38 are _defi ned bé %h?’}aﬂ%l t hc‘)lgra h A capacitor dielectric
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capaci tor el ectrodes 42 are forne by depositing, doping and pattern?ng a
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process; ng i.,s ge rmed to co | ete the device. Reducing the design rules
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demands on nedyiqaés &Etﬁfoﬁfohﬂﬁ% kHe@Budnlrk SthE #rBkidafdr Edule/dPain %‘8?&0&%&!} e
processing techniques used for formng the structures. mat 1 on of
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conductive source/dralin regi el ntain maniap e of these

structures. parfomsecdf tighe stmctmteal An aged iofinaiaamitigtighaBndueti@l 1svelsSs preawgmnt | Ng

the formati f ructures_ in th source/drain regions. Several
types of cr35?%Fnﬁlof‘tolgéégcfﬁgf%&‘fesé’ftlhﬁﬁcl“Eﬁ" QLEEOR formed in the processes

of Several types of crystal lattice defect structures may be formed in the processes of

implanting dopant ions into semiconductor substrates and annealing the substrates to activate the

20 implanted dopants. The ion implant doses used in forming many semiconductor circuit
components may render amorphous the crystalline silicon semiconductor substrate into which the
dopant ions are implanted. The substrate must subsequently be annealed to activate the
implantation and often to recrystallize the amorphous zone. Recrystallization of implanted
silicon substrates occurs by solid-phase epitaxial (SPE) regrowth. SPE regrowth is a process in

25 which the substrate is heated to a temperature below the melting point of the substrate material.
Crystal growth occurs by solid state transport and proceeds over the boundary between the
crystalline (implanted or unimplanted) portion of the substrate and the amorphous, implanted
region of the substrate. The recrystallization occurs incrementally, with the direction of
recrystallization of each incremental amorphous region determined by the orientation of the

30 crystalline region on which the recrystallization takes place. Thus, the orientation of the



. inmplanting dopant ions into sem conductor substrates and annealing the
substrates to activate the 20 inplanted dopants. The ion inplant doses
used in form ng nmany sem conductor circuit conponents may render anorphous
“the crystalline silicon sem conductor substrate into which the dopant ions
are inplanted. The substrate nust subsequently be annealed to activate the
i nplantation and often to recrystallize the anorphous zone.

Recryst al | i zati on of inplanted silicon substrates occurs by solid-phase
epi t axi al éﬁre grow h. SPE regrowmh is a process in 25 which the
substrate |s°r5ﬁ g qubstateatitheplerface of the bedtalnctrbgiomand thermgnogiont regibn whe

substrate NeeRfhiat the dfYiSisde sBE R oq,ﬂ_ﬁccurs by solid state transport and
proceeds over the boundary betwe crystalline (inplanted or

uni npl ant ed) por Prote the shageef theletndatyof @B emérhioua ragiop)iolspossibiploasted 1 egi on
of the subst rvstal lizati ccur i ncr errent al | w th the
rEAbth to ¢ elrcﬁ o f:ryétglﬁ.ﬁ ;ﬁ %gatqdébqt@ﬁE

direction of “recry 1'0n 0
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region will camletlﬂrlmmoﬁﬂeormﬁee@ﬁde@aae&ﬁm@!%ﬁesE@&Ergy&lhzed%ﬁo&s%b&f&?esShape of
t he boundary. pf .t he gﬁmf)lr@?ous region, it is possible for SPE regrowh to

proceed al ong GifdFEP §rlecty maYyhe instodyseds into\the ¢rsal listtnqgohOéisfrdsrau@lmdnoﬁat ed
that SPE 5 ahegomuttar ROGHEE. IR Al BOE Ll AL e 3L A 4G RLARES, a0

result in the formation of defects in the cry exarrpfpacmr ??'Srsr?ﬁrgl ng
of growvih frbrbstriscapwedugs ﬁgnptr@swwmpsr@eh@nﬂem}nwnaénap|pamesar1>ccamng esul t

in the formatg gtfthggﬁgﬁ;g&gg ures,ipn recrystalli d silicon
substr at es. Qsﬁ%hre forns of 12%{55 Thgéfﬁ %eOfSUChS YEST Y S ‘“1 Trissuths

crystal |at tql%?uwé?fmqan&?ﬁdtorﬂgﬂlwamamtmmhcmd from ot her processes. For

exanpl e, the pre 0 Ia ers and S|de acer layers on 10 the
subrsTPr ate canpi ntér % %'ggscggr%%éss& Ve Y %%‘?é%“ &E}Pd)aﬂ“ﬁ?%‘/ of ‘PRgCeri al |
parti cul ar | yefots (ERPS) miay bgfoendd ih gnanedd a@dﬁﬁ&sﬁlregoxﬁtoeﬂésubwﬁe PeESENg e of
such stressm enerate qf(é fts such as _dislocations and can lead to
di sl ocaf i on ATt prieatt oA }5Oa’i‘“ﬁnsc?ﬁé%d%?‘sbé?‘@@@sm%“%thﬁr“%&l@@tfed
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i mpl ant ed an gnne ea“gngggl ong, of the substrate. PRDs and ERDs are
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secondary def &¢t€? oo hikesgdeltelsizes hebigved togsult\omyyePREOSPEGesb et ofiear
the regi on ainorphous silicon, that is, regrowth perpendicular to the silicon surface, and the defects may

include dislocation loops buried within the implanted region. The location and density of PRDs
20 and ERD:s are related to the energy and dose of the implanting ions. Another type of defect
related to recrystallization of a silicon made amorphous through ion implantation is the mask
edge defect (MED). It is believed that MEDs are dislocations resulting from the merging of
recrystallization fronts of vertical and lateral SPE regrowth. During the annealing and
recrystallization process, the dislocations formed from the merging SPE regrowth fronts tend to
25 agglomerate as additional epitaxial layers are formed, with the defects growing into a structure
that has been described as being similar to a grain boundary. This extended defect structure can
affect electron transport if it is positioned along a primary direction of current flow. Such defect
structures may be formed near the lateral edges of the implantation zone at or near the substrate
surface oﬁen at the location where a recrystallizing substrate surface adjoms another structure on

