£ 200000136-2,
| 11 JAN 2000
SELF-ALIGNED PRECISE HIG& SHEET Rﬁo RESISTOR'FOR MIXED-SIGNAL

APPLICATION

BACKGROUND OF. THE INVENTION

(1) Field of the invention

The invention relates to the-fabrication of Ingégrated
Circuit (IC) devices and, more particﬁlarly, to a method for
' -forming a high value poly resistor of accurate value that is
required in mixed-mode configurations, that is applications

where capacitors coexist with logic applications on the same

Integrated Circuit.

(2) Descriptién of the Prior Art

The developments in ﬁhe semiconductor industry have)
similar to developments in many otﬁer_industries, been driven by
improvéd semiconductor device performahce at reducedHCbst; The
§emiconduct6r industry serves and addresses the data processing
industry (computers-and the like) and a significant number of
peripheral applications (video_gamgs and the like) in the
;ntertainment industry.”What these applications have in common
is that data is handled.in digital form and thét thé functions
that are performed by the semiéonductor devices are functions of

data manipulation or functions of data storage. The former
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category of functions is also referred to as logic functions,

the latter category as memory functions. Since these functions

are of a different nature, they have typically been provided by

semiconductor.dev1ces that address either the loglc function or
the storage fnnctions but not both simultaneously. This does not

imply that no semiconductor device was ever created that did not

' incorporate both functions. In fact, efforts are being made

where, due to a potential increase'in device functionality and
performance gained at no or at a minimal increment'in cost, both.
the_logic functions and the storage-functions are provided by
the same semiconductor device. Increasediuse_of the chip can
also in some instances be achieved by a functional sharing or :
integration of device featnres or device fnnctions between the
two indicated digital disciplines of logic and storage. Further

addressed by this approach is the'always important reduction of

device and functional interconnect whereby,'by mounting devices

of logic and storage closely together, device performance can be

'improved by reducing 1nterconnect reSist1v1ty, capaCitlve

coupling, contact resistance, propagation delay and other
important electrical performance inhibitors. In present day DRAM
devices, capacitive'charge and dée-charge characteristics are key
to.high—speed-device performance. These characteristics can be

improved by, among others, reducing the distance between the



storage element (the capacitive. storage node) and surrounding

elements of logic or device switching;

Where the frena in'the.SémicondUCtor-industry.is toward
increased use of digital processing, that.is processing baged-bn
on-off or zero-one coﬁditiohs in the device circuitry, therg are
still applications where analog signals, that is signals that
have a time depehdent.vélue that can vary within a range of
values without being restricted to being either one or zeto, are
being used. Capacitors form a basic component of many of thése
_analog.circuits thaé'are used fér analog appliqations such as
switched capacitor filters. It is well known in the art'thét
capacitors aré widely épplied in digital applications such és
the sforage node for Dynamic Random Access Memory (DRAM)
circuits. This ability of.capacitbrs to function in either the
digital or the analog mode is_refefred to as the mixed méde

applicétion of the capacitor.

The making of electrical contacts with the various points
of interest in a semicénductor_device, for instancé source and.
érain regions together with the gate electrode of a Field Effect
' Transistor (FET), is typically accomplished wi?h.the formation
of_a layer of Silicide;over the surface of the point of contact

for easy'and low resistance connectivity. The thereby



encountered problem of mask alignment (that is required for the
required sequenfial'ex§03ures) is solved by making ﬁhe'process
of forming the layer of silicide sélf—aligned with foi instance
the gate electrode. From this-hés emergéa the designation of

. salicide processes which refers to the éreaﬁion of self—aligned
(layers of) silicide. The layer of silicide is formed by the
deposition of.é'layer of reactive metal, such-és'titénium or
cobalt, over the surface of silicon (substrate) where the layer
of silicide ﬁeeds to. be formed. The_reactive metal .is anneéled_
_ with the underlying silicon_forming silicides éuch as Tisiz over
the regions where low resistance electrical contact rmust be |

~established.

One of thelcomponents that is required for ceftain
semiconductor devices, such as for instance Static Raﬁdaﬁ Access
Memory (SRAM) devices, is a resistive load. A resistive load
component can, in.its simplest form, be created by sahdwiching a
lightly doped layer of polysilicon betweeh two points of
electrical contact. To the psints of electfical contact can be
connected fof instance metal of polysilicon interconnect lines
or interconnect lines.fhat are created.ﬁy N+ diffusion (thereby
forming low resistance interconnect lines). The sandwiched layer
of poly serves as a resistor, which typically has a high

