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LOCAL INTERCONNECTS AND

METHOD FOR MAKING ELECTRICAL LOCAL INTERCONNECTS

BACKGROUND OF THE INVENTION

1. Fileld of the Invention

This invention relates to the process for forming local
interconnects and to interconnects produced by the process.
More particularly, it relates to such interconnects thch
serve as a diffusion barrier.

2. Descr;ptiqh of Related Art

A current method of fabricating local 1nterconn9ction
structures between two semiconductor regions uses a
conductive material composed of silicide material that is
also employed as a diffusion barrier.

U.S. patent No. 5,266,156 of Nasr for "Method of
Forming a Local Interconnect and a High Resistor Polysilicon
Load by Reacting Cobalt with ?olysilicon" states at Col. 1,
line 51 as follows:

"Another technique has been suggested by Deveraux et
al. in, 'A New Device Interconnect Scheme For Sub-Micron
VLSI,' 84 IEDM pages 118-121. 1In this technique, a thin
layer of refractory metal and amorphous.silicon are.
deposited sequentialiy and in the_#hg ;ﬁhe pumdeWn.' The
amorphous silicon is patterned and_?ﬁén:thé,wafer is

annealed whereby the refractory metal reacts with the
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st ruct ur es TSR R MRS m conduct or regions uses a conductive materi al
conposed of ' thl that is al so enpl oyed as a diffusion barrier
U.S. patent Iﬂ!"’m of Nasr for "Method of Form ng a Local

| nt er connect sistor Polysilicon Load by Reacting Cobalt with
Pol ysilicon" states at Col. 1, line 51 as follows: "Another technique has
been suggested by Deveraux et al. in, 'A New Device.lnterconnect Schene For
Sub-Mcron VLSI,' 84 | EDM pages 118-121. In this technique, a thin

amorphous silicon as well as single crystal silicon and

polysilicon to form a'silicide. The unreacted metal is then
removed by wet etching.
) "This technique suffers from limitations such as
5 oxidation of the titanium f£film during the silicon dry etch
which contains oxygen species. Additionally, the
photoresist strippiné agent showed a tendency for attacking
the ‘refractory metal'whiéh in this case was titanium."
Nasr shows forming a CoSi, layer over a source/drain
10 reglion and another CoSi. layer over a polysilicon gate which
is supported on a FOX structure on the semiconductor
substrate. The CoSi, layer is formed by sputtering cobalt
onto the device followed by a rapid thermal anneal which
consumes some of the silicon in the source/drain region and
15 the polysilicon gate. The remaining cobalt which does not
form CoSi, is etched away. A second higher temperature heat
treatment follows to convert the CoSi, to a low resistivity
material. Then a thin layer of LPCVD polysilicon or
amorphous silicon film is applied to the device, which is
20 patterned with a mask and etched into the shape of a desired
interconnect between the two CoSi., structures. Then a second
1§yer of cobalt is applied and subjected to heating to form
more CoSi, to form the local interconnect. The remainder of

the cobalt is removed by etching.



| ayer of* actory metal and anor phous silicon are deposited sequentially

and in t heyid Sheet Haghe wn. The anor phous silicon is patterned and then
the wWafer i reby the refractory netal reacts with the - 2-
anor phous 4I as single crystal silicon and polysilicon to form
a silicide. e unreacted netal is then ”

S

U.S. éatent No. 5,173,450 of Wel for "pitanium Silicide
Local Interconnect Process" and U.S. patent No. 5,204,279 of
Chan et al for "Method of Making SRAM Cell and Structure
with Polycrystailine P-Channel Load Devices" show a local
5 interconnect structure and process for forming such a
structure.
Sze, VLSI Technology, McGraw-Hill Book Company, (Second
Edition 1988), p.381 staﬁes "Refractory silicides, formed on
top of polysilicon, have provided the highest compatibility.
10 Disilicides of molybdenum (MoSi,),*° tantalum (TaSi.),** and
tungsten.(WSi,)** have been developed and have found their
way into production of microprocessors and random-access
memories. More recently, TiSi,*3-** and CoSi,*® have been
suggested to replace MoSia, TasSi,, and WSi,. Aluminum and
15 refractory metéls tungsten and molybdenum are also being
considered for the gate metal,>s-ien
Uyemura "Fundamentals of MOS Digital Integrated
Circuits" p. 249 (1988) "Metal layers are used to provide
low-resistance interconnects....

20 "Refractory (high temperature) metals are finding

increasing use in VLSI structures. The main advantage of
ﬁsing a refractory metal is that low-resistance patterned
interconnect levels can be formed at any time in the chip
process flow. The high melting point associated with these

25 metals keeps the pattern intact even if the wafer is
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rempved Py Vs Shbet HhsB¥en Replated t echni que suffers fromlimitations such as

oxi dati on of | mduring the silicon dry etch which contains
oxygeh specie%ﬂﬁﬂﬂ! i f , the photoresist stripping agent showed a
t endency for gtherefractory nmetal which in this case was
titanium" Nasr shows forming a [err] |ayer over a source/drain region and
another [err] layer over a polysilicon gate which is supported on a FOX
structure on the sem conductor substrate. The [err] layer ! is fornmed by .

sputtering cobal}
- subjected to additional heat treatments. (Al has a low

melting point - 600[°C] - and can be used only after all the
high-temperature cycles are completed.) This property
allows for multiplé-level interconnects to be created, which
5 alds in the layout of complex chips. Refractory metals of

current interest include titanium (Ti), platinum (Pt),
molybdenum (Mo), and tungsten (W). These may be evaporated
using electron-beam heating or may be sputtered onto the
wafer. 1In sputtering, an inert gas such as argon (Ar) is

10 ionized and used to bombard an electrode that is coated with
the desired substance. The collisions knock the atoms off

the electrode, creating a particle flux directed towards the

wafer."

SUMMARY OF THE INVENTION

15 In accordance with this 1nveﬁtion, an alternative
method is employed to further reduce the resistance of
interconnection structures. In accordance with this
invention, a combined diffusion barrier and local
interconnection structure'is provided with a low overall

20 interconnection resistance.

In accordance with this invention, a method is proQided
for producing an interconnect on a semiconductor device

having silicon containing conductive'surfades and dielectric

surfaces,



ont o t he-‘devi Tis Shedt nReplagedy o d t her mal anneal which consunes sonme of
the silicon in I in region and the polysilicon gate. The
remai hi ng cobal ot formJ[err] is etched away. A second hi gher

tenperature heat treatnent follows to convert the [err] to a | ow
resistivity material. Then a thin layer of LPCVD polysilicon or anorphous

silicon filmis applied to the device, which i's patterned with a nask-and‘_%

etched into the shape of a desired interconnect between the two [err]
?,te;;J,Ctngr teg' f-cl)-pann a f%%%\% ls%%&‘aqe Cz%bgilotnsi 2R lbiﬁ%k%[ld ﬁwte%teﬂat&ory
metal silicide on the silicon containing conductive
surfaces, the first refractory metal silicide being composed
of a first refractory metal and silicon from the surfaces,
5 | forming a blanket second refractory metal layer over
the device,
forming a blanket a-Si layer over the second refractory
metal layer, |
forming a mask over the device to pattern an
10 interconnect between the separate regions, then etching
away the unwanted portions of the refractory metal layers
and the a-Si layer,
performing a rapid thermal annealing process on the
device.forming a low resistance refractory metal silicide
15 between the a-Si layer and the second refractory metal.
layer, and
then etching away the unwanted portions of the
refractory metal layers that are not covered by the
refractory metal silicide.
20 Preferably, the second refractory metal comprises
titanium, has a thickness from thickness from about 200A to
about 300A, and is formed within a temperature range from

about 180°C to about 220°C.



nmore [ err] to 1y ladeht er connect. The remmi nder of the cobalt is
renoved by etch J u S. patent No. 5,173,450 of Wei for "Titanium
Siliclde Local rocess"” and U.S. patent No. 5,204,279 of Chan

et al for "Method of Making SRAM Cel|l and Structure with Polycrystalline
P—Channel Load Devi ces" show a | ocal ' '

Preferably, the «-8i layer has.a thickness from
thickness from about 400A to about 600A and is formed within
a temperature range from about 450°C to about 550°C.

In accordance with ahother aspect of this invention, a

5 method of producing a semiconductor device comprises:

forming a dielectric sgructure on a semiconductor
substrate, |

forming a silicon éontaining conductor structure on the
dielectric structure,

10 ~ forming a first refractory metal layer extending above
the conductor structure across the dielectric structure,

performing a rapid thermal annealing process on the
device forming a first low resistance refractory metal
silicide 5etween the silicon containing conductor and the

15 first refractory metal layer,

forming a second refractory metal layer extending above
the conductor structure across the dielectric structure,
forming an a-Si layer over the second refractory metal
_layer,

20 - forming a mask over the device to pattern an
interconnect and for etching away the unwanted portions of
ﬁhe a-S1 layer,

performing a rapid thermal annealing process on the

device forming a second low resistance refractory metal



I nt er confect % ctuyre and process for formng such a structure. Sze, VLS
Technol ogy, S 10pen npany, (Second Edition 1988), p.381 states
"Refractory sil d on top of polysilicon, have provided the

hi ghest conpath [ i ci des of nolybdenum [err] tantalum[err] and
tungsten [err] have been devel oped and have found their way into production
of m croprocessors and random access nenories. Mre recently, [err] and
[err] have been suggested to replace [err] and [err] Al um num and

silicide between the x-Si layer and the second refractory

metal layer, and _

then etching away the unwanﬁad portions of the second
refractory metal layer that are not covered by the second

5 refractory metal silicide.

Preferably, the second refractory metal comprises
titanium. |

Preferably, .the sécond refractory metal layer has a
thickness from thickness from about 200A to about 3004,

10 formed at a temperature range from about 180°C to about
200°C.

Preferably, the a-81 layer has a thickness from
thickness from about 400A. to about 600A formed at a
temperaturé range from about 450°C to about 550°C.

15 In accordance with another aspect of this invention, a
semiconductor device having silicon containing conductive
surfaces and dielectric surfaces with an interconnect
between a palr of the conductive surfaces,

a dielectric structure on a semlconductor substrate,

20 a silicon containing conductor structure on the
dielectriq structure,

first refractory metal silicide'layer gstructures
extending above the conductor structure and above another
one of the conductive surfaces across the dielectric

25 structure, the metal silicide structures being formed by

- -~



ref ract oty netqhgsm£n9§gaﬂgﬁﬂ§mmnlybdenun1are al so being considered for the

gate netal. [err danentals of MOS Digital Integrated Grcuits”
p. 249 (1988) " '

e used to provide | owresistance

i nt erconnects....% (high tenperature) netals are finding
I ncreasing use in VLSl structures. The mai n advantage of using a i
refractory netal is that |owresistance patterned interconnect |evels can
be formed at any tinme in the chip process flow. The high nelting point '

associ ated W th.JE8S hermal annealing of the silicon containing conductor
and the first refractory metal layer, and
a refractory metal silicide interconnect from a second
refractory metal layer extending abofe the conductor
5 structpre across the dlelectric structure combined by rapid
thermal annealing with an a-Si layer over the second
refractory metal layer, the interconnect being stacked upon
the first refractory métal layer at one end and being in
contact with another conductive surface.
10 Preferably, the first refractory metal silicide
comprises TiSi.; and the second refractory metal silicide

comprises Tisi.

