PROTECTI VE | NSULATI NG CAP BACKGROUND

Eireld of the Invention The present invention gen | a®@g Ot o
a nmethod for providing dual work function doping, and nore part| ularly
relates to providing an array of gate gtructures whereby sone of the gate
structures are P+ doped and ot he mﬁgate structures are N+ _doped. The

present i nventMETH@DROBAROYVID %@BKWNCW%B 8N ruct ures t hat
i ncl ude both DRAMs and Ab@ EROTELIEWE INSULATING CAP

Description of the Related Art

IVETH(I) FOR PROVI DI NG DUAL WWORKFUNCT! ON DOPI NG %9 [I] N@% a\l—

BACKGROUND OF THE INVENTION
Field of the Invention

The presént invention generally relates to a method for providing dual
work function doping, and more particularly relates to providing an array of gate
structures whereby some of the gate structures are P+ doped and other gate
structures are N+ doped. The present invention is especially advantageous for

providing structures that include both DRAMs and logic circuits.
Description of the Related Art

Over the last several years, signiﬁc;xnt advances have occurred in increasing
the circuit denéity in integrated circuit chip technology. The abi}ity to provide
significantly increased numbers of devices and circuits on an integrated circuit chip
has, in turn, created an increased desire to incorporate or integrate additional
system functions onto a single integrated circuit chip. In particular, an increasing
need exists for joining both memory circuits and logic circuits together on the same

integrated circuit chip.



Over the | ast several years, significant advances have occurred in
Increasing the circuit density in integrated circuit chip technol ogy. The
ability to provide significantly increased nunbers of devices and circuits
on an integrated circuit chip has, in turn, created an increased desire to
incorporate or integrate additional sysgemfunctions onto a single

integrated circuit chip. In particular, an increasi {(} nee exists for
joining both nemmfapnmtmgLdymmamdvmgm%m@em m TSt he sane
integrated circuit chip.

2 - emphasiy lias beér e clienin dersity alodg withcediosd pesioPy ﬂemhm hagd; cuits, the
enphasi s has been on circuit density along with reduced cost. On the other

hand,  wheRyHea Bibrieating6git eBéuits Cthé edplisSis Hadibechrnitesntisg biaitsdled on creating
circuits that operate %aster Accordingly, this desire for dual work

function ciy é‘.faf‘efsfa&gxd é&c%ﬂﬁll\gl RKi© BsRE Forvtuialwh RS AGTon creatdsadditiondiexi t y and
0

relative co t rca |ng

problems with respect to the complexity and relative cost of the fabricating
process. For instance, memory circuits achieve increased density requirements by
employing self-aligned contacts (borderless bit line contacts), which are easily
implemented in a process having a single type (e.g. typically N+ type) gate work
function. A buried-channel P-type metal oxide semiconductor (PMOSFET) is
used in creating DRAMs since such permits a single work function gate conductor,
N+, to be used throughout the fabrication process. This results in significant cost
savings in fabricating DRAMs, but at the expense of creating an inferior
performing PMOSFET. On the other hand, logic circuits require both P+ and N+ -
gated MOSFETs in order to achieve the necessary switching speeds. P+and N+
gate conductor devices are highly desirable for merged logic and DRAM products.
High-performance logic requires the use of both N+ and P+ doped gate
conductors. Although currently practiced high-performance logic processes
provide dual workfunction gate conductors, they do not use an insulating gate cap
because of density requirements, and hence the need for diffusion contacts

borderless to gate conductors, which are of secondary importance to speed. In 13



process. For instance, nenory circuits achieve increased density

requi renments by enploying self-aligned contacts (borderless bit |ine
contacts), which are easily inplenmented in a process having a single type
(e.g. typically N+ type) gate work function. A buried-channel P-type netal
oxi de sem conductor (PMOSFET) is used iRﬁcreating DRAMs since such permts
a single work function gate conductor, , Lo be used throughout the

f abri cat i onDRAYEs: 8 insyinting gap yrhiehsis self-aligged tq the ghte CHRAUCIAL 1 Sl |,
fabricating DRAMs, but at .the expense of creating an inferior performng
PMVOSFET.  Onfor Remirig ttlink aontacts which ars bardertess toghewowdlines: Banderlesyi N+ gat ed
MOSFETs in order to achieve the necessary swtching speeds. P+ and N+ gate
conduct or denitAsara heedet §dtl aghigwag ttligheftatensinyrmenmbry ogll lsyeutsl DRAM pr oduct s.
H gh-performance logic requires the use of both N+ and P+ doped gate
conduct or . AR Uit-EHEHGE DRAM pRSdelse s tnllfa f1f1é NRpafeitichngite processes

provi de dual workfunction gate conductors, they do not ‘use an insul ating

gate cap _ dansi: irenens s eed for
di ffusion c%ﬁ@gétgg ?ﬂlbso?@gér'%é‘éé n(f:]’gete co%acslgcr&tﬂ(r)dras, oiaéc%ﬁﬁgre of secondary

' mportance Bl%wsdg)negetgdth el Workfunction gate doping and the capability of borderless

diffusion contacts.
SUMMARY OF THE INVENTION

In view of the foregoing and other problems of the conventional
techniques, an object of the present invention is to provide dual workfunction
doping gate conductors and incliiding a self-aligned insulating gate cap.