30 the surface of the substrate, and can lead to Junction leakage problems.
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. maxi mum i npl anted i on concentration and ERDs | ocated near the

anor phous-crystalline interface after inplantation. These defects are
believed to result fromvertical SPE regrowh of anorphous silicon, that
“is, regrowth perpendicular to the silicon surface, and the defects may

i ncl ude dislocation |oops buried within the inplanted region. The | ocation
and density of PRDs 20 and ERDs are related to the energy and dose of the
i npl anting ions. Another type of defect related to recrystallization of a
silicon made anorphous through ion inplantation is the mask edge defect
(MED). It is believed that MEDs are diﬁ%ocations resulting fromthe nerging
of recrystallization fronts of vertical and |lateral SPE regrowth. During
t he annealing and rq@&g@ta+gh@a&ion process, the dislocations formed from
the nergi ng SPE"PEG? i QMR to 25 aggl omerate as additional
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recrystallization interface so that SPE (solid-phase epitaxial) regrowth
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ion inplantatjon w Il take place. The thickness of the surface |layer is

preferably sefHCYETesRvhiHeciinrrefaqtdirstiontirduping Bipgosiblity tairemestdization he
substrate.  Alifl @rRdkRlosrudales mec%m%ﬁlsoanéﬂﬁécg@ﬁ&fotrﬂﬁggr aphy or other
characteristics of the surface |ayer are 10 chosen so that the boundary
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profile my
inhibit defects, determining a projected range of ion implantation distance Rp into the substrate,

determining a projected standard deviation ARp along a first axis direction, determining a
projected standard deviation AY along a second axis direction and providing a surface layer
thickness t greater than or equal to the value given by:
20 t=Rp +.cosB[[(AYsinB)? + (ARpcos8)]*’] .
After the surface layer is placed onto the substrate, implantation is carried out. Annealing then
activates the implant and recrystallizes any amorphous region.
In other embodiments a bit line contact for a memory device is formed by providing a
substrate having a source/drain region. A-depression is formed in the substrate and implantation
25 is carried out through the depression into the source/drain region of the substrate to enhance the
co_nduc_t_iv_ity of the bit line contact. The implanted region is annealed and a bit line is formed in

contact with the source/drain region at the depression on the surface of the substrate.



_limt SPE regrowth to specific preferred directions, reducing the
possibility that recrystallization w1l formdefect structures of the sort
that can damage performance. In a particularly preferred enbodi nent, an
“appropriate surface |ayer thickness may be 15 determ ned by choosing a
maxi mum angl e 0 between solid phase epitaxial regrowh fronts to inhibit
defects, determning a projected range of ion inplantation distance Rp into
the substrate, determning a projected standard devi ation ARp al ong a
first axis direction, determning a projected standard devi ati on AY al ong
a second axis direction and providing surface |layer thickness t greater
than or equal to the value given by: 20t = Rp + cosg|[(AYsinO 2 +
(LRpcosO) 2] (Brif Desofpition of the Diwingce | ayer is placed onto the substrate,
inplantation is carved out, Annealing then activates the inplant and
recrystallizes a%dﬁbﬁ B 8Lk mxgition are dpscabaderithapfrsenerie e gccampanying ne
contact for RavwiBEOIHCH @ ilGBrdtve bAHERY aRbcRIANE Hae Rt IR LAL Sildpvi ng a
source/drain region. A depression is forned in the substrate an

i npl antati on 25Figs lcashowegossectional vigyhoftarenvtoimakmrionart DRAY! athyerious stages

sour ce/ dr ai ek eghQGRf the substrate to enhance the conductivity of the bit
line contact. The inplanted region is annealed and a bit line is formed in
contact with theFiobskeysdreaisnsactgiabyieadf anhien tippineten mne ém abhdinseunfaace of

the substrate. 75 Brief Description.of the Draw ngs, Enbodinents of the

i nvention are deg’cér'a? gg}(ﬁv Sv?/icf%c's'?%‘%"rag‘ﬂﬁ O{C(Smiaﬁté’g%ec‘%geﬁ’ﬁg?{?ﬁeﬁﬁumér awi ngs whi ch,
for illustratirysalimatigosdsnnalig daamphhaticdnasfFigel drawn to scal e, where:
Figs. 1-5 show crgos? Fs)rgcti onal views of a conventional prior art DRAM at
various stages b5 & ARHUT ARTEPEONFENVEW of animplpatatonprglle inasubptipiphavipeaw of an
i on i nploant adeh@nllyzfineurfas. @ bit line contact. Fig. 7 shows a
cross-sectional yiew of contact edge defects forned during

recrystal | i zati oh'& A& SACHsHFGUYR vigw of nyybsifteatithgrsusfensdayer thpugh wiiich Fi g. 8
shows a crosapseGlibfiedimdd & of an inplantation profile in a substrate
having a 10 generally flat surface. Fig. 9 shows a cross-sectional view of
a substrate w t hFg sQshowe sarioay dimensions uegjtedhiirgplantation through a surface layer and into

a substrate.
15 Fig. 11 shows a cross-sectional view of a substrate with a curved surface portion
according to embodiments of the present invention.
Fig. 12 shows a cross-sectional view of a substrate with a curved surface and a curved
surface layer according to embodiments of the present invention.
Fig. 13 shows a cross-sectional view of a substrate with a generally flat surface and a
20 curved surface layer according to embodiments of the present invention.
Fig. 14 shows a cross-sectional view of a DRAM in an intermediate stage of processing
according to embodiments of the present invention.
Fig. 15 shows a cross-sectional view of a DRAM including a bit line contact formed
according to embodiments of the present invention.
25 Fig. 16 shows a cross-sectional view of a DRAM in an intermediate stage of processing

having a curved surface for implantation through according to embodiments of the present

invention.
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.inplantation is carried out. Fig. 10 shows various dinensions related to
i npl antation through a surface |ayer and into a substrate. 15 Fig. 11
shows a cross-sectional view of a substrate with a curved surface portion
"accordi ng to enbodi nents of the present invention. Fig. 12 shows a
cross-sectional view of a substrate with a curved surface and a curved
surface | ayer according to enbodi nents of the present invention. Fig. 13
shows a cross-sectional view of a substrate with a generally flat surface
and a 20 curved surface |ayer according to enbodi nents of the present

i nventi on. Metpiled Desrhiption af RrefesedFaatiadonaits vi ew of a DRAM i n an

internedi ate sta Q cessi .acgordi ng t.o enbqdi nents, of the present
i nvention. Fig. %Sypsl%(l)\%g lrgch%é;g? €t i BRar "é\ﬁerB‘fyqbe?sﬁﬁﬁditﬂgﬁfdP’hg a bit

| i ne cont actimplontanzd steacoarbdivegn b2 adhodi iRkl Wps ithayieR sRAfadmRPkdcer. 25
Fig. 16 shO\Qﬁéa cross-aecti onal %i ew of a DRAMin an iInternedi ate stage of

processi ng SFURGC &PIERIG SL9P Liisyally @cqesiary; i siectitally piyate thesipntsand & widagt ¢ o

enbodi nent s 1@ft sbie oPhe BAMRE darhdp¥ AseO8Y: thaBn GnplRiidh begh. Boseslinplaidl
Preferred Enbodi nents A té,pl cal bit line contact region 30 as seen in Fig.
e