resistive value. Increased N+ dopant concentration in the poly
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will decrease the resistive.value of the poly, another parameter
that can be used to manipulate the resistive value is by the
selection of the cross section Qf.the layer of poly in a plane
that is essentiélly perpendicular to the flow of éurfent through
the layer of poly; An increased surface area of tﬁe Cross
section will degreasé the value of the resistance_and visa
versa. Where the resistor load is applied to the SRAM, the
resistor must make electrical contact with the gate electrode
and the drain regioh of-the.pull-down transistor as well és to
the metal line to pass gate transiéto:. A resistor tab that
makes coﬁtact with_éhe éate'aﬁd.the drain regions can be created
by depositing dopants at the interfaces between these regiéns
and the resisfive load.'Electrical.contact must however be

established'with the drain region whereby an opening is created

to the drain region in the surface of the substrate, this

creatibn'of'the opening to the drain ﬁegion removes a
significaht amount of the dopant from the surface of_the '
subétrate iﬁ the drain'region. This dopant.has as yet not been
driven into the surface of the substrate by a high temperature-
proce;sing step. In sum: the light doping of the poly determines

the resistive value of the resistive load, the resistive load is

 interconnected to the surrounding components by means of a high

dope implant on either side of.the resistor for which a doping’

mask is used.



For mixed signal,'that'is coﬁbinéd digital and analog
.signal applications,.if is required that the resistive load has
é high value of ohmic resistance..The va;ue of this oﬁmic
.resistance must further be within tight limit$; the ohmic
.resistance must also remain'within these tight limits when
creating the resistive load within a manufacturing environment
and over an.extended perio§ of time. Cﬁrrent%f; POClé is used és
a dopant for the polysilicoh of the resistive loéd; this dopant.
however exhibits a significant amount of lateral diffusion
making exact control of the fésistivé value of the load
'_ resistance very difficult_to achieve. The blanket implént
methodology that is used to.establish the interconnect points'.
for the resistive load also does not lend itself to tight
implant control due to thé fact that a 16wer thermal budget with
high implant energy is used for this impiant; The impiéﬁ£ mask
used during this process further does not_accurately define the
resistivé load. A méthod must therefore be provided that allows
better contrbl'of the resistive value of fhe load resistor while
at the same time allowing for tight control of the design
parameters that determine the interconnect of the resistive

load.



US 5,866,451 (Yoo et al.) shows a process for a mixed mode
capacitor with a SRAM and poly resistor. However, this reference

differs from the invention.
Us 5,543,350(Chi et al.) shows a SRAM resistor process

Us 5,652,174 (Wouu et al.) teaches a SRAM pély resistor

method.

.. US 51 843, 815 (Liaw) recites a method for a SRAM having

- poly load resistors.
SUMMARY OF THE INVENTION

A principle objective of the invention is to provide a
method for the creation of a high value polysilicon resistor

load component. -

Another objective of the invention is to provide a method
for the creation of a ﬁigh value polysilicon resistor load
component whereby the ohmic value of the resistor load is within,

“ tight limits..



Yet another objective of the invention is to provide a
method for the creation of a high value polysilicon re51stor
‘load whereby the ohmic value of the resistor load does not vary
within the sequential creation'in a manufacturing environment of

successive resistor load components.

A,stiil further objective of the invention is to avoid
lateral diffusion during the creation of a resistive load

component.

In accordance with the objectives of tbe invention a new
method is provided for the creation of.a resistive load in a
semiconductor device whereby the semicondubtor.device further
contains gate electrodes and a capaCitor The resistive load is
created using the concept of a self-alignment reSistor mask The
‘active areas in the surface of a substrate are defined with
field'isolation regions; a thin layer of gate oxide is created
over these active regions. The process starts with the |
deposition of a layer of_pol? 2 (no layer of poly 1 is used),
this poly 2 is used for the gate electrode, for the bottom plate
of the adjacent capacitor and for the resistor of high ohmic
value. The gate poly is doped; optionally the bottom plate of
the capacitor can be doped. A dielectric-layer is deposited for

" the dielectric of the capacitor;.a layer of poly_3 is deposited,



patterned and etched to form the éapacitor'top plate; The“
.capacitor (dielectric and bottom platé), poly gates and the load
resistor are patterned; the LDD fegions for the poly gates are
created. The_(gate, capacitor, resistor) spacers are formed,_a
key point of the invention is that during the etch of the
spacers a'resistive spacer (called'spacer.since it serves to
space or separate the two contact points of the-resistor) is
formed over the surface of the (poly 2) resi;tor. The
‘'source/drain implants are'performed thereby concurrehtly
performing (self-aligned( due to the-resistor-spaéer) implants
for the contact'regAOns of theniesistor. All contacts (gate
poly, source/drain and two .contact points on the resistbr) are

salicided to achieve lower contact resistance.
'BRIEF DESCRIPTION OF THE DRAWINGS

Fig..l shows a cross section of the semiconductor substrate
after the definition of the active regions, the formation of
‘gate oxide, the depoSition of a layer of poly 2 and the implant

" for the poly gate.

