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A NEW METHOD TO FORM N- AND P-CHANNEL TRANSISTORS WITH

SHALLOW JUNCTIONS

- BACKGROUND OF THE INVENTION

{1) Fi%;d of the Invention

The invention relates to the fabrication of
integrated ciréuit devices, and more particularly, to a
method of foxrming both N- and P-channel transistors with

shallow junctions in the fabrication of integrated circuits.

{2) Description of the Prior Art

In the fabrication of integrated circuits,
as N- and P-channel transistors continue to bé scaled down,
extremely shallow junctions are required to reduce short

channel efferts.

Phosphosilicate glass {PSG) and borosilicate

glass (BSG) materials are discussed in the book, Silicon

Processing for the VLSI Era, Volume 2: Process Integration,

by Stanley Wolf, Lattice Press, Sunset Beach, CA, c. 1990,

pp. 198, 334~-335, 337.



SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effecti§e and very manufacturable method of
fbrming N- and P-channel transistors having shallow junctions
in thg fabrication of an integrated circuit device.

A further object of the invention is to
provide a method of forming N- and P-channel transistors
haviné shallow junctions on the order of 300 to 1000

Angstroms.

In accordance with the objects of this

- invention a method for forming N- and P-channel transistors
having shallow junctions in an integrated circuit device is
_ achieved. A semiconductor substrate is provided having
active regions separated from one another by isolation
regioné wherein there is a N-channel active region and a P-
channel active region and wherein gate electrodes and
associated lightly doped source and drain regions have been
formed in each of the active regions. A layer of
borosilicate glass is deposited overlying the semiconductor
substrate. A photoresist mask is formed over the P—channél
active region. The borosilicate glass layer is etched away

where it is not covered by the photoresist mask thereby
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leaving the borosilicate glass layer only overlying the P-

channel region. The photoresist mask is removed. A layer of

' phosphosilicate glass is deposited overlying the

semiconductor substrate. The semiconductor substrate is
héated whereby boron ions within the borosilicate glass layer
are driven into the semiconductor substrate in the P-channel
regiog to form heavily doped P-channel source and drain
regions and whereby phosphorus 'ions within the
phosphosilicate glass layer are driven into the semiconductor
substrate in the N-~channel region to form heavily doped N-
channel source and drain regions. The phosphosilicate layer
is planarized to complete the formation of N~ and P-channel
transistors in-the fabrication of an integrated circuit

device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 6 schematically illustrate in
cross-sectional representation a first preferred embodiment

of the present invention.
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Figs. 7 through 11 schematically illustrate in
cross-sectional representation a second preferred embodiment

of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1 through 6 illustrate a first preferred
embodiment of the present invention. Referring now more
particularly to Fig. 1, there is shown an illustration of a
portion of a partially completed integrated circuit. The
semiconductor substrate 10 is preferably composed of silicon
having a (100) crystallographic orientation. Field Oxide
regions 12 are formed as are conventional in the art to
separate active areas of the device. Fig. 1 shows the

planned P-channel area A and the planned N-channel area B.

. The surface of the silicon substrate 10 is
thermally oxidized to form the gate oxide layer 14. A layer
of polysilicon is deposited, for example, by low pressure’
-chemical vapor deposition (LPCVﬁ) to a suitable thickness of
between about 2000 to 4000 Angstroms. The polysilicon and:
gate oxide layers are etched away where they are not covered

by a mask to provide polysilicon gate electrodes 16.



Lightly doped source and drain regions are
formed by ion implantation, as is conventional in the art.
P- regions 18 are formed in the P-channel area A and N-

regions 20 are formed in the N-channel area B.

A dielectric layer 22, comprising silicon
dioxiﬁe or silicon nitride or the like is deposited over the
gate electrodes and the surface of the substrate. The
dielectric layer 22 is anisotropicélly etched to leave

spacers on the sidewalls of the gate electrodes.

