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A NOVEL METHOD OF FABRICATING METALLIC LOCAL

INTERCONNECTIONS THAT ALSO IMPROVES TRANSISTOR

PERFORMANCE

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to the fabrication of
semiconductor devices on substrates, and more particularly
relates to a method for making.local metal interconnections
that also improves the electrical conductivity of the poly-
silicon gate electrodes for field effeét_transistors-(FETs)
while providing low contact resiétance to the underlying

silicon substrate.
(2) DESCRIPTION OF THE PRIOR ART

Field effect transistors (FETs) are used in the
semiconductor industry for Ultra Large'écale Integration
(ULSI) circuits. These FETs are commonly formed using
patterned conductively doped polYSilicon'layers for the gate
electrodes aﬁd diffused self-aligned doped areas in the
substrate adjace?t to the gate electrodes for the source/

/
drain areas. The polysilicon layers and the source/drain
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areas, even though conductively doped, have more electrical

resistance than metal or metal silicide layers. This higher
resistance is generally undesirable because ‘it increases the
RC (resistance X capacitance) time deiéy of the circuit and
reduces circuit performance (speed). Therefore, it is a
common practice in the industry to use metal silicide on the
gate electrodes and local intercomnections to improve the

circuit performance.

One conventional method of forming the FETs with
silicide gate electrodes and source/drain areas is to form
the gate electrodes by patterning a multilayer of doped
polysilicon, a metal silicide, and a cap oxide layer over
the device areas. The gate electrodes are then used as a
diffusion or implant barrier mask to form self-aligned
lightly.doped source/drain'areas in the substrate adjacent
to the sides of the gate électrodes. Sidewall insulating
spacers are formed on the gate electrode sidewalls and a
second implant, aligned to the sidewall spacers, is used to
form the source/drain contact areas. A metal is deposited
and annealed (sintered) to form the silicide source/drain
contact areas with low reéistance. However, this requires
- additional etching steps to form the gate electrodes in the
multilayer of oxide, silicide, and polysilicon, which also
- requires reasqnably vertical sidewalls for forming the

sidewall spaceré;



Another method which saves processing steps is the
self—aligned silicide (salicide) process in which both the
silicide gate electrodés and source/drain areas are made at
the same time. In this method the gate electrodes are
formed from a single doped polysilicon layef, and after
forming insulating sidewall spacers, a singie metal, such as
titanium (Ti), is deposited and annealed to concurrently
form the silicide source/drain areas and silicide gate |
electrodes. The unreacted Ti on the oxide sidewall spacers
~and on other oxide surfaces is removed to electrically
isolate the silicide source/dréin areas from the silicide

gate electrodes.

‘However, as these polysilicon and polycide lines
are reduced in width to allow higher circuit density for
future integrated circuits, the resistance of the local
interconnécting lines (including the gate electrodes)
dramatically increases and circuit performance is

diminished.

Several methods have been reported in the
literature. for reducing the polysilicon resisténce by
forming silicide on the FET gate electrodes and local

interconnections.

/
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For example, in U.S. Patent No. 5,683,941 Kao

teaches a method for making a self-aligned silicide on the
patterned polysilicon using an overlying insulating layer
that is planarized, and then etched back to expose the
polysilicon. A metai layer is deposited and reacted with
fhe exposed polysilicon to form the self-aligned polycide
pattern. A method for making back-gaté contacts for FETs on
a silicon-on-insulator (SOI) substrate is described by Chan
et al. in U. S Patent No. 5,610,083. The method chemically-
mechanically polishes back an overlying insulating layer to
a polysiliqon contact for making electrical contact to the
substrate,.while concurrently forming the FETs. The method
does not address local interconnections. Another method for
improving the sheet resistance of an integrated circuit
device gate is deécribed by Givené et al. in U. S. Patent
No. 5,268,330. In this invention an insulating layer (doped
S8i05) is polished back to a passivation layer (SigNy) over

" the gate electrode. The passivation layer is removed over
the gate electrode and a conducting material, such as
tungsten, is deposited to make contact to the gate electrode
to improve the sheet resistance. However, fhe invention
does not describe the formation of improved metal local

interconnections and improved transistor performance.