It is another object of the present invention to 'provide dual work
function doping. This may include providing a semiconductor substrate, a gate
insulator conductor (comprising intrinsic polysilicon and overlying silicide layer)

“and an insulating cap. The method may also include providing insulating spacers -
(such as boron silicate glass spacers) along sides of the silicide layer (WSi,) and the
insulating cap, doping portions of the semiconductor substrate and the conductor

with a first conductive type and other portions with a second conductive type, and



. é DRANB, an insulating cap which is self-aligned to the gate conductor

S

essential for formng bitline contacts which are borderless to the
mordlines. Borderless contacts are needed for achieving the highest
density nenory cell |ayouts. However, cost-effective DRAM processes use

only a single N+ polysilicon gate conducfor. Thus, there is currently no

econom cal |
dopi ng and
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I nvention i

%ngttract I ve process for providi ngisbot h dual workfunction gate
aling.the, pondugtop sudh shat dhe dg)gnts of thedisst gpd sesand eongluctive
THE | NVENTI ON In view of the foregoing and ot her-

obj ect of the present invention to provide dual work

etched to form a partial gate conductor stack prior to providing the insulating
spacers. After providing the insulating spacers and prior to doping, the method
may further include etching the intrinsic conductor at areas of the conductor not
covered by the spacer material.

An oxide layer may be formed on portions of the semiconductor
substrate not covered with the intrinsic conductor. Insulating spacers may be
removed prior to doping portions of the semiconductor substrate and the
conductor.

Portions of the semiconductor substrate may correspond to source and
drain contact regions. The method may further include extending the source and
drain regions in the support region of the substrate to a region at least under the

annealed conductor. The method may also include forming source and drain

regions in the array regions.

It is also an object of the present invention to achieve the dual work - -

function requirement for selectively applying either P+ or N+ doping to the gate

conductor while at the same time creating a self-aligned insulating cap on the gate

conductor.

an object of the present
s to provide dual workfunction doping gate conductors and
i ncl udi ng a sel f - aPomjioaslof the silicilé lagergad portiaps of the insulating caplniayite anot her



function doping. This may include providing a sem conductor substrate, a
~gate i nsul ator conductor (conprising intrinsic polysilicon and overlying

_silicide |ayer)
provi ding insul ati ng spacers

sides of the silicide layer (Wsi[err]) and the i nsul ati ng cap,

:portions of the semi conductor, substraje.a he "
conducti ve type an&@f&@?"%&fli’*}%s’ 9\5“{ ‘%qu?é‘gﬁ%&gg%gﬁg
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t he conductor such that the dopants g% the fjrst an
Bth EIE Blrcg_munctxon wit

onyiffl o

and an insulating cap. The nethod nmay al so include
(such as boron silicate gl ass spacers) al ong

dopi ng
a first
~and

second

Portions of the silicide layer and portions of the insulating cap may be
et ched to ftheaneexpddtavahgsgwhich disldsecpreferred smkodimenss of the pventiel. ng t he

spacers. After providing the insulating spacers and prior to
doping, the nethod may further include etching the intrinsic conductor at
areas of the conductor not covered by the spacer material. :

i nsul ating

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in detail with réference to the following
drawings in which like reference numerals refer to like elements and wherein:

Fig. 1 shows an initial semiconductor structure;

Fig. 2 shows the Fig. 1 semiconductor structure after etching;

Figs. 3A and 3B show the semiconductor structure in the array and

support regions, respectively, after depositing spacer material;

Figs. 4A and 4B show the semiconductor structure after etching spacer -

material;
Figs. SA and 5B show the semiconductor structure after formation of a
screen oxide layer;
Figs. 6A and 6B show the semiconductor structure after doping;
Fig-s 7A and 7B show the semiconductor structure after annealing;
Figs. 8A and 8B show the semiconductor structure after source-drain

extension;



An oxide |layer may be formed on portions of the sem conductor substrate
not covered with the intrinsic conductor. Insulating spacers may be
renoved prior to doping portions of the sem conductor substrate and the
conduct or. Portions of the sem conductor substrate may
correspond to source and drain contact gegions. The nethod may further

i nclude extendi ng t.he sourc nd drai.n regions in_t rt tegion of
the substrate to & 'BeGdAB$ &’s@eﬁ?{ﬂg?“@g@rswgglaggr%eﬁﬁgﬁ%rl%{r. The
met hod may al so include formng source and drain regions in the array
regi ons.  interlayer dieleqtsic lageraandy an obj ect of the present invention to
achi eve the dual work - function requirement for selectively applying
ei ther P+ or N+ doBigntp isa flowesharh showingstepscafdhe preseneingentione same ti ne
creating a self-aligned insulating cap on the gate conductor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Figs. 1 and 2 will now be described with respect to forming a partial
gate conductor stack. Following that discussion, the figures will be divided to
show the gate conductor stack in support regions and array regions of the
semiconductor structure.

Fig. 1 shows a semiconductor substrate 5 which is initially provided and
a gate oxide layer 10 provided over the substrate 5. The semiconductor substrate
5 is typically silicon but can be any semiconductor material such as group II-VI
semiconductors, group III-V semiconductors, or a composite silicon
semiconductor such as silicon carbide. The semiconductor substrate 5 typically
contains well doping regions which have been implanted prior to the formation of
the overlying layers. Further, a nitride or oxy nitride gate insulator may be used .
rather than the gate oxide layer 10.

