PRCGVI DI NG DUAL VIORK FUNCTI ON DOPI NG DESCRI PTI ON
Téchﬁ cdl Field The present invention is concerned W,/ a process
for provi ding dual work function doping, and nore part ¥y £s concerned
with providing an array of gate structures whereby somé o(’the¢ﬁate
structures are P+ doped and other of the gate structures are N+ doped- The
present invention is especially advantageous for providing structures that

i nclude both DRAMs and logic circuits. The present invention is especially
advant ageous for providing the necessary doping for gate structures that
are capped with a

PROVIDING DUAL WORK FUNCTION DOPING

DESCRIPTION

Technical Field

The present invention is concerned with a process for

providing dual work function doping, and more particularly

2
LRk P S

is concerned with providing an array of gate structures
_Whereby some of the gate structures are P+ doped and other
"of the gate structures are N+ doped. The present invention
is especially advantageous for providing structures that
include both DRAMs and logic circuits. The present
invention is especially advantageous for providing the

. necessary doping for gate structures that are capped with a
self-dligned insulating layer to provide for borderless
contagt.

Background of Invention

Over the last several years, significant advances have
occurred in increasing the circuit density in integrated
circuit chip technology. The ability to provide
significantly increased numbers of devices and circuits on
an ihtegiated circuit chip has, in turn, created an
increased desire to incorporate or integrate additional
system functions onto a single integrated circuit chip. 1In
particular, an increasing need exists for joining both
memory circuits and logic circuits together on the same

integrated circuit chip.

In fabricating dynamic random access memory (DRAM)

circuits, the emphasis has been on circuit density along



self-aligned insulating |layer to provide for borderless contact.

Background of . I nventi on Over the | ast several years, significant
advances have occurred in increasing the circuit density in integrated
circuit chip technology. 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 system

functions onto a single integrated circyit chip. |In particular, an
i ncreasi ng need exists for joining both nmenory circuits and logic circuits
together on the sanme integrated circuit chip. In fabricating dynam c

random access nenory (DRAM circuits, the enphasis has been on circuit

density al ong _
with reduced cost. On the other hand, when fabricating

lcgic circuits, the emphasis is on creating circuits that
cperate faster. Accordingly, this desire for dual work
function creates additicnal problems with respect to the
complexity and relative cost of the fabricating process.
For instance, memory circuits achieve increased densit&
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 type 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 aré highly desirable for merged logic and
DRAM (MLD) products.

A typical method for obtaining memory arrays having
high density along with borderless bit line contacts
(borderless to adjacent gate conductor) involves using a

. gate cap such as a silicon nitride on top of the gate
conductor (e.g. polysilicon or composite
polysilicén/silicide) for prdviding protection against bit
line to gate conductor shorts when the contact opening is
created. For instance, see Fig. 1 wherein numeral 1 is the

silicon substrate, 2 represents the gate insulator, 3 the

pcrysilicon gate, 4 the silicon nitride cap, 5 the sicde wall

insulation such as silicon dioxide or silicon nitride and 6

the contact opening.



Wi th reduced cost. On the other hand, when fabricating logic circuits, the
enphasis is on creating circuits that operate faster. Accordingly, this
desire for dual work function creates additional problems with respect to
the conplexity and relative cost of the fabricating process. For instance,
menory circuits achieve increased density requirements by enpl oying

sel f-aligned contacts (borderless bit li,ne contacts), which are easily

i npl enented in a process having a singlg type, e.g. typically N+ type, gate
wor k function. A buried-channel type PMOSFET is used in creating DRAMs
since such permts a single work function gate conductor, N+, to be used

t hroughout the fabrication process. This results in significant cost
savings in fabricating DRAMs, but at the expense of creating an inferior

perform ng PMOSFET. OrvthewDiheri AangnmdR0ke €iledtirdas eieayi thebaibhdy and

N+ gated MOSFETs .i.n_order_to achieve the .necessar LI ching, speeds., P+
and N+ gate condl}(‘ftlb'%(lzlgyllﬂlc%'s ar et% i gAY l&eEf?é‘b %ef‘gﬂ %efag%ﬁﬁ‘ﬁgf%n a%g
DRAM (M.D) produéhg. nitride gate yapcapd rigch6dde ora Bhts®iasen§ - nenory arr ays
havi ng hi gh density along with borderless bit line contacts (borderless to

adj acent gate conduct go) j0VAlNES USHNG, 259348 CARPUGH 35 8,51 LEELgs
nitride on top of the gafe con ucPor {e-"g. "polysiTicon orf “conposSite g
pol ysi | i con/ si | i ép@EychbingrrrdddisigeppbEcORsf agaidistresi £hat do not
: include a cap so that the particular desired gate, P+ or N+,
can be created by ion-implanting the necessary dopant from
above the gate. The presence of a nitride cap would block
' off the ion implantation and frustrate or prevent the
" necessary doping requirement. This is contrary to the
fabricating requirements for achieving memory device density

which necessitate the presence of a cap on the gate.
Summary of Invention

An object of the present inventién is to achieve the
dual work function requirement for selectively applying
either P+ and N+ doping to the gate conductor while at the

same time creating a.self-aligned cap on the gate conductor.