Preferably, the second refractory metal silicide layer
has a thickness from thickness from about 600A to about

15 900A.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects and advantages of this
invention are explained and described below with reference
to the accompanying drawings, in which:

20 . FIG. 1 shows a device composed of a lightly doped
silicon semiconductor substraté upon which a field oxide

(FOX) region has been formed over a portion of the surface



. Replaced
netal s keeps ﬂﬁ }hSB&n ct even if the wafer is - 4 - subjected to
addi tional heat “ﬁ “g AI has a low nelting point - [err] and can be
usedonly after enperature cycles are conpleted.) This

property allows for nultiple-level interconnects to be created, which aids
in the layout of conplex chips. Refractory netals of

of the substraie with the remainder thereof remaining
exposed. _

FIG. 2 shows the device of FIG. 1 with a blanket
polysilicon layer formed.over the exposed portions of the

5 substrate and over the FOX region, over which a narrow

photoresist mask is formed for étching away unwanted
portions of the polysilicon layer to configure a polysilicon
conductor. |

FIG. 3 shows the device of FIG. 2 with the polysilicon

10 conductor above the FOX region after the etching into the

desired configuration using the conventional process of RIE.
FIG. 4 shows the device of FIG. 3 after formation of a

blanket spacer silicon dioxide layer on the device by

blanket deposition of a spacer silicon dioxide layer.

15 FIG. 5 shows the device of FIG. 4 after two additional
steps including of etching of the épacer silicon dioxide '
layer and blanket deposition of a first refractory metal

‘ layer.
FIG. 6 shows the product of FIG. 5 after a rapid

20 thermal anneal (RTA) process performed to cause the
refractory metal in the first refractory metal layer to
combine to form a refractory metal silicide in regions where

the refractory metal contacts silicon.



current interest |ncI QTi), plati num (Pt), nolybdenum (M), and

tungsten (W. Thes|s ted usi ng el ectron-beam heating or nay be
sputtered onto the ering, an inert gas such as argon (Ar) is
i oni zed and used to e ectrode that is coated with the desired

substance. The coII|S|ons knock the atons off the electrode, creating a
particle flux directed towards the wafer." SUMVARY OF THE | NVENTION I n
accordance with this invention, an alternative

FIG. 7 shows the product of FIG. 6 after a second
blanket refractory metal layer is deposited on the device of
FIG. 6.

FIG. 8 shows the product of FIG. 7 after an amorphous

5 silicon (a-Si).layer is deposited thereon and patterned by

photolithographic techniques produced by forming a mask
followed by etching. |

FIG. 9A shows the product of FIG. 8 after the resist
mask is stripped.

10 FIG. 9B shows the product of FIG. 9A after a second
rapid thermal anneal (RTA) process has been performed in a
single wafer chamber with radiant energy to combine to form
a refractory metal silicide layer.

FIG. 9C'shows-the product of FIG. 9B after a wet etch

15 has been performed to remove the remaining titanium which

was not covered by the a-8Si layer;

DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of this invention comprises a method
which produces a device in accordance with this invention.
20 A preferred embodiment of the process illustrating the

device produced by that process is described next.

_10_



met had i 5. enpkggggmhgmﬁuﬁ ced educe the resistance of interconnection

struct ures. th this invention, a conbined diffusion
barri‘er and Ioc tion structure is provided with a | ow overal
|nterconnect|on n accordance with this invention, a nmethod is

provi ded for produ0|ng an |nterconnect on a sem conduct or deV|ce havi ng
silicon containing conductive surfaces and dielectric surfaces,

_Process

A conventional CMOS/BiCMOS process is performed to
produce transistors with a sidewall spacer on each side of
polysilicon gate electrodes.

5 FIG. 1 shows a device 19 composed of a lightly doped
sllicon semiconductor substrate 20 upon which a field oxide
(FOX) region 21 has been formed over a portion of the
- surface of the substratelzo with the remainder thereof
remaining exposed.

10 : FIG. 2 shows the device of FIG. 1 with a blanket
polysilicon layer 22 formed over the exposed portions of the
substrate 20 and over the FOX region 21.

Over the polysilicon layer 22 is formed a narrow
photoresist masklls patterned by a conventlonal photo-

15 lithographic process.

Then the mask 18 is used durihg etching away of the
unwanted portions of pblysilicon layer 22 to form the
desired configuration of polysllicon conductor 22.

FIG. 3 shows the device of fIG._z with the polysilicon

20 conductor 22 above the FOX region 21 after the etching into
the desired configuration using the conventional process of
RIE (reactive 1§n etching) with preferred parémeters of
Cla:HBr ~ 3 : 1 - 300 mTorr, -~ 200Watts.

FIG. 4 shows the device of FIG., 3 after formation of a

25 blanket spacer silicon dioxide layer 23 on device 19 by

means of a conventional process of blanket deposition of

=3 1-



- 5 - ° forni ng;SRRaaRelegh@ds of a blanket first refractory netal

silicide on the si|| ng conductive surfaces, the first

refractory netal s[‘mﬂ[‘ﬂﬂmﬁ&lconposed of a first refractory netal and

silicon fromthe s ) ng a bl anket second refractory netal |ayer

over the device, formng a blanket a-Si |ayer over the second refractory
spacer silicon dioxide layer 23 is performed. Spacer layer
23 is formed with a thiékness from about 1,500A to about
2,000A, by means of the LPCVD process in a furnace chamber
at a temperature within the range from about 6§00°C to about

5 750°C, at a pressure within the range from about 0.5 Torr

to about 1 Torr.

FIG. 5 shows the device of FIG., 4 after two additional
steps. First a conventional process of etching of spacer
silicon dioxide layer 23 is performed. The formation of

10 spacer structures 23 from by etching blanket spacer silicon
dioxide layer 23 is accomplished by etching by the
conventional spacer etching process which has the preferred
parameters of CHF,:CF, ~ 1-: 1 ~ 700 mTorr, -~ 400Watts.

Then a blanket, first refractory metal layer 24 is _

15 deposited. The first refractory metal layer 24 is composed
of one of a group of metals known-as refractory metals, each
of which has the ability to retain its physical shape and
chemical identity when subjected to high temperatures.
Possible refractory metals for use in this connection

20 include aluminum (Al), cobalt (Co), molybdenum (Mo),
platinum (Pt), tantalum (Ta), titanium (Ti1), and tungsten
(W) . |

The blanket first refractory metal layer 24 is formed
with a thickness from about 400A to about 500A, by means of

25 the PVD process in a sputtering chamber at a temperature

~12-



met al . | ayer, for This Sheet Has Been Replaced

1 the device to pattern an interconnect

bet ween the separ ﬂrﬂmm%t\!u en etching away the unwanted portions of
the refractory mnet the a-Si layer, performng a rapid thernal
anneal i ng process on the device formng a |l ow resistance refractory netal
silicide between the a-Si layer and the second refractory netal. |ayer, and
then etching away the unwanted portions of the

within the range from about 180°C to about 220°C, at a
pressure within the range from about 2mTorr to about 4mTorr.
Referring to FIG. 6, the product of FIG. 5 is shown
after a rapid thermal anneal (RTA) process was performed to
5 cause the refractory metal in the first refractory metal
layer 24 to combine to form a refractory metal silicide 24P
and 24S in regions‘where the refractory metal contacts
silicon. The RTA proceés is performed with a furnace in a
vacuum chamber at a temperature ranging from about 650°C to
10 about 680°C for a time from about 30 sec. to about 60 sec.
As a result, the upper region 26 of polysilicon conductor 22
has been converted to a refractory metal silicide such as
| CoSi., MoSi., Tisi,, TaSi,, and WSi, which has a resistivity
of about 15Q-cm similar to the about 15Q-cm for the CoSi, of
15 the Nasr patent. The same result occurs in region 27 which
has been converted to a refractory metal silicide in and
below the surface of the silicon substrate 20 to a depth of
about 2004, below the portion of previously first refractory
metal layer 24 now identified as refractory metal silicide
20 layer 24S. After the RTA process the composition of layer
24S is a refractory meta; silicide (for example TiSi. where
layer 24 was Ti) and the thickness is from about 4004 to
about 500A.
In the region 24M formed from the portion of first
25 refractory metal layer 24 above the spacers 23 and field
oxide region 21, the RTA process concurrently causes

-13~-



refractory netal THs as, Replacednot covered by the refractory metal
silicide. Prefera d refractory netal conprises titanium has a
t hi cKkness from to (Were Ais equal to 10 m, about [err]

and is forned within a tenperature range from about [err] to about e[rr]

_ refractory'metal to form an oxysilicide/nitride where the
refractory metal is in contact with the silicon dioxide
materials. The resistivity of the oxysilicide/nitride layer
24M (which is not a dielectric) is about 702-cm. The type

5 of RTA chamber is a single wafer system with a radiant lamp
energy source, argon or nitrogen gases, treated for a time
range from about 30 seconds to about 60 seconds.

Sze, VLSI Technology,'McGraw-Hill Book Company, (Second
Edition 1988), p.359-362 has a section of RTA which states

10 as follows:

"RTA can be divided into three classes: adiabatic,
thermal flux, and isothermal heating.... In adiabatic
annealing, the heatiﬁg tlﬁe is so short (less than 107 7s)
that only a thin surface f£ilm is affected. A high-énergy

15 laser pulse is used to melt the surface to depth of less
than lum, and the surface recrystallizes by liquid phase
epitaxy with no memory of the previous damage. Dopant
diffusion in the liquid state is very fast so the final
profile is roughly rectangular, extending from the surface

20 to the melt depth. By adjusting the pulse time and energy,
shallow junctions can be obtained, but it is not possible to
preserve other doping profiles or surface films, so the
technique is not generally applicable to VLSI."

Referring to FIG. 7, a second blanket refractory metal

25 layer 28 composed of aluminum (Al), cobalt (Co),
molybdenum (Mo), platinum (Pt), tantalum (Ta), titanium

...14_



- 6- PrefErabI , the a ger has a thickness fromthickness from about
400A to abah orned within a tenperature range from about
[err] to abo cordance wi th another aspect of this invention,
met hod of pr conductor device conprises: formng a dlelectrlc

structure on a sentconductor Substrate, formng a S|I|con cont ai ni ng

conduct or

10

15

20

25

structure on t he dlelectrlc structure,

(Ti), and tungaten (W) is deposited on the device of FIG. 6
by the method of pvﬁ, thickness from about 200A to about
3004, temperature range from about 180°C to about 220°C.

In FIG. 8, an amorphous silicon (a-Si) layer 29 is
deposited upon the product shown in FIG. 7. The amorphous
gilicon layer is formed with a thiékness from about 400A to
about 600X, by means of the LPCVD process in a single-wafer
chamber at a temperature within the range from about 450°C
to about 550°C, at a pressure within the range from about 70
Torr to about 100 Torr.

The a-Si layer 29 is patterned by appl&ing a
photoresist mask 30 which is formed by conventional .
photolithographic techniques. Then the layers 29 is etéhed
using the refractory metal as an etch stop, using Cl/HBr
chemistry with a selectivity greater than "5" and the second
titanium layer 28 prévidinq an etch étép layer 28.

Then the resist mask 30 is stripped using a
conventional photoresist stripping technique which comprises
conventional dry etching using oxygen gas (Oz) ashing
resulting in the product shown in FIG. 9A.

Refeiring to FIG. 9B, a second rapid thermal anneal
(RTA) process has been performed in a single wafer chamber
with radiant energy at a temperature ranging from about
650°C to about 680°C to cause the second refractory metal
layer 28 to combine to form a refractory metal silicide
layer 29' having a thickness from about 600A to about 900A

-15..
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form ng amlssm&mﬁiere@ %rey rret al | ayer extending a_boVe the conduct or
structure mggyaﬂlﬁ dctric structure, performng a rapid thernal
anneal i ng device formng a first |ow resistance refractory
met al SI|ICI he silicon containing conductor and the first
refractory metal layer, fornming a second refractory netal |ayer extending
above the conductor structure across the dielectric structure, form ng an
a-Si |ayer over the second refractory netal layer,

formed from a-Si layer 29 above and the second refractory

metal layer 28 below.' The RTA is performed producing a

metal silicide layer 29°'.