A gate stack is deposited over the substrate 5 and the gate oxide layer

10. The gate stack may include an intrinsic (i.e., undoped) polysilicon layer 11, a



5 ' O her objects, advantages and salient features of the invention

will becone apparent fromthe follow ng detail ed description taken in
conjunction with the annexed draw ngs, which disclose preferred :
‘enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention will bhe described in detail with
reference to the f.ollow ng. draw ngs Ln iLch i I nynmeral s refer
to |like el eliogsten ﬁﬂdﬁ/ﬁégﬁ Wer‘i%f and & silidon ﬂtlac_?e liy%ﬁ% \;a\.gtﬁr%:lﬁ:}.ﬁﬁttn:ag I

sem conductor structure; Fig. 2 shows the Fig. 1 sem conductor
structure afaPel3-et ching; Fi gs. 3A and 3B show t he seni conduct or

structure in the array and support regions, respectively, after depositing
spacer material; A gate conductor(Gf3) mask, sueh asiplayeiRfrestst magszirb @Rt uct or
structure after etching spacer nmaterial; Fi gs. 5A and 5B show

the seni conghosin)lof setyipd eifislopkitin kndvar lithbgraphio fnaskingsandestehingxi de | ayer ;
Firgs. 6A and 6B show t he sem conductor structure after doping;
techniques, is placed over the nitride cap 13. Any well-known photosensitive
polymerizable resist materials may be used. The resist material may be applied by
spinning or by spraying, for example. The gate stack is pattérned and etched
through the nitride cap 13 and the WSi, layer 12 down to the polysilicon layer 11
as shown in Fig. 2. Overetching into the polysilicon layer 11 is acceptable.

As is known in the art, the semiconductor structure may include array
regions and support regions and the following discussion regarding Figs. 3A-9B
contains different processes between the support region and the array region.
Since the layout in the array region requires the utmost density, minimum channel
length (minimum polysilicon gate conductor stack width) and minimum space
between gate conductors is utilized. In the array region, a minimum space
between gate conductors requires that diffusion contacts be borderless to the array
gate conductors (wordlines). Borderless contact technology is most compatible .
and least expensive for single workfunction gate conductors (i.e., preferably N+).

Since density requirements in the support regions are more relaxed than

in the array, borderless diffusion contacts and gate conductors with insulating caps

are not required. However, dual workfunction gate conductors in the supports are



Figsij and 7B show the seni conductor structure after annealing;
Figs. 8A and 8B show the sem conductor structure after source-drain
ext ensi on; 6

Figs. 9A and 9B show the sem conductor structure after deposition of
i nterlayer dielectric |ayer; and 3 Fig. 10 i.s a flowhart show ng

steps of the present invention. . _DETA‘IEIIiFFD DESCRI PTI ON CF
PREFERRED desired for improved performaop) et Sllowing disqupsigneprionf Figs. 3 Fi gs.

1 and 2 will now be described with respect to formng a partial gate
conduct or st4%ISA;BA, [7AyBAgarid A sbivadbsgiusture inthe frrayuegion aid ¢achef di vi ded to
show t he gate conductor stack in support regions and array regions of the
Figs. 3B, 4B, 5B, 6B, 7B, 8B and 9B shows the structure in the support region.
As shown in Fig, 3, a layer of boron silicate glass (BSG) 32 is conformally
deposited over the partially patterned gate stack. The BSG 32 thickness is
selected such that the narrow spaces between gate conductors (wordlines) in the
array region (Fig. 3A) are completely filled while the wider spaces in the support
region (Fig. 3B) contain the topography of the conformal layer of the BSG 32
(Fig. 3B). In an exemplary case, for a 150 nm minimum feature size, the spacing
between gate conductors in the array region (Fig. 3A) is nominally approximately
150 nm, whereas the spacing between gate conductors in the support region (Fig.
3B) is typically 300 nm-or greater. A BSG layer 32 thickness of between
approximately 80 nm and 140 nm is preferably used.
The deposited BSG 32 is then reactive ion etched (RIE'd) selectively to the
silicon nitride, forming spacers 30 on the gate sidewalls in the support region (Fig.
4B), but leaving the spaces filled in with the BSG 32 in the array region (Fig. 4A).
In the support region, the exposed intrinsic polysilicon layer 11 of the gate
stack is reactive ion etched selectively to oxide and nitride, stopping on the gate
oxide layer 10 over the substrate 5. Because of the spacers 30 in the support

region (Fig. 5B) and the protective BSG 32 (i.e., blocking layer) filling the gaps

between gate conductors in the array region (Fig. SA), only the support region



sem conductor structure. Fig. 1 shows a sem conductor substrate
5 which is initially provided and a gate oxide |layer 10 provi ded over the
;Substrate 5. The sem conductor substrate 5 is typically silicon but can be
any sem conductor material such as group I1-VI sem conductors, group II1l-V
sem conductors, or a conposite silicon $®em conductor such as silicon

«carbide. Th } canduct or, . substrage 5 pically t al melk.doping
regi ons whi ?ﬁéﬁ]gi\ygﬁlﬁ‘é'é yer Hﬂﬂ%ﬂl?*‘é‘ag pl&]ﬁié@r?%gs. f‘%?c?r% io%cﬁgl?yer# & overlying
| ayers. *Further, a nitride or oxg nitridﬁ_ at insglator nnﬁrbe used
rat-her t hanPIaierablythergaliygrown pa the gxposed silicon substrata,> as shown in e, i5B. qeposi t ed
over the substrate 5 and the gate oxide |ayer 10. The gate stack may
i ncl ude an iThe s¢reen exid¢ layer 41 protegse the spdhsesif thesyhstragg e fromion ignplant
7 tungsten silicide (Wsi[err]) layer 12, and a silicon nitride |ayer 13
acting as adaintgs die tocalpseditent implantation of source-drain dopant. Furthermore, ,
screen oxidation also “heals" the silicon surface from any plasma damage induced
during the gate polysilicon reactive ion etch.
- The BSG 32 is then isotropically etched selective to SiN silicoh, WSi, and
thermal oxide using etchants well known in the art (i.e., wet HF/sulphuric acid).
Since BSG etches much more rapidly than the thermally grown oxide layer 41, the
screen oxide layer 41 is left mostly intact. Masked ion implants are then used to
introduce N+ dopant (e.g., As or Phos) into the gate polysilicon layer 11 of the
array region (Fig. 6A), into the gate polysilicon layer 11 of the support region's
~ (Fig. 6B) NFETs (i.e., in the exposed ledges 43), and into a portion of the source- -
drain regions 51 of the support region's NFETs. The support region's PFETSs
receive a P-type dopant implant (typically boron) into the gate polysilicon layer
and the source-drain regions 51. The energy of the N+ implant is selected such
that the amount of dopant penetrating through the array region's gate polysilicon.
layer 11 into the substrate 5 is negligible.
Then, as shown in Figs. 7A and 7B, a high temperature anneal is used to

distribute the dopants throughout the lateral extent of the gate polysilicon layer 11.