5 may be sulfPEEEEEr tigh dTmpibeshabior Junpinnalevigesiney raderspostion opalt eldberoshet and
three annealidigh SldRDud. Meil%@'iscc%l‘rie%ﬂ“fl%hlﬁ{slaﬂ&lserg&%?acﬂizetﬁgﬁe fuis ONe

annealing step is usually necessary to electrically activate opant s
and to undo zake- She ggstaligaionef befipied taprp¢ecd thetmpgin spdid phess epitasial e witlo(SPE),

2 ot BHERS soll DR Ao TR AN AL Broy ISR P b Ao R0 Bl

i t¥ scpal | ow
. . ansiorme
junction devices nay a portion or a e con r egi-on

anor phd@s. Apaedstalhoe stoctorthioegh atanic irmsparcindiretsganizetem at the baoidys batwletziae t he

anor phous za%rclmeph The recrl){istal i z%tgi)con i.s believed g?q(gr oceed t hrough

sol i d- phase “SiH gus afd c (sata ] B%eﬁotlss r,ystalillﬁatm fuay, procee reﬁlﬁ)élg éenerally

t ransf or mat ipempeaitailar & thbib@ingdy vhihe iméripeoua PBRIoRN Uk, thO BEentasioh b@dasH or med 10 to
a crystalli ne structure ﬁiggdough atom ¢ transport .and reorgani zation at the
boundary bet DeEEnenfal pecrysta region 1s dependent on the orientation of the crystalline region from
which the recrystallization proceeds. As a result, the orientation of the crystalline substrate at the
15 interface between the crystalline portion of the substrate and the amorphous portion determines
the crystalline directions along which recrystallization proceeds. |
The recrystallization of amorphous silicon regions may cause the formation of a variety
of defects. Projected range defects (PRDs) and end of range defects (ERDs) are secondary
defects (typically dislocation loops) formed within the implanted region of the substrate during
20 SPE recrystallization of amorphous silicon. PRDs are found near the region of maximum
implanted ion concentration and ERDs are found near the amorphous-crystalline interface after
implantation. These defects are believed to result from vertical SPE regrowth of amorphous
silicon. The location and density of PRDs and ERDs are related to the energy ar_ld dose of the
implanting ions. Another type of defect related to recrystallization of a silicon made amorphous
25 through ion implantation is the mask edge defect (MED). MEDs are typically located near the
corners of the recrystallized zone under or near mask edges. The formation of MEDs during
recrystallization of the amorphous zone is dependent on the direction of crystallographic
regrowth. SPE regrowth rates are different along different crystallographic directions, and it is
believed that MEDs result from the merge of thé recrystalliz#tion fronts of both vertical and
30 lateral SPE regrowth.



. anor phous and crystalline regions. Recrystallization may proceed in
directions generally perpendicular to the boundary of the anorphous
region. Thus, the orientation of each increnental recrystallized region is
"dependent on the orientation of the crystalline region from which the
recrystallization proceeds. As a result, the orientation of the crystalline
substrate at the 15 interface between the crystalline portion of the
substrate and the anorphous portion determnes the crystalline directions
al ong which recrystallization pr oceeds_.9 The recrystallization of anorphous
silicon regions Higyreeaank’ dingraiedhaigmasian of mesk edgei defegts indn ivhelanted and Pr oj ect ed
range defect : ; . .S . e C ry . defects
rypi cal 1y o RN e B0l S P ek o S R o b Sy BT yin e
substrat e dumplkgfate agRrEefiredr fpstxampliezsingphotofithegraphph{Olustragdd) brodirect beRDs ar e

f ound near . i f X| . i.oplanted iQn concentration a ERDs ar e
f ound near bﬁl@%&%ﬂg&ﬁ@gg%n?mﬁ% yP‘r‘fol E—:}'rﬁ‘ag&e oﬁtf”togpﬁ tci%f;%ﬁtfaéet P@ﬁf‘rfalsﬁese
def ect sSar e ibdiricéwretl 2{ ormiag irhplarftatiomanddnidnstdhs 2HRE1 14 PsGhbwn @IFiQBDHPLANS
silicon. Thefhl(g%%tli on.and densit RDs and. ERDs are related to the

. f
energy and dose "0 a?t%éon Zf%ﬂpﬁﬁ?f"inﬁbeg%ﬁ%és.mﬂ Strwton, yiiika pexigumdgplapation ed t o

recrystal | i zahdettratioh lo2ated AtitleONdaFRsiRHGHBTTHRIBHS1 145 AlBY RYGkb1AneRoh, AR hARLR ON
is the mask edge defect ( MEDs are typically | ocated near the corners

VED) _ : e
of the recr y¥P& RFOBRFIIQIeysialies hemerahous rpsi 14 g amalifepfepmistplbratioh  VEDs
during recrosirady dohdbhRe ihISp BRAURNE HPoht i
direction of crystal %gragﬁag I’(r e@?g%& h. Slgé rearo&?ﬁ’g@%?[g@g?galh%eferent
al ong dPf f ePeRion of tis substraseand b amorthoereiomef thaglstiate. The rdopstaklivasivn bbats MEDs
result from;t Fi88nhOdirel 16 o gl i [ fronts of th. vertical and
30 | ateral SIPE?PFr_égrlowt h.lregt%lgfgegl&é%ﬁ%t%héﬁé/ml?P‘P’cﬁrsdf' & ”é‘%thgl? oc?re‘rlrtﬁ{l?“oo& f
mask edge defystatlme regicaroniwigshalmt recty gallizatiomtelads pticddi Thus, itiealireanhastcrysagi on,

where ion i ti is carried. .out.on suhstrat.e 110 .havi ng an
“inplantatio %@gél%&g%g%%lg?n %8?”%1% P eﬂ%ﬁt"ﬁg"eﬁﬁ%?’b?tit °H‘6t§‘¥az§5'ﬁi c

