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57 ABSTRACT 
The compounds TiSi2 and TaSi2 have been found to be 
suitable substitutes for polysilicon layers in semiconduc 
tor integrated circuits. Suitable conducting properties 
of the compounds are ensured by providing a relatively 
thin substrate of polysilicon. 

3 Claims, 4 Drawing Figures 
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FIG. 4 

HEAT SILICON IN OXIDIZING ATMOSPHERE 

FORM POLY SILICON LAYTER 

DEPOSIT TITANIUM (ORTANTALUM) & SINTER 
AT ABOUT 900C (OR 1000°C) 

HEAT AT 10OOC FOR 40 MIN IN A WET 
(or DRY) OXYGEN ATMOSPHERE 

ETCH THROUGH A PHOTORESIST 
MASK TO FORM PATTERN 

DEPOST ALUMINUM LAYTER 

ETCH ALUMINUM 
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METHOD FOR MAKING INTEGRATED 
SEMICONDUCTOR CIRCUIT STRUCTURE WITH 

FORMATION OF T ORTA SILCIDE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a Reissue of Ser. No. 227, 133 filed 
Jan. 22, 1981, now U.S. Pat. No. 4,332,839 which was a 
division of application Ser. No. 974,378, filed Dec. 24, 
1978, now U.S. Pat. No. 4,276,557. 

FIELD OF THE INVENTION 

This invention relates to semiconductor integrated 
circuits. 

BACKGROUND OF THE INVENTION 

Semiconductor integrated circuits, as well as the 
design, manufacture, and operation of such circuits, are 
well known in the art. Common to such circuits is an 
epitaxially grown single crystal film in which various 
regions of different conductivity type are intercon 
nected by multiple layers of patterned electrically con 
ducting material. 
A variety of electrically conducting material is avail 

able for implementing the layers. Gold, copper, alumi 
num, polysilicon, and various metal alloys, for example, 
are all suitable to some extent. On the other hand, each 
has its drawbacks as is well known in the art. 

In the large scale integration (LSI)-MOS-FET tech 
nology, polysilicon has become the standard material 
for the conducting layer closest to the epitaxial film. 
Typically, the polysilicon layer is a first layer separated 
from a second electrically conducting overlay by an 
insulating layer typically of silicon dioxide. But polysili 
con exhibits relatively high resistivity and the lengths of 
polysilicon paths is limited as a consequence. For exam 
ple, various functional areas in an integrated circuit chip 
cannot be interconnected together directly by polysili 
con. Rather, the connection from each area are brought 
out to aluminum bus bars formed from the second over 
lay. Similarly, LSI high speed circuits require high 
conductivity input-output lines. The requirement re 
sults in the exclusion of polysilicon as a material for 
such use. Aluminum power lines are needed and this 
often requires aluminum bonding pads within the chip. 
The additional aluminum areas are, essentially, wasted 
space and parallel aluminum conductors create yield 
problems. 
A relatively high conductivity material leading to the 

elimination of aluminum from use in the above-men 
tioned applications in integrated circuits would lead to, 
for example, a semiconductor memory cell size reduc 
tion of from 30 to 50%. 

BRIEF DESCRIPTION OF THE INVENTION 

The solution to the foregoing problem is based on the 
recognition that TiSi2 and TaSi2 uniquely retain high 
conductivity properties when used with a relatively 
thin layer of polysilicon. The use of these materials is 
considered particularly contrary to prior art thinking 
which indicated that these and like materials cannot be 
oxidized properly to form a suitable deposition surface 
for an electrically conducting overlay. If polysilicon is 
absent, an oxide of titanium may be formed which can 
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2 
not be etched. Consequently, no connections can be 
made between an electrically conducting overlay and 
ones of the conductivity type regions in the epitaxial 
film therewith. A sintering process is used herein 
where, for example, TiSi2 is formed in situ at about 900 
degrees C. or less in a hydrogen atmosphere on a thin 
layer of polysilicon. The presence of a layer of polysili 
con to which titanium is sintered allows a later oxida 
tion to SiO2 to occur so long as excess polysilicon is 
present. 
The invention thus comprises a semiconductor inte 

grated circuit including a single crystal semiconductor 
layer coated by an SiO2 layer and including a lamelate 
overlay comprising first and second electrically con 
ducting layers separated by an electrically insulating 
layer. The structure is characterized in that the overlay 
comprises a substrate of a polysilicon layer and a layer 
of a material taken from a class consisting of TiSi2 and 
TaSi2. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a projection view of a semiconductor inte 
grated circuit chip, 
FIGS. 2 and 3 are cross-section views of portions of 