However, there is still a need in the semi-

conductor indusﬁ%y'to fabricate local interconnections with

N
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improved electrical conductivity and improved transistor

performance on future integrated circuits, where linewidths

of the interconnections will be submicron in dimensions.

SUMMARY OF THE INVENTION

It is therefore a principal obﬁect of this
invention to form local metal interconnections while
improving the contact resistance to the substrate and
improving the electrical conductivity of a patterned
polysilicon layer that is used to form the FET gate

electrodes.

It is another object of this invéntion-to provide
these improved contacts and FETs by selectively removing the
cap insulating layer over the patterned polysilicon layer

that also forms the FET gate electrodes.

Still another objective is to use the patterned
metal layer for making the metal interconnections to form
metal contacts in the insulating layer on the substrate to

further reduce contact resistance.

Another object of this invention is to provide a

/
simple and manufacturable process.



In accordance with the objects of the invention, a
method for fabricating improved metal interconnections which
also reduces the resistance of the patterned ﬁolysilicon
layer that also forms the gate electrodes for the FETs.
Also, the method concurrently forms metal contacts to the
éubstrate in the insulating layer over the substrate which
reduces contact resistance. Although the method is
described for an N-channel FET on a P doped substrate, the
method also applies to forming P-channel FETs on N doped'
substrates. Also, the process is compatible with making
both P-channel and N-channel FETs, respectively, on doped N-

wells and P-wells formed on and in the substrate.

The objectives described above are achieved by
providing a semiconductor §ubstrate, such as.a single-
crystal silicon doped with a P-type dopant, such as boron.
Field OXide (FOX) regions are formed in and on the substrate -
to surroung and electrically isolate device areas. The FOX
is formed by shallow trench isolation (STI), as commonly
used in the industry, and the STI is made planar with the
substrate surface. After forming the STI, a gate oxide is
formed, for example by thermal oxidation, over the device
areas for the FETs. A conductively doped polysilicon layer
is deposited on;the substrate using low-pressure chemical

/ .
vapor deposition (LPCVD) and is doped with a conductive
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dopant such as arsenic (As) or phosphorus (P) using ion

implantation. Next a first insulating layer composed of
silicon nitride (SigNy) is deposited by low-pressure
chemical vapor deposition (LPCVb) on the polysilicon layer.
The first insuiating layer'and the polysilicon layer are
patterned using a photoresist mask and anisotropic plasma
etching. The polysilicon is patterned to form gate
electfodes_over the device areas and form portions of the
local interconnections over the field.oxide isolation
regions.- Lightly doped source/drain areas are formed next
by ion implanting an N type dopant adjacent and aligned to
the gate electrodes of the N-channel FET.: A conformal
second insulating layer composed of silicon oxide (8i05) is
deposited by CVD ovef_the gate electrodes and is aniso-
tropically etched back to form sidewall spacers on the
sidewalls of the gate electrodes.” Source/drain contact
areas are then formed by ion implantation adjacent to the
sidewall spacers. A third insulating layer composed of 8i05
is deposited . on the substrate and is chemically-mechanically
polished back to the first insulating layer (SigN4) to form
a planar surface. By the method of this invention, the
SigNy first insulating layef is selectively removed over the
patternéd polysilicon layer to form recesses in the third
ihsulating layer. The SijzN4 is selectively removed using,
for example, a hop phosphoric acid solution while leaving

the second and the third insulating layers essentially
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-unetched. Next, contact opénings are etched in the third
insulating layer to the substrate using a photoresist mask
and anisotropic etching{'.A blanket metal layer having high
electrical conductivity is depositéd to f£ill the contact
openings and the recesses in the third insulating layer and
to form an essenﬁially planar layer over the substrate. For
example, the metal layer can be composed of a barrier layer,
such as titanium/titanium nitride (Ti/TiN), and é good
eleétrical conductor such as tungsten, copper, aluminum,
platinum, silver, palladium, or the like. Also by the
method of -this invention, thg metal layer is patterned using
a photoresist mask and aniéétropic plasma etcﬁing to
complete the local metal interconnections while leaving
portions of the metal in_the recesses to improve the

electrical conductivity of the patterned polysilicon layer.