(illustrated) or Adkeeet Fipefarecrywaliizdtiog ndag 6dvit ©u@stiplel difclichp) iddMddd veRich Sy

typi calllsy car{hi (ﬂ) milt norrrgl t§ the substrate 110 surface 5 in direction
112, forning"i ﬁE ARG el goe dhed T 103 Asection . Resgysiafigationiegperally begins t he
shape of t hetheifrrRbé Bty @R (RQARIFABR % AR BStafinCRYRSE AMhdlubditde Dl ioBGes W th
a maxi mum i I.fnt ation concentration |ocated at the w dest portion of the
zone 114. AP“? gl?elteﬁté’atf:m@gﬁ(eé}f iilfpﬁt,loné_.nAaHﬁégpqah@nts growing in different directions

intersect, defects may be generated and pinned at the intersections between the crystal growth
fronts, as illustrated by arrows 113 and 115 in Fig. 7. As the crystal growth proceeds through the
20 amorphous zone, the defects accumulate and are pinned along the planes where the crystal
growth fronts intersected during recrystallization, resulting in extended defect structures 116 in
the substrate, typically extending near the edge of the surface structures 111.
By controlling the depth and shape of the amorphous zone within the substrate, defect
formation such as the defects 116 shown in Fig. 7 can be reduced. Appropriate design of the
25 implant and recrystallization process provides a process which favors particular growth
directions in the recrystallization process. In certain embodiments, it is desirable for the. -
directions of regrowth to be dominated by and or limited to directions including the [100], [111],
[211], [311] and [511] directions. For example, the angle between the [100} direction and other
directions can be readily calculated or measured. The angle between the [100] and f111]

30 directions is about 54.7 degrees for a cubic crystal. It has been found that edge defect formation



.step is perfornmed to recrystallize the anorphous zone 114. During

anneal ing, recrystallization occurs by solid-phase epitaxial (SPE)
regrowt h al ong the boundary between the crystalline 10 portion of the
‘'substrate and the anorphous region of the substrate. The recrystallization
occurs in layers, with the direction of recrystallization of each |ayer
determ ned by the orientation of the crystalline region on which the
recrystallization takes place. Thus, the directions of crystal growh are
dependent on the orientation of the crystalline region at the interface. As
seen in Fig. iS':il;lhillSi&adM}hSii Ehlelahglabétﬂéanmﬂﬁﬂlﬂécubr& iAol Jal BdeglicE LG NdsORS a

i ncl udi ng ver t%‘ﬁ& é hn Qf % Q1] direction and laterally al on g t he
[110] direct POATRELrd imihe {1091 ditshtiqre B¢ nslaperesgn the [109] diregtior) and dier A8

bet ween the @10}, plDeS1 jz0B&RI0ANAe SIf 16 1A Janeich Rl @ﬂi’éthlclangl@@et&éémﬂef[%(ﬁan@”d
occurs at dtfferent rates in different directions. the crystal fronts

growing in d 2d fle‘?“é’ﬁ‘tm“a psiag thoyhds-3 degrees: Seansgle brivesntihe [rlr@ﬁ} atyk[ 34 Hrilérectiongibegmed
pi nned aj t hebduisy §edeh, Wm@%éﬁ@%&g%eﬂﬁwﬁgﬂq}%ﬁost aﬁ-@ aBout $58

illustrated by arrows 113 and 115 in rowt h proceeds
t hrough the 9€Bresfof YRGS ofmspRssses pve. U@hdc\te@patmhubrasteat 1avmitoatoeenpnrﬂthed al ong

the planes Wﬂ-;%f"y@tafllgﬁloﬁru}{ﬁFx%Leedgfogéi%xgsta(\]l[ grr;ltae Ig{:r]tc IGeL B orm anglislcg lgss, thag or

recrystallizati'on, resulting 1n e ricturéd .
substrate, tmabtalabqptéﬂécmléqsg)uhebanO]tdnecteﬂge of the surface structures |11.

By controlling t f t he within the
substrate, def ec'?lg Igalrgnn%?l?ogﬁneglfc Suégcetlﬁ'ér eaf'g‘if‘?'??‘fﬁ‘ﬁﬁ &MHOHS’I‘—‘F‘Q‘ orfcan be

reduced.lo App mqﬂatloasmeh ekessliogn oxifle ispRicedatd thpduafade o1 siidehtY 5 hd thZiiplBRtion
process provide cess. nlvvﬁl ch favors particular growmh directions in the
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di rections of)rercml)o&tdirsﬁaatab@au%mfd}aqttﬁ@hm’s @}Qoﬁoukd Mhd BidicdeSs SHilSGi QNS
i ncluding the [100], [111 21111j [311] and’[511] gl rections. For exanpl e,

the angl e beldXgrethe ffﬁi@e phtbojecyptp éaélp@iﬁpnaﬁdﬂleﬁll’@etrate wh beeanirotissl. darespvet af¢izdi | y
cal cul ated Ofnveiﬁﬁﬁklf es 4 Hx@th@cpg)lr getg‘ﬁltuﬁﬁgezprgmnl; th}c%%ss P%e[suf}a]cll er?f? ensurg

directions is about 54.7 degrees for IC crysta
that edde defl@bqryqtqirqmwtbﬁom@wﬂl lstersmilatﬁntOédle\M@‘rs ch¢wmgt’r@txeldseﬂmema regr ovvt h

directions '%5’2‘191% e ESS ate. orient

[ 100] direction. eggr?éﬁ“ggg{a% Plange co[“i‘fff)’]t watlhraé%gm%[; Prigign °ﬁ%"t‘f"§ﬁ‘]‘t”?"“°t
[311], and [Stmrp]ur@l ITbctnElrhndsmdBEIl%dlbeloe'S,ﬁthtrBfaf&n@llo ﬁle@&gﬂieﬁ@suusm&tédﬁnﬂi@ gangl e
bet ween the [l r.ections e| n bout 35. 3 degrees, the

211
angl e between § 1}(1)11 m[“rr’]%ﬁg‘m PYY é-’]k’[ %fiﬂ RepuLk4? @ gﬁ@erally ﬂat substrate surface 122

may be described by a Gaussian dlstnbutlon, as seen in Fig. 8. The implantation profile 120

20 extends into the substrate along the direction 124 and spreads laterally to a maximum width at an
intermediate depth within the irhplanted substrate. The location of peak concentration of
implanted ions extends along a line 126—126’; which is generally at or near the maximum width
portion of the profile 120. The two-dimensional profile can be characterized by a projected
range Rp, a projected standard deviation along the X direction ARp, and a projected standard

25 deviation along the Y direction AY. These distances are characteristic of the ion implantation
process and are influenced by the particular ion, the substrate, the energy of the implanted ions
and the range of variations in the energy of the ions. ‘It is believed that the amorphous zone
profile has the same general shape as the implantation concentration profile, where the size of the

amorphous zone is determined by a threshold energy.