the chip shown packaged in FIG. 1; and 
FIG. 4 is a block diagram of a process for making the 

chips of FIG. 1. 
DETAILED DESCRIPTION 

FIG. 1 shows a projection view of a semiconductor 
chip assembly. The assembly includes a substrate 11. 
The substrate comprises layers 12 and 13 sandwiching a 
sunburst pattern 15 of electrical conductors therebe 
tween. Layer 12 includes a centrally disposed square 
aperture 16 which exposes the inner ends of the conduc 
tors of the sunburst pattern. 
A semiconductor integrated circuit chip 20 is 

mounted on the portion of layer 13 exposed by the 
aperture 16. Typically chip 20 includes electrical lands 
22 at its periphery for external connection to the ex 
posed inner ends of the electrical conductors of the 
sunburst. 
An integrated circuit, chip has multiple functional 

areas defined therein. These areas are interconnected 
with one another and to lands 22 by conductors defined 
by patterned layers of electrically conducting material 
formed on the surfaces of chip 20. These layers are 
electrically insulated from one another and from the 
epitaxial layer of the chip typically by silicon dioxide 
layers. Of course, contact between portions of the con 
ducting layers and various regions of opposite conduc 
tivity in the epitaxial layer require through connections. 
The term "through connection" herein refers to an 
electrically conducting path from one layer of conduct 
ing material through other layers separating it from the 
epitaxial layer. When through connections are made, 
electrical continuity is achieved between the areas of 
the chip and the externally exposed ends of the conduc 
tors of the sunburst pattern. The design permits external 
connection even with an enclosure (not shown) over 
opening 16 secured in place. 
Freeform area 30 of FIG. 1 is a representative area of 

chip 20 and it is to this area that we now turn our atten 
tion. FIGS. 2 and 3 show area 30 partially in cross 
section to expose the plurality of layers from which the 
chip is constituted. The bottom layer 40 as shown, illus 
tratively, comprises silicon on which an electrically 
insulating layer of silicon dioxide is formed typically by 



Re. 32,207 
3 

growing the layer by heating in an oxidizing atmo 
sphere. This step is represented by the top block in FIG. 
4. Layer 40 conveniently comprises an epitaxially 
grown layer 10-20 microns thick and the oxide layer 
has a thickness of 500-9000 Angstroms. The insulating 
layer is designated 41 in FIG. 1. 
The next layer 42 comprises polysilicon formed by 

chemical vapor deposition (CVD) and has a thickness 
of about 5000 Angstroms. A layer of titanium of about 
1000 Angstroms is deposited on the polysilicon and is 
then sintered at a temperature of about 900 degrees C. as 
indicated by the next block in FIG. 4. This step forms 
approximately 2500 Angstroms of titanium silicide 
(TiSi2) which is represented at 43 in each of FIGS. 2 
and 3. 
The titanium silicide layer next is heated in an oxygen 

atmosphere at 1000 degrees C. for 40 minutes to form an 
SiO2 layer 44 as indicated by the fourth block from the 
top in FIG. 4. 
The next step is to etch a pattern in SiO2 layer as 

indicated by the fifth block in FIG. 4. Etching is carried 
out through a mask by exposure to, for example, a glow 
discharge plasma containing CF6 (55%) and CHF3 
(45%) now a commonly used etchant for SiO2 to form 
apertures in the layer as represented at 45 in FIG. 3. As 
indicated in the last two blocks of FIG. 4 a layer of 
aluminum 0.5% Cu, 2% Si alloy, lu thick is deposited 
by sputter gun deposition and etched, for example, in a 
plasma of CCl4, Bcls and He. The structure of FIG. 3 
cannot be realized by prior art techniques in which 
TiSi2 is formed in the absence of a layer of polysilicon 
therebeneath. It is characteristic of these materials that, 
in the absence of polysilicon, they form impenetrable 
poorly insulating, and undesirable oxide overlays which 
preclude realization of the structure of FIG. 3. Further, 
oxidation of the materials in the absence of an underly 
ing polysilicon layer results in a loss of the desirable 
high conductivity properties. 
One purpose of the polysilicon layer is to provide the 

silicon source for the reaction of Ti to TiSi2. Another 
purpose is as a source of silicon for subsequent oxidation 
of the composite TiSi2 and polysilicon to form SiO2. To 
this end, it is necessary therefore to retain the high 
conductivity through subsequent device processing 
steps which involve exposure to oxidizing ambients and 
high temperature to ensure the presence of "excess' 
polysilicon where "excess' is defined as a layer greater 
than 1000 Angstroms. A layer of less than 1000 Ang 
stroms results in undesirable defects in the polysilicon. 
For a 1000 Angstrom layer of titanium a TiSi2 layer of 
over 2000 Angstroms is formed with 1 ohm/square 
resistivity. The TiSi2 layer has a thickness of less than 
5000 Angstroms to avoid stress cracking. 
Embodiments employing TaSi2 instead of TiSi2 are 