This anneal may have a broad range of time and temperature; for example 1100°C



A gate conductor (GC) mask, such as a layer of resist material (not shown)
of the type enployed in known |ithographic masking and etching techniques,
is placed over the nitride cap 13. Any well-known photosensitive _

pol yneri zabl e resist materials nmay be used. The resist nmaterial may be
applied by spinning or by spraying, foriexanple. The gate stack is

-patterned d.etched through the nitride.cap 13.and . L{err] layer 12
down to thgfr&f)b‘ﬁi/@irlﬁ%pc‘c;rf"‘l 30 minutes. Sigge g‘ﬁﬁ'&ﬁl‘sﬁvﬁy ?F‘&omgnhgg/lg%[i\g%"ﬁlg ng into the
pol ysilicon |layer 11 is acceptable. . .As is #nomn in the art, the
sem conducti¥pically 00X greaterthan insinglecrystal silicon, gy jupelions Which 6w ¢ r egi ons and
the foll ow ng discussion regarding Figs. 3A-9B _contains different
processes Huiplaatad intoghs sifigomrsubsteats Ddiffusecbyt andngignifipgpnt-amquahduringithe e t he

| ayout in the array region requires the utnost density, m nimum channel

| engt h (i ninnegh Posilinlreaxtive Pateschdothen asedrto seraave tind ghtdpolpsilitoni ni num space
bet ween gate conductors is utilized. In the array region, a m ninum space

bet ween gatigq leiﬁﬂférsﬁpﬁ&ﬁirégfcﬁgﬁghm))ﬂidftﬁ Uﬁiaﬂﬂe thepaRGlofysilicortbor der | ess to
the array gate conductors (wordlines). Borderless contact technology is

nost corrpatg&hgctopsgﬁé¢eg$§glr§g§%§p§é_%)f or single workfunction gate

conductors (1.e., Since density requirenents
in the support r"[:‘lgeln?[hse o%d% eg%rﬁ arrg ll'e%%(ejd f)}b §ilute HE etch and a gate

sidewall oxide 90 is grown (Fig. 8B). Array diffusions (N-type) 53 and support

source-drain extensions (N and P-type) 54 are implanted depending on the type of
FET as shown in Fig. 8B. Typical extension implants for NFETs preferably may
be done using Phos at 5x10% - 5x10" cm™ at 5-20 keV or As at 5x10" - 5x10*
cm? at 15-50 keV. For.PFETs, boron may be used at 5x10" - 5x10" cm™ at 5-20
keV.

Then, as shown in Figs. 9A and 9B, nitride spacers 92 are formed on the
gate conductor sidewalls (needed for borderless contacts) following standard
processing well known in the art. An interlayer dielectric 100 (typically CVD
oxide) is deposited and vias are etched for subsequent formation of contact studs...
The vias are opened borderless to the gate conductors in the array region (via
opening overlaps gate conductor), while the vias are formed between gate
conductors in the support region (Fig. 9B). The reason for this distinction is that

the metal studs 94 (i.e., tungsten) needed for low-resistance and performance in



imthe array, borderless diffusion contacts and gate conductors with
dnsulating caps are not required. However, dual workfunction gate
.conductors in the supports are-

8 desired for inproved performance. In the follow ng discussion each of
Figs. 3A, 4A 5A 6A, 7A, 8A, and 9A shdéis the structure in the array

region and ﬁ‘%ﬂ?‘%ﬁ rggii-og%akgﬁle bﬁ%&%ﬁgﬁﬁcﬁ%&ﬁf‘g_ﬁl@’?ﬁﬁ%hom the struct ur.e

in the support Fayer of boron
silicate glass (BSG 32 is.conformally deposjte e pbartially

pat+ er ned g‘é‘i“épléf“ﬁgﬂ'.‘gwgn% T Fc%r?é(g'g qogéacgsg?‘g%{f{eodé{lﬁﬁtﬁ’ %t the
narrow spaces between gate conductors (word]ines) inh the__array region
(Fig. 3A) athe supnpstegienthe vias aig npfppened geer "cl%arteg?ﬂ&’rt]‘@'é’r'i Thhe support
region (Fig. 3B) contain the topography of the conformal |ayer of the BSG
32 (Fig. 3mWcessitateawidex egaoingof theagate, conducters isthe supparhicgion ure size, the
spaci ng between gate conductors in the array region (Fig. 3A) is nomnally
appr oxi nat ehigher series resistance is acceptable in the array region, polysilicon studs 95 are

used which allow relatively easy formation of borderless contacts. This dual
workfunction/capped gate conductor process is applicable to DRAMs éontaining
either deep trench or stacked capacitor storage elements. The storage capacitors
are not shown in Fig. 9A for simplicity. |

Fig. 10 shows a flowchart showing steps of the present invention. In
particular, in step S100, the semiconductor structure is formed and preferably
includes the semicondugtor substrate 5 containing isolation regions and well
doping regions on which is formed the gate oxide layer 10, the intrinsic polysilicon -.
layer 11, the tungsten silicide layer 12 and the nitride cap 13. Then, in step S102,
the respective layers are appropriately etched down to the polysilicon layer 11.
Subsequently, in step S104, a maskless process forms a blocking layer in the array
region and adds spacers 30 in the support region. The exposedlpolysilicon layer -,
11 is then etched in step S106 and the screen oxide layer 41 is grown in step S108.