In particular, the present invention is concerned with
a process for préviding dual work function doping. The
process.of'the'present;invention includes providing a
semiconductor substrate and forming a. first insulating layer
over the semiconductor substrate; followed by depositing a
gate conductor on the insulating layer. A second insulating
layer is aépoéited on the gate conductor and the second
insulating layer and gate conductcr are delineated to form
gate structures with the second irsulating layer self.
aligned on the top of the gate structures. Then, & selected
number of the gate structures, less than all of the gate

structures, is doped through at lzast one side wall of the



line to gate conductor shorts when the contact opening is created. For
I nstance, see Fig. 1 wherein nuneral 1 is the silicon substrate, 2
represents the gate insulator, 3 the polysilicon gate, 4 the silicon
nitride cap, 5 the side wall insulation such as silicon dioxide or silicon
nitride and 6 the contact opening. Even with
m salignnment as illustrated by the dashed lines in Fig. 1, the gate is
protected by a conbination of the nitridg gate cap and the side wall
spacers. On the other hand, as illustrated in Fig. 2, the logic
fabricating process enploys gate structures that do not include a cap so
that the particular desired gate, P+ or N+, can be created by
i on-inplanting the necessary dopant from
gate structures with a first conductivity type dopant to
thereby provide an array of gate structures whereby some of
the gate structures are doped with the [irst conductivity
type and other of the gate structures are doped with &

second and different conductivity type.

In addition, the present invention is concerned with an
array of doped gate structures obtained by the above-
described process. Moreover, the present invention is
concerned with an array of gate structures exhibiting dual
work function doping wherein said gate structure comprises
self-aligned insulating layer on the top of the gate
structures; and wherein some of the gate structures are
doped with a dopant of a first conductivity type and other
of the gate structures are doped with a second and different

conductivity type.

Still other objects and advantages of the preéent
invention will become readily apparent by those skilled in
the art from the following detailed description, wherein it
is shown and described only the preferred embodiments of the
invention, simply by way of illustration of the best mode
cbntemplated of carrying out the invention. As will be
realized the invention is capable of other and different
embodiments, and its several details are capable of
modifications in various obvious respects, without departing
from the invention. Accordingly, the description is tc be

regarded as illustrative in nature and not as restrictive.



above the gate. The presence of a nitride cap would block off the ion

i mplantation and frustrate or prevent the necessary doping requirenent.
This is contrary to the fabricating requirenents for achieving nenory
devi ce density which necessitate the presence of a cap on the gate.
Summary of Invention An object of the present inventionis to

achi eve the dual work function requirenent for selectively applying either
P+ and N+ doping to the gate conductor while at the sane tinme creating a
self-aligned cap on the gate conductor. In particular, the present
invention is concerned with a process for providing dual work function
dopi ng. The process of the present invention includes, providing a

sem conductor substrate and formng a.- first insulating | ayer over the

sem conductor substrate; fol lgmwed bysdeRRIbhi g ehHat-aweagductor on the
insulating layer. A second insulating |ayer is deposited on the gate
conductor and the second insulating |layer and gate conductor are delineated
to form gate structurfs -wilt hst Aesdumrendc ¢hadraat PAGPT Bgeraelfengkivgned on
the top of the gatsenstructures. Then, a selected nunber of the gate
structures, less than all of the gate structures, is doped through at |east

one side wall of the .
Fig. 2 is a schematic diagram of prior art gate

structure for logic circuit.

Figs. 3-5 are schematic diagrams of a device in various

stages of fabrication according to the present invention.

Figs. 6-8 are schematic diagrams of a device produced
according to an alternative technique according to the

present invention.
Best and Various Modes for Carxrying Out Invention

In order to facilitate an understanding of the present
invention, reference will be made to the figures which
illustrate a diagrammatic representation of the fabrication

steps employed according to the present invention.

It is understood that when reference is made to a
dopant or impurities of a "first type" and to impurities or
dopant of the "second type", it is understood that the
*first type" refers to N- or P-type. Moreover, the terms
"polysilicon" and."polycrystalline silicon" are used
interchangeably as in the prior art. It is further
understood that when the discussicn refers to N-type
dopants, the prccess steps are aprilcable to P-type dcrants,

and vice versa.



gate structures with a first conductivity type dopant to thereby provide an

array of gate structures whereby sonme of the gate structures are doped with

the first conductivity type and other of the gate structures are doped with

a second and different conductivity type. In addition, the present

I nvention is concerned with an array of doped gate structures obtained by

t he above- described process. Mreover, the present invention is concerned

with an array of gate structures exhibiting dual work function doping

wherein said gate structure conprises se@f-aligned i nsulating | ayer on the
top of the gate structures; and wherein sone of the gate structures are
doped with a dopant of a first conductivity type and other of the gate
structures are doped with a second and different conductivity type.