Referring to FIG. 9C a wet etch is performed to remove

5 the remaining titanium 28 which was not covered by the a-Si
layer 29 (where the TiSi, layer 29' has been formed).

The result of this process is a refractory silicide
conductor 29' connected to a refractory metal silicide
reglion 24P which is formed on the surface of the refractory

10 metal region in the upper region 26 of polyéilicon conductor
22, Conductor 29' has a resistivity of abogt 15 Q-cm which
is the same as the resistivity of CoSi, of Nasr 15 Q-cm.

The other end of layer 29' is in contact with a refractofy
metal silicide layer 24P which overlies the refractory metal

15 silicide region 27 in substrate 20.. Thus, a combined
diffusion barrier and local interconnectién structure is
provided with a low overall interconnection resisfance.

As stated above, the exposed portion of region 24M
(which comprises an oxysilicide/nitride formed from the

20 portion of first refractory metal layer 24 above the spacers
23 and field oxide region 21) is removed by etching.

| The polysilicon layer 22 is connected to the substrate
20 by the interconnect.

The diffusion barrier is preferably titanium nitride.

25 While this invention has been described in terms of the
above specific embodiment(s), those skilled in the art will

=16~



formng a nasﬁhmﬂhmﬂmhs lm@dto pattern an interconnect and for etching

away the unwant the a-Si layer, performng a rapid thermal
annedl i ng proce ce form ng a second | ow resi stance refractory
nmet al -7- silici e ween the a-Si layer and the second refractory

recognize that the invention can be practiced with
modifications within the spirit and scope of,thq appended
claims, 1.e. that changes can be made in form and detail,
without departing from the spirit and scope of the

5 invention. Accordingly all such changes come within the
purview of the present invention and the invention

encompasses the subject matter of the claims which follow.

-17-



nmetal | ayer, and then etching away the unwanted portions of second
refracto 1a€eldat are not covered by the second ref ﬂtl "ﬂ"m”"
si li cide. he second refractory metal conprises ”

Pr ef er abl refractory netal |ayer has a thlckness from

t hi ckness fronrabout 200A to about 300A, formed at a tenperature range from

about [err] to about 200C. ‘
CLAIMS

Having thus described the invention, what is claimed as
new and desirable to be secured by Lettérs Patent is as
follows:

1, A method of producing an interconnect on a
semiconductor device having silicon containing conductive
surfaces and dielectric surfaces,

forming separate regiens of a blanket first refractory

5 metal silicide on said silicon containing conductive
surfaces, said first refractory metal silicide being
composed of a first refractory metal and silicon from said
surfaces,

forming a blanket second. refractory métal layer over

10 said device,

forming a blanket a-8i iayer over said second
refractory metal layer, |

forming a mask over said device to pattern an
interconnect between said separate regions, then etching

15 away the unwanted portions of said refractory metal layers
and said «-8i layer,

performing a rapid thermal annealing process on the
device forming a low resistance refractory metal silicide
between saild a-Si layer and sald second refractory metal

20 layer, and



Pr ef er abl yThis{Sheet Has has a thickness fromthickness from about 400A
to about GOH“I l tenperature range from about [err] to”mml”
| n accor dan r aspect of this invention, a sem cond mmm;ﬂﬂ””"
havi ng silicon containing conductive surfaces and dielectric surfaces W th s =
an interconnect between a pair of the conductive surfaces, a dielectric

structure on a senggapduslaly shiAthe dniared sERiay 4 GaIdCt of

structure on the dielectric struct
refractory metal layers that are not covered by said

refractory metal silicide.

2. A method in accordance with claim 1 wherein said second

refractory metal comprises titanium.

3. A method in accordance with claim 1 wherein said second
refractory metal layer has a thickness from thickness from

about 200A to about 300A.

4. - A method in accordance with claim 1 wherein said
refractory metal layer is formed within a temperature range

from about 180°C to about 220°C.

5. A method in accordance with claim 1 wherein said a-Si

layer has a thickness from thickness from about 400A to
about 600A.

6. A method in accordance with claim 1 wherein said a-Si
layer is formed at a temperature range from about 450°C to

about 550°C.

-19~
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first refract h B cefe | ayer structures extending
conductor stru ﬂ t anot her one of the conductivi ﬂﬂﬁ” ” Fﬂw
the dielectric , nmetal silicide structures being tor i

-8- rapid thermal annealjng of the silicon containing conductor and the
first refractory netal |ayer, and

7. A method of producing a semiconductor device
comprising:

forming a dielectric structure on a semiconductor
substrate,

5 forming a silicon containing conductor structure on
sald dielectric structure,

forming a first refractory metal layér extending above
salid conductor structure across said dielectric strueturé,
performing a rapid thérmal annealing process on the

10 device forming a first low resistance refractory metal
sllicide between said silicon containing conductor and said
first refractory metal layer;-

forming a second refractory metal layer extending above
sald conductor structure across saild dielectric structure,

15 forming an a-Si'layer over sald second refractory metal
layer,

forming a mask over said device to pattern an
interconnect and for etching away the unwanted portions of
said «~-Si layer,

20 performing a rapid thermal annealing process on the
device forming a second low resistance refractory metal
éilicide between said a-Si layer and said second refractory
metal layer, and. |

then etching away the unwanted portions of said second
25 refractory metal layer that are not covered by sald second

refractory metal silicide.
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a refractory 2ctd\t oy connect from a second refra tm

| ayer extend:ﬁrj nductor structure across the di e ﬁ"’”w
structure co thermal annealing with an a-Si |ayer¢ ’
second refractory netal Iayer, the interconnect being st acked’ upon the s

first refractory netal |ayer at one end and belng I n contact wi t h anot her
conductive sugface the first ne |I|c

conprises [erPT; aﬁdmfﬁ&°9e38¥a°F8Fp&EF8rViggt8 a ﬁ¥|cw gr@ ggﬂﬁﬁqﬁd

refractory metal comprises titanium.

9. A method in accordance with claim 7 wherein said second
refractory metal layer has a thickness from thickness from

about 200A to about 300A.

10. A method in accordance with claim 7 wherein said second
refractory metal layer is formed at a temperature range from

about 180°C to about 200°C.

1l. A method in accordance with claim 7 wherein said a-Si
layer has a thickness from thickness from about 400A to

about 600A.
12. A method in accordance with claim 7 wherein saild a-Si

layer is formed within a temperatute range from about 450°C

to about 550°C.
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Beplated et al silicide |ayer has
Albut 900a. BRI EF DESCRI PTI ON mmmmmm

Preferably, the pSeh
t hi ckness fron1ab u
The foregoing and { and advantages of this inventiof akte

expl ai ned and descri bed be|OM/MAth reference to the acconpanyi ng draw ngs,
in which: FIG 1 shaws a device conposed of a lightly doped silicon

fsgpnggng\ljgt (L#) %ﬁ'ge ucfon whi ch aeflhealvdangXISdle]. (cli:cr)lx)con |io!{1ht1as been

conductive surfaces and dielectric surfaces with an
interconnect between a pair of said conductive surfaces,
a dielectric structure on a semiconductor substrate,
5 a silicon containing conductor structure on Said
dielectric structure,
first refractory metal silicide layer structures
extending above saild conductor structure and above another
one of saild conductive surfaces across sald dielectric
10 structure, said metal silicide structures being formed by
rapid thermal annealing of said silicon containing conductor
and sald first refractory metal layer, and
a refractory metal silicide interconnect from a second
féfractory metal layer extending above said conductor
15 structure across said dieladtric structure combined by rapid
thermal annealing with an a-Si layer over said second
refractory metal layer, said interconnect being stacked upon
sald first refractory metal layer at one end and being in

contact with another conductive surface.

14. A device in accordance with claim 13 wherein saild first

refractory metal silicide comprises TiSi,.
15. A device in accordance with claim 13 wherein said
second refractory metal silicide layer has a thickness from

thickness from about 600A to about S00A.
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-9 - OfThtsISbeests%efnate acafl t h the renmi nder thereof remaini ng Fl G 2
shows the 1 wth a blanket polysilicon | ayer I IIT"I
exposed p substrate and over the FOX regi on, overc

narrom1photore3|st mask is forned for etching away unmanted

16. A device in accordance with claim 14 wherein said
second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.

17. A device in accordance with claim 13 wherein said

second refractory metal silicide comprises TiSi,.

18. A device in accordance with claim 13 wherein said
second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.

19. A device in accordance with claim 16 wherein said

second refractory metal silicide comprises TiSi,.
20. A device in accordance with claim 19 wherein said

second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.
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por-ti ons ofhis Steet n Re; | ayer to configure a polysilicon conductor.
FIG 3 sho FIG 2 with the ‘polysilicon conductor above the
FOX T egi on ng into the desired configuration using the

conventional process of RIE. FIG 4 shows the device of FIG 3 after
formati on of a bl anket spacer silicon dioxide |ayer on the device by

bl anket deposition of -a spacer silicon dioxide layer. FIG 5 shows the
device of FIG 4 after, two additional steps including of etching of the

spacer silicon dioxide LOCAL INTERCONNECTS AND

METHOD FOR MAKING ELECTRICAL LOCAL INTERCONNECTS
ABSTRACT OF THE DISCLOSURE

A method for producing an interconnect on a
5 gemiconductor device has silicon containing conductive
surfaces and dielectric éurfacas. The process includes
forming separate regions of a blanket first refractory
metal silicide on the silicon containing conductive
surfaces, the first refractory metal silicide being composed
10 of a first refractory metal and silicon from the surfaces,
forﬁing a blanket second refractory metal layer over the
device, forming a blanket a-Si layer over the second
refractory metal layer, forming a mask over the device to
pattern an interconnect between the separate reglions, then
15 etching away the unwanted portions of the refractory metal
layers and the a-Si layer, performing a rapid thermal
annealing process on the device forming a low resistance
refractory metal silicide between the a-Si layer and the
second refractory metal layer,.and then etching away the
20 unwanted portions of the refractory metal layers that are

not covered by the refractory metal silicide.
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| ayer and bl gpkéle 46905k RiReLf @ flllls/tsrefractory metal layer. FIG 6
shows t he pro after a rapid thernal anneal (RTA) process
performed to mu&ﬂ gllfm ctory nmetal in the first refractory netal |ayer
to conbine to ory netal silicide in regions where the

refractory netal contacts silicon.
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refractory neta ted on the device of FIG 6. FIG 8 shows

t he product of anor phous silicon (a-Si) layer is deposited
t hereon and pat | i thographic techni ques produced by formng a
mask followed by etching. FIG 9A shows the produet of FIG 8 after the
resi st mask is stripped. .
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FIG 9B s

(RTA) process,. g
enerigy to c

t he product o]
remaining tit

product of FIG. 9A a

iy

refractory metal silicide | ayer.

5

ter a second rapid thermal anneal
$med in a singl e wafer. chanber wth radi ant

FIG 9C shows

a wet etch has been perfornmed to renove the -

was not covered by the a-Si

| ayer. DESCRI PTI ON OF

THE PREFERRED EMBODI MENT An enbodi nent of this invention. conprises a method
whi ch produces a device in accordance with this invention. .
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A preferred enbodi e process /’?ustratlng the devi ce produced by

that praocess is descrlbed n laced Process A conventional CMOS/ Bi CMOS
process is perfqmﬁsuwt tran5|stors with a sidewall spacer on each

si de of ponS|I|c des FIG 1 shows a device 19 conposed of a
lightly doped - ' '
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S|I|con‘Sentconductor substrate 20 upon which a field oxide (FOX) region 21
has been.f oW #bn of the surface of the substrate 20 with the
remai'nder th exposed. FIG 2 shows the device of FIG 1 with
a bl anket pol 22 formed over the exposed portions of the
substrate 20 and over the FOX region 21. Over the polysilicon layer 22 is

formed a narrow photoresi st mask 18 patterned by a conventional photo-
| i t hographi c process.