Subsequently, in step S110, the BSG blocking layer in the array region and
the spacers 30 in the support region are removed. The source/drain contact areas

51 and the exposed ledges 43 of the polysilicon layer 11 are implanted in step



150 nm whereas the spacing between gate conductors in the support region
(Fig. 3B) is typically 300 nm or greater. A BSG |layer 32 thickness of
between approximately 80 nmand 140 nmis preferably used. The
deposited BSG 32 is then reactive ion etched (RIE d) selectively to the
silicon nitride, formng spacers 30 on thE gate sidewalls in the support
region (Fig 4 but | eaving the spaces fjlled in Wwth the BSG 32 in the
array regi oﬁlt?FFQ.\enﬂfﬂ)ﬁtep S114, the struciute]s anegled qsﬂrﬁaitﬁn‘h,aoﬁaﬂ§ exposed
intrinsic polysilicon layer 11 of the gate stack is reactive ion etched.
sel ect i vel ythrougheptithe polysitican layrs 11 and Symraydened palysifieandayes 8l de | ayer 10 over
the substrate 5. Because of the spacers 30 in the support region (Fig. 5B)
and t he proEspesed poBle@s 82theidoped pdiysilichn layet Glyare ptched inistep $116. gaps  bet ween
gate conductors in the array region (Fig. 5A), only the support region

9 gate pol ySubsegasntly siyitepISl 18 Spartierizass tidyoxidetayd B1 prdthedxidedayee1€€n oXxi de

| ayer 41 is npreferably thermally grown on the exposed silicon substrate 5
as shown i NafeirBmowd. Subsequently, the sidewall oxide layer 90 is grown, the source/drain
extensions 54 are implanted and the array diffusions 53 are implanted in step S120.
Then, in step S122, nitfidg spacers 92 are formed and an inte.rlayer dielectric 100 is
deposited.
The resulting structure thereby forms the desired dual workfunction doping
including the self-aligned insulating gate cap. That is, the present invention
achieves a dual workfunction requirement by applying either P+ or N+ doping to
the gate conductor while at the same time creating a self-aligned cap on the gate
conductor. The present invention further allows lightly doped source-drains in the -
array region for low junction leakage, allows formation of source-drain extensions
in support regions for high hot-carrier reliability and does not introduce extra
masks.
Still further, the present invention allows the formation of borderless
diffusion contacts in the array region for high density. The dual workfunction
gates in the support region allow surface channel MOSFETs for high performance.

While the invention has been described with reference to specific

embodiments, the description of the specific embodiments is illustrative only and is



The screen oxide |layer 41 protects the surface of the substrate 5 fromion
Jinplant danmage due to subsequent inplantation of source-drain dopant.
Furthernore, screen oxidation also "heals" the silicon surface from any
pl asma danage i nduced during the gate polysilicon reactive ion etch

The BSG 32 is then isotropically etched sid ective to SiN silicon MBi[err]

and thermal OXIde usi ng etchant wel | h ,

HF/ sul phur i Botdeibgronsidgred as hugng %ﬁ%@%‘ﬁ@pf%ﬂpﬁmﬁ ag?@‘{? thhan the ther mal |y
grown oxide |ayer 41, the screen oxide |a r 41.is_l-e i ntact.
Masked i on m@f’fmtmsan@chamw MaERLcHHo t?‘ﬂ*’ter% gl i thg arg &ﬂl‘t”c? 6%g As or
Phos) into the gate polysilicon layer 11 of the array region (Fig. 6A),

i nto the gafremptht ypifit arcoscopengfashe inverdiont he support region's (Fig. 6B) NFETs
(i.e., in the exposed | edges 43), and into a portion of the source- drain
regions 51 of the support region's NFETs. The support region's PFETsS
receive a P-type dopant inplant (typically boron) into the gate polysilicon
| ayer and the source-drain regions 51. The energy of the N+ inplant is

sel ected such that the anobunt of dopant penetrating through the array
region's gate polysilicon. layer 11 into the substrate 5 is negligible.
Then, as shown in Figs. 7A and 7B, a high tenperature anneal is used to



di stribute the dopants throughout the lateral extent of the gate
Jpolysilicon layer 11. This anneal may have a broad range of time and
tenperature, for exanple 1100[err]C -

10 for 10s to 850[err]C for 30 m nutes. Since the/drfoS|V| opant in
polysilicon is typically 1000X greater ghan in s ﬁmx}\\ icon, the
junctions which were inplanted into the silicon k fruse by an
insi'gni fi cant anmount during the anneal. A silicon« e&ct ?’ve ion etch is
then used to renove the gate polysilicon |edges 43 in the support region
(Fig. 7B) and to separate the gate polysilicon conductors in the array
region (Fig. 7A). Then, the oxide ears 42 are renoved by a dilute
HF et ch andWhagmtclimed dewal | oxide 90 is grown (Fig. 8B). Array diffusions
(N-type) 53 and support source-drain extensions (N and P—tyexg 54 are

i npl ant ed depending OA thétRod fop proxidingdtiEl evsrlsfugvion dopiiggthe@®thory pi cal
extension inplants for NFETs preferably nmay be done using Phos at

5X10[ err] -céﬁl;‘@gi,fgr:r] cnferr] at 5-20 keV or As at 5X10[err] - 5x10[err]

providing a semiconductor substrate, a gate insulator over said
semiconductor substrate, a conductor comprising intrinsic lpolysilicon and
overlying silicide layer over said conductor and an insulating cap over said

. overlying silicide layer;

providing insulating spacers comprising spacer material along sides
of said silicide layer and said insulating cap;

doping first portions of said semiconductor substrate and said
conductor with a first conductive type dopant and second portions of said
semiconductor substrate and said conductor with a second conductive type dopant;
and

annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors.