5 about 25.2 degrees, and the angle between the [100] and [511] directions
bei ng about 15.8 degrees. A variety of processes have. been devel oped by
the present inventor to ensure that recrystallization will proceed al ong
‘crystal l ographic directions that formangles of less than or equal to
about 54.7 degrees to the [100] direction. In certain enbodi nents, a
surface layer of a material which could _he polysilicon or an 10 |nsul at or
such as silicon oxide is placed onto thédlsurface of the substrate so that
t he inpl ant ati on Tgeméol theamerpaus adnleyo thiat, hpon rednestadlizaticac e gloaytesccars th
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by a threshofd a@mlé)‘egyﬁ digposefiondloarubsiatet iz Anwepindis 10,0lmeradios 4 biahs ellipoat
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[(AYsmG)2 + (ARpcosG) s (N

20 where AY is the projected standard deviation along the y-direction and AR, is the projected

standard deviation along the x-direction. In addition:

t - Rp =dcos6 2)
where R}, is the projected range of implantation depth, and solving for thickness t:
t=dcosO + Rp (3)
25 Substituting the equation for radius d from above:
t=Rp + cos()[[(AYsin.G)2 + (ARpcosB)*]™*] 4

When 6 = 54.7 degrees:
t=Rp + 0.578[[(AY)?*(0.666) + (ARp)*(0.334)]>°] (5)
The values for Rp, AY and ARp are dependent on the energy utilized for implantation. Published

30 results for certain elements are set forth in Table 1. The minimum surface layer thickness t for a
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esst for a
t 311 594 881 1170
Rp 130 220 299 375
Sb ARp 39 68 92 115
AY 30 49 66 82
t 149 252 343 430
Table 1. Published values for Rp, AY and ARp in angstroms and the calculated values for

surface layer thickness t in angstroms for As, B, P and Sb ions implanted into a

silicon substrate at 20, 40, 60 and 80 KeV.

It will be appreciated that, while the listed thickness t in Table 1 is a minimum value for
avoiding formation of extended defect structures, t will also often be an optimum thickness. Due
to normal processing variations, there will often be a variation in surface layer thickness. In most

cases, the surface layer thickness t will have a variation of about 10% or less. For a given



12 nunber of ion species with various ion inplant energies are cal cul ated
and have the values set forth in Table 1. Energy (KeV) 20 40 60 80 Rp(A)
150 262 368 473 As ARp 56 96 133 169 AY 41 69 96 121 t 177 308 431 553
"Rp 658 1277 1847 2380 B ARp 270 423 526 605 AY 290 483 638 761 t 822 1545
2195 2792 Rp 253 488 729 974 P ARp 114 201 288 367 AY' 94 175 249 323 t
311 594 881 1170 Rp 130 220 299 375 Sb iRp 39 68 92 115 AY 30 49 66 82 t
149 252 343 430 5 Table 1. Published vtalues for Rp, AY and ORp in angstrons

and the calc . I ckn tin angstrons for
As, B, P andhllllspl?)érl ?%ﬁks{ailerrpl’ 3{{? ée%lr?%%lé)%g%léslfﬁ% Jg [c%eﬁlsngrégs@?%tt% mé‘flarg%’,o"g_ﬁs,e 8 and
80 KeV. It wihepubswatepgsomes sutaler anth hts, lesahfftogod the cndsdtizily bfthekanessregibn Tabl e |

. - for. . 10 i dj formation of extended defect .
st otures, kTl B B LR ol S B985 6% i

processi ng vpessiblke] dtheyghtthieise luss kénsitifd Reohia oferMBddvt peforinAhceUr f ace | ayer

t hi ckness. I n nos cas _ surface . | ayer thickness t will have a
vari at i 05?1 of abou'%s b 3@?%’ i:glgr a“l’—‘B’Pgﬁta‘g‘?‘\Péﬁ‘si‘?S‘s using an energy of 20 keV, for

example, the thickness of the surface layer 128 of Fig. 10 should be at least approximately 177
angstroms. Using a surface layer at least 177 angstroms in thickness, the formation of mask edge
defects will be reduced because the angle between the [100] direction and crystalline regrowth
directions will be 54.7 degrees or less. The shape of the resulting amorphous region will control

10 the regrowth directions so that the formation of defects including MEDs from interactions
between vertical and lateral SPE regrowth will be minimized. Other embodiments of the present
invention may provide different values for 6, depending, for example, on the substrate
orientation and/or crystal structure.

Embodiments of the present invention may utilize a variety of substrate surface and

15 surface layer morphologies. For instance, a substrate may be initially formed with a depression
in its surface. Alternatively, a substrate having a generally flat surface may be subjected to
processing steps to remove material to form a depression. As seen in Fig. 11, for example, a
substrate 130 may have a depression 136 in order to yield an implantation zone 134 having an
interface with a shape similar to that of the depression 136. The implantation zone 134 shown in

20 Fig. 11 leads to certain' advantages due to the geometry of the regrowth front during
recrystallizatibn. The angle between the amorphous implantation zone 134 and the crystalline
region of the substrate 130 can be modified by controlling the curvature of the depression 136.
By controlling the curvature one can minimize the interactions betw_een vertical and lateral SPE
regrowth during recrystallization. Certain embodiments of the invention have a depression

25 extending below the original flat surface of the substrate, the depression defined by inwardly
sloping sidewall regions 137 and a more flattened or flat central region 139 as shown in Fig. 11.