22 24P 44

| 23 24M
23
’; |29
- ) 24S
21—+ FOX > f 7
. ‘ : ll
20—+ | ' ) «—19

FIG. 9C



Then the mesk @EPEAM SHEETS et §Gng away of the

@r%m@‘:mmm SHEEPS
pol ysi'l ixcon| | ayer 22 to f o2, ek red|confi guratii

conductor
condlct or
confi gurat

by

Scripfio $ phaed!Y.
21 Desatiptiah sopges --t-hetadeaged e of |FI G 2 wi tfh m’mgﬁ?ym Eh,},qn/gt
ZZ{M@)thﬂpd;S@( f%gtoopsagad ABLér the etcHi

| O B gven progess of RIE @-’ e%{gﬁ ngged"?"
with prefernﬁ(?‘J H@?}e Jage -'f';l(x '8‘2’?%33_?15@ 4 Showsgﬂ&?.e dev Pass L‘ﬁ

3 after for

\oBlFpch apaeP%mkert to;page

e Si LG QRedli OXi

dci)A_laé/edF 23 on deyg?cg 3?%

LOCAL INTERCONNECTS AND

METHOD FOR MAKING ELECTRICAﬁ LOCAL INTERCONNECTS

BACKGROUND OF THE INVENTION
1. Fleld of the Invention

i
This invention relates to the process for forming local
interconnects and to interconnects produced by the process.

More particularly, it relates to such interconnects which

serve as a diffusion barr,i'er.

2. Description of Related Art

A current method of fabricating local interconnection
structures between two semiconduc.tor‘. regions uses a.
conductive material composed of silicide material that is
also employed as a diffusion barrier.

U.S. patent No. 5,266,156 of Nasr for "Method of

Forming a Local Interconnect and a High Resistor Polysilicon

Load by Reacting Cobalt with Polysilicon" states at Col. 1,
'line 51 as follows:

“Anothér techniqﬁ-e has been suggested by Deveraux et

ai. in, 'A New Device 'In-terconnect_; scheine For Sub-Micron

VLSI,' 84 IEDM pages 118-121. 1In this technique, a .thin

layer of refractory metal and aiﬁorphqué silicon are
deposited sequentially and in the. the same pumpdown. The
amorphous silicon is patterned and then the wafer is

annealed whereby the refractory metal reacts with the

This is the replacement sheet
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nmeans of a conventional process of blanket deposition of - 12 - spacer
si li'cor?di oxi de | ayer 23 is perforned. Spacer layer 23 is fornmed with a
thlckness from about 1,500A to about 2, 000A, by nmeans of the LPCVD process

in & furnace chanber at a tenperature mnthln the range fromabout [err] to
about [err], at a .pressure within the range-fromabout [err]

amorphous silicon as well as single crystal silicon and

polysilicon to form a silicide. The unreacted metal is then

removed by wet etching.

"This technique suffers from limitations such as

oxidation of the titanium film during the silicon dry etch

which contains oxygen species. Additionally, the

photoresist stripping agent showed a tendency for attacking

the refractory metal which in this case was titanium.”

Nasr shows forming & CoSl, layer over a source/drain
region and another CoSi. iayer over a pdlysilicon gate which

is supported on a FOX structure on the semiconductor

substrate. The CoSi. layer is formed by sputtering cobalt

onto the‘device followed by a rapid thermal anneal which

consumes some of the silicon in the source/drain'regioh and

- the polysilicon gate. The remaining cobalt which does not

form CoSi, is etched away. A second higher temperature heat

‘treatment follows to convert the CoSi, to a low resistivity

i material. Then a thin'layer of LPCVD polysilicon or

amorphous silicon film is applied to the device, which 1is
patterned with a mask and etched into the shape of a desired
interconnect betwéen the two CoSi, structures. Then a second

layer of cobalt is applied and subjected to heating to form

more CoSi, to form the local interconnect. The remainder of

the cobalt is removed by etching.

This is the replacement she
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133.32 Pa-to about FIG 5 shows the device of FIG 4 after two additional

stéeps. First a-conventional process of etching of spacer silicon dioxide
| ayer 23 is perforned. The formation of spacer structures 23 from

bt ahket spacer silicon dioxide |ayer 23 is acconplished by etching [err]

conventional spacer etching process which has the preferred [err] Pa)
paranmeters of [err] - 1 : 1 - 700 - 3 -400 Watts

C

U.S. patent No. 5,;73,450 of Wei for "Titanium Silicide
Local Interconnect Process" and U.S. patent No. 5,204,279 of
Chan et al for "Method of Making SRAM Cell and Structure
with Polycrystalline P-Channel Load Devicés“ show a local
interconnect structure and process for forming such a
structure.

Sze, VLSI Technology, McGraw-Hill Book Company, (Second
Edition 1988), p.381 states "Refractory silicides, formed on
top of polysilicon, have provided ﬁhe highest compatibility.
Disilicides of molybdenum (MoSi2),*° tantalum (Tasi,),** and
tungsten (WSi,)** have been developed and have found their
way into production of microprocessors and random-access
memo;ies. More recently, TiSi.*>-** and CoSi.*® have been
suggested to replace MoSi,, TaSi., and WSi,. .Aluminum and
refractory metals tungsten and molybdenum are also being
considered for the gate metal.*€~ e

Uyemura "Fundamentals of MOS Digital Integrated

Circuits" p. 249 (1988) "Metal layers are used to provide

low-resistance interconnects....

"Refractory (high temperature) metals are finding

increasing use in VLSI structures. The main advantage of

using a refractory metal is that low-resistance patterned

Lnterconnect levels can be formed at any time in the chip

Process flow. The high melting point associated with these

metals keeps the pattern intact even if the wafer is

i sneet
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Then a bl anket, first

refractory netal l|ayer 24 is deposited. The first
refriactory nmetal |ayer

24 i s conposed of one of a group of netals known as
refractory netals, each of which has the ability to retain its physi cal

shape and chenical identity when subjected to.high tenperatures. Possible
refractory netals for use in this connection include alumnum (Al), cobalt
(Co), nolybdenum (Md), platinum (Pt), tantalum (Ta), titanium (Ti), and

tungsten (W. The blanket first refractory netal |ayer ,24 is forned

subjected to additional heat treatments. (Al has a low

melting point - 600[°C] - and can be used only after all the

high-temperature cycles are completed.) ?his property

allows for multiple-level interconnects to be created, which
aids in the layout 6f complex chips. Refractory metals of
current interest include titanium (Ti), platinum (Pt),'

molybdenum (Mo), and tungsten (W). These may be evaporated

using electron-beam heating or may be sputtered onto the

wafer. 1In sputtering, an inert gas such as argon (Ar) is

ionized and used to bombard an elqctrode that is coated with

the desired substénce. The collisiqns knock the atoms off

the electrode, creating a particle flux directed towards the
wafer."

SUMMARY OF THE INVENTION

In accordance with this invention, an alternative
method is employed to further reduce the resistance of
intefconnection étrnctures. In accordance with this

| invention, a combined diffusion barrier and local
interconnection structure is prqvided with a low overall
interconnectidh resistance.

In accordance with this invention, a method is provided
for producing an interconnect on a semiconductor device

having silicon containing conductive surfaces and dielectric
surfaces,

This is the replacement sheet
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mnth a 1hickness from about 400A to about 500A, by neans of the PVD process

a pufteﬂu eﬁﬂaﬂ&e R ac@d t enperature - 13 - within the range from
about [err] lat a pressure within the range from about [err]

Ref €r'ring to oduct of FIG 5 is shown after a rapid therm
anneal (RTA) process mas performed to

-5 -

forming separate regions of a blanket first refractory
metal silicide on the silicon containing conductive
'surfaces, the fi;st refractory metal silicide being compéqed
of a first refractory metal and silicon from the surfaces,

forming a blanket second refractory metal layer over

the device,

forming a blanket a-Si layer over the second refractory
metal layer,

forming a mask over the device to pattern an
ingerconnect between the separate regions, then etching
away the unwanted portions of the refractory metal layers
_an§ the a-si layer,
| performing a rapid thermal annealing process on the
‘device forming a low resistance refractory metal silicide
between the a-Si layer and the second refractory metal.
layer, and

then etching away the unwanted portions of the
refractory metal layers that are not covered by the
refractory metal silicide.

| Pfeferably, the second refractory metal comprises

titan;um, has a thickness from thickness from about ZOOA to
about 300A, and is formed within a temperature range frém

about 180°C to about 220°C.

This is the raplacement sheet

pate: 19 MAR 1936



cause .the refractory netal in the first refractory netal layer 24 to
combi ne“to forma refractory netal silicide 24P and 24S in regions where
the refractory netal contacts silicon. The RTA process is performed with a
furnace in a vacuum chanber at a tenperature ranging fromabout [err] to
about [err] for a time fromabout 30 sec. to about 60 sec. As a result, the
upper region 26 of polysilicon conductor =26 has been converted to a
refractory nmetal silicide such as [err] = ana [err] which has a
resistivity of about [errl simlar to the about [err] for the [err] of
- Preferably, the a-81 layer has a thickness from
thickness from about 400A to about 600A and is formed within
a temperature range from about 450°C to about 550°C.
In accordance with another aspect of this invention, a
method of producing a semiconductor device comprises:

forming a dielectric structure on a semiconductor

substrate,

forming a silicon containing conductor structure on the
dielectric structure,

forming a first refractory metal layer exteﬁdihg aﬁové
the conductor structure across the dielectric structure,

performing a rgpid thermal annealing process on the
device forming a first.low resistance refractory metal
‘8ilicide 5etween the silicon contalining conductor and the
first refractory metal layer,

forming a second refractory metal layer extending above

the conductor structure across the dielectric structure,

forming an a-Si layer over the second refractory meﬁal
layer,

forming a mask ovef the device to pattern an
intercongect and for etching away the unwanted portions of
the a-si layer,: |

performing a rapid thermal annealing process on the

device forming a second low resistance refractory metal

ement sheet
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the Nasr patent. The sanme result occurs in region 27 which has been
convetrted to a refractory netal suicide in and bel ow the surface of the
silicon substrate 20 to a depth of about 200A, bel ow the portion of
previously first refractory netal |ayer 24 now identified as refractory
metal silicide |ayer 24S. After the RTA process the conposition of |ayer

24S is a refractory netal silicide (for_gxanple [err] where |ayer 24.was

Ti) and the thickness is fromabout 4QQALa.about 500A. In the region 24M
formed fromthe portion of first

silicide between the a-Si layer and the second refractory
metal layer, and

then etching away the unwanted portions of the second
refractory metal layer that are not covered by the second

refractory metal silicide.

Preferably, the second refractory metal comprises
titanium.

Preferably,\thé second refractory metal layer has a
thickness from thicknegs from about 200A to about 3004,
formed at a temperature rangé frém about 180°C to about
200°C. |

Ere;erab;y; the a-Si layer has a thickness from
thickness from about 400A to about 600A formed at a
temperaturé range from about 450°C to about 550°C.