similar in that TaSi2 is formed by sintering at 900 or 
1000 degrees C, or above in H2 or A. But the attainable 
resistivity decreases as the temperature of formation 
increases above 900 degrees C. Moreover, oxidation is 
carried out in steam rather than in dry oxygen as is the 
case with TiSi2. These differences related to the use of 
TaSi2 are shown in the appropriate blocks of FIG. 4. 
TaSi2 on polysilicon does not oxidize in dry ambient at 
temperature up to 1100 degrees C. 
Other related silicides such as molybdenum and 

Tungsten silicides cannot be used because they form 
MoO3 and WO3 which are volatile at high temperatures 
commonly used for processing integrated circuits. 
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4. 
The following is a specific example of an IGFET 

fabricated with the above-described TaSi2 system. 
The starting material is a substrate of single crystal Si, 

having a (100) orientation and doped with boron to a 
resistivity of 7 ohm cm. The Si-substrate is thermally 
oxidized at 1000 degrees C. for 30 minutes in a dry 
oxygen ambient to grow an oxide, 350 Angstroms thick. 
Over this oxide, a thin film of Si3N4 is deposited by 
chemical vapor deposition from a mixture of silane and 
ammonia at 680 degrees C. A layer of photoresist is 
defined into a pattern using standard photolithographic 
techniques so as to leave the resist over active device 
areas of the wafer. The Si3N4 is etched from the nonac 
tive "field' areas thus defined, using an irf-glow dis 
charge in a mixture of CF4 and O2. The etched areas are 
implanted with boron ions accelerated to a voltage of 30 
kV and up to a total dose of 1.5 x 103 ions/cm2. This 
step leads to the formation of a heavily p-doped channel 
stop with a high threshold voltage in the nonactive field 
areas. The resist is then stripped in an oxygen plasma 
and the exposed areas of thin oxide in the field region 
are etched in a solution of buffered HF down to bare Si. 
With the active areas masked by the Si3N4 film, the 
wafer is subjected to a mixture of 10 percent O2 --90 
percent N2 at 1100 degrees C. for 20 minutes, to drive in 
the implanted B ions and then to a steam ambient at 
1000 degrees C. for 430 minutes to form a field oxide, 
10,000 Angstroms thick. The masked areas are cleaned 
by successively etching in buffered HF, hot H3PO4 (180 
degrees C.) and buffered HF down to Si in the active 
gate area. A thickness of 550 Angstroms of gate oxide is 
then grown at 1000 degrees C. in a mixture of O2+3% 
HCl for 42 min. The oxide is annealed, insitu, for hour 
in Ar also at 1000 degrees C. to provide optimum elec 
trical characteristics of the Si/Si-O interface. In order 
to adjust the threshold voltage of MOSFETs, the Si in 
the gate areas is implanted with B at 3 keV to a dose of 
5X1011 cm-2. 
A layer of poly-Si, 5000 Angstroms thick is deposited 

by low pressure CVD from SiH4 at 650 degrees C., after 
which the poly-Si is diffused with phosphorous at 1000 
degrees C. for 60 min. using PBr3 as the diffusion 
source. During this step, a thin layer of SiO2 containing 
phosphorus forms over the poly-Si; this oxide is re 
moved by etching in a mixture of 50 parts H2O and 1 
part HF for 10 min. A thin film of Ta, 1000 Angstroms 
thick, is deposited over the poly-Si using a magnetron 
sputter source. The film is then annealed at 1000 degrees 
C. for 30 min. in pure Ar or H2 to form approximately 
2500 Angstroms of TaSi2. About 2000 Angstroms of 
poly-Si is consumed and 3000 Angstroms of poly-Si 
remains underneath the TaSi2. The sheet resistance of 
this composite structure is less than 2 ohms per sq. It is 
important that the annealing ambient be free of oxygen 
or moisture; otherwise an oxide of Ta is formed and the 
sintering reaction does not go to completion. 
A desired pattern of a masking layer consisting of 

photoresist is formed over the TaSi2 by using standard 
lithographic techniques. The TaSi2 and poly-Si layers 
are next etched in a plasma of CF4-8% O2 at a pressure 
of 150 millitorr, and at a power of 200 watts. In this 
mixture, the etch-rate of the TaSi2 layer is about 500 
Angstroms/min and that of the poly-Silayer is approxi 
mately 1000 Angstroms/min. The etching, the photore 
sist is removed and then the water is cleaned. 