Fig. 2 shows a cross section after the (optional) implant

for the bottom plate of the cépacitor.



Fig. 3 shows a cross section after the deposition of a
layer of dielectric for the-capacitor and the deposition and
patterning of a layer of poly 3 for the top plate of the

. capacitor.

Fig. 4 shows a cross section patterning of the poly gates,
the capacitor (dielectric and bottom plate) and the resistive

load componeht.

Fig. 5 shows a cross section after the LDD implant for the
gate electrodes and the formation of the gate spacers at the

same time that a resistive spacer is formed.

" Fig. 6 shows a cross section after the implant of the
source/drain regions as well as the contact regions of the
resistive load component. This cross section implies

salicidation of the contact regions.

Fig. 7 shows a detailed cross section of the resistive load

with its immediate surrounding regions.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now Specifically Eo Fig. 1, fhere is shown a
cross section of the semiconductor substrafe 10 after the
definition of the active regions, the formation of gate oxide,
the deposition of a layer of poly 2 and tﬁe implant for the poly

gate.

One of the methods to define active regiohs in the surface

of a semiconductor substrate is with the creation of Field Oxide-

regions. Field Oxide'(FOX) isolation regions are used to
electrically isolate the discrete'devices, such as Field Effect
Transistors {FET’s), in ULSI circuits on semicondﬁctor-chips
that are formed from silicon Subétfate. One conventional
approach in the semiconductor industry for forming field
isolation is_by the Local Oxidation of Silicon (LOCOS) method.
LOCOS ﬁses a patterned silicon.nitride (Si3Ng) as an.oxidation
barrier mask, the silicon substrate is selectively oxidized to
form the semi-planar isolation. However, this method requires
long oxidation times (fhérmél-budget) and lateral oxidation
-ﬁnder the barrier mask limits the minimum spacing between
adjacent active device areas, and therefore prévehts further

increase in device packaging density.

11



One method of circumventing the LOCOS limitations and to
furthex ;educe the field oxide (FOX) minimum features-size is to
'éllow shéllow trench isolation (STI). One method of ﬁaking STI
is to first etch trenches having essentially vertical sidewalls
in the silicon substrate. The trenches are fhen filled with a

CVD of silicon oxide (Si02) and the S8i0O2 is then plasma etched
~ back or.polishéd back using CMP, to form the fbx'isdiatidn
region. It i§ desirable to make FOX areas that extend higher
than the substrate surface to aVoid_broblems of recesses iﬁ the

field oxide at the edge of the device areas.

‘The FOX régions 12 can typically be grown by patterning a
compoéite insulator, oxidafion mask that contains an overlying
layer of silicoﬁ nitride and an underlying layer of.silicon
dioxide. The patterning of this layer is.accomplished”vié
convéntional photolithography exposure follower by Reactive Ion
Etching (RIE). The photoresist that is used for the patterning
‘is removed via plasma oxygen ashing, the éurface is wet cleaned
and the thick layer of FOX ié grown in the regions of the
silicon subsfraté that are not covered with the composite
insulator oxidation mask. The growing of the FOX lafer is
accomplished via thermal oxidation in an oxygen steam ambient at
a temperature between about 850 and 1150 - degrees C. to.a

thickness of between about 4000 and 6000 Angstrom. The compdsite'

12



insulator oxidation mask is then removed by using hot'phosphpric
"acid for the removal of the silicon nitride layer and buffered
hydrofluoric acid solution for the removal of the underlying

layer of silicon dioxide.

The layer 14 of gate okide is next giown over the surface
of the substrate at a temperature between about 800 and 1000
degrees C in'a.steam oxygen ambient to a thickness of between

about 50 to 300 Angstrom.

- The poly 2-1ayér'16.is next blanket deposited by uéing Low
Pressure Chemical Vapor Deposition {LPCVD) at a temperature
between about.500 and 700 degrees C. to a ‘thickness between abut
1000 ad 4000 Angstrom, and preferably betweén about 2006 and
3000 Angstrom. The poiy 2 layer is used to.form the gété_poly,
the bottom plate of the capacitér and the body of fhe loéd
resistor. An N; implant is performed into iaye; 16 of poly 2,
this implant forms the conductivity level gf the NMOS poly gate.
During this implant, the PMOS region in the layer of poly'2 is
masked with a photoresist mask 13. The layer 16 of poly 2 is in
this manner doped (18) with phosphorous ioné At a dosage of
between about 4El14 and 2E15_atoms/cm3_with an energy of between

about 50 and 100 KeV resulting in a N+ poly gate structure.

13



It is to be noted that the.latter doping for the N+ poly
gate structure is also applied to the region in the layer 16 of
 poly 2 where the load resistor is to be formed. This implies
that this doping has an impact on and caﬁ therefore be used to

control the value that is e$tablished for the load resistor.