By a second embodiment of this invention, an
additional photoresist mask is used to pattern the SigNy4
first insulating layer leaving portions over the patterned
polysilicon layer to serve as crossoﬁerS'for the patterned
metal local interconnections. The Si3Ny can be etched using

plasma etching in a gas that etches SigN4 selectively.
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BRIEF DESCRIPTION OF THE DRAWINGS

The objects and other advantages of the invention
are best understood with reference to the embodiments and in

conjunction with the following drawings.

Fig. 1 shows a schematic top view of one possible
local interconnection structure after patferning the metal

layer.

Figs. 2 through 6 show schematic cross-sectional
views through a field effect transistor and_a nearby contact
to the substrate for the sequence of processing steps for
making this local interconnection with improved electrical

conductivity by the method of this invention.

Fig. 7A shows a schematic top view of a local
interconnection Sfructure by a second embodiment in which
portions of the SigN, insulating layer remain over the
patterned polysilicon layer (gate electrodes) to serve as

crossovers for the patterned local interconnections.

Fig. 7B shows a schematic cross-sectional view
through the region B-B' of Fig. 7A for a portion of the

metal interconnection over the SizNy insulating layer.
,
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Fig. 7C shows a schematic cross-sectional view

through the region C-C' of Fig. 7A for.a portion of the
metal interconnection through device areas sepa:ated by

field oxide regions.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now in keeping with the objects of this invention,
the method for forming low-resistance metal local
interconnections while retaining the metal over the
underlying patterned polysilicon'layer to fufther improve
the circuit performance is described in detail. The method
is described for making local interconnections for N-channel
FETs using an N* doped polysilicon layer to form the gate
electrédes.' However, it should be well understood by those
skilled in the art that by using additional masking steps
and ion implantations that both P- and N-channel FETs, using
low sheet resistance local interconnections, can be made on
N- and P-doped wells in the substrate, and that
complementary metal oxide semiconductor (CMOS) circuits,

with improved circuit performance, can be formed therefrom.

Referring first to Fig. 1, a top view of a portion
of a substrate having one type of local interconnection is
shown to better appreciate the invention. Only the key

/
. elements of the invention are depicted to simplify the
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drawing. Fig. 1 shows a P doped silicon substrate 10 having

field oxide areas 12 around the active device areas 14. The
top view shows the final structure of this invention. A
patterned polysilicon layer 18 forms the FET gate electrodes
18A over the device areas, and the pattefned polysilicon 18
extends over the field oxidellz to provide portions of the
local interconnection. A silicon oxide (SiOz) layer 24 is
formed over the substrate, having recesses 4 in the oxide
aligned over and down to the patterned polysilicon layer 18.
A metal layer is deposited and patterned to complete the
local interconnections 32A. During the patterning of the
metal layer, portions of the metal 32B are retained in the
recesses 4 6ve: the patterned polysilicon layer 18 to
further reduce the electrical resistance and to improve the
circuit performance, for example, by reducing the RC time
constant. Also shown in Fig. 1 is a metal contact 32C that
_is concurrently formed when the metal layer is deposited and _
patterned to complete the local interconnections. The cross
section 6A-6A' of the drawings in Fig. 1 is depicted in Fig.
6 for the completed interconnect structure, apd Figs. 2

through 6 'show the sequence of process steps.

Referring now to Fig. 2, the method of fofming
this improved local interconnection structure is described
in'detail. Fig. 2 shows a schematic cross-sectional view of

' /
the substrate 10 having a partially completed N-channel FET
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formed on and in the substrate surface. The preferred

substrate is composed of a P-type single-crystal silicon
having a <100> crystallographic orientation. A Field OXide
(FOX) isolation region.12 is formed to surround and
electrically isolate the active device areas 14. For the
purpose of this invention, the FOX 12 is made planar with
the substrate surface, ﬁsing various methods as commonly
practiced in the industry. For example, shallow trench
isolations (STI) can be made by etching trenches in the
silicon substrate 10, and filled with a CVD Si0O5; that is
chemically-mechanically polished (CMP) back to the substrate
surface. The FOX 12 is typically formed to a thickness of

between about 1500 and 4500 Angstroms.