In accordance with another aspect of this invention, a
semiconductor device having'siliéon containing conductive
surfaces and dielectric surfaces with an interconnect
between a palr of the conductive surfaces,

a dielectric structure on a semiconductor substrate,

a silicon containing'conductor structure on the
dielectric structure,

first refractory metal sillicide layer structures
extending above the conductor structure and above another
one of the conductive surfaces across the_ﬁ;elecﬁric

structure, the metal silicide structures being formed by

This is the tep'xaoement shoet
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refractory netal |ayer 24 above the spacers 23 and field oxide region 21,
t he RTA: process concurrently causes

- 14 - refractory netal to forn1an
oxysilicide/nitride where the refractory netal is in contact with the
siltcon dioxide materials. The resistivity of the oxysilicide/nitride |ayer
24M (which is not a dielectric) is'abouts[err]. The type

SRR ..

rapid thermal annealing of the silicon containing conductor
and the first refractory metal layer, and

a refractory metal siliclde interconnect from a second
refractory metal layer extending above the conductor
structure across the dielectric structure combined by rapid
thermal annealing with an a-Si layer over the second
refractory metal layer, the interconnect being stacked upon
the first refractory metal layer at one end and beihg in
contact with another conduct;ve surface.

Preferably, the first refractory metal silicide

comprises TiSi,; and the second refractory metal silicide
comprises TiSi.

Preferably, the second refractory metal silicide layer

has a'thlckhess from thickness from about 600A to about
900A.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects and advantages of this
invention are explained and described below with reference
to the accompanying drawings, in which:

. FPIG. 1 shows a device composed of a lightly doped
gsilicon semiconductor substrate upon which a field oxide

(FOX) region has been formed over a portion of the surface

This is the replacement sheet
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of RTA chanber is a single wafer systemw th a radiant |anp energy source,
argon of nitrogen gases,

treated for a tinme range from about 30 seconds to
about 60 seconds. Sze., VLS

Technol ogy, McG aw Hi || Book Conpany, (Second
Edition 1988), p.359-362 has a section of RTA which states as follows: "RTA

can be divided into three classes: adiabatic, thermal flux, and isothermnal
heating.... In adiabatic annealing, the henting tinme is so short (less than,
[err]) that only a thin surface film i s=effe=eted. A hi gh-energy

of the substrate with the remaindei thereof remaining
exposed.

FIG. 2 shows the device of FIG. 1 with a blanket
polysilicon layer formed over the exposed portions of the
substrate and over the FOX region, over-which a narrow
photoresist mask is formed for'etdhing away unwanted
portions of the polysilicon layer to configure a polysilicon
conductor. |

FIG. 3 shows the device of FIG. 2 with the polysilicon
conductor above the FOX region after the etching into the
desired configuration using the conventional process of RIE.

FIG. 4 shows the device of FIG. 3 after formation of a
blanket spacer silicon dioxide layer on the device by
blanket deposition of a spacer silicon dioxide layer.

FIG. 5 shows the device of FIG. 4 after two additional
steps including of etching of the spacer silicon dioxide

. layer and blanket deposition of a first refractory metal
layerxr.

FIG. 6 shows the product of FiG. 5 after a rapid
thermal anneal (RTA) process performed to cause the
refractory metal in the first refractory metal layer to

combine to form a refractory metal silicide in regions where

the refractory metal contacts silicon.

200 ment sheet
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| aser pulse is used to nelt the surface to depth of less than [err], and

the surface recrystallizes by liquid phase epitaxy with no nmenory of the
previ ous danmage. Dopant diffusion in the liquid state is very fast so the

final profile is roughly rectangular, extending fromthe surface to the
melt depth

By adjusting the pulse tinme gnd energy, shallow junctions can
be obtained, but it is not possible topasarye other doping profiles or
surface filns,

so the technique is not generally applicable to VLSI."
Referring to FIG 7, a second bl anket refractor

FIG. 7 shows the product of 9158 Aster a second
blanket refractory metal'iayer is deposited on the device of
FIG. 6.

FIG. 8 shows the product of FIG. 7 after an amorphous
silicon (a-8i) layer is deposited thereon and patterned by
photolithographic techniqueé produced by forming a mask
followed by eiching;

FIG. 9A shows the product of FIG. 8 after the resist
mask is stripped.

FIG. 9B shows the product of FIG. SA after a second |
rapid thermal anneal (RTA) process has been performed in a
single wafer chamber with radiant energy to combine to form
a refrgctory‘metal gsilicide layer.

FIG. 9C shows the product of FIG. 9B after a wet etch

has been performed to remove the remaining titanium which

was not covered by the «-Sl layer.

DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of this invention comprises a method-
which produces a device in accordance with this invention.
A preferred embodiment of the process illustrating the

device produced by that process is described next.
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| ayer 28 conposed of atumiznum (Al)

cobalt (Co), nolybdenum (Md), platinum
(Pt),- taﬂ,t,sagh&qh d ;[: ni um - 15 - (Ti), and tungsten (W is deposited
on the de y the method of PVD, thickness from about 200A to
about 300 lrange fromabout [err] to about [err]. In FIG 8,
an anDrph | ayer 29 is
' -1 -
. Process

A conventional CMOS/BiCMOS process is performed to
prodﬁce transistors with a sidewall gepacer on each side of
polysilicon gate electrodes.

FIG. 1 shows a device 19 composed of a lightly doped

silicon semiconductor substrate 20 upon which a field oxide
(FOX) region 21 has been formed over a portion of the
surface of the substrate 20 with the remainder thereof
remalning exposed.

FIG. 2 shows the device of FIG. 1 with a blanket
polysilicon layer 22 formgd over the exposed portidns of the
substrate 20 and over the FOX region 21.

Over the polysilicon layer 22 is formed a narrow

photoresist mask 18 patterned by a conventional photo-
lithqgraphic process.

Then the mask 18 ls used during etching away of the
unwanted portions of polysilicon layer 22 to form the

desired configuration of polysilicon conductor 22.
FIG. 3 shows the-device of FIG. 2 with the polysilicon

conductor 22 above the FOX region 21 after the etching into
the desired configuration using the conventional process of

RIE (reactive ion etching) with preferred parémeters of
Cla:HBr - 3 : 1 - 300 mTorr, - 200Watts.

FIG. 4 shows the device of FIG. 3 after formation of a -
blanket spacer sllicon dioxide layer 23 on device 19 by

means of a conventional process of blanket deposition of
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deposi.t ed UpRQ ﬂt he product shown in FIG 7. The anorphous silicon layer is

formed with lerh about 400A to about 600A, by neans of the
LPCVD procesE, fer chanber at a tenperature within the range

from about | [err], at a pressure within the range from about
70 ( 9332.4Pa) ( 13332 Pa) The a-Si layer 29 is patterned by applying a
patterned photoresist mask 30 which is fofged by conventi onal
phot ol i t hographi ¢ techni ques. Then the=teieis 29 i s etched
the refractory netal as an etch stop, using C/HBr

spacer silicon dloxide layer 23 is performed.

in the using

Spacer layer
23 is formed with a thickness from about 1,500A to about

2,000A, by means of the LPCVD process in a furnace chamber
at a temperature within the range from about 600°C to about

750°C, at a pressure within the range from about 0.5 Torr

to about 1 Torr.

FIG. 5 shows the device of Flg. 4 after two additional
steps. First a conventional process of etching of spacer

silicon dioxide layer 23 is performed. The formation of

spacer structures 23 from by etching blanket spacer silicon
‘dloxide layer 23 is accomplished by etching by the

conventional_spacef etching process which has the preferred

parameters of CHF,:CF. -~ 1 : 1 - 700 mTorr, - 400Watts.

Then a blanket, first refractory metal layer 24 is

deposited. The first refractory metal layer 24 is composed

of one of a group of metals known as refractory metals, each
of which has the ability to retain its physical shape and
Chemical identity when subjected'to high temperatures.
Possible refractory metals for use in this connection
include aluminum {Al), cobalt (Co), molybdenum (Mo),
platinum (Pt), tantalum (Ta), titanium (Ti), and tungsten
(Wy.

Thé blanket first refractory metal layer 24 is formed
with a thickness from about 400A to about 500A, by means of

the PVD process in a sputtering chamber at a temperature
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chem stry mnth a select|V|ty greater than "5" and the second titanium]layer
28 prowdlng'r

HWESG hayer 28. Then the resist mask 30 is stripped
using a conve esi st stripping techni qgue which conprises
convent i onal |ng oxygen gas [err] ashing resulting in the
product shown |n FIG. 9A i

eferring to FIG 9B, a second rapi.d t hermnal
anneal * (RTA) process has been perforned 13 singl e waf er chamber with

radi ant energy at a tenperature rangi ng Tromabout [err] to about [err] to
cause the second refractory netal

within the range from about 180°C to about 220°C, at a
pressure within the range from about 2mTorr to about 4mTorr.
Referring to FIG. 6, the product of FIG. 5 is shown
after a rapid thermal anneal (RTA) process was performed to

cause the refractory metal in the first refractory metal
1ayer 24 to combine to form a refractory metal silicide 24p

and 24S in regionas where the refractory metal contacts

s8ilicon. The RTA process is performed with a furnace in a

vacuum chamber at a temperdture ranging from about 650°C to
about 680°C for a time from about 30 sec. to about 60 sec.
As a result, the upper region 26 of polysilicon conductor 22
has been converted go a refractory metal Bilic}de Such as
CoSi., MoSi., TiSia, TaSi., and WSi, which has a resistivity

of about 15Q-cm similar to the about 15Q-cm for the CoSi. of

the Nasr patent. The same result occurs in region 27 which

has been converted to_a refractory metal silicide in and
below the surface of the silicon substrate 20 to a depth of
about 200A, below the portion of previously first refractorv
metal layer 24 now identified as refractory metal'silicide
layer 24s. After the RTA process the composition of layer
245 is a refractory metal silicide (for example TiSi2 where
layer 24 was Ti) and the thickness is from about 400A to
about 500#:

In the region é4M formed from the portion of first

refractory metal layer 24 above the spacers 23 and field

oxide region 21, the RTA process concurrently causes
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| ayer 28 toconbine to form a refractory neta

a thickness from about 600A to about 900A - 16 - formed from{[err] |ayer
29 above and the second refractory nmetal |ayer 28 below. The RTA is

performed producing a netal silicide layer 29'. Referring to FIG 9C a wet
etch is perforned to renove

silicide layer 29 having

- 14 -

Sems—————

. refractory metal to form an oxysilicide/nitride where the
refractory metal is in contact with the silicon dieoxide
materials. The resistivity of the oxysilicide/nitride layer
24M (which is not a dialectric) is about 70Q-cm. The type

of RTA chamber is a single wafer system with a radiant lamp

energy source, argon or nitrogen gases, treated for a time

range from about 30 seconds to about 60 seconds.

Sze, VLSI Technology, McGraw-H1ill Book Company, (Second
Edition 1988), p.359~-362 has a section of RTA which states
as follows: _

"RTA can be divided into three classes: adiabatic,
thermal flux, and 1sotherma1 heating.... In adiabatic
annealing, the heating time is so short (less than 10" 8)
that only a thin surface £ilm is affected. A high-energy
laser pulse is used to melt the surface to depth of less
than lum, and the surface recrystallizes by liquid phase
epitaxy with no memory of the previous damage. Dopant
o diffusion in the liquid state is very.fast so the final

profile is roughly rectangular, extending from the surface

to the melt.depth. By adjusting the pulse time and energy,

shallow junctions can be obtained, but it is not pqssible to
 pPreserve other doping profiles or surface films, so the
technique is not generally applicable to VLSI."
' Refeiring to FIG. 7, a second blanket refractory metal
layer 28 composed of aluminum (Al), cobalt (Co),

molybdenum (Mo); platinum (Pt), tantalum (Ta),_titanium
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the remai ning titanium 28 which was not covered by the a-Si |ayer 29 (where

the [err] |ayeys HasBee cflormed). The result of this process is a
refractory sil H ﬂl r 29' connected to a refractory nmetal silicide
regi on 24P whi n the surface of the refractory neta

region in
t he upper region 26 of polysilicon conductor 22. Conductor 29" has a

resistivity of about 15 [err] which is 1hg sane as the resistivity of [err]

of Nasr 15 [err] The other end of | ayes=R9eds in contact with a refractory

metal silicide |ayer 24S which overiies the refractory net

al
(Ti), and tungsten (W) is deposited on the ‘device of FIG. 6

by the method of PVD, thickness from about 200A to about
300A, temperature range from about 180°C to about 220°C.