The stép as shown in Fig. 2 is an'optionai'step..Fig. 2_'
shows a cross section after'this (optional) implant for the
bottom pléte of the capacitor. Capa;itor mask 20 of photoresist
is used to define the capacitor boftom plate. The implant 24 of
th;=poly 2 layer 16.is an a;senic or phosphorous implant with a
dopant concentration of between about 4E15.and 6E15 atoms/cm’ at
an energy between about 30 and 100.KeV. The optional implant.
that is shbwn iﬁ Fig. 2 depends on the value of the load
resistance that is being created whereby a resistance 6f'higher
valué requires this capacitor implant in qrder to improve the
capacitive conductivity relative to the resistivitj éf the

created load resistor.

The sheet resistance of the poly layer 16 is typically less
than 100 ohm/cm? while the sheet resistance for the load.
resistor is typically required to be in excess of 1 Kohm/cm?®.

The bottom plate of the capacitor therefore needs more doping,

14



the load resistor in the other hand is not critically dependent

on specific doping parameters and conditions.

Fig. 3 shows a cross section after the deposition of a
layer of dielectric for the capacitor and the deposition and
patterning of a layer of poly 3 for the top plate of the

capacitor.

Layer 24 is a layer of LPCVD silicon dioxide using
tet#aethylorthosilicate (TEOS) as'a source at a temperature
between ébout 600 aﬁdlfso degrees C. to a thickness of between
about 200 and 400 Angstrom. The layer 24 of TEQS serves'as.the

dielectric for the capacitor.

bver the layer 24 of TEOS is deposited a layer 6f pély 3.
The poiy 3 layer 26 is blanket deposited by using Low Préssure
,Chemicél Vapor Deposition (LPCVD) at a temperature between about
500 and 700.degrees.c. to a thickness between abut 1000 and 4000
Angstrom, and preferably bet&een_about 2000 and 3000'Angstrom.
Poly 3 1ayef 26 is in-situ doped using LPCVD at a.temperature-
between about 530 and 600 degrees C. to a thickness between
about 1000 and 4000 angstrom using SiHs and PH3 as the dopant
gas. The poly 3 layer is used to form the topzplate of the

capacitor. The capacitor mask 28 is used to expose {using

15



conventional process of-photol;thography) and.subsequently etch
the layer 26.of.p01YSiiicon thereby forming the'top'plate {not
shown in Fig. 3 but shown in Fig; 4) of the capacitof. |
Polysilicon layer 26 can bé etched'by ekpbsing the layer to
.oxygen or oxygen-plasma at high temperaturés (over 100 degrees
c.). Polysilicon.can.also be etched using RIE or a high plasma
" density using én etchant gas having a high seléétiviﬁy of poly
to oxide, suéh as a gas containing clorine (Cl) species.
Tecbniques are.also kpown in the arﬁ whereby poljsilicon cén be

etched using SFs, Si0O2 and Siqu with a fluorocarbon.

Fig. 4 shows a cross éection patterning of the ﬁoly gates}
the dielectric and the lower plate of the capacitor and the
resistive ioad-component. Resistor mask 30 defines the load
resistor, gate mask 32 defines the gate.structure for-a ﬁMOS
device, cépacitor mask 34 defines:the dielectric and the'iower
plate of the capacitor while gate mask 36 defines thé gate
structure for a PMOS device. Conventionallprocesses.of.
photolithography expose layei 26 (of poly 3) and layer 24 (of
TEOS) thereby forming the respective elements of the device as
indicated. After the resistor, the NMOS gate, the capacitor .
dielectric.and lower plate'and the PMOS gate have been
patterned, the layer 16 of poiy 2 is removed f:om the exposed -

areas thereby essentially leaving the poly 2 layers for the'

16



resistor, the gate electrodes and the capacitor in place. The

contours of these elements are shown in Fig. 5.

Fig.'§ shons a cross section after tne LDD implant for the
gate'electrodes.and the formation of the gate spacers, a spacer
for the load resistive is fcrmed concurrent with the formation
of the gate spacers. The LDD 1mp1ants of the 1nventlon use small
doses of implanted 1mpur1t1es in oxrder to av01d any adverse
affects on the value of the load resistor that is being formed.
In the typicai process sequence of forming the gate electrodes
of DRAM devices, the step after-the gate electrode has been
completed is the formation of self-aligned Lightly Doped
Diffusion (LDD) regions adjacentsto the gate electrode and
adjacent to the regions of field oxide (for instance region 47
of N- polarity) .- These regions of.LDD implant are (N-) regions
47, 48 and 50 and (P-) regions 68 and 70. For the NMOS dev1ce
40, the LDD regions 48 and 50 are formed by a self-aligned
implant of N-type dopant in the source/drain regions in the
substrate, this is a first phase in forming the subscrate N+
source/drain regions of the MOSFET. For the PMOS device 46, tne
LDD regions 68 and 70 are formed by a selffaligned implant of P~
type dopant in the source/drain regions in the,sunstrate, this
is a first phase 'in forming tne substrate'P— source/drain