Still referring to Fig. 2, the FETs are now formed
in the active device areas.14 by first thermally oxidizing
the device regions to form a thin gate oxide 16. The
preferred thickness of the gate oxide 16 is between about 25
and 200 Angstroms. Nekt, a conductively doped polysilicon
layer 18 is deposited on the substrate using low-pressure
chemical vapor deposition (LPCVD) using, for example, silane
(SiH,) as 'the reactant gas. Layer 18 is deposited to a
preferred thickness of between about 150 and 4000 Angstroms.
The polysilicon layer 18 is then doped with a conductive
dopant using-ion{implantation, for example;_by implanting

/,
arsenic iOnS'(As75). Alternatively layer 18 can be doped
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in-situ by introducing a dopant gas. For example, layer 18

can be doped by adding a reactant gas such as arsine (AsH3)
or phosphine (PH3) to the SiH4 during deposition.
Preferably the dopant concentration of polysilicon layer 18

is between about 1.0 E 19 and 1.0 E 21 atoms/cm3.

Continuing with the process, a first insulating
layer 19 composed of silicon nitride (SiaNy) is deposited on
the polysilicon 1ayer 18. Layer 19 is deposited by low-
preSSure chemical vapor deposition (LPCVD) using dichloro-
silane (SiCl;H5) and ammonia (NH3) as the reactéht gases.
The SigN, layer 19 is deposited to a thickness of between
about 1000 and 3500 Angstroms. The first insulating layer
19 and the polysilicqn layer 18 are patterned to form Qate
electrodes 18A over the device areas 14 and to form portions
of the local interconnections over the field oxide isolation
regions 12. Layers 19 and 18 are patterned using a
photoresist mask and anisotropic plasma etching. The
anisotropic etching ié carried out using a high-density
plasma (HDP) etcher. The Si3N, layer 19 can be etched using
an efchant gas such as hydrogen bromide (HBr); cafbon
tetrafluoride (CF4), trifluoromethane'(CHF3), methylfluoride
(CH3F), or carbon hexafluoride (CoFg), and the polysilicon
layer 18 is etched using an etchant gas such as HBr or

chlorine (Cljy).
/
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Still referring to Fig. 2, lightly doped

source/drain areas 17(N”) are formed next adjacent and
aligned to the gate electrodes 18A of the N-channel FET to
minimize short-channel effects. The lightly doped
source/drain- areas 17(N”) are formed by ion implanting an N
type dopant such as arsenic or phosphorus ions. Next, a
conformal second insuiating layer 20 is deposited. Layer 20
is preferably composed of SiO,, and is deposited, for
example, by LPCVD using a reactant gas such as
tetraethosiloxane (TEOS) or TEOS/ozone. The second
insulating layexr 20 is deposited to a preferred thickness of
between about 500 and 2000 Angstroms and is anisotropically
etched back to form sidewall spacers 20 on the sid;walls of
the gate electrodes 1éA, For example, the etchback can be
carried out using a reactive ion etcher (RIE) at low
pressure using an etchant gas such as CHF3 and CF,. Next,
the source/drain contact areas 19(N*) are formed by ion
implantation adjacent to the sidewall spacers 20. The
source/drain contact areas 19(N*) are doped with arsenic to
a concentration sufficient to provide good ohmic contacts,
for example, to a concentration of between about 1.0 E 19

and 1.0 E 21 atoms/cm3.

Referring to Fig. 3, a third insulating layer 22
is deposited on the substrate to a thickpess.that exceeds

the total thickﬁess:of layers 19 and 18. For example, for



15
the thicknesses of layer 19 and 18 cited above, the

fhickness of the third insulating layer 22 would be at least
greater than 3000 Angstroms. Layer 22 is preferably
composed of §i0, and is deposited by LPCVD using a reactant
gas such as TEOS or TEOS/ozone. Alternatively, the third
insulatihg layer 22 can be a doped silicon oxide, such as
phosphosilicate glass (PSG) 6r borophosphosilicate gléss

(BPSG).

Referring to Fig. 4, ;he third insulating layer 22
is chemically-mechanically polished (CMP) back to the first
insulating- layer (SigNy) 19 to form a planar sﬁrface. The
polish-back also exposes the top surface of the Si3N4 layer
19. The CMP is carried out using an appropriate polishing

slurry as commonly practiced in the industry..