Still other objects andcagiand ageshef ptdfdr €8€Bhtion, a semiconductor
substrate 1 is provided {see Fig. 3). The semiconductor
substrate 1 is typically silicon but can be any
semiconductor wmaterial such as group II-VI semiconductors,
group III-V semiconductors, a composite silicon

semiconductor such as silicon carbide.

A first insulating layer 2 is formed over the substrate

1. The first insulating layer can be for example silicon
dioxide, silicon nitride and/or silicon oxynitride and can

" be provided by deposition technique such as chemical vapor
deposition (CVD) or physical vapor deposition (PVD) or by
thermal oxidation or nitridation of the underlying silicon
substrate or by nitridation of an oxide layer. Typically,

-this layer is about 30 to about 120 A thick, and more
typically about 40 to about 100 A thick, and acts as a gate

insulator.

A conductive gate material 3 such as a N+ or P+ doped
polycrystalline silicon layer or doped polysilicon/silicide
is provided on the first insulating layer 2. The conductive
layer 3 is to provide the subsequently to be delineated gate
conductor. Typically, the conductive layer 3 is about 300
to about 1500 A thick, and more tvoically about 500 to about
1000 A thick.

. Suitable P-type dopants for silicon are boron,
aluminum, gallium and indium. The preferred P-type dopant
is boron. Typically, the level cI doping is at least about

107 atoms of dopant/cm’.

Next, a second insulating laver 4 is formed on gate

layer material 3. Examples of suitable insulating layer 4



i nvention wll becone readily apparent by those skilled in the art fromthe
follow ng detail ed description, wherein it is shown and described only the
preferred enmbodi nents of the invention, sinply by way of illustration of

t he best node contenplated of carrying out the invention. As will be
realized the invention is capable of other and different enbodi nents, and
Its several details are capable of nodifications in various obvious
respects, w thout departing fromthe invention. Accordingly, the

description is to be regarded as illust7ative in nature and not as
restrictive. Brief Description of the
Dr awi ngs Fig 1 is a schematic diagramof prior art nenory array.

materials are silicon nitride, silicon dioxide, silicon
oxynitride and boron nitride. A preferred insulating layer
4 is silicon nitride. Typically, this second insulating
layer 4 is formed by chemical vapor deposition or physical
vapor deposition. Typically, this second insulating layer 4
is about 300 to about 2500 A thick, and more typically about
500 to about 2000 A thick.

A gate pattern determining layer, such as a layer of
—resist material (not shown) of the type employed in known
‘lithographic masking and etching techniques is placed over

the surface of the second insulating layer 4. Any of the
well -known photosensitive polymerizable resist materials
known in the art may be used. The resist material is

applied such as by spinning or by spraying.

The layer of photoresist material is dried and then
selectively exposed to electromagnetic radiation such as
ultraviolet light radiation using a photolithographic mask.
After the lithographic mask is removed, the photoresist
material is developed by dissolving in a suitable developing
‘solution or by reactive ion etching to thereby remove
selected portions of the resist. Next, the structure is
etched by RIE to remove the portions of the second
insulating layer 4 not protected by the resist material
followed by removal of the underlying gate conductor
material 3 exposed upon removal of the second insulating
layer 4. This results in patterned gates having self-

aligned caps on top of the gates, as illustrated in Fio. 3.

Next, silicate glass spacers 5 are formed on the side
walls of gates 3 (see Fig. 4). The silicate glass spacers

are doped with a dopant of the opposite conductivity type as



Fig.”2 is a schematic diagramof prior art gate structure for logic
circuit. Figs. 3-5 are schenmatic diagrans of a device in various
stages of fabrication according to the present invention. Figs. 6-8
are schematic diagranms of a device produced according to an alternative
techni que according to the present invention. Best and Vari ous Modes
for Carrying Qut Invention In order to facilitate an understandi ng
of the present invention, reference willgbe made to the figures which
illustrate a diagrammatic representation of the fabrication steps enpl oyed
according to the present invention. It is understood that when
reference is made to a dopant or inpurities of a "first type" and to

i mpurities or dopant of the "second type", it is understood that the "first
type" refers to NhcodoRahypef tremves, the thésnexdpolysidincenthangates