regions of the MOSFET. After the formation of oxide sidewall

17



spacérs (SWS) on the sidewalls of the polysilicon gate and of
the gate oxide, a second N+/P+ implant is performed to set the
'éonductivity of the gaﬁe regions to a desired level and to |
complete the N+/P+ éource/drain regions. Titanium is.fhen
_deposited on the exposed upper surfaces of the N+/P+
source/drain regioné and the polysilicon gate region and
annealed, theréby causing.the titanium to reacélwithlthel
underlying N%/P+ silicon of the substrate source/drain regions.
and the doped polysilicon gafe io form titanium salicide on

these surfaces.

It muét bé remembered that, under the proceséing sequence'
of thé invention that has been highlighted up to this point, a
layer 38, ?ig. 5, qf-poly 2 has remained in place after the
process of patterning and etching of the.layer 16 of §01§ 2 as
highlighted under Fig. 4. This layer 38 is, during the formation
of the LDD regions as indicated above, also subjected to dopant
injection and, as a'cbnsequence, becomes an N- doped layer of
poly 2. It is clear that;theidopant used.and-the density of the
dopant used Aetermine thé value of the resistor after the
process of dobing has been completed. To create the resistor,
phosphorous or boron can be used as dopan;s at a dosage of
between about 1E13 and 3E14 atoms/cm’ and an enérgy of between_.

about 30 and 60 KeV. This level of doping results in a

18



resistance value of bstween about 1 and 500 gigaohm and dépends
on the requirements of the application of the resistor in the
device functionality. For the apblication as shown in Fig. 5,
the LDD-regions-adjscent tp the NMOS gate electrdde 40 must be
N- dopsd and must”therefore be doped using phosphsrous (oxr
arson) as-the dopant and under the processing conditions that
have been indicated above. The LDD regions adjassnt to the PMOSl
gate electrode AC must be P- doped and must therefore be doped
using boron or indium as the dopant and under the prqcessing

conditions that have been indicated above.

Fig. 5 shows that, at this point in the discussion,'fhe
poly gate elsstrode structﬁres 40 (NﬁOS) and 46 (PMOS) have been
formed-as well as the capacitor bottom plate 42, the capacitor
dielectric 43 and the capscitor tbp plate 54. Further has been
formed the lqsd resistor 38, all of the structures having been
formed on the surface of substrate IO.ILDD regions (N- rsgions
47,.48 and 50 and P-regions 68 and 70) have.been implanted self- -
aligned with the gate structures and adjacent to the regions 12

. of field oxide.

The next processing steps is the formatioﬁ'of'the spacers
on the sidewall of these struétures, that is spacers 52 on the

sidewalls of the load resistor, spacers 56 on the sidewalls of
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the NMOS gate electrode 40, spacers 54 on the sidewalls of the
capacitor layers and spacers 58 on the sidewalls of the PMOS

'gate electrode structure 46.

| Typical gate spacer materials are silicon nitride, silicon
oxide, BSG, PSG, polysilicon, other materials preferably of a
dielectric nature and CVD oxide formed from a-TEOS source. then
used are ampfphous materials that inhibiﬁ the deposition of

epitaxial silicon thereupon.

Forming a gate spacer comprises, for instance, the
thermally growing, grown in an oxygen steam ambient at a
température between about'850 and 1000 deérees C. and to a
thickness'of about 50 to 200 Angstrom, of a thin oxide on the
sides of said gate electrode using a shért dry—oxidatioﬁ'process
whereupon a conformal CVD oxide f£ilm is dgposited by decoﬁposing
TEOS at between 600-and_750 degrees C. followed by an
anisotropic'dry etch thereby leaving the gate spacers on the

sidewalls of the gate electrodes.

-Another method of forming gate spacers is by a process
including a substantially conformal deposition within the trench
of a spacer of material that is selected from the group

consisting of nitride, oxide, BSG, PSG and any combination
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thereof, and a subsequent, substantially anisotropic etch of

this spacer material.