2. The method of claim 1, further comprising etching portions of said
silicide layer and portions of said insulating cap to form a partial gate conductor

stack prior to providing said insulating spacers.



‘cm 2 at 15-50 keV. For PFETs, boron may be used at 5x10[err] - 5x10[err]
.cnferr] at 5-20 keV. Then, as shown in Figs. 9A and-9B;—nitTide

.spacers 92 are forned on the gate conductor sidewalls. (nee f

borderl ess contacts) follow ng standard processing m ﬁmﬂmt\\ﬁ“ art.
An interlayer dielectric 100 (typically {gvD oxide) ildl i and*vi as
-are etched for subsequent formation of contact studs.. e vias are opened

borderless to the gate conductors in the array region (via opening

I d , il h jas. ar.e f.
Conductor o i n ¢ Ao, suppeedg St iy YhEBmpa B BRe B WL <1 nct i on

is that the netal studs 94 (i.e., tungsten) needed for |owresistance and
performance in 11 the
support region nmake the borderless contacts for the support region

conpl i cat ed and 4expefdiewethofdiclairod ewhereinseidiinsuleting spacers cH/IPNSe t 0 gat e
shorts in the support region, the vias are not opened over the gate
conduct or . bbkarssilicate glass spacers.

5. The method of claim 1, wherein after providing the insulating
spacers and prior to doping, the method further comprises etching said intrinsic

conductor at areas of the conductor not covered by said spacer material.

6. The method of claim 5, further comprising forming an oxide layer
on portions of the semigonductor substrate not covered with said intrinsic

conductor.

7. The method of claim 1, further comprising removing said insulating
spacers prior to doping said first and second portions of said semiconductor

substrate and said conductor.

8. The method of claim 1, wherein said first and second portions of

the semiconductor substrate correspond to source and drain contact regions.



necessitates wi der spacing of the gate conductors i the support region.

~Since higher series resistance is acceptable in tg mgmuﬁﬁmmm
‘polysilicon studs 95 are used which allow relativ m i of
“‘borderl ess contacts. This dual workfunction/capped fat®e conluctor” process
is applicable to DRAMs containing eitht® deep trench or stacked capacitor

St orage el enent ® Thef,b?tgl%@%eogﬁga\%%&'ﬁ%m g?’?‘ﬂ"éﬁn&@&%ﬁs{h@ g. 9A for

sinplicity. ow ng steps of the present
i nventi.on. .| articular, in step S100, the sem conductor structure is

f or.med and“Hﬂ%?gﬁ§EPV"e$H@¥ Y K'Y conduct or substrate 5 contai ning

i solation regions and well doping regions on which is forned the gate

oxi de layer 10, the intrinsic polysilicon layer. 11, the tungsten silicide
| ayer 12 and the nitride cap 13. Then, in step S 102, the respective

| ayers are appr dpri atfheymetharhefalaito @nwhereinafeparingalingitkeepnduster, the) |
Subsequently, in step S104, a maskl ess process fornms a bl ocking | ayer in

the array nigigddfartdsccontiitesadading tidsourcetand dedipregions inregidsmppdioe exposed
polysilicon layer 11 is then etched in step S106 and the screen oxide

| ayer 41 i ?e@?@%séid‘s&%ﬁﬁe?b 4 9&ion at least under¥aRBAELMH dohdudtbr. Step S110 , the

BSG bl ocking layer 1n the array region and the spacers 30 in the support
region are renoved. The source/drain contact areas

11.  The method of claim 9, wherein after annealing said conductor, the

method further comprises forming source and drain regions in said array regions.

12. The method of claim 1, wherein after annealing said conductor, the

method further comprises etching portions of said conductor.

13. The method of claim 1, further comprising forming a gate sidewall

oxide on sidewalls of said annealed conductor.

14.  Anarray of gate structures obtained by the method of claim 1.



51°and the exposed | edges 43 of the polysilicon | ayer—11 -are_inplanted in
step 112. Then,

12 S
in step S 114, the structure is annealed to spread ttml W "”"Eﬂ(ﬂ ghout
the polysilicon layer 11 and form a doped polysiliconhs il sed
portions of the doped polysilicon Iayer]f761 are etched in step s1t6. *

‘Subsequently, in step S 118, portions of the oxide |layer 41 and the oxide
| ayer 10 are renoved. Subsequently, the sidewall oxide layer 90 is grown,

t he source/drain.j£xteQg AWy i anodi ffusions 53
are inplanted in step fgg)% rg‘{l\fg #%P%?ﬂ%ﬁgcﬂ%gg?ﬁlnﬁt?% g]e gpacers 92 are
formed and a(%rti(?l?itsﬁlr] ayer dielectric 100 is deposited. The
resulting stru turé‘thereby forms the desired dual workfunction doping
including the self-alignedq insulating gate cap. That is, the present
i nvention “achieves a Pgﬁ‘& Ing, 3 SRAIGARAUCEDT Sybstrater & AR INSYHIOR ¥ERAVey ei t her P+
or N+ doping to the gate conductor while at the sane tine creating a
sel f - al i gned2td§sminondpgionmbsirate, a relatively undoped polysilicon layer over the gate

insulator layer, a highly conductive silicide layer and an insulating cap over said