"polycrystal line §id ifQRa @E?h U<§Giﬁ t'yBEeé&ﬁkﬁﬁge@PEySﬁﬁathet B ARG QL @ laq It

is further unders%ég ‘hat when the“discussion refers to N-type doparits,
the process steps'idre 2applrRapi®ans Pu?§pﬁ’&’°§hP§ru°' arsenic ana;oxr

antimony. The preferred dopant is phosphorus. The
concentration of phosphorus in the silicate glass preferably
is above the solid solubility point in silicon so as té
provide as much N-type dopant as possible. The
concentration of dopant in the silicate glass must be high
enough to counter dope the polysilicon. In the case of N+
polysilicon gates, the silicate glass will be doped with a
‘P-type dopant such as boron. However, in the case of boron,
somewhat greater control of the subsequent processing steps
should be observed in order to guaranty that such will not

penetrate through the underlying insulating layer 2.

Next, a photoresist & is patterned over the devices
which are intended to be counterdoped to the dopant of the
second and opposite type. In the case where the polysilicon
gate material is P-type, then the photoresist is patterned
over the devices which are intended to be N+ type. The
doped silicate glass is then removed from the intended PFET

devices, as shown in Fig. 4 by dotted lines 7.

In an alternative fabrication process scheme, the doped
silicate spacers can be selectively applied to the desired
gate structures by applying a global silicon oxide laver
which is selectively patterned to expose the gate dewices
upon which the doped silicate glass spacers are to b=

formed. Then, the global oxide, if desired, can be r=moved.

In any event, the dopant from the silicate glass will
then be absorbed and distributed throughout the gate
polysilicon from the side walls. Since the dopant



and 'vi ce versa.

According to the present invention,

sem conductor substrate 1 is provided (see Fig. 3) The sem conduct or
substrate 1 is typically silicon but can be any sem conductor naterial such
as group II-VlI sem conductors, group Il1l-V sem conductors, a conposite
silicon sem conductor such as silicon carbide. A first insulating
| ayer 2 is formed over the substrate 1. The first insulating |ayer can be

for exanple silicon dioxide, silicon nitPide and/or silicon oxynitride and

can be provided by deposition technique such as chem cal vapor deposition

(CVD) or physi cal

vapor deposition (PVD) or by thermal oxidation or

nitridation of the underlying silicon

diffusivity in polysilicon is about 100 times larger than in
singie crystal silicon, the doping will readily distyibute
throughout the gate polysilicon. The diffusion process is
preferably enhanced and accelerated by subjecting the device
to a thermal process such as temperatures of about 800 to
about 1100°C. Such techniques include a furnace anneal or
rapid thermal processing (RTP). The elevated temperatures
electrically activate the dopant, improve the diffusion
uniformity and drive in the dopant from for example the PSG

to thereby counterdope the P+ doped polysilicon gate 8

" thereby yielding an N+ gate MOSFET.

Next, the doped silicate glass is removed and the
device is subjected to subsequent normal processing steps

(see Fig. 5).

In particular, gate side wall insulation 9 such as
oxide can be formed followed by nitride gate side wall
spacer 10. 1In addition, a photoresist 12 can be applied so
as to pattern the various gates of different types for

source-drain implants 11.

Figs. 6-8 illustrate an alternative technique for
fabricating the devices of the present invention. 1In
particular, boron silicate glass spacers 5 are formed on the
undoped or intrinsically -doped polysilicon. Intrinsically
doped polysilicon contains minor amounts of background
doping of less than 5 x 10c*® atoms/cm’. A photoresist 6 is
patterned over the devices which are intended to be ¥+ type.
The boron silicate glass 1is then removed from the devices 13

that are intended to be N+ gates.

a



substrate or by nitridation of an oxide |layer. Typically, this layer is
about 30 to about 120 A thick, and nore typically about 40 to about 100 A
thick, and acts as a gate insul ator. A conductive gate material 3
such as a N+ or P+ doped polycrystalline silicon |ayer or doped
polysilicon/silicide is provided on the first insulating |ayer 2. The
conductive layer 3 is to provide the subsequently to be delineated gate
conductor. Typically, the conductive |ay 3 is about 300 to about 1500 A
thick, and nore typically about 500 to about 1000 A thick. Sui t abl e
P-type dopants for silicon are boron, alumnum galliumand indium The
preferred P-type dopant is boron. Typically, the |evel of doping is at

| east about 10 atons of dopant/cnjerr]- Next, a second insulating

ayer 40 formed on gaLe IS JRUA ke dor BAMBAES koSS APSen 4 .
gas such as arsine or phosphine or an angle ion implant 15
of for instance arsenic, phosphorus or antimony is used to
dope the N+ gates. The gate polysilicon absorbs the N+
dopants on its side and since the dopant diffusivity in the
polysilicon is approximately 100 times larger than that in
single crystal silicon, the N+ doping will be readily
distributed throughout the gate polysilicon. Next, a

_thermal cycle is employed to electrically activate both
dopants to improve their diffusion uniformity and to drive
in the boron from the boronated silicon glass thereby

fabricating the P+ doped polysilicon gate structures.