COncurrent“witﬁ the fermation of the indicated spacers (and
as part of this process) the load resistor spacer 60 is formed
on the surface of the.body 52 of the load-resisto; by using the
resistor block mask 62. The purpose of spader 60 is to separate
(or space) the edhtacts“of the load resistor 52 as will become
apparent during the subsequent discussion. The load resistor
spacer is therefore formed ﬁsing the same mate:ials as
previously indicatea fer_the-specers 52, 56, 54 and 58; the
spacer 60 is typically formed to a thickness of between'1500 and

4000 Angstrom.

Fig. 6 shows the completibn ef the {N%) eoﬁ;ce 64 and (N+)
drain 66 regipns of the NMOS gate'electrode 40, the (P+)"source
68 and (P+) drain 70 regions of the PMbS gate electrode 46, as
well as concurrent N+ implant of the contaet'regions 72 and 74
of the load resistor 38. The latter implant is done at the same
time as the éreviously'detailed N+ implant ef the source 64 and
arain 66 regions of the NMOS gate electrode 40 ﬁaking regions 72
| and 74 low_resistance N+ regions; It must also'be pointed out
that the N+ iﬁplant into the contact regions 72 and 74 of the

load resistance 38 is spaced by the spacer 60, the implant is
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therefore self-aligned with the resistance. This approach
therefore eliminates the use of the'contact mask implant that
has been required in typical appliéations where an extra mask is

needed for the impléht of the N+ resistor contacts.

To establish electrical points of contact with the variéus
 areas,.the surféces-where these contacts must gé'madé“are then
salicided, thét is the top surfaces of regions 72 and.74 and the
surfaces of the.source/drain'regions-(64/66 and'58/70), thé
surfacé of the gate electrodés'(40 and 46) and the top (44) and
bottom plate (42) of the cabaqitor. This process of séiicidation'
is, as previously indicated; performed by the deposition of a h
layerlof reactive metal, such as titanium or cobalt, over the
surfaces where ﬁhe layer of silicide-needs to be formed. The
reactive metal is annealed wiﬁh the undeflying layerg(éfﬂpoly 2,
siliéon or TEOS) forming silicides such as_TiSiz over the
regions where the (low resistance) electrical contact must be

established.

Fig..7 shows a cross section of a detailed view of the load
resistor. Most of the elements that are shown in this cross
section have previously been discussed, remains to be pointed
out the déposition'of.a layer 78 of Intra Level Dielectric -

(ILD). This layer has been patterned and etched to establish
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contact péints with regions 72 and 74 of the load resistot; a
layer of metal has besn deposited over the layet 78 of ILD and
selectiveiy etched to remove theimetal from above the layer 5:
ILD in order to-avoid eledtrical shorts between the contact
regions 72.and'74'0f the ioadaresistor 35; A final process.of
polishing the surface of the layer 76 of ﬁetal completes the
creation of the load résistot in the device envirsnment that has
been selected for the subject description as an axample of a
load resistor application. Similar processes.are performed'to
eatabllsh points of electr1ca1 contact with the surface of the
_source/draln reglons 48/50 of the NMOS gate 40, the surface of
NMOS gate 40, the source/drain regions 68/70 of " PMOS gate 46 and
the surface of PMOS gate'46. These_electrical contacts have not
been shown in the artwork of the inventioa for reasons of
clarity and because these processes are nstlbasic to the method

of the invention.

Although tﬁe invention has been described and.illustrated
with reference to spécific iilusttative embodiments theresf, it
is not intended that the invention be limited to those
illustrative embodimentst Those skilled in the art will.
'recoénizé that variations and.modifications Can'be ﬁade without
departing from the spirit_pf the invention. It is therefore

intended to include within the inVention'all such variations and
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modifications which fall within the scope of the appended claims

and equivalents thereof.
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1. A method for forming a self-aligned prediéion resistor on a

. What is claimed is:

'semiqonductor substrate for mixed-signal applications, said
self-aligned resistoi to be formed concurrent with_the formation
of Qate eléctrodes'and a-éabacitor on said semiconductor
substrate, compriéing:the steps of:

providing a -semiconductor sgbstrate said subsfraté having n;well
and p-well régions created therein said substraté furthermore
having active regions defined by regions of éurféce isolation
therein whereby a layer of gate oxide overlays said active
regions} |

Aepositing a first-layer of dielectric_over the surface-of said
gate oxide théreby-inclpding said regiops of surface isolatién;
Performing an ibn implant to establish the conductivity of a
NMOS gate electrode in said firét layer of-dielectric}
performing an ion implant to estéblish the conductivity of a
PMOS gate eleétrode-in said first layer of dielectric;
depésiting'a secénq layer of dielectric over the surface of said .
first layer of_dielectric;

depositing a third lajeriof dielectric over the surface of said
second layer of dielectric;