Referring to Fig. 5, by the method of fhis
invention, the SigNy first insulating layer 19 is
selectively removed over the patterned polysilicon layer 18.
Removing the Si3N4 19 results in recesses 4 in the third
insulating layer 22. The recesses 4 are aligned over the
- patterned polysilicon layer 18. Preferably the SigN, is
rémoved by etching in a hot phosphoric acid solution at a
temperature of about 160°C, while leaving the second and the
third insulating layers 20 and 22, composed of SiO,,

essentially unetched.
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Still referring to Fig. 5, contact openings 5 are
etched in the third'insulating layer 22 to the substrate 10
using a photoresist mask and anisotropic etching. The
contact openings 5 can be etched using a HDP etcher and an
etchant gas that etches the SiO, selectively to the silicon
substrate 10. For example, the etching can be carried out
.using an etchant gas such as CHF3, carbon monoxide (CO), and
oxygen (Oj). Alternatively, other etchant gases in various
combinations, such as C4Fg, CHyF,, CyFg, and CF,, can be

used.

Referring to Fig. 6, a barrier/adhesion layer 30
and a high electrical conducting metal layer 32 are
deposited,consecutively. The barrier layer 30 is deposited
to a thickness sufficient ?o prevent reaction of the metal
layer 32 with the silicon substrate 10, thereby preventing
degradation of the shallow diffused junctions 19(N*) in the
contact openings 5. Layer 30 also improves the adhesion
properties for bonding of the highly conducting metal layer
32 to the underlying oxide structure. ' One type of barrier
layer is a titanium/titanium nitride (Ti/TiN). For example,
~the Ti can be deposited by sputter deposition from a Ti
target while the TiN can be formed by introducing nitrogen
during the sputter deposition. Typically the ba:rier layer

_ , _
30 is deposited to a thickness of between about 50 and 1000
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Angstroms. Next, a high electrically conducting metal layer

32 is deposited to reduce the electrical resistance and to’
improve transistor performance. Layer 32 is deposited to a
thickness sufficient to fill the recesses 4 and the contact
openings 5 and to form an essentially planar surface. More
specifically, the metal layer 32 is deposited to a thickness
of between about 1500 and 8000 Angstroms. The metal layer
32 can be composed of an electrically conducting material
such as tungsten, copper, aluminum, platinum, silver,

palladium, or the like.

Still Fig. 6, the metal layer 32 is patterned
using a photoresist mask and anisotropic plasma etch;ng to
fofm the local metal interconnections 32A. Fof example, the
metal can be patterned using HDP etching and an appropriate
etchant gas mixture, depen@ing on the composition of the
metal layer 32. The metal layer 32 is etched down to the
top surface of the third insulating layer 22 leaving
portions of the metal 32B in the recesses 4 over the
polysilicon layer 18A that forms the gate electrode, and
elsewhere over the patterned peolysilicon layer 18, as
depicted in the top view in Fig. 1. This results in
improved the electrical conductivity of the patterned
polysilicon layer 18 and improves transistor performance.
Concurrently thefmetal layer 32 forms metal contacts 32C in

/
the contact openings 5 to the substrate.
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Referring to Fig. 7A, a top view is shown for a
second embodiment of this invention. The process is similar
to the first embodiment, and therefore all the elements of
the structure are labeled the same as in the first
embodiment. After polishing back the third insulating layer
22 (see Fig. 4, first embodiment), an additional photoresist
mask step (not shown) is used to pattern the Si;N, first
insulating layer leaving portions 19 (Fig. 7A) over the
patterned polysilicon layer 18 to serve as electrical
crossovers. The Siéﬁ4 first insulating layer is plasma
etched using an etchant gas mixture, such és Cﬁ3F and O5.
Alternatively other gas mixtures, such as CHF3 and N, CHyF,

and O, and the like, can be used to etch the,Si3N4;_

As in the first embodiment, the metal layer 32 is
then deposited and patterned by plasma etching down to the

top surface of the third insulating layer 22.