After the remaining doped silicate glass is stripped,
the subsequent processing step can be carried out. For
instance, gate side wall oxide 9 can be formed followed by
nitride gate side wall spacers 10. In addition, a
photoresist 12 is patterned in order to provide the
selective source-drain implants 11 for the gate structures.
Typically, the N+ gates will be provided with N+ implants
for source and drain regions and the P+ gates will be
provided with P+ implants for the respective source and
drain regions. However, P+ source/drain implaﬁts can be
provided with N+ gate and N+ source/drain implants can be
provided with P+ gate, if desired. This enhances the

variety of device types available.

Of course, it is understood that in this alternacive
procedure the N+ gates can be fabricated employing a N-doped
silicate gléss such as phosphorous silicate glass anc ion
implanting a P-type dopant such as B or using gas phass

dopant such as B,H; for the PFET gates.



materials are sil icon nitride, silicon dioxide, silicon oxynitride and
boron nitride. A preferred insulating |layer 4 is silicon nitride.
Typically, this second insulating layer 4 is formed by chem cal vapor
deposition or physical vapor deposition. Typically, this second insulating
Layer 4°'is about 300 to about 2500 A thick, and nore typically about 500 to
about 2000 A thick. A gate pattern determ ning |ayer, such as a

| ayer of resist material (not shown) of the type enployed in known

| i t hographi c maski ng and etching techniques is placed over the surface of
the second insulating layer 4. Any of the well-known photosensitive

pol yneri zabl e resist materials known in the art may be used. The resi st
material is applied such as by spinning or by spraying. The | ayer of
photoresi st materi al Thedthednahdydlengsed edisovekbyeekpiosedinoe it tends

ol ectromgnet | o radialion SHEN:AS:dekr aukolely bioblniadi aidancustpg &,

phot ol i t hographi ¢ mask. After the |71thographic mask Is re mved,
phot or esi st mat eri™l SFEUgEVE Foﬁ%ﬂ‘ﬁthFsgﬁﬂQﬁlﬁd Bnoh S 1o éo&eVéFob?%g
sol ution or by réacLﬁVmedapeschungpkoceherehylseNUWBszleauce¢ the

likelihood of boron from penetrating through the gate oxide

layexr.

The foregoing description of the invention illustrates

and describes the present invention. Additionally, the

" disclosure shows and describes only the preferred

" embodiments of the invention but, as mentioned above, it is
to be understood that the invention is capable of use in
variocus other combinations, modifications, and environments
and is capable of changes or modifications within the scope
of the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge of
ﬁhe-relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing
the invention and.to enable others skilled in the art to
utilize the invention in such, or other, embodiments and
with the various modifications required by the particular
applications or uses of the invention. Accordingly, the

_ description is not intended to limit the invention to the

" form disclosed herein. Also, it is intended that the

..appended claims be qonstrued to include alternative

embodiments.



sel écted portions of the resist. Next, the structure is etched by RIE to
remove the portions of the second insulating |ayer 4 not protected by the
resist material foll owed by renoval of the underlying gate conductor
material 3 exposed upon renoval of the second insulating |ayer 4. Thi S
results in patterned gates having self- aligned caps on 4ag ¢« ‘le[]rfﬁm
g

as illustrated in Fig 3. Next, silicate glass spacersyp 1By “for
on the side wal msgltetﬁgstggélﬁpﬁé@e Fig. 43 . The silicat'egtass-5pacers.

doped with a dop osite conduct|V| ty type as
t he dopant _of thgmw m M'mﬂhl s exanple, since the gates are doped with a
P-type dopant ass is doped with a Ntype dopant such as

phosphorus, arsenic and/or antinony. - The preferred dopant is phosphorus.
The CLAIMS

What is c¢laimed is:

1. A process for providing dual work function doping
which comprises:

providing a semiconductor substrate;

providing a first insulating layer over said
semiconductor substrate;

. depositing a gate conductor on said insulating layer;

depositing a second insulating layer on said gate
conductor;

delineating said second insulating layer and said gate
conductor to form gate structures with said second
insulating layer self-aligned on the top of said gate
structure;

then doping a selected number,of gates structures, less
than all of said gate structures, fhrough at least one side
wall of said selected number'of said gate structures, with a
first conductivity type to‘provide an array of gate
structures whereby some of said gate structures are doped
with said first cdnductivity type and other of said gate
structures are doped with a second and different
conductivity type

2. The process of claim 1 wherein said step of
depositing a gate conductor comprises depositing a P-doped
polysilicon gate conductor.