Thc depression 136 in the substrate 130 may be formed, for example, by carrying out an

isotropic etch step after a bit line contact opening has been formed to the existent source/drain
region of the transfer FET. In certain preferred embodiments, the depression may be concave

30 shaped over at least a portion of its length, and may be fully curved along its length or may be



_inplantation energy, as the surface |ayer thickness t gets larger, the
total inplantation dose into the substrate becones snaller and has | ess
effect on the conductivity of the contact region. Accordingly, it is
“typically desirable to maintain the surface | ayer thickness at a small
value if possible, although this is a |less sensitive factor in overall
device performance. 5 As seen in Table 1, for an inplantation of As ions
usi ng an energy of 20 keV, for exanpleldthe thickness of the surface |ayer
128 of Fig. t@vehabeitlcr brel with 4 gashllyafy kionlimihe niddlel Depadiigifton@hdetchbltiong a
surface | ayer, at 177 ang&troms i.n thi %ness the formati on of mask
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20 An example of a DRAM device manufactured in accordance with embodiments of the
present invention is shown in Fig. 14. The illustrated DRAM cells are formed on a P-type
substrate 50 and include field oxide regions 52 for insulation from adjacent memory cells.
Polysilicon gate electrodes 56 are formed on gate oxide layer 14. Lightly doped source/drain
regions 68, 70 and 72 are formed on either side of the polysilicon gate electrodes 56 to define the
25 channel regiohs of the transfer FETs. The source/drain region 70 that is common to the transfer
FETs will serve as the bit line contact for the two illustrated transfer FETs. Doped source/drain
regions 68, 70 and 72 may be formed in a two step process, first a relatively low level dopant
implantation_ made self-aligned to the polysilicon gate electrodes 56. Sidewall spacer oxide
regions 64 are then formed adjacent to the gate electrodes by depositing a layer of CVD oxide

30 over the device and then anisotropically etching the oxide layer to expose the substrate over the



. region of the transfer FET.' In certain preferr.ed enbodi nents, the
depression may be concave 30 shaped over at least a portion of its |ength,
and may be fully curved along its length or may be 14 curved at either end
‘'With a generally flat region in the mddle. Depending on the etchant or
etchants used, the substantially concave shaped surface may have a nore
flattened or a nore curved appearance. The depression formed nay under cut
the sidewal s of the insulating layer 18hich extends above the bit line
contact. | n SeElMaR BIARYETRINE 722808 kech f, ho AV Rh InSLRRRA JULIRGR, Beand! €5
After the etch step is conpleted, inplantation is carried out to form

resul tant iseple{dramregions 6818 an@ 22, sglhalignaploaint spadenexideongons34. Witihg Fraew 60 an
interface Wb strate th | s.sim.lar.,i eonetry to
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regions.. As,a result .defect formatio i1l be reduced. 10 To further
control °t he SHEHE gWé?FgPeSégﬁ'E fhe Bﬁmeéwmltﬁiﬁ}#ﬁﬁfdﬁ?’?lbﬁ“%osﬁ%fer Hrueyrer 4¢ &€ ayer 146
may be pl acefdmesd. t op of a substantially concave shaped surface 142 of a
substrate 140 pri%;3 ‘%o i nplantation, as seen in l;%pg 12. Alternatively, a
device sinilar t&TEHAe rasERARET yrrefogned; gorgs caparsors and bjknscantpgjs gre formed.
substrate Sukdcafitgtdembdudthedhas iR b ErRbidon CORCRY o R REF b ShatRLAYRL 156
placed thereon as seen in Fig. 13. Such a curved surface | ayer 156 can be
formed, for ‘@X'ﬁﬁﬁl%@siﬁl‘aﬁ?ﬂ{ dairegang OdhrgesheopeningSO0fusae adehfigersuttegser over
the subgt ratﬁo@ﬂﬁlloérgsﬁﬂ' Al GHE iR ¢ BB% {oQhe Qlirck ins%}fﬁr]fe?‘%ﬁenl ae%ﬁgceq('?)}ern?z ighn
i sotropi c etchant. Subsequent Pnp antation w result 1n an 1 nplFantation
zone 154 in depesitsdiprsthe surface Gohe sppctidiaingegion Hrthmegh Wethvasmpkiteti@rmmpphous

i npl ant ati on,,zone A n h ryst.al line. substr 150 bhei curved.in a
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oxi de | ayer 14. 'ILl'Ig:ghtl doped source/drain regions 68, 70 and 72 are

y | . : nd
formed on eiPRer EFEHEABiayEHE ipRIPiFePlireatyed are tethe rmaeracof 86 bitdingledniaseds he
25 channel rig@icpenifd 8d Wientah ARSEOF is GEhSs sulR& BRYEE Sh bR} InbARAR if Onihat 1S

common to the transfer
conductive material is used to form layer 82, it may be preferred to leave the material in place to

reduce the number of processing steps. The bit line contact 84 (see Fig. 15) may consist of one
20 or more layers of metal sputtered or CVD deposited within the opening 80 and over a portion of
the device.

In another embodiment, a DRAM structure similar to that shown in Fig. 14 may be
formed having a surface 86 that has a curved morphology through which implantation takes
place, in order to control the shape of the implantation zone. Such a structure may be formed by

25 first masking and using an anisotropic etchant to etch a portion of the opening 80. After the
anisotropic etch step, the bottom of the opening 80 will have a relatively flat surface. Another
etch step is then carried out using an isotropic etchant such as a plasma derived from SF; to form
the curved surface 86, as illustrated in Fig. 16. By implanting through the curved surface 86, the
implantation zone desirably has a similarly curved boundary so that upon annealing,

30 recrystallization will occur along directions that minimize the formation of edge defects.



. FETs will serve as the bit line contact for the two illustrated transfer
FETs. Doped source/drain regions 68, 70 and 72 nay be fornmed in a two step
process, first a relatively |low | evel dopant inplantation nmade
‘self-aligned to the polysilicon gate el ectrodes 56. Sidewall spacer oxide
regions 64 are then fornmed adjacent to the gate el ectrodes by depositing a
| ayer of CVD oxide 30 over the device and then anisotropically etching the
oxi de layer to expose the substrate over the 15 source/drain regions 68,
70 and 72. Next a second, heavier ion inplantation is made into the
source/drain regions 68, 70 and 72, seléd-aligned to the spacer oxide

regions 64. Wrimge DRAGS 0. lmb\ﬂ@al@@meﬁkurﬂicé fa%r@tﬂ&u@@&h@ch@nﬁﬁﬁtEMQ§ are
formed on field oxide regions 52 at the sane tine hat the gate el ectrodes
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carried out to activate the inplanted ions and to recrystallize the
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is used as surface | ayer 82 her i ments ive
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mat eri al |n- r 0cessi st ep bit Iine
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.device. In another r r im|ar h hown i n
Ic—lieg Ci 4 may a%r stentemve% 1on0h Eﬂ%n descnbe%RAM }erelﬁlgettg ce?taﬁl prefer?éd et %Oélmgltlts Slt 18 to be

understood that the present invention is not limited to the particular embodiments described

herein. Rather, the scope of the present invention is to be determined from the following claims:



. formed having a surface 86 that has a curved norphol ogy through which

i nplantation takes place, in order to control the shape of the

i mpl antation zone. Such a structure may be fornmed by 25 first masking and
"using an anisotropic etchant to etch a portion of the opening 80. After the
ani sotropic etch step, the bottomof the opening 80 will have a relatively
flat surface. Another etch step is thary carried out using an isotropic
etchant such as a_plasma derived from SF6 to form the curved surface 86,
as illustrated iﬁvﬁi}tgs.d‘llﬂ‘.edBy i npl anting through the curved surface 86, the
i npl antation zone desirably has a simlarly curved boundary so that upon
anneal ing, 30 recrystallization will occur along directions that mnim ze
the formati on of ledgeAdedfiwdtierimpBntinptiensDiRAWswftrdt ©.mifidnizaisfedt fainstiohana a
surface | aye ich inplantation is carried out simlar to the
surface Iaye{ubgfg%e%g oﬁ%%hcoﬁpggn o8 iW a curved surface | ayer could be
obt ai ned by, for deampinga desiredimifprh b f2seilaf@cidciasss deSuphividad idbantetiod dafibe
respect to Fci .ed%Gt.and t hen. d?ef'pdg%i ttetlgg_lgg the surface [ayer on the curved
surface. The  HESioPHY CHiChioHRIAIEH: defes Lsuch 5 a surface |ayer can be

det er mi ned usi ng pewyithdg Dsusfack-15ycAROURP thd dekiRdise@ace 16 BAMSlast rate  coul d
al so have a general |y flat substrate surface with a curved surface |ayer

simlar to the <UPiRfng ipnginte thesepsupeihroush theiserfac ByerEnhodi nent s requiri ng
nuner ous processing steps including, for exanple, multiple etching steps
for the substrate surface and the surface layer, are generally not
preferr®d due to? he Adeithddanilclamrplughércgmprrsingt i me entailed to performthe
steps. 10 Wile . ionhi bt t formati on have been
descri bed herei n%ﬁédﬁt?(gg%%%agé?%ﬁ‘gé@h%%%%E%F%Eiﬁcﬁ% &5 the DRAM i n Fi gs.

14- 16, the net hodsovetbexthe beficdlayeevith g aonclyes shaped birfaedportidnh ot her struct ures

and processing st . F exanpl emhodi pents of the present . i nvention
can be appli ed tglgglg?tﬁlg?r%nssﬁ%%ﬁgbssﬁtg&o P& i ggﬁa\ﬁﬂ’ﬂ‘?{’gﬁnd the

i npl ant at i ongoneave thwped sunfpdeasgiat.i on zone resulting from maskl ess
i npl ant ?5“ on can have the sanme norphol ogy as an 15 inplantation zone
resulting fromconvention inplantation using a mask. In addition, while the

present invention. hasAbegivddescildiladwiirtih tHe@MRIAP HRILEA sARbE /dhdNuedial ed
enbodi ments, it is. to be wunderstood that the present invention is not

limited to tHEAFheeLupantedbmyah reni) eveliaeebic Plet ei n. Rather, the scope
of the present invention is to be determned fromthe follow ng clains: 17

4. A method as in claim 1, further comprising providing a conducting material as the

20 surface layer.

25

30



. What is clainmed: 1. A nethod for inplanting ions into a substrate to
mnimze defect formation upon subsequent annealing, conprising the steps
of 5 determining a desired uniform surface |ayer thickness through which
‘inmplantation can be carried out in order to mnimze defect formation;
providing a surface | ayer having the desired surface |ayer thickness; and
inplanting ions into the substrate through the surface layer. 10 2. A
method as in claiml1, further conprisin provi ding the substrate with a

concave shaped suj f ac £&aluqtk imhlRYdetl ﬁ?anm%n /368 IsRYEeath ) @ concave

shaped surface portion; 1 nplanting Tons into t strate through the
concave shapenblmba@éb}zvodbymneaanglcommsmgdlwmpmﬁshaped surface region. 15

3. A net hod aS|n cI in th bstrate |I| on. and the
substrate surface if’m’mf Suvne ];fyeﬁovehaet\ easqﬁporsnoaoit&%ﬁ’%&c%yg g’g;}éﬁﬁhl c

pl ane. 4. A nefahoblyashad a’lhmkxa:l;sl’ﬂlal,ls d rolihinfBT o fBED 11 0% isiiaflep thaw A damhg datefi@pguct i ng
mat eri al _as #) 20 surface layer. 25 30 18 5. A nethod for inhibiting
defect formafion in a substrate subjected to ion inplantation foll owed by

anneal i ng, conpri si ng chdging b eRFeddnglebVecBbcrdstdl idpedwis tikdaae; | ayer over at
| east a portion of the substrate, wherein the first surface |ayer has a
thi ckness that is a midfFFRIFNS? Pralseed rangsaf ramplastatoralistaacaty gl the whtaicni ned

5 by: choosing a desi uedmamd) §prQJeQ@<Ié’éﬁﬁ&d%é&(zﬁkﬁ'ﬁb%gﬁg%& i felidans;
determ ning a projected range of ion inplantation ance into the

substrate; deternini dgemipngi peicetdd Sandeard dedatige vivaldngn saRpd adlfohgctamf andst

axis dingction; solving the following equation for t:

t=Rp + cosO[[(AYsinB)’ + (ARpcosB)’1”’] ;
implanting ions into the substrate through the first surface layer; and

annealing the substrate.

15 6. A method as in claim 5, wherein the first surface layer has a thickness that is

within about 10% of the value t.

7. A method as in claim S, wherein the first surface layer has a thickness of
approximately the value t.
20
8. A method as in claim 5, further comprising:
providing the substrate with a concave shaped surface region;
providing the surface layer with a concave shaped surface portion; and
umplanting ions into the substrate through the concave shaped surface portion and the concave

25 shaped surface region.

9. A method as in claim 5, further comprising providing a conducting material as the

first surface layer.