‘patterning and etqhing said third layer of dielectric thereby

forming the top plate of a capacitor;
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pattérning and etching séid,second and said first layer of
dielectri; theréby fbrﬁing the structures for said gate
électrodes, the structure for said-resistor and the dielectrié
laygr and-bottoﬁ pléte layér of said capacitbr thereby
completing the structure for said capacitor;

forming the LDD fegions for the sourée and drain ;egions of éaid
gate electrodes} - | |

creating spaéers for said structures for said gaie electrodes
for said capacitor structure and for.séid structure for said
resistor thereby concurrently'forming a resistor spacer over the
surface of said resisﬁor; |

completing the formation of.the source and.drain regions of said
gate'électrodés thereby cohcurrently forming regions of
electrical contéct on the surface of said resistor; and -

forming layers of salicide on the surfaces of péints-of

el (W

2. The method of claim 1 wherein said regions of sﬁrface
isolation contain a minimpm §f two regions whereby: |

the leftmostlregioﬁ formé fiéld oxide region #1;

the rightmost region forms field oxide region #2;

' gate electrodes of,opposite'poiarities‘afe adja@ent to each 6f

the field oxide regions:
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' fiel& oxide region #1 is the field oxide région over which a
high precisién high vaiue'load'resistoi is created; .

field oxide region #2 is the field oxide region overuwhich a..
capacitor'is_¢reéted;_

a NMOS polarity type gate elecfrode is located between field
oxide region #1 and field oxide region $2; and |

a PMOS polarity type géte'electrode is located adjacent to field _

T

3. The method of claim 1 wherein said first layer of dielectric .
qontains poly 2 deposited to a thickness of between about 1000

and 5000 Angstrom.

4. The method of claim 1 wherein said second laver of.die;ectric.
contains TEOS deposited to a thickness of bétween 100 and 1000

Angstrom.

5. The method of claim'l wherein said third layer of dielectric
contains poly 3 deposited to a thickness of between about 1000

. and 5000 Angstrom.

6. The method of claim 1 wherein said_performing an ion implant
to establish the conductivity 6f-a-gate eiectrode is performing

ion implant into said first layer of dielectric that is shielded-.
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such and of a polarity species such that regioné of condudtivity
for NMOS ana PMOS gate electrodes are created in said first
layer of dielectric that are adjécent to each of the field oxide
regions with thé resfrictian that thé MCS dévicés that are

created adjacent-fo each of the field'qxide regions are of

e g | (N N

7. The method of élaim-G wherein said ion implant to create.NMOS
- devices is doping said first'layer of'dielectric with
phésphorous or-arson.ions at a dosage of between about 4E14 and
2E15 atoms/cnf.with-anlenergy éf-between about 50 and 100 KeVv

resulting in a N+ poly gate structure.

8. The method of claim 6 wherein said ioﬁ implant to create PMOS
dévicés is doping said first layei of diélectric with iﬁdium 6;
bproh ions at a dosage of between about 4El4 and 2E15 atoﬁs/cm?
with an energy of between about 10 and 50 KeV resulting in a P+

poly gate structure.

9. The method of claim 1 wherein said patterning and etching
said third layer of dielectric is creating a layer of said third.
 dielectric that overlays and aligns with said sécond field oxide

region thereby creating the top plate of a capacitor.
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10. The method of claiﬁ 1 wherein said patterning and etching
said secqnd‘and said firsﬁ layer of dielectric is:

'patterning said resistor in a pattérn that overlays and aligﬁs
with said first region of field oxide;

 patterning said gate electrodes in a pattern that'locates said
gate electrédes between and adjacent to_said'field oxide |
.regions; | |
patterning séid capacitor dieleqtric_and bottom plate in a

_ pattern that uﬁderiies said top pla;e.of'said capacitor whefeby
saiq pattern furthermore overlay; said second field oxide
region; and

removing said second and said first layers of dielecﬁric in
accordance with_said patte¥ns for said'resistor, said gate
electrodes.and éaid capacitor thereby leaving said first layer
of diélectric in place and forming'the.bédy of said regiétor and
saidlgate electrodes thefeby furthermofe ;eaving said_first and

second layer of dielectric in place and forming the dielectric

and bottom layer of said capacitor. R
. ) : * [ L M s o

11. The method of claim 1 wheérein said LDD implant for a NMOS
implant is u;ing arsenic with an energy within the range of
between 1 to 10.KeV and a dose within the range of between leld

to 1lel6 atoms/cm?.
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12. The method of claim 1 wherein said LDD implant for a NMQS

.implant is using phosphorous with an énergy within the range of

"between 10 to 50 KeV and a dose ﬁithin the range between 1el2 to
se13 acoms/exf | (s
- . . . . . * C. L M S %* . .'

13. The method of claim 1 wherein said LDD implant for a PMOS
implant is using indium with an energy within the range of
between 1 to 10 KeV and a dose within the range of between lel4d

to lel6 atoms/cm?.