Source and drain areas of the MOSFET are formed 
by Ion-implanting Arsenic at 30 kV and a dose of 
7 x 1015 cm-2 through the thin oxide layers. The previ 
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ously defined areas of TaSi2/poly-Si and thick oxide in 
the field region act as a mask against Arsenic implanta 
tion. A thin layer of oxide is grown over the silicide 
areas in steam at 1000 degrees C. for 10 min. The top of 
the wafer is coated with photoresist and various layers 
are etched off the back of the wafer in the following 
sequence: SiO2 (buffered HF, 2 min.), poly-Si (1% Cr 
O3 in 25:1 H2O:HF 5 min.) and SiO2 (buffered HF, 10 
min). 
A layer of 1 thick phosphorus doped SiO2 (7% 

P-glass) is deposited using a reaction of SiH4. O2 and 
PH3 at 480 degrees C. This oxide is flowed at 1100 
degrees C. for 15 min. in nitrogen to achieve a smooth 
topology. Windows (apertures) are opened in the P 
glass down to the diffused Si in the source and drain 
areas and to the TaSi2 gate. The wafers are gettered at 
1000 degrees C. in PB3 for 30 min. This step helps re 
move unwanted heavy metal impurities from the active 
surface regions of the wafer to the back of the wafer. 
The windows are cleaned in 30:l H2O:BHF for 1 to 3 
min., after which the wafers are annealed at 700 C. in 
H2 for 30 min. to reduce the slow-trapping instability in 
the gate oxide. 
A top metallization layer consisting of Al 0.5% Cu, 

0.7 thick, is deposited using the sputter gun. The metal 
is defined using photolithography and standard chemi 
cal etching to form contacts, interconnections, and 
bonding pads. The top of the wafer is coated with pho 
toresist, and then the phosphorus-doped Si-layer, which 
formed in the back of the wafer during gettering, is 
removed by plasma etching in a mixture of 
CF4--8%O2 at 50 watts for 20 min., following which 
the resist is stripped in an O2 plasma at 100 watts for 10 
min. The wafers are annealed in H2 at 450 degrees C. for 
hour to assure ohmic contacts and to anneal out sur 

face states in the gate oxide. A final passivation layer of 
lu thick Si-N is deposited by plasma enhanced chemical 
vapor deposition from a mixture of SiH4, NH3 and Air at 
330 degrees C. Bonding pad areas are opened up by 
etching Si-N in a CF4/O2 plasma. 
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6 
The back of the wafer is cleaned and a film of Ti 

followed by Au is deposited by sequential evaporation. 
The devices are tested, separated into chips and pack 
aged by bonding the back of the chip to a metallized 
mini ceramic with a Au, Sieutectic alloy, and by bond 
ing Au-wires to the Al bonding pads and to metallized 
interconnections on the package leading to dual-in-line 
pins. The hermetic packaging is completed by soldering 
a top cover plate (not shown in the Figures in a dry N2 
ambient. For device fabrication, the polysilicon layer is 
doped N or P depending on the desired threshold volt 
age of the gate to be formed. Undoped polysilicon can 
not be so used because it adds effectively to the thick 
ness (capacitance) of the gate oxide due to its high resis 
tivity. 
We claim: 
1. A method for making a semiconductor device from 

a wafer including a silicon epitaxial surface layer, 
said method comprising the steps of heating the wafer in 
an oxidizing atmosphere for a time and at a temperature 
for forming a first SiO2 overlay, forming a first layer of 
doped polysilicon over said SiO2 layer, depositing 
forming on said polysilicon layer in a sintering step a 
second layer of a material silicide selected from the 
group consisting of Ti and Ta sintering the material of 
said second layer at a temperature and for a time to form 
a silicide TiSi2 and TaSi2 of the material, respec 
tively, in a manner to avoid the formation of an oxide 
layer thereover, heating the wafer for a time and at a 
temperature to form a second SiO2 overlay while leav 
ing a layer of polysilicon in excess of 1000 Angstroms 
therebeneath, etching a pattern in said second SiO2 
overlay, depositing an electrically-conducting material 
over said second SiO2 overlay, and etching a pattern in 
said electrically-conducting material. 

2. A method in accordance with claim 1 in which said 
second layer comprises Ti and is sintered at about 900 
degrees C. and heated in an oxygen atmosphere. 

3. A method in accordance with claim 1 in which said 
second layer comprises Ta and is sintered at at least 
about 1000 degrees C. and is heated in steam. 
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