Fig. 7B shows a cross section through the region

- B-B' of Fig. 7A, and Fig. 7C shows a cross section through
the region C-C' of Fig. 7A. As shown in Fig. 7B for the
cross section through B-B' of Fig. 7A, portions of the metal
32A extend over the SizN, layer 19 to form electrical
crossovers for the local interconnections. Af the same

time, and as shbwn in Fig. 7C, portions of the metal 32B are
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retained in the recesses 4 to improve the electrical

conductivity of the patterned polysilicon layer 18. Also,
during patterning of the metal layer, portions 32C are used
to make electrical contacts to the device areas on the

substrate.

This-novel_method results in a local interconnect
structure that requires only a single metal layer 32, and
therefore is manufacturing cost effective, while increasing
the electrical conductivity of the underlying patterned

polysilicon layer 18 for improved circuit performance.

While the invention has been particularly shown
and described with reference to the preferred embodiments
_thereof; it will be understood by those skilled in the art
that various changes in forp and details may be made without

departing from the spirit and scope of the invention.
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CLAIMS _ 20
1. A method for fabricating local metal inter-

connections with low .contact resistance .and gate
electrodes with improved electrical conductivity
comprising the steps of:

providing a seﬁiconductor substrate;

forming field oxide isolation regions surrounding
and electrically isolating device areas and coplanar
with surface of said substrate;

forming a gate oxide 6n said device areas;

depositing a conductively doped polysilicon layer on
said substrate;

depositing a first insﬁlating layer on said
polysilicon layer;

patterning said first insulating layer and said

polysilicon layer using a photoresist mask and

anisotropic plasma etching leaving portions over said

device areas to form said gate electrodes and portions
of said patterned polysilicon over said field oxide
isolation fegions for local interconnections;

forming lightly doped source/drain areas adjacent to
said gate electrodes by ion impléntation;

depositing a conformal second insulating layer over
said gate electrodes and elsewhere on said substrate;

anisotropically etching Sack said second insulating
layer thereby_forming sidewall spacers on sidewalls of

/
said gate electrodes;
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forming source/drain contact areas by ion

implantation;

depositing a third insulating layer on said
substrate; '

polishing back said third insulating layer to said
first insulating layer to form a planar surface;

selectively removing portions of said first

insulating layer over said patterned polysilicon layer

-while leaving essentially unetched said second and said

third insulating layers and forming recesses in said
third insulating layer over said patterned polysiliéon
layer; '

using a photoresist mask and anisot}opic etching to
etch contact openings in said third insulatingllayer to
said substrate; |

depositing a blanket metal -layer and filling said
éontact'opehings and said recesses in said third
insulatiﬁg layer over said patterned polysilicon layer;

patterning said metal layer leaving portions over -
said contact openingé and over and contacting portions
of said patterned polysilicon layer to complete said .
local metal interconnections while leaving said metal
in said recesses to impfove the electrical conductivity

of said patterned polysilicon layer.

| THIS SHEET HAS BEEN
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2. The method of claim 1, wherein said conductively
doped polysilicon layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cm3.

3. The method of claim 1, wherein said conductively
doped polysilicon 1ayer is deposited to a thickness of

between about 150 and 4000 Angstroms.

4. The method of claim 1, wherein said first
insulating layer is silicon nitride and is deposited to

a thickness of between about 1000 and 3500 Angstroms.

5. The method of claim 1, wherein said second
insulating layer and said third insulating layer are

silicon oxide.

6. The method of claim 4, wherein said silicon nitride
first insulating layer is selectively removed using a

hot phosphoric acid etch.

7. The method of cléim 1, wherein said contact
openings are selgctively etched to said Substrate using.
anisotropic plasma etching and én-etchant gas mixture
composed of trifluoromethane, carbon monoxide, and

oxygen.

.
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8. The method of claim 1, wherein said metal layer is’
a multilayer composed of a titanium/titanium nitride
barrier layer and an tpper_layer of aluminum—copper

alloy.

9. The method of claim 1, wherein said metal layer is
a multilayer composed of a titanium/titanium nitride

barrier layer and an upper layer of copper.

10. The method of claim 8, wherein said barrier layer
is deposited to a thickness of between about 50 -and
1000 Angstroms, and said aluminum-copper is deposited
to a thickness of between about 1500 and 8000

Angstroms.