3. The process of claim 2 wherein said step of doping
a selected number of gate structures comprises providing a
N-type doped silicate glass on side walls of those gates
that are to be N-type gates followed by causing said N-

R, B



coneentration of phosphorus in the silicate glass preferably is above the
solid solubility point in silicon so as to provide as nmuch N-type dopant as
‘possi bl e. The concentration of dopant in the silicate glass nust be high
enough to counter dope the polysilicon. In the case of N+ polysilicon

gates, the sil irg@bietGlacein Mplatedbe doped wi th a P-typerdopant—sm s=poron.
However, in the sonewhat greater contr ﬂ”g ﬁgﬁg(ﬁi&g%ﬁuEnt
processi ng steps mm “ erved in grder to guarahty t RAETA not
penetrate throug ng insulating |ayer 2. Next, a
photoresist 6 is patterned over the devices which are intended to be
count erdoped to the dopant of the second and opposite type. In the case
where the polysilicon gate material is P-type, then the photoresist is
patterned over tdgpadevifees whichsidrieatat@nded tbodbefidte tiype. sihe doped
silicate glass ig,then; gqnved fromthe intended PFET devices, as shown in
Fig. 4 by dotted li'nes 7. In an alternative fabrlcatlon process
schene, the doped S|I|cate spacers can be selectively applied to the
desired gate structures byhapptodasg afgétlbal 3siwhicein odide dogyar siwbi€ded s
sel ectively pattegrned . to S upon whi ch the doped
silicate gl ass §§E§§%s ar gég§ﬁ§“hb%#%g%§xg$ﬁagg t he gl obal oxide, if
desired, can be renoved. In any event, the dopant fromthe silicate
gl ass will then be abssor beteaptoatisst b betaeidn BhwbighoiirtiHes dateupesysilicon

fromthe side ma%éﬁbvfﬁgn%ﬁetQ?lfggﬁénblass from said side walls after said
doping.

ikl

6. The process of claim 3 which further includes
providing gate oxide side walls, nitride gate side wall
spacers after said doping and providing source and drain

selected implants.

7. The process of claim 3 wherein said second
insulating layer is selected from the group consisting of
silicon nitride, silicon dioxide, silicon oxynitride, and

boron nitride.

8. The process of claim 3 wherein said second

insulating layer is silicon nitride.

9. The process of claim 1 wherein said doping a
selected number of gdte structures comprises angle ion
implantation.

10. The process of claim 1 wherein said doping said
selected number of gate structures comprises subjecting said

" gate structures to a gas containing said dopant.

11. The process of claim 10 wherein saild gas is

QT

arsine, phosphine or diborane.




diffusivity in polysilicon is about 100 tinmes larger than in single crystal
silicon, the doping will readily distribute throughout the gate polysilicon
The diffusion process is preferably enhanced and accel grated by subjecting
the device to a_thernnl process such as tenperatures o IanmhI@QQyIqupmut
1100[err]C.  Such technlques I nclude a furnace anneal pr raplpLiﬁuy’na ;
processing (RTP) 1hm$hnﬂﬁhbuaﬁwuamenperatures el ectrica “activate-the-
dopant , |rrprove th lw ﬁﬁmwormtw@nd drive in the dopant fromfor
exanple the PSGto erdope the P+ doped polysilicon gate 8
thereby yielding an Next, the doped silicate gl ass
I's renoved and the deV|ce IS subjected to subsequent nor mal processi ng
steps (see Fig. 5).

12. An array of gate structures obtained by the

process of claim 1.

13. An array of gate structures whereby said gate
structures contain a self-aligned isolation on top of the
individual gates and wherein some of said gate structufes
are doped with a dopant of a first conductivity type and
other of said gate structures are doped with a second and

different conductivity type.

14. The array of gate structures of claim 13 wherein

the gates are doped polysilicon.

15. The array of gate structures of c¢laim 13 wherein
said self-aligned isolation is from a member selected from
the group consisting of silicon nitride, silicon dioxide,

silicon oxynitride, and boron nitride.

16. The array of gate structures of claim 15 wherein

said self-aligned isolation includes silicon nitride.

17. The process of claim 1 wherein said second
insulating layer is from a material selected from the group
consisting of silicon nitride, silicon dioxide, silicon

oxynitride and boron nitride.

18. The process of claim 1 wherein said sscond

insulatving layer is silicon nitride.