In FIG. 8, an amorphous silicon (a-Si) layer 29 is
deposited upon the product shown in FIG, 7. The amorphous
silicon layer is formed with a thickness from about 400A to
about 600A, by means of the LPCVD process in a single-wafer
chamber at a temperature within the range from about 450°C
to about 550°C, at a pressure within the range from about 70
Torr to about 100 Torr.

The a-Si layer 29 is patterned by appl&ing a
photoresist mask 30 which is formgd by convéntional
photolithographic techniques. Then the'layers 29 is.etéhed
using the refractory metal as an etch stop, using Cl/HBr
chemistry with a selectivity greater thaﬁ "5" and the second
titanium layer 28 providing an etch stop layer 28.

Then the resist mask 30 is étripped using a
conventional photoresisﬁ stripping technique which comprises
conventional dry etchiné using oxygen gas.(oz) ashing
resulting in the product shown in FIG. 9A.

Referring.to FIG. 9B, a second rapid thermal anneal
(RTA) process has been SQrformed in a single wafer chamber
with radiant energy at a temperature ranging from about
650°C to about §80°C to cause the second refractory metal

layer 28 to combine to form a refractory metal silicide

layer 29' having a thickness from about 600A to about 900A

This is the replacemént sheet

pate: A1 9 MAR 139



silicide region 27 in substrate 20. Thus, a conbined diffusion barrier and
| ocal int ercom’lﬁaﬂhbdt)HaﬂeérUl@JpldE is provided with a |ow overall

|nterconnect|on st at ed above,- t he exposed portion of region
24NI(mh|ch conp |icide/nitride formed fromthe portion of
first refractory ne

24 above the sgacers 23 and field oxide region
21) is renoved by etchlng The ponS|I|con ayer 22 is connected to the

substrate 20 by the interconnect. The diTTuston barrier is preferably
tltanlun1nkt

rmeﬁ from a-si' layer 29 above and the second refractory

metal layer 28 below. The RTA is performed producing a

metal silicide layer 29°'.

Referring to FIG. 9C a wet etch is performed to remove
the remaining titanium 28 which was not covered by the a-Si
layer 29 (whére.the Tisi, layer 29' has been formed).

The result of this process is a refractory silicide
conductor 29! connedted to a refractory metal silicide
region 24P which is formed on ‘the surface of the refractory
metal region in the upper region 26 of polysilicon conductor
22. Conductor 29' has a resistivity of about 15 Q-cm which
is the same as the resistivity of CoSi, of Nasr 15 Q-cm.

The other end of layer 29' is in contact.with a refractofy
metal silicide layer 24P which overlies the refractory metal
silicidg region 27 in substrate 20. Thus, a combined
diffusién barrier and local interconnection structure is
provided with a low overall interconnection resistance.

As stated’above, the exposed portion of reéion 24M
(which comprises an ostilicide/nitride formed from the
portion of first refractory metal layer 24 above the spacers
23 and field oxide region 21) is removed by.etching.

The polysilicon layer 22 is connected to the substrate
20 by the interconnect. _

The diffusion barrier is preferably titanium nitride.

While this invention has been_deseribed in terms of the
above specific embodiment(s), those skilled in the art will
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Whi l.e this invention has been described in terns of the above specific

enbodi ment (s), those skilled in the art wll - 17 - recogni ze that the
i nvention can be practiced with nodifications within the spirit and scope
of the appended clains, i.e. that changes can be nmade in form and detail,

wi t hout departing fromthe spirit and scopg of the

recognize Lhatfthe invention can be practiced with
modifications within the.spirit and scbpe of thq appended
claims, i.e. that changes can be made in form and detall,
without departing from the spirit_and_gcope of the
invention. Accordingly all such changes come within the
purview of the present invention and the invention

encompasses the subject matter of the claims which follow.
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I nvent.i on. Accordingly all such changes cone within the pd???@ﬁfﬁ?‘fﬁé“““—
presentiTMvention and the invention enconpasses the subject

L3 %ﬁmﬁmﬁmﬁg%ﬁ' G tadtian oo L LI
substra d
I

oped silicon having Bsurface, said surface of sald
S|I|con ng a first —_—— '

CLAIMS

Having thus described the invention, what is claimed as

new and desirable to be secured by Letters Patent is as
follows: |

1. A method of producing an interconnect on a

semiconductor device having silicon containing conductive
surfaces and dielectric surfaces,

forming separate regions of a blanket first refractory
metal silicide on said silicon containing conductive
surfaces, said first refractory.metal silicide being _
composed of a first refractory metal and silicon from said

surfaces,

forming a blanket second refractory metal layer over
said deviée,

forming a blanket a-Si layer over sald second
refractory metal layer, |

forming a mask over said device to pattern an _
intercPPnect between sald separate regions, then etching
away the-unwanted portions of said refractory metal layers
and qpid a-81 layer, |

performing a rapid thermal annealing process on the
device forming a low resistance refractory metal silicide

between said «-S1i layer and sald second refractory metal
layer, and
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first por ?face conprising the steps of: form

pol ysi | | ver said field oxide region along wt hqﬂlﬂluul""l"" "lll l”"'

di oxi de s over said field oxide region, form ng a bl dnkét

first refractory netal |ayer covering saLd1ponS|I|con conductor, said
spacers, said field oki de region and_ s

ai portion of_ said, surface.of*
said silicon subs“m%ﬂ OLERIRG AVRY EheaHﬁE&PFﬁg ?Pé'ﬁipé‘af el [ st ;

f t met I de, | h t t ut
ol 0 pol yei RetraStamrcerab bayosr. Brk BER Aot soveRed B AatE f co

portlonTaﬂ@he%tﬁ %gn@ ortlon with a field oxide region formed over said

urface of
sald silicon SHR&& g%% ﬁggaiosilicide.
2. A method in accordance with claim 1 wherein said second

refractory metal comprises titanium,

3. A method in accordance with claim 1 wherein said second

refractory metal layer has a thickness from thickness from

about 200A to about 300A.

4. A method 1n accordance with claim 1 wherein said

refractory metal layer 19 formed within & temperature range

from about 180°C to about 220°c

5. A method in accordance with claim 1 wherein said «-Si

layer has a thickness from thickness from about 400A to
about 600A.

6. A method in accordancé with claim 1 wherein said «-Si

layer is formed at a temperature range from about 450°C to
about 550°C.
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forma f18f$ne& Had BeeiRéplkedoxysi | i cide/ nitride | ayer over sai jlﬂnﬂﬂm{"
form sai il tal oxysilicide over said field oxidd 'ﬂﬂ Eﬂ"
refractoril‘ i cide having a resistigg-ty of about [erf]

Sail fsirst
reftactor iclde being forned by cnégLning said first refractory
met al

| ayer with said polysilicon conductor and by conbining said first

refractory netal ry W 1dsilico ' efractory neta
oxysili ci'yd'e/ ni grf‘égﬂég‘l \#gft E&f"?ﬁs‘ﬁ% c%n%?lﬁl%%ﬁgg?gggeéraggfgy metal with
sai d spaqgsﬁpgggigﬁgconbiqﬁng sai d refractory metal with said field oxide,

forming a dielectric structure on a semiconductor

substrate,

forming a silicon containing conductor structure on
sald die;ectric structure,

forming a first refractory metal layer extending above
said conductor structure across sald dielectric structure,

performing a rapid thermal annealing process on the
device forming a first low resistance refractory metal
silicide between said silicon'cohtaining conductor and said
first refractory metai layer,

formlng a second refractory metal layer extending above
said conductor structure across aaid dielectric structure,

forming an’ a-si 1aye£ over said second refractory metal
layer, _

forming a mask over sald device'to'pattern an |
inﬁarconnect and for etching away the unwanted portions of

; sald «-Si layer, |

performing a répid thermal annealing process on the
device forming a second low resistance refractory metal
8ilicide between said a-Si layer and said second refractory
metal layer, and | | .

then etching away the unwanted portions of said second

refrdctory metal layer that are not covered by sald second

refractory metal silicide.
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forUingvaiﬁgt kBtenR@q@edl refractory netal |ayer over said f|r

net al r said refractory netal oxysilici de/ nit "ﬂlﬁnmimmmﬂm,
§ EN “ over said second refractory netal c

a bl anke | ayer,

patterne id blanket [err] |3¥ﬁr to pattern an interconnect

bet ween separate regions including said_polysilicon conductor structure and
sai d sem conductor -substrate, then etching away the unwanted portions of

said [err] 8.ayera mmthochbnreqaondAQCpowﬁManéPLﬂm%jWhﬁ#ﬁin said second

refractory metal comprises titanium.

9. A method in accordance with claim 7 wherein said second

refractory metal layer has a thickness from thickness from

about 200A to about 300A.
10. A method in accordance with claim 7 whareih sald second

refractory metal layer is formed at a temperature range from

about 180°C to about 200°C.-
11. A method in accordance with claim 7 wherein said a-Si

layer has a thickhess from thickness from about 400A to
about 600A.

12. A method in accordance with claim 7 wherein said a-Si

layer is formed within a temperature range from about 450°C
to about 550°C.
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| ayer conprising a

. : atterned portion of said [err] layer an m Iﬂ _
second ; s edIayer serving as an etch stop, perfgl lum"ﬂll ""I""H
anrieal i n l e device formng said interconnect frdm $ai 8 stcond*
refracto and said [err] laygg, said interconnect conposed of

a second refractory netal silicide having?% Lesistivity of about [err]

bet ween said patterned portion of said [err]

. | ayer and said second
refractory ymmt ala | faRiconddctbendevcbbnpastay sha icomcontainingns of said

refractory netal |ayers that are not covered by said second refractor netal
silicide, wWmdbytseedsuptacesnandt dielpctvildedunsianasn wilthl &| ysilicon

interconnect between a pair of said'conductive'surfaces,

a dielectric structure on a semiconductor substrate,

a silicon containing conductor structure on said
dielectric structure,

first refractory metal silicide layer structureé
exténding above saild conductor structure'and above another
one of said conductive surfaces across said dielectric
structure, said metal silicide structures being formed by
rapid thermal annealing of said silicon containing conductor
and said first refractorf metal layer, and

a refractory metal silicide interconnect from a second
Eefractofy metal'lgyer extending above sald conductor |
structure across sald dielectric structure combined by rapid
thermal annealing with an «-Si léyer over sald second
refractory metal layer, said intercohnect being stacked upon
said first refractory metal layer at one end and being in
contact with another conductive surface.
14. A device in accordance with claim 13 wherein said firﬁt
refractory metal silicidé comprises Ti8i,.
15. A device in accordance-with claim 13 wherein said
second refractory metal sllicide layer has a thickness from

thickness from about 600A to about 900A.
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conduct Ok oS

a?ﬁég m.conduct or substrate. 2. A method in accordance
wth clai ‘W second refractory nmetal conprises 1‘”’“’
A net hod ITH HEﬂﬂﬂa H ith claim1 wherein said second refr mlmmg""”“m
| ayer has om about 200A to about 300A. 4. A nméthbd in® s =«
accordance with claim1 wherein said firs2 and second refractory mnet al -

| ayers are formed wi'thin a tenperature Tamge~from about [err] to*about
[err]. 5.16.A detdaticen inoacclrdance twithackalmniddr wheredind daskd] | ayer
has a thickness from about 400A to about 600A.

second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.
17. A device in accordance with claim 13 wherein said
second refractory metal silicide comprises TiSi,.