11. A method for fabricating local metal inter-
connections with low contaéf resistance and gate
electrodes with improved electrical conductivity
comprising the steps of:

providing a semiconductor substrate;

forming field oxide isolation regions surrounding
and electrically isolating device areas and coplanar
with surface of said substrate;

forming a gate oxide on said device areas;
/ '
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depositing a conductively doped polysilicon layer on

said substrate;

depositing a silicon nitride first insulating layer
on said polysiliddﬁ layer;

patterning said first insulating layer and said
polysilicon layer using a photoresist mask and
anisotropic plasma etching leaving portions over said
device areas to form said gate electrodes and portions
of said patterned polysilicon over said field oxide
isolation regions for local interconnections;

forming lightly doped source/drain areas adjacent to
said gate electrodes by ion implantation; -

depositing a conformél silicon oxide second
insulaiing layer over éaid gate electrodes and
elsewhere on said substrate;

anisotropically etcying back said second insulating
layer thereby forming sidewall spacers on sidewalls of
said gate electrodes;

forming source/drain contact areas by ion
implantation;

depositing a silicon oxide third insulating layer on
said substrate;

polishing back said third insulating layer to said
first insulating ‘layer to form a planar surface;

selectively removing portions of said silicon

/
nitride first insulating layer over said patterned
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polysilicon layer while leaving essentially unetched

said second and said third insulating layers and
forming recesses in said third.insulating layer over
said patterned'polysilicon layer;

using a photoresist mask and anisotropic etching to
etch contact openings in said third insulating layer to
said substrate; .

depositing a blanket metal layer and filling said
contact openings and said recesses in said third
insulating layer over said patterned polysilicon layer;

patterning said metal layer leaving portions over
said contact openings and over and contacting portions
of said patterned polysilicon layer to.complete said
local metal interconnéctions while leaving said metal
in said recesses to improve the electricai conductivipy

of said patterned polysilicon layer.

12. The method of claim 11, wherein said conductively
doped polysilicon layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cm3.

13. The method of claim 11, wherein said conductively
dopedlpolysiliconflayer is deposited to a thickness of

between about 150 and 4000 Angstroms.
\___
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14. The method of claim 11, wherein said silicon

nitride first insulating layer is deposited to a

thickness of between about 1000 and 3500 Angstroms.

15. The method of claim 11, wherein said second
insulating and said third insulating layers composed of
silicon oxide are deposited bylldw-pressure chemical

vapor deposition.

16. The method of claim 11, wherein said silicon
nitride first'insulating layer is selectively removed

using a hot phosphoric acid etch.

17. The method of claim 11, wherein said contact _
openings are selectively-etched'to'said substrate using
anisotropic plasma etcping and an etchant gas mixture
combosed of trifluoromethane, carbon monoxide, and

oxygen.

18. The method of claim 11, wherein said metal layer
is a multilayer composéd of a titanium/titanium nitride

barrier layer and an upper layer of aluminum-copper

"alloy.
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19. The ﬁethod of claim 11, wherein said metal layer

is a-multilayer composed of a titanium/titanium nitride

barrier layer and an upper layer of copper.

20. The method of claim 18, wherein said barrier layer
is deposited to a thickness of between about 50 and

1000 Angstroms, and said aluminum-copper is deposited

to a thickness of between about 1500 and 8000

Angstroms.

- 21. A method for fabricating local metal inter-
connections with low contact resistance and gate

electrodes wiﬁh improved electrical conductivity

comprising the steps of:

providing a semiconductor substrate;

forming field oxide isolation regions surrounding
and electrically isolating device areas and coplanar

with surface of said substrate;

forming a gate oxide on said device areas;

depositing a conductively doped polysilicon layer on

said substrate;

depositing a first insulating layer on said

polysilicon layef;

.patterning said first insulating layer and said

polysilicon layer using a photoresist mask and

_ J _ _ _
anisotropic plasma etching leaving portions over said
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device areas to form said gate electrodes and portions

of said patterned polysilicon over said field oxide
isolation regions for locdl interconnections;

forming lightly doped sourcg/drain areas adjacent to

said gate electrodes by ion implantation;

depositing a conformal second inéﬁlating layer over
said gate electrodes and elsewhere on said substrate;

anisotropically etching back said second insulating
layer thereby forming sidewall spacers on sidewalls of
said gate electrodes; '