' relatively undoped-polysilicon layer;
providing insulating spacers comprising spacer material on
sidewalls of said insulating cap and said silicide layer;

etching portions of said relatively undoped polysilicon layer which

are not covered by the spacer material;

removing the spacer material such that said relatively undoped
polysilicon layer includes first and second exposed portions;

doping first exposed portions of said polysilicon layer with a first
conductive type dopant;

doping second exposed portions of said polysilicon layer with a
second conductive type dopant; and

annealing the polysilicon layer such that remaining portions of said

polysilicon layer become doped with said first and second conductive types.



conductor. The present invention further allows |ightty doped source-dsains
inthe array region for |low junction |eakage, allows mmm‘“;“‘“)“‘\‘e\““\
.source-drain extensions in support regions for high h s |
reliability and does not introduce extra masks. * Stitl turther,
the present invention allows the formati®n of borderless diffusion

-contacts in th I -hiygh i o ; | i t
Cn the. suppor t g oMoy bRl 19 BB csh BB ottt by DY B0 s
While the i t.] h i bed with f i fi

enodi mont SHEdRGE olf Porter oo ruiaEhe e OO0 BRI CooPBERN LSy i ve
only and is- ) g . 13 not
to be consi¥RSkPEIORLO providinggidipwlalipg SRACETS- t he i nvention. Various ot her

nodi fications and changes nay occur to those skilled in the art wthout
departing fromthe spirit and scope of the invention.

17. The method of claim 15, wherein said silicide layer comprises WSi,.

18. The method of claim 15, wherein said insulating spacers comprise

boron silicate glass spacers.

19. The method of claim 15, further comprising forming an oxide layer

on portions of said semiconductor substrate not covered with said polysilicon

layer.

20. The method of claim 15, further comprising doping portions of the
substrate with said first conductive type prior to annealing said polysilicon layer,

said portions of the substrate corresponding to source and drain contact regions.

21. The method of claim 20, wherein said semiconductor substrate

includes support regions and array regions.



714 © What is clained is: 1. A net hod—f*or“pT‘OT/T‘di’rTgm_aG?a_ifmork

function doping, the nethod conprising:

sem conductor substrate, a gate insulator over said lﬂmmggﬁmwi“m\
substrate, a conductor conprising intrinsic polysili L yi=ng:
silicide |l ayer over said conductor and & insulating cap over said

.overlying silicige | aygr, 4o ofclaimZ(jléngthﬁccgg%ing:e | gngﬂlk%h&@ Spacers

conprising spacer matérial along si e’ layer and said’
i nsul ating capx._.. e i firs rti.ons. of i d
seni conduct 8‘?({3@3'1515‘7[0?‘%%”&5985 e sg@%ﬁﬁ%@%@? os\fa?(ﬁsu%ét?ﬁt‘?gota Eegﬁ’& §&tive type
dopant and fecon portions of sajd

east under said annealed polysilicon layer.

23.  The method of claim 21, wherein after annealing said polysilicon
layer, the method further comprises forming source and drain regions in said array

regions.

24.  The method of claim 15, wherein after annealing said polysilicon -

layer, the method further comprises etching portions of said polysilicon layer.

25, The method of claim 15, further comprising forming a gate sidewall

oxide on sidewalls of said annealed polysilicon layer.
26.  Anarray of gate structures obtained by the method of claim 15.

27. A method for providing dual workfunction doping, the metllad .-
comprising:

providing a semiconductor substrate, a gate insulator over said
semiconductor substrate and conductoré comprising a deposited semiconductor

material over said gate insulator;



- conduct ors. 2. The nethod of claim1

semiconduct or substrate and said conductor with a second conductive type

dopant; and anneal ing said condu mgants of
said first and second conductive types spread ov Wm m ﬂ\

er scofprt sing
etching portions of said silicide | ager and portions of said insulating

. cap to forma pafobing!firPbRion® BEkEd RinicondhAEKsuBstrARE addOfirel Ghes BF 8 sal d
i nsul ati ng spacers. 15

3 The @%Bmﬁ:@o I nprises Wi [err]
4. The dg fv?& ala%rlwrﬁ]o ’l‘dem‘\:;E f}}ge dggd al (Ii %\égﬁ,&j&r{l@%ﬁggggr s conpri se
boron il (Bhoiiisr SBAGE! Sd second ones of said conductors with a second

conductive type dopant; and

annealing said conductors such that said first and second dopants spread

over said respective first and second conductors.



5. °  The method of claim1, wherein after providing the insul ating
spacers and prior to doping, the nethod further conprises etching said
~intrinsic conductor at areas of the conductor not covered by said spacer

" material. 6. The met hod of claim5, further conprising formng
an oxide layer on portions of the senlgqnductor substrate not covered with
.said intrinsic conductor. The met hod of claim 1, further

conpri sing renoving sald i nsul ati ng spacers prior to doping said first and
second portions of said sem caonductor substrate and said _conductor

8. - ThVREHRGY FOR BRAVIPINGRE AL Wi EONCHONDiaP e diD PHATREI G

the sem conductor substrate corredNSHEAIGNSOGABe and drain contact regions.