14. The method -of claim 1 wherein said LDD implant for a PMOS
implant is using boron with an energy within the rangelof 5 to

40 keV and a dose within the range of lel2 to 5el3 atoms/cm’

_15. The'metﬁod of claim 1.wherein'said creating spacers for said
structures for said gate electrodes-fér.said capacitor sﬁructure
and for said st;ucture for'said resistor thereby concurrently
forming a resistor spacer over the surface of said resistor is:
depositing in a substantially conformal manner a layer of
material that is selected from the group of nitridé, oxide, BSG,
éSG and any combination thereof, polysilicon, over the surface

' of said structures therebf including said resistor, gaté
electrodes and capacitor structures thereby furthermore

including the exposed surface of said substrate;
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masking said resistor to.a pattern such-thét thé'surface of said
resistor-is.essentially b1ocked off from a subsequent step of
étching in a geometrically centered manner whereby said maskiﬁg
covers most of the snrface.of said resistor thereby leaving two
_separate sections at opposite extremitiesfof the surface of said
resistor exposed;.and |

‘performing a'substantially'aniSoteric etch of'séid'layer of

material. ' |
. | i
: - o _ ' * € L M 5 .x

16. The method of claim 1 wherein said completing the formation

of the source and drain regions of said gate electrode is
performing N+ polarity type implants the are self-aligned with =
the NMOS gate and performiﬁg P- polarity t&pe implants that are

aligned with the PMOS gate.

17. The method of claim 16 wherein said N+ polarity type
implants are implanting arsenic or phosphoroﬁs at a dose of
between about 2.0E14 and 1.0E16 atoms/cm’ and an energy. of

between about 30 and 100 KeV.

18. The method of claim 16 wherein said P- polarity type
implahts are implanting boron or indium at a dose of between
about 1.0E1l5 and 1.0E1l6 atoms/cm® and an energy of between about

© 50 and 90 KeV.
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19. The method of claim 1 wherein said forming regions of
electrical contact on the surface of said resistor.is exposing
the surface of said resistor to said N+ polarity impiant that is
applied to_complete-said_formation of said source and drain
regions for said NMOS gate electrode whereby the surface of said
resistor is partiallytshielded from said ekposure_b& said
resistor spacer over ‘the surface of said resistor thereby
forming regions of high electric conductivity in said two

separate sectlons at opp031te extremities of the surface of said

e | N Y HII

20. The method of claim 1 wherein said surface of points of
electrical coutact'contains the surfaces of said source and
drain.regions, the surface of said top plate and the said bottoﬁ
plate of said capacitor, the surface of said gate electrodes and
the surface of said two separate sections at opposite

eextremities of the surface of said resistor.

21. The method of claim 1 wherein said forming 1ayers.of

. salicide on the surface of points of electrical contact is
oepositing a laYer of'reactive metal, such as titanium or

.cobalt, over said surfaces followed by a raoid”thermal annealing.r
inla temperature ‘range of.betueen 600 and 700 degrees C. for a

time of between 20 and 40 seconds aud.then a rapid thermal
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annealing in a temperature of between about 800 and 900 degrees
C. for a time between 20 and 40 seconds thereby forming

silicides such as TiSi» over the regions where low resistance

et o ot e st |y

22. The method of ciaim 1 with the additional step of exposing
said first layef of dieleqtric t§ an N+ implanfaﬁion said step
to be performéd prior fo said depositing a second layer of

dielectric thereby establishing the_conductivity'ﬁf'the bottom

plate of said capacitor.

23. The method of claim 22 wherein said N+ implantation is aﬁ'-
arsenig or phosphorous impiant with a dopant concentratibn of
between about 1.2E20 and 2.8E20 atoms/cm® at an - energy between

about 30 and 100 KeV.

24, The méthod of claim 1 with the additional steps of forming
electrical contacts ﬁo_said sglicided'points of eleétrical
contact said steps to be performed:afte;'said'step of forming -
layers of salicidé on the points of electrical contact, said
steps to comprise: |
depositing'a layer of Intef-Level-Dielectric {1LD) over_the

surface of said resistor, said gate electrodes, said capacitor,
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' saidlsalicided poinﬁs_of electrical contact and the e#posea.-
surface of said substra;é surface isoiation regions:;

patterning said layer of ILD in éﬂ ILD pattern that matches and
aligns with.thenéattern of said salicidedfpoints of electrical
contact; |

etching said layver of ILD in accordance with said ILD pattern
thefeby creating openiﬁgs in said layer of ILD;i_

blanket depositing a'layér of metal over the;surface'of said
layer of ILD £hereby includiﬂg said openings in said.layer of

~ ILD; and

patterniné said*layér 6f ﬁetal in accordance with said iLD
pattern whereby said metal pattern as a.miﬁimum matches and
aligns with said ILD pattern whéréby said pattern further allows

for additional branching, metai_interconnects-and fan-out from

said ILD pattern.

(LTI
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