'forming source/drain contact areas by ion
implantation;

depositing a third insulating layer on said
substrate;

polishing back said third insulating layer to said
first: insulating layer.to form a planar surface;

using a photoresist mask to selectively remove
portions of said first insulating layer over said
patterned polysilicon layer while leaving essentially
unetched said second and said third insulating layers
and forming recesses in said third insulating layer
over said patterned polysilicon layer; |

using a photoresist mask and anisotropic etching to
etch contact openings in said third insulating layer to

said substrate;
/‘:'
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depositing a blanket metal layetr and filling said

contaét openings and said recesses in said third
insulating layer over said patterned polysilicon layer;
| patterning said metal layer leaving portions over

said contact openings and over and contacting portions

of said patterned polysilicon layer to complete said

local metal interconnections while leaving said metal
in said recesses to improve the electrical conductivity
6f said patterned polysilicon layer, and further
portions of said pattefned metal layer extending over
remaining said silicon nitride layer to form crossovers

for said local interconnections.

22. The method of claim 21, wherein said conductively
doped polysilicon layer is doped with arsenic to a
dopant concentration of between about 1.0 E 19 and

1.0 E 21 atoms/cmS3.

23.. The method of claim.21, wherein said conductively
doped polysilicon layer is deposited to a thickness of

between about 150 and 4000 Angstroms.

24. The method of claim 21, wherein said first
insulating layer is silicon nitride and is deposited to

a thickness:of between about 1000 and 3500 Angstroms.
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25. The method of claim 21, wherein said second
inéﬁlating layer and said third insulating layer are

silicon oxide.

26. The method of claim 24, wherein said silicon
nitride first insulating layer is selectively removed

using a hot phosphoric acid etch.

27. The method of claim 21, wherein said contact
openings-are selectively etched to said substrate using
anisotropic plasma etching and_an etchant gas mixture
composed of trifluoromethane, carbon monoxide, and

oxygen.

28. The method of claim 21, wherein said metal layer
is a multilayer composed of a titanium/titanium nitride
barrier layer and an upper layer of aluminum-copper

alloy.
29. The method of claim 21, wherein said metal layer
is a multilayer composed of a titanium/titanium nitride

barrier layer and an upper layer of copper.

30. The method'bf claim 28, wherein said barrier layer

. is deposited to a thickness of between about 50 and

1000 Angstroms, and said aluminum-copper is deposited
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to a thicknéss of between about 1500 and 8000

.Angstroms.

31. A local metal interconnect structure with low
contact resistance and FET gate electrodes with
improved electrical conductivity comprised of:

a semiconductor substrate;

field oxide isolation regions surrounding and
electrically isolating device areas and coplanar with’
surface of said substrate;

a gate oxide on said device areas;

a patterned conductively doped polysilicon layer on
said substrate for said FET gate electrodes and
portions of said local'intergonnections,-wherein said
FET gate electrodes have lightly doped source/drain
areas -adjacent to said gate electrodes and source/drain
contact areas; 5

an insulating layer having a planar surface on said
patterned polysilicon layer and said insulating layer
having self-aligned recesses over said'pattérned
polysilicon layer, and said insulating layer having
coﬁtact openings to said substrate;

a patterned metal layer havinQ portions over and in
said contact openings and over and in said recesses to
improve-the:electrical conductivity of saiq patterned
polysilicoﬁflayer, and said patterned metal layer also

\\
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extending over said insulating layer to complete said

local metal interconmections.

32. The structure of claim 31, wherein said recesses

have portions of silicon nitride over said patternéd

polysilicon layer for providing electrical crossovers

for said patterned metal layer.

33. The structure of claim 31, wherein said

conductively doped polysilicon layer is doped with

arsenic to a dopant concentration of between about

1.0 E 19 and 1.0 E 21 atoms/cm3, and has a thickness of

between about 150 and 4000 Angstroms.

34. The structure of claim 31, wherein said insulating

layer is silicon oxide deposited by low-pressure

chemical vapor deposition.

35. The structure of claim 31, wherein said patterned

metal layer is composed of a multilayer of a titanium/

titanium nitride barrier layer and an upper layer of

aluminum-copper alloy.
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