=]

$. The process of claim 1 wherein said first
insulating layer is selected from the group consisting of

silicon dioxide, silicon nitride and silicon oxynitride.
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In particular, gate side wall insulation 9 such as oxide can be forned
followed by nitride gate side wall spacer 10. In addition, a photoresist 12
can be applied so as to pattern the various gates of different types for
source-drain inplants 11. Figs. 6-8 illustrate an alternative
technique for fabricating the devices of the present invention. In

particul ar, boron silicate glass spacers 5 are forned pfr<he.undoped or
intrinsically doped polysilicon. Intrlzglcally doped péﬁ§§ﬂt1¢@q< i ns
m nor anounts of background dopi ng of s than 5 x | r.mah@“ Crrerr]

A photoresist 6 is patterned over the devices which are inten be
Plerr] type. The boron silicate glass is then renoved fromthe devices 13

that are intended to be N+ gates. ' 10
20. The process of claim 1 wherein said first

insulating layer is silicon dioxide.

21. The process of claim 18 wherein said first

insulating layer is silicon dioxide.
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Next- (see Fig. 7), either gas phase doping 14 with a N+ gas such as arsine
Qr phosphine or an angle ion inplant 15 of for instance arsenic, phosphorus
or antinmony is used to dope the N+ gates. The gate polysilicon absorbs the
N+ dopants on its side and since the dopant diffusivity in the polysilicon
is approximately 100 tines larger than that in single crystal silicon, the
N+ doping will be readily distributed throughout the gate polysilicon.

Next, a thermal cycle is enployed to elstrically activate both dopants to
improve their diffusion uniformty and to drive in the boron fromthe
boronated silicon glass thereby fabricating the P+ doped polysilicon gate
structures. ARROVIDING OBA i WORIO FEINGTION DXQPINGss is stripped,

t he subsequent processing step can be carried out. For instance, gate side
wal | oxide 9 can be formed followed by nitride gate side wall spacers 10.

In additi gphotoresist 12 is patterned in order to provide the
sel ective source-drain inplants 11 for the gate structures. Typically, the
N+ gates will be provided with N+ inplants for source and drain regions

and t he Pualgaorksfunctidn dupingois pvovddad by ddpimiz+a seiqeientusbicoof gite stregpres (3)ve
o e R AU EY B0 o SPUCSELSR T ARSI o,
gate, ifwaB4Pyefthe gatgistruemrpsrdewith pdirsteqpductiyity fypg de theecby ypeddegmparrap pe.

gate structures (3) whereby some are doped with the first conductivity type and others of the

gate structures (3) are doped with a second and different conductivity type. Also provided is

an array of gate structures whereby the individual gate structures (3) contain self-aligned

insulating layer (4) on their top portion and wherein some of the gate structures (3) are doped

with a first conductivity type (8) and other of the gate structures are doped with a second and

different conductivity type (3).

Fig.5



..of @ourse, it is understood that in this alternative procedure the N gates
can be fabricated enploying a N-doped silicate glass such as phosphorous
silicate glass and i'on inplanting a P-type dopant such as B or using gas
phase dopant such as B[err]H err] for the PFET gates.

The thermal cycling is also beneficial since it tends to desorb any

hydr ogen that may have been incorporaﬁ@ﬁ In the structure due to the
depositing of the silicon nitride by _LPCYD deposition process. This in turn
reduces the |ikelihood of boron fronftézgirbling t hrough the gate oxide

| ayer . The foregoing description of the invention illustrates and
descri bes the present invention. 45&{ fDFRaAR.T t he
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di scl’ésure shows and describes only the preferred enbodi nents of the

I nvention but, as nentioned above, it is to be understood that the

i nvention is capable of use in various other conbinations, nodifications,
and environnments and i s capabl e of changes or nodifications within the
scope of the inventive concept as expregged herein, commensurate with the
above teachings and/or the skill or kppntgd of the relevant art. The
enbodi nents descri bed herei nabove arelf h i ntended to expl ain best
nmodes known of practicing thd invention and to enablje others skilled in the
art -to utilize the invention {n such, or other, enbddi nents and with the
various nodifications requj the particular appljcations or uses of

the invention. Accordingl '//'421'/4 escription is nded tolimt the
' 'rein. Asg, it PSristefided that the
2 1.091Mcl ude al t Fnai_i,,irrents.

i nvention to the forg1d|sc
ns U s /
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.Vhat Is clained is: 1. A process for providing dual work

~function dopi ng which conpri ses: provi ding a sem conduct or
substrat e; providing a first insulating | ayer over said
sem conduct or substrate; depositing a gate conductor on said
i nsultating |ayer; depositing a second insulating |ayer on said
éﬁ 3d secddu |nsulat4ng | ayer and said

gat e conductger, del i neati ng

gate conduct'9 i(B f&5n1ga structures wnthzéald secon¢ |nsulat|ng | ayer
self-aligned on the top of said gate st U a
sel ected nunber of gate strectures, |ess ructures,
t hrough at | east e side way | of said S
structures, with a ™Nrst g&#’rw' vity ty
structures’ whereby s ;

pate

"-a gate st d first
conductivity type amd ,ot e '< al_pl—fgat dra 5
second and differen cbnorv '_"_,fype
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13 SRR, The process of claim 1 wherein said step of

depositing a gate conductor conprises depositing a P-dof 50

gat e conduct or. 3. The process of claim?2 EEB:&E EHTdSHE
of doping a selected nunber of gate structures conprise rov*dTng~&--
N-type doped silicate glass on side walls of those gate
N-type gates foll owed by causing said N-dopant from sa
diffuse into said polysilicon. 12 The pro
wherein said doped silicate glass is phosphorus silicatje gl ass.