. determning a projected standard devi ation AY along a second axis
direction; and 10 solving the follow ng equation for t: t = Rp +

cosO[[ (AYsinO 2 + (ARpcosO 2]s] inplanting ions into the substrate through
‘the first surface layer; and annealing the substrate. is 6. A nethod as in
claim5, wherein the first surface |layer has a thickness that is wthin
about 10% of the value t. 7. A method 4 in claim5, wherein the first
surface | ayer has$0.a thnekoéssinefaim afphiextdmdeiny: t he value t. 20 8. A nethod

as in claimb5, further rising. roviding the substrate with a concave
shaped surface rgﬁ’?’gﬁfga%%rfﬁs'ﬁ "‘tthg“@ﬁffaf%&‘éi | ayer with a concave shaped

surface porti on; imglshtingfRInathikdug tHe@st dégiésSiod i BeBLt-aL € t hrough the concave
shaped surface portion and the concave 25 shaped surface region. 9. A

method as in claimb5, further conprising providing a conducting nmaterial as

the fimst surfage | ay@fethod 8 intRim fo, FRIRPAmBSsihf Claim5, further
conprising: providing a first depression in the substrate; and inplanting

i ons through t hePPViding agetond deprespion inttee sutfecedniosendat e, 5 11. A nethod as in
claim10, furtnelmGRfRE idhk Bbueh QMo AZ-SeHARM, dERIRRSLON [N the surface

| ayer; and inplanting Tons ough 't econ epression and into the
substrate. 12. A nethod as in claim 10, wherein the first depression
includes a flat portipn

10 _t.herei 3.. thod for formng a bit line
contact to a sou?de/ rgFnggﬁpgﬁ?n2%H%??gﬁhgﬁﬁﬁgme§y@ﬁg35$sagmpoﬁmn

10 therein.

13. A method for forming a bit line contact to a source/drain region, comprising the
steps of:
prov?ding a substrate having a source/drain region therein;
‘15 providing a depression in the substrate;
implanting ions into the source/drain region through the depression; and

forming a bit line contacting the source/drain region.

14. A method as in claim 13, further comprising the step of annealing the source/drain

20 region after implanting jons into the source/drain region through the depression.

15. A method as in claim 13, wherein the substrate has a surface oriented

perpendicular to the [100] cryétallographic direction.

25 16. A method as in claim 13, wherein the depression is formed by etching at least a

portion of the substrate using an isotropic etchant.

17. A method as in claim 13, further comprising the steps of:
providing a surface layer on the substrate over the depression; and

30 implanting ions into the source/drain region through the surface layer.



. providing a substrate having a source/drain region therein; '15 providing
a depression in the substrate; inplanting ions into the source/drain region
t hrough the depression; and formng a bit |ine contacting the source/drain
‘region. 14. A nethod as in claim13, further conprising the step of
annealing the source/drain 20 region after inplanting ions into the

. source/drain region through the depression. 15. A nmethod as in claim13,
wherein the substrate has a surface oriented perpendicular to the [100]
crystal l ographic direction. 25 16. A nethod as in claim 13, wherein the
depression is formed by etching at least a portion of the substrate using
an isotropic etchant. 17. A nethod as #A claim 13, further conprising the
steps of providiflg aasdsbaesinlcR¥L 17, Bt mpHARE ha bEpsVf Rimdvite ndepfgssi on;
and 30 inplanting ions into the source/drain region through the surface

| ayer. 20 1@yer momdhefybstrats then apnealing thersource/draingegioonpri si ng t he steps of
renoving the surface |layer fromthe substrate then annealing the
source/drain region. 5 19. A nethod as in claim 17, further conprising the
st eps of5 anneal i A8 t hé& megodpcie/cimalh furthgi @mpasidg thh etapsrof pnealing thehe sur f ace

| ayer fromt &c@&ggxtrE%&neand%QchréA‘ or{"lat cdsujigr li lgrl‘]ﬁ'obnl'x i 919059:% ect formation in a
substrate subjected t© 1on 1 nplantation o Foned y annéal i ng, conpri sing
the steps of: 10 providing a substrate having a surface; renoving materi al
fromthe surface, o define.a first reqgion; .inplanting ions .into the
substrate thr ougﬁb't hegﬂeﬂ?fl??’éﬁ?bd?ﬂg dg%ﬁt Hg%&g%aﬁgbsfrﬁtg SEEEIAE. 15 21. A
met hod as i nimpladtatd]lowdiedyahitalilye cdnhprSing BRGiepilofi S substantially concave

~ shaped. 22. A nethod as jn claim 20, wherein the step of renmoving materi al
fromt h¥ surf ace PravBlingersupbrals bpyings sUfdes on i ncl udes the formation of a

depressi on havi NGerhAeheShal@WRlrbm BRIHERD®H RARE AhirsGBRLLal portion between the
sidewal | portions. o
implanting ions into the substrate through the first region; and

annealing the substrate.
15 21. A method as in claim 20, wherein the first region is substantially concave shaped.

22. A method as in claim 20, wherein the step of removing material from the surface
to define a first region includes the formation of a depression having two sidewall portions and a
central portion between the sidewall portions.
20
| 23. A method as in claim 22, comprising the additional step of forming the depression

so that the shape of the central portion is flatter than the shape of the sidewall portidns.

24, A method as in claim 20, comprising the additional step of providing a surface
25 layer on the first region,' the surface layer having a substantially uniform thickness across the first

region.



20 23. A nethod as in claim22, conprising the additional step of formng

" the depression so that the shape of the central portion is flatter than

t he shape of the sidewall portions. 24. A nethod as in claim20, conprising
-the additional step of providing a surface 25 layer on the first region,
the surface | ayer having a substantially uniformthickness across the first
region. 21 25. A nethod as in claim24, wherein the m ninmumthickness of
the surface layer is determned by the steps of. choosing a desired angle
O between recrystallization directions; determning a projected range of
ion inplantation distance Rp into the substrate; 5 determ ning a projected
standard deviation ARp along a first axis direction; determning a

proj ected standard deviation AY along a second axis direction; and solving
the followi ng equation for thickness t @fl the surface layer: t = Rp +
cosO[[ (AYsinO 2 + (ARpcosO 2]o0.5] 10 26. A nethod as in claim 20, further
conprising the stéps ofmefhodwes idichgn a4, suefemake hmjeurm titkhddeof the SifatcR@gyed R
prior to inpl ing,dops.into the substrate through the first region; and
i npl anti ng ié%gL#%%H”ﬁ %ﬁgﬁﬁgtrate t hrough the surface layer and the first
region. 15 27. A nwbkiogla asiredlangleal betvd@n rdctythiiedtios a@Rlibsi Ng the step of

renoving material .from. the surface |ayer. L ]
determining a projected range of 10n implantation distance Rp into the substrate;
5 determining a projected standard deviation ARp along a first axis direction;
determining a projected standard deviation AY along a second axis direction; and

solving the following equation for thickness t of the surface layer:

t = Rp + cosO[[(AYsind)* + (ARpcosB)’]*’] .

10 26. A method as in claim 20, further comprising the steps of:

providing a surface layer on the first region prior to implanting ions into the substrate

through the first region; and

implanting ions into the substrate through the surface layer and the first region.

15 217. A method as in claim 26, further comprising the step of removing material from

the surface layer. .