18. A devicé in accordance with claim 13 wherein said

second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.

19. A device in accordance with claim 16 wherein said
second refractory metal silicide comprises TiSi,.
20. A device in accordance with claim 19 wherein said

second refractory metal silicide layer has a thickness from

thickness from about 600A to about 900A.
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6. - A nethod in accordance with claim1 wherein said [err]
at a tenperature range from about [err] to about [err]

pr oduci ng a sem conductor device with an interconnect, said nethod
conpri si ng: forming a field oxide dielectric structure on a

sem conductor substrate, formng a siLipr cont ai ni ng conductor structure
on said field . '

| ayer i s fornmed
7. A net hod of

LOCAL INTERCONNECTS AND

METHOD FOR MAKING ELECTRICAL LOCAL INTERCONNECTS

ABSTRACT OF THE DISCLOSURE

A method for producing an interconnect on a

semiconductor device has silicon containing conductive

surfaces and dielectric surfaces. The process includes

forming separate regions of a blanket first refractory
metal silicide on the silicon containing conductive
su;faces, the first refractory metal silicide being composed
of a first refractory metal aﬁd éilicon from the surfaces,
forﬁing a blanket second refractory metal layer over the
device, forming a blanket a-Si layer over the second
refractory metal layer, forming a mask over the device to
pattern an interconnect between the separate regions, then
etching away the @nwanted portions of the refractory metal
layers and the a-Si layer, performing a rapid thermal
annealing process on the device forming a 16w reslstance
refractory metal éilicide between the a-Si layer and the
second refractory metal layer, and then etching away the
unwanted portions of the refractory metal layers that are

not covered by the refractory metal silicide.

[Figure 9C is suggested for publication]
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oxi de di,el ectric structure, form ng spacers on said field oxide dielectric
structure adjacent to said-conductor structure, formng a first refractory
met al« | ayer extendi ng above said conductor structure and said spacers
across said field oxide dielectric structure, performng a rapid thernal
anneal i ng process in vacuumfor a tinme from about 30 seconds to about 60
seconds on said device formng a first refractory netal silicide having a
resistivity of about [err] bet ween said silicon containing conductor and
sai d flrst S -1-
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refractory netal layer and between said silicon substrate and said first

refractory netal layer and forming a refractory metal oxysilicide/nitride

| ay eﬁmhﬂwe s Been®eplged vity of about [err] by combining said refractory
netal d oxide and with said spacers, form ng a bl anket second
refra er extendi ng above said condyctor structure and
above’ sal metal oxysilicide/nitride |ayer across said dielectric
structure, formng an [err] |ayer over salg second refractory--netal |ayer,
form ng. a mask over said 5ﬁ£r] | ayer to_paftern an interconnect,
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bet weerr said silicon containing conductor structure and said sem conductor
substrate, in said [err] layer by etching away the unwanted portions of
said [err] layer through said nmask, stripping away said mask, per form ng
- a thermal annealing process on the device formng a second refractory netal
silicide between said [err] layer and said second refractory netal |ayer,
and S
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then etching away the unwanted portions of said second refractory netal
| ayer thaﬁ"h;@S&etMBmR@i%@ by said second refractory netal silicide,

mhereby sai is provided between said silicon containing
conduct or mm a| d sem conductor substrate. 8. A nmethod in
accordance arm 7 wherein said second refractory metal conprises
titanium 9. A nethod in accordance with claim7 wherein said Second

refractory netal |ayer has a thickness from about 200A to about 300A. 10.
A nmet hod i n accordance W|th claim?7 wherél n sal d first and said
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second refractory netal layers are fornmed at a tenperature range from about
[err] to about [err] 11. A nethod in accordance with claim7 wherein said
[errk®layer has a O thickness from about 400A to about 600A. 12. A nethod
in-‘accordance with claim7 wherein said [err] layer is forned within a
tenperature range fromabout [err] to about [err]. 13. A method of
produci ng an interconnect on a sem conductor substrate conposed of doped
silicon having a surface, said surface of said
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sili%on substrate having a first portion and a SECO/REPLACEMENT SHEEISg SG -
oxi &e region formed over said first portion of shipl Deserdption,: paggsbly ¢ PRESh-—
condictor structure with spacers. formed over sai{ ff icghieh(gH¥i d@ag@ig.iﬁo@,l}’i%e@-f-
conprising the steps of: formng a bl anket first m%wh@@r:ﬂagsdr@wpagm -----
t hi ckness from about 400A to about 500A at a terr:)qﬁaggg&gafrqrpagabut.tdaﬁgeﬁ-?--
to about [err], said first netal |ayer being conposed of a nmateri al ‘

sel ected fromthe group consisting of alym num ¢o , ' rrlO*‘/"'%
pl ati num tantalum ti tilﬁ um and tun.gsr_zé_n__.sai d f&m gﬁgﬁi ayet
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cover.itng said polysilicon conductor structure, said spacers, said field
oxide region and said silicon substrate, performng a rapid thernal
.annealing step of conmbining said first metal |layer with said polysilicon
conductor structure and said silicon surface by perform ng said annealing
step in the presence of nitrogen gas in vacuumfor a time from,about 30
seconds to about 60 seconds to forma first nmetal silicide |ayer having a
resistivity of about [err], said netal gsilicide being conposed of said
first metal and
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silicon fromsurfaces of.said polysilicon conductor structure and over said
second portion of said surface of said silicon substrate and formng a
first metal oxysilicide/nitride |ayer over said field oxide region and over
sai d spacers, said oxysilicide/nitride |layer having a resistivity of about
[err] and being conposed of said first netal_and oxide fromsaid field

oxi de region and from sai d spacers, forn1ng a bl anket second netal |ayer
havi ng a thickness from about 200A to about 300A at a tenperature from

et L L L0, S0t oot ASHRUEORE AL b AR B SRRty
mol ybdenum  metal silicide on the silicon containing conductive
surfaces, the first refractory metal silicide being composed
of a first refractory metal and silicon from the surfaces,
forming a blanket second refractory metal layer over

the device,

forming a blanket a-Si layer over the second refractory
metal layer,
forming a mask over the device to pattern an
interconnect between the separate regions, then etching
away the unwanted portions of the refractory metal layers
.ane the a-si layer, .
performing a rapLd“thermaL annealing process on the
device forming a low resistance refractory metal silicide
between the a-Si layer and the second refrectory metal.
layer, and | _
| then etching away the unwanted portions of the
\;) . refractory metal layers that are not covered by the
refractory metal.silicide. |
Preferably, the second refractory metal comprises

titanium, has a thicknessg from~eh*ekaess=£rnm about 200A to
(Where A is equal to 10'nm),

about 3 300% and is formed within a temperature range from

about 180°C to about 220°C.
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over

| ayer,

[err]

platinum tantalum titanium and tungsten
said first neta

oxysilicide/nitride,

sai d second et al
silicide and.-over said first netal

form ng a bl anket [err]

bei ng fornmed

| ayer over said second netal
form ng a mask over said blanket [err] layer to initiate patterning

of an interconnect between said ponsrllcon conductor structure and said
sem conduct or substrate

then etching awaylt e unwanted portions of said

| ayer whi ch are unprotected by said@ mnask with said second netal

device formng

serving as an etch stop, perfornrng a th%rn%I anneal i ng process on the

A conventional CMOS/BLCMOS process is performed to

produce transistors with a sidewall spacer on each side of

polysilicon gate electrodes.

FIG. 1 shows a device 19 composed of a lightly doped

| ayer

gilicon semiconductor substrate 20 upon which a field oxide

(FOX) region 21 has been formed over a portion of the

surface of the substrate 20 with the remainder thereof
remaining exposed.

FIG. 2 shows the device of FIG. 1 with a blanket

polysilicon layer 22 formed over the exposed portions of the

substrate 20 and over the FOX region 21.

Over the polysilicon layer 22 is formed a narrow
photoresist masklls patterned by a conventioﬁgl photo-
lithographic process.

Then the mask 18 is used during etching away of the
unwanted portions of polysilicon layer 22 to form the

desired configuration of polysilicon conductor 22.

FIG. 3 shows the-device of FIG. é’with the polysilicon

conductor 22 above the FOX region 21 after the etching into

the desired configuration using the conventional process of

RIE (reactive ion etching) with preferred parameters of

(x 0.1333 Pa)
Cla:HBr - 3 : 1 - 300-mTozs, - 200Watts.

FIG., 4 shows the device of FIG. 3 after formation of

blanket spacer silicon dioxide layer 23 on device 19 by

means of a.conVentional process'of blanket deposition of

This is the replacement sheet
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a l.ow resistance netal silicide between said [err] |ayer and said second
metal |ayer, said |ow resistance netal |ayer having a resistance of about
[err] and then etching away the unwanted portions of said netal |ayers that
are not covered by said netal silicide, whereby said interconnect is

provi ded between said polysi:licon conductor structure and said
sem conduct or substrate. _ - 12 -

spacer silicon dioxide layer 23 is performed. spacer layer

23 is formed with a thickness from about 1,500A to about
2,000A, by means of the LPCVD process in a furnace-chamber

at'a temperature within the range from about 600°C to about

750°C, at a pressure within the range from abouﬁégﬁgEﬁ%iaa
133.32 Pa

-

to about 1I—Tere.

FIG. 5 shows the device of FIG. 4 after two additional

steps. First a conventional process of etching of spacer

silicon dioxide layer 23 is performed. The formation of

spacer structures 23 from y—etehinge blanket spacer silicon
in
dioxide layer 23 is accomplished by etch1n§$g¥§€he

conventional spacer etching pfocess which has the preferred
§x 0.1333 Pa)
parameters of CHF,:CF, - 1 : 1 - 70 =, -~ 400Watts.

Then a blanket, first refractory metal layer 24 is

deposited. The first refractory metal layer 24 is composed

of one of a group of metals known as refractory metals, each

) of which has the ability to retain its physical shape and

5
-‘M-h e
e,

chemical identity when subjected to high temperatures.
Possible refg;qtory metals for use in this connection
include aluminum (Al), cobalt (Co), molybdenum (Mo),
pPlatinum (Pt), tantalum (Ta), titanium (Ti), and tungsten
(W). |

The blanket first refractory metal léyer 24 is formed
with a thickness from about 400A to about 500A, by means of

the PVD process in a sputtering chamber at a temperature

* This is the replacement-shcet
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C L’ M S14. Anethod in accordance with claim 13 wherein said second
[refractory] nmetal conprises titanium 15. A nethod in accordance with

claim 13 wherein said [err] layer has a thickness from about 400A to about
600A.,"16. A method in accordance with claim 13 wherein said [err] layer is.

formed-within a tenperature range fromabold Jerr] to about [err], 17. A

met hod in accordance with claim 14 wherermmsard [err] |ayer has a thickness
from about 400A to about 600A :

within the range from about 180°C to about 220°C, at a

pressure within the range from about 2mTof%7£g“%£%ht 4mTé%%§BiJhl

Referring to FIG. 6, the product of FIG. 5 is shown
after a rapid thermal anneal (RTA) process was performed to
cause the refractory metal in the first refractory metal
layer 24 to combine to form a refractory metal silicide 24P
and 24S in regions where the refractory metal contacts
silicon. The RTA process is performed with a furnace in a
vacuum chamber at a temperdture ranging'froﬁ about 650°C to
about  680°C for a time from about 30 sec. to about 60 sec.
As a result, the upper region 26 of polysilicon conductor 22
has been converted ;o a refractory metal sillc;de such as
CoSi,, MosSi_,, Tisi,, TaSi,, and WSi, which has a Qesistivity

of about 15Q-cm similar to the about 15Q-cm for the CoSi. of

the Nasr patent. The same result occurs in region 27 which

has been converted to a refractory metal silicide in and
below the surface of the silicon substrate 20 to a depth of
about 200A, below the portion of previously first refractory
metal layer 24 now identified as refractory metal silicide
layer 24S. After the RTA process the composition of layer
245 is a refractory metal silicide (for example TiSi. whére
layer 24 was Ti) and the thickness is from about 400A to
about 500A.