ABSTRACT

A method for providing dual work function doping and borderless array diffusion contacts
includes providing a semiconductor substrate (15), a gate insulator (10), a conductor (11,
12) on the gate insulator, an insulating cap (13) on the conductor (11, 12) and insulating
spacers (30) on sidewalls of a 1:;0rtion of the conductor (11, 12) and the insulating cap (13).
The method also includes doping portions of the semiconductor substrate (5) and the
conductor (11) with a first conductive type and other portions with a second conductive
type. The conductor may be annealed such that dopants of the first and second conductive

types spread over the respective conductors.

Fig 10



16 9. The nethod of claim8, wherein said sem conductor substrate
I ncl udes support regions and array regions. 10. The net hod of
Llaim9, wherein after annealing the conductor, the nmethod further

conpri ses extending the source and drain regions in said support region of
said substrate to a region at |east under said anneal ed conductor.

11.- The nmet hod of claim9, wherein al/ffer annealing said conductor, the
met hod further conprises formng source and drain regions in said array
regi ons. ' 12. The met hod of claim 1, wherein after annealing
said conductor, the netho ' =g portions of said
conduct or. ! The nmethod of claim 1, Aurther conprising
formng a gate sidewall_ o nneal e tor.
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14. An array of gate structures obtained by the nethod of claim 1.
. 17 15. A nethod of form ng dual work function doping, the nethod
.conprising: provi ding a sem conduct or substrate, a gate

i nsul ator |ayer over said sem conductor substrate, a relatively undoped
polysilicon | ayer over the gate insulator |layer, a highly conductive
-siticide layer and an insulating cap a/ér said relatively undoped

pol ysilicon | ayer; provi di ng égsulatin spacers conpri sing
spacer material on sidewalls of said insuldting cap said silicide

| ayer; y CLCi=rTg" POT LT ONS| Of ~serajr el avl

ay,

pol ysilicon er_whicll are nof_covered by thelspacer fateri

V | 1




renovi ng the spacer material such that said relatively undoped polysilicon

s layer includes first and second exposed portions; dopi ng
first exposed portions of said polysilicon layer with a first conductive
t ype dopant; dopi ng second exposed portions of said

polysilicon layer with a second conductive type dopant; and

-anneal i ng the polysilicon layer such t}& remaining portions of said

pol ysilicon | ayer becone doped with said first and second conductive types.
18 16. The met hod of claim 15, further conprising etching
portions of said silicide |ayer and portions of said insulating cap to
forma partial gate conductor stack prior to providing said insulating

spacers. 17. The t hody of chaim 15, wherein said silicide
| ayer conprises wsi[err]l- ]j l 1 f

+13
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18. The nethod of claim 15, wherein said insulating spacers conprise
boron silicate gl ass spacers. 19. The nethod of claiml5,
_further conprising formng an oxide |ayer on portions of said

sem conduct or substrate not covered with said polysilicon |ayer.

20. The nethod of claim 15, further conprising doping portions of the
-substrate with said first conductive t@#fe prior to annealing said
polysilicon |layer, said portions of the substrate corresponding to source

and drain contact regions. 21. The net hod of claim 20, wherein
saird seni conduct pt—stHastyr ate i n ypport r qet d array regions.
f+%ﬁk&h4¥ pp g+6ﬁ€—€TL—43 y g
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19 22. The met hod of claim 21, further conprising extending the
source and drain contact regions in said substrate region of said
_Substrate to a region at |east under said anneal ed polysilicon |ayer.

23. The met hod of claim 21, wherein after annealing said polysilicon

| ayer, the nethod further conprises formng source and drain regions in
-said array regions. 24. T¥He met hod of claim 15, wherein after
anneal ing said polysilicon |layer, the nmethod further conprises etching
portions of said polysilicon |ayer. : 25. The net hod of claim
15; further conprising formng a gate sidewall oxide on sidewalls of said
anneal ed pol ysilicon |ayer. 26. An array of gate structures

obtai ned by the nmethod of claim

%?hgs

% w

7 0 _ /,13

100
92




27. A met hod for providing dual workfunction doping, the nethod

conpri si ng: provi ding a sem conductor substrate, a gate insulator
over said sem conductor substrate and conductors conprising a deposited
“sem conductor nmaterial over said gate insulator,

20 doping first portions of said sem conductor substrate and first
ongs of said conductors with a first (ﬁb’%ductive t ype dopant and second
portions of said sem conductor substrate and second ones of said-
conductors with a seco‘mmww v —and nneal i ng
said conductors such that sai 60 SB&CQNﬁ 9 ?ﬁﬁ@ pant s sbféasdl_&] over said

respective first and sectomd—conaucrors.

ETCH LAYERS DOWN TO POLYSILICON LAYER 11 |— S102

FORM BLOCKING LAYER IN ARRAY REGION AND

ADD SPACERS 30 TO SUPPORT REGION — S104
ETCH EXPOSED POLYSILICON LAYER 11 $106
GROW SCREEN OXIDE 41 | — 5108

REMOVE BLOCKING LAYER AND SPACERS 30 — §$110

DOPE SOURCE/DRAIN CONTACT AREAS 51 AND | $112
EXPOSED LEDGES 43

ANNEAL STRUCTURE TO SPREAD DOPANTS 114
THROUGHOUT POLYSILICON LAYER

ETCH EXPOSED PORTIONS OF DOPED _— $116
POLYSILICON LAYER 61 ' -

- REMOVE PORTIONS OF THE OXIDE LAYER 41 5118
AND OXIDE LAYER 10

CROW SIDEWALL OXIDE LAYER 90, MPLANT |
SOURCE/DRAIN EXTENSIONS 54 AND IMPLANT $120
ARRAY DIFFUSIONS 53

FORM NITRIDE SPACERS 92 AND DEPOSTT 5192
INTERLAYER DIELECTRIC 100

FIG.10