CLAIMS

What is claimed is:

1. A process for providing dual work function doping which
comprises:

providing a semiconductor substrate;

providing a first insulating layer over said semiconductor substrate;

depositing a gate conductor on said insultating layer;

depositing a second insulating layer on said gate conductor;

delineating said second insulating layer and said gate conductor to form gate
structures with said second insulating layer self-aligned on the top of said gate
structure;

then doping a selected number of gate structures, less than all of said gate
structures, through at least one side wall of said selected number of said gate
structures, with a first conductivity type to provide an array of gate structures
whereby some of said gate structures are doped with said first conductivity type and

other of said gate structures are doped with a second and different conductivity type.
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5. The..process of claim3 which further includes removing the silicate
glass fromsaid side walls after said doping. 6. The
process of claim3 which further includes providing gate -5,
nitride gate side wall spacers after said doping and pro |§P Cs fgﬁiﬁd‘
drain sl ected inplants. 7. The process of {c|ai m 3 wherei
said second insulating layer is selected fromthe groupfc ngﬂsmﬂﬁﬂ
silicon nitride, silicon dioxide, silicon dRynitride, d boron nitrid

8. The process of claim3 wherein said second |nsulat|ng“rﬁyer*rs~?
silicon nitride.

2. The process of claim 1 wherein said step of depositing a gate

conductor comprises depositing a P-doped polysilicon gate conductor.

3. The process of claim 2 wherein said step of doping a selected
number of gate structures comprises providing a N-type doped silicate glass on side
walls of those gates that care to be N-type gates followed by causing said N-dopant

from said silicate glass to diffuse into said polysilicon.

4. The process of claim 3 wherein said doped silicate glass is

phosphorus silicate glass.

5. The process of claim 3 which further includes removing the silicate

glass from said side walls after said doping.

6. The process of claim 3 which further includes providing gate oxide
side walls, nitride gate side wall spacers after said doping and providing source and

drain slected implants.

7. The process of claim 3 wherein said second insulating layer is
selected from the group consisting of silicon nitride, silicon dioxide, silicon

oxynitride, and boron nitride.

8. The process of claim 3 wherein said second insulating layer is

silicon nitride.
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14 9. The process of claim1l wherein said doping a selected
nunmber of gate structures conprises angle ion inplantation. 10.
The process of claim1 wherein said doping said sel ected_nunber of gate

structures conprises subjecting said gate structures G s
sai d dopant. 11. The process of claiml %ﬁg#géﬁﬂgg|g?kﬁ§ S
arsi ne, phosphine or diborane. 12. The |priogess of cl ai
wherein said second insulating layer is froma materijalj e@féqmgg() he
group consisting of silicon nitride, silicon dioxide Lcon oxynitjrilde
and boron nitride. 13. The process of claim1 wher aijd
second insulating layer is silicon nitride. The progess

of claim1l wherein said first insulating |layer is sel ected from the
consisting of silicon dioxide, silicon nitride and silicon oxynitride.
15. The process of claim1l wherein said first insulating |layer is
silicon

9. The process of claim 1 wherein said doping a selected number of

gate structures comprises angle ion implantation.

10. The process of claim 1 wherein said doping said selected number of
gate structures comprises subjecting said gate structures to a gas containing said

dopant.

11. The process of claim 10 wherein said gas is arsine, phosphine or

diborane.

12. The process of claim 1 wherein said second insulating layer is from
a material selected from the group consisting of silicon nitride, silicon dioxide,

silicon oxynitride and boron nitride.

13. The process of claim 1 wherein said second insulating layer is

silicon nitride.

14. The process of claim 1 wherein said first insulating layer is selected

from the group consisting of silicon dioxide, silicon nitride and silicon oxynitride.

15. The process of claim 1 wherein said first insulating layer is silicon
dioxide.
16. The process of claim 13 wherein said first insulating layer is silicon
dioxide.
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di oxi de. 1
I nsulating layer is
15 17.
gate structures are
t hroughout said gate

17.

6. The process of claim 13 wherein said first

silicon di oxi de.
The process of claim1l wherein the

sel ect ed nunmber of

doped with said first conduct|v1%gF
structures.

15

I
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The process of claim 1 wherein the selected amber of gate

structures are doped with said first conductivity type distributed throughout said gate

structures.