In the region~§4M formed from the portion of first
refractory metal layer 24 above the spacers 23 and field

oxide region 21, the RTA process'concurrently causes

This is the replacement sheet
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18.. A method in accordance with claim 17 wherein said [erf] layer is
formed wthin a tenperature range from about [err] to about [err]. 19. A
nmet hod .in accordance with claim 13 wherein said second [refractory]

nmet al
conprises titaniumsaid [err] layer has a thickness from about 400A to
about 600A, and said [err] layer is forned Wi thin a tenperature range from
about [err] t'o about [err]. - 15 -

(Ti), and"tungstgn (W) is deposited on the device of FIG. 6
by the method of PVD, thickness from about 200A to about
'300A, temperature range from about 180°C to about 220°C.

In FIG. 8, an amorphous silicon («-Si) layer 29 is
deposited upon the product shown in FIG. 7. The amorphous
silicon layer is formed with a thickness from about 4004 £o
about 600A, by means of the LPCVD process in a single-wafer
chamb;r at a temperature within the range from about 450°C

to about 550°C, at a pressure within the range from about 70
(9332.4Pa)

i 13332 Pa)
TorrAFo about 100 orr 2

The a-Si layer 29 1s patterned by applying a patterned

photoresist mask 30 which is formed by conventional

photolithographic techniques. Then the %_gzg;g 29 1s S g]__endoins the .
using the refrdctory metal as an etch stop, using CIIHBr

Chemistry with a selectivity greaﬁer than "5" and the second
titanium layer 28 providing an etch stop lay%r 28.

Then the resist mask 30 is étripped using a
conventional photoresist stripping technique which comprises
conventional dry etching using oxygen gas (0z) ashing
resulting in the product shown in FIG. 9A.

| Referfing to FIG. 9B, a second rapid thermal anneal
(RTA) process has been performed in a single wafer chamber

with radiant energy at a temperature ranging from about

650°C to about §80°C to cause the second refractory metal
layer 28 to combine to forii a refractory metal silicide

layer 29 havihg a thickness from about 600A to about 900A

This is the replacement sheet
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formed from a-Si layer 29 above and the second refractory

metal layer 28 below. The RTA is performed producing a

metal silicide layer 29°.

Referring to FIG. 9C a wet etch is performed to remove
the remaining titanium 28 which was not covered by the «-Si
layer 29 (where the TiSi, layer 29' has been formed).

The result of this process is a refractory silicide
conductor 29' connected to a refractory metal silicide
region 24P which ié formed on ‘the surface of the refractory
metal region in the upper region 26 of polysilicon conductor
22. Conductor 29*' has a resistivity of about 15 @-cm which

is the same as the resistivity of CoSi, of Nasr 15 Q-cm.

The other end of layer 29' is in contact with a refractory

metal silicide layer 248 which overlies the refractory metal

silicide region 27 in substrate 20. Thus, a combined

diffusion barrier and local interconnection structure is
provided with a low overall interconnection resistance.

As stated above, the exposed'portion of region 24M
(which comprises an oxysilicide/nitride formed from the
portion of first refractory metal layer 24 above the spacers
23 and field oxide region 21) is removed by etching.

The polysilicon layer 22 is connected to the-substfate
20 by the interconnect. _

The diffusion barrier is preferably titanium nitride. _

While this invention has been described in terms of the

above specific embodiment(s), those .skilled in the art will
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AMENDED CLAIMS ]SINGAPbRE APPLICATION NO. 9501248-0)

A method of producing an interconnect on a semiconductor substrate
composed of doped silicon

having a surface, said surface of said silicon sub-strate having a first
portion and a second portion, with a field oxide region formed over
said first portion of said surface, comprising the steps of:

forming a polysilicon conductor over said field oxide region along with
silicon dioxide spacers formed over said field oxide region,

forming a blanket first refractory metal layer covering said polysilicon
conductor, said spacers, said field oxide region and said second portion of
said surface of said silicon substrate,

performing an annealing step to form a first refractory metal silicide
layer having a resistivity of about 15a.-cm over said polysilicon conductor
and over said second portion of said surface of said silicon substrate and to
form a refractory metal oxysilicide/nitride layer over said spacers and to form
said

refractory metal oxysilicide over said field oxide'region. said refractory
metal oxysilicide having a resistivity of about 70a-cm,

said first refraétory metal silicide being formed by combining said first
refractory metal layer with said polysilicon conductor and by combining said
first refractory metal layer with said silicon surface and

said refractory metal oxysilicide/nitride being formed by combining
said refractory metal with said spacers and by combining said refractory
metal with said field oxide, '

forming a blanket second refractory metal layer over said first
refractory metal silicide and over said refractory metal oxysilicide/nitride,

forming a blank_et ct-Si_-':'Ia_-yer over said second refractory metal layer,
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Iy

forming a patterned mask over said blanket x-Si layer to pattern an
interconnect between separate regions including said polysilicon conductor
structure and &iid semiconductor substrate; then etching away the
unwanted portions of said «-Si layer, with the remaining portion of said«Si
layer comprising a patterned portion of said «-Si layer and with said second
refractory metal layer serving as an etch stop,

performing an annealing process on the device forming said
interconnect from said second refractory metal layer and said «-Si layer, said
interconnect composed of a second refractory metal silicide having a
resistivity of about 15a-cm between said patterned portion of sard «-Si layer
and said second refractory metal layer, and

then etching away the unwanted portions of said refractory metal
layers that are not covered by said second refractor metal silicide,

whereby said interconnect 'is provided between said polysilicon
conductor and said semiconductor substrate.

2. A method in accordance with claim 1 wherein said second refractory
metal comprises titanium.

3. A method in accordance with claim 1 wherem said second refractory
metal layer has a thlckness from about 200A to about 300A.

4, A method in accordance with claim 1 wherein said first and second
refractory metal layers are formed within a temperature range from
about 180°C to about 220°C.

b. A method in accordance with claim 1 wherein said«~Si layer has a
thickness from about 400A to about 600A.

6. A method in accordance with claim 1 wherein said o-Si layer is
formed at a temperature range from about 450°C to about 550°C.

7. A method of producihg a semiconductor device with an interconnect,
said method comprising:
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forming a field oxide dielectric structure on a semiconductor
substrate,

forming a silicon containing conductor structure on said field
oxide dielectric structure,

forming spacers on said field oxide dielectric structure adjacent
to said conductor structure,

forming a first refractory metal layer extending above said
conductor structure and said spacers across said field oxide dielectric
structure,

performing a rapid thermal annealing process in vacuum for a
time from about 30 seconds to about 60 seconds on said device
forming a first refractory metal silicide having a resistivity of about
15.n.-cm between said silicon containing conductor and said first
refractory metal layer and between said silicon substrate and said first
refractory metal layer and

forming a refractory metal oxysilicide/nitride layer having a
resistivity of about 7Qa-cm by combining said refractory metal with
said field oxide and with said spacers,

forming a blanket second refractory metal layer extending
above said conductor structure and above said metal
oxysilicide/nitride layer across said dielectric structure,

forming an «-Si layer over said second refractory metal layer,

forming a mask over said «-Si layer to pattern an interconnect,
between said silicon containing conductor structure and said
semiconductor substrate, in said «-Si layer by etching away the
unwanted portions of said «-Si layer through said mask,
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10.

11.

12.

13.

oo

T

performing a thermal annealing process on the device formmg
a second refractory metal silicide between said «-Si layer and said
second réftactory metal layer, and

then etching away the unwanted portions of said second
refractory metal layer that are not covered by said second refractory
metal silicide,

whereby said interconnect is provided between said silicon
containing conductor structure and said semiconductor substrate.

A method in accordance with claim 7 wherein said second refractory
metal comprises titanium.

A method in accordance with claim 7 whereip said second refractory
metal layer has a thickness from about 200A to about 300A.

A method in accordance with claim 7 wherein said first and said
second refractory metal layers are formed at a temperature range
from about 180°C to about 200°C.

A method in accordance with claim 7 wherein said «-Si layer has a
thickness from about 400A to about 600A.

A method in accordance with claim 7 wherein said «-Si layer is
formed within a temperature range from about 450°C to about
550°C.

A method of producing an interconnect on a semiconductor substrate
composed of doped silicon having a surface, said surface of said
silicon substrate having a first portion and a second portion, a field
oxide region formed over said first portion of said surface, a
polysilicon conductor structure with spacers formed over said field
oxide region, comprising the steps of:

formgng a blanket fiyst metal layer having a thickness from
about 400A to about 500A at a temperature from about 180°C to
about 220°C, said first metal layer being composed of a material
selected from the group consisting of aluminum, cobalt, molybdenum
platinum, tantalum, titanium, and tungsten, said first metal layer
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covering sald polysilicon conductor structure, said spacers, said field
oxide region and said silicon substrate, '

performing a rapid thermal annealing step of combining said
first metal layer with said polysilicon conductor structure and said
silicon surface by performing said annealing step in the presence of
nitrogen gas in vacuum for a time from about 30 seconds to about 60
seconds to form a first metal silicide layer having a resistivity of about
18q-cm, said metal silicide being composed of said first metal and
silicon from surfaces of said polysilicon conductor structure and over
said second portion of said surface of said silicon substrate and
forming a first metal oxysilicide/nitride layer over said field oxide
region and over said spacers, said oxysilicide/nitride layer having a
resistivity of about 70..-cm and being composed of said first metal
and oxide from said field oxide region and from said spacers,

formjng a blanket segond metal layer having a thickness from
about 200A to about 300A at a temperature from about 180°C to
about 220°C, said second metal layer being composed of a material
selected from the group consisting of aluminum, cobalt, molybdenum,
platinum, tantalum, titanium, and tungsten, said second metal being
formed over said first metal silicide and over said first metal
oxysilicide/nitride,

forming a blanket o -Si layer over said second metal layer,

forming a mask over said blanket o<-Si layer to initiate
patterning of an interconnect between said polysilicon conductor
structure and said semiconductor substrate, then etching away the
unwanted portions of said «-Si layer which are unprotected by said
mask with said second metal layer serving as an etch stop,

performing a thermal annealing process on the device forming
a low resistance metal silicide between said «-Si layer and said
second metal layer, said low resistance metal layer having a
resistance of about 154-cm, and

then etching away the unwanted portions of said metal layers
that are not covered by said metal silicide,

whereby said interconnect is provided between said polysilicon
conductor structure and said semiconductor substrate.
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14.

15.

16.

17.

18.

19.

I

A method in accordance with claim 13 wherein said second
[refractory] metal comprises titanium.

A method in accordance with claim 13 wherein said «-Si layer has a
thickness from about 400A to about 600A.

A method in accordance with claim 13 wherein said «<-Si layer is
formed within a temperature range from about 450°C to about
550°C,

A method in accordance with claim 14 wherein said «-Si layer has a
thickness from about 400A to about 600A.

A method in accordance with claim 17 wherein said « -Si layer is
formed within a temperature range from about 450°C to about
550°C.

A method in accordance with claim 13 wherein

said second [refractory] metal comprises titanium

said  o-Si layer has a thickness from about 400A to about
600A, and

said«-Si layer is formed within a temperature range from about
450°C to about 550°C. :
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