Now the shallo; N~ and P-channel junctions of
the_present invention will be formed. Referring now to Fig.
2, a layer of borosilicate glass (BSG) 24 is deposited over
the surface of the substrate to a thickness of between about
1000 to 8000 Angstroms. The optimum percentage of boron in

the BSG is between about 3 and 5%.

A photoresist mask 26 is formed over the P~
channel area A. The BSG layer 24 is etched away where it is
not covered by the mask 26, as shown in Fig. 3.

Referring now to Fig. 4, the photoresist mask
26 is removed. A layer of phosphosilicate glass (PSG) 28 is .

deposited over the surface of the substrate to a thickness of’



between about 3000 to 8000 Angstroms. The optimum percentage

. of phosphorus in the PSG is between about 3 and 5%.

) At this point, the BSG layer 24 directly
overlies the planned P-channel regions in area A. The PSG
layer 28 directly overlies the planned N-channel regions in
area Bi A rapid thermal anneal (RTA) or a furnace anneal is
performed to drive in the boron from the BSG layer and the
phosphorus from the PSG layer into the substrate. The
annealing conditions are conventional. For example, the
furnace annealing may be at a teﬁperafure of between about
800 to 850 °C for between about 10 to 20 minutes. The RTA
may be at a temperature of between about 900 to 1100 °C for

between about 10 to 30 seconds.

The boron is driven in to form the P+ regions
32, as shown in Fig. 5. The phosphorus is driven in to form
the N+.regions 34. Depending upon the heat cycle and
expected junction debth, the BSG layer 24 needs to be
sufficiently thick to block the phosphorus from the overlying

layer 28 from being diffused into the P-channel region A.

The integrated circuit device is completed as
is conventional in the art. For example, as illustrated in

Fig. 6, the PSG layer 28 is planarized, for example, by



chemical mechanical polishing (CMP} or by other techniques

such as reflow.

Openings aie etched through the PSG layer 28
to underlying source and drain regions and other areas where
electgical contact is to be made. A conducting layer 36 is
deposffed and patterned to complete the electrical
connections. A passivation layer 38 completes the

fabrication of the integrated circuit device.

Figs. 7 through 11 illustrate a second
preferred embodimené of the p}esent invention. Gate
electrodes and lightly doped source and drain regions are
formed as described above with reference to Fig. 1. Fig. 7
follows Fig. 1 in this embodiment. A layer of
phosphosilicate glass (PSG) 25 is deposited over the surface
of the substrate to a thickness of between about 1000 to 8000

Angstroms. The optimum percentage of phosphorus in the PSG

is betweeﬁ about 3 and 5%.

A photoresist mask 27 is formed over the N-

-

channel area B. The PSG layer 25 is etched away where it is

not covered by the mask 27, as shown in Fig. 8.



Referring now to Fig. 9, the photoresist mask
‘27 is removed. A layer of borosilicate glass (BSG) 29 is
deposited over the surface of the substrate to a thickness of
between about 3000 to 8000 Angstroms. The optimum percentage

of boron in the BSG is between about 3 and 5%.

A second layer of phosphosilicate glass {PSG)
31 is deposited over the BSG layer 29 to a thickness of
between about 2000 to 4000 Angstroms. This PSG layer 31
serves as the gettering layer. That is, the PSG traps
contaminating sodium ions within it thereby preventing damage
to the underlying gate oxide. In the first embodiment, the
PSG layer 28 is the top layer and therefore acts as the

gettering layer also.

At this point, the PSG layer 25 directly
overlies the planned N-~channel regions in area B. The BSG
layer 29 directly overlies the planned P-channel regions in
area A. A rapid thermal anneal (RTA) or a furnace anneal is
performed to drive in the boron f#om the BSG layer and the

phosphorus from the PSG layer into the substrate.

The boron is driven in to form the P+ regions
32, as shown in Fig. 10. The phosphorus is driven in to form

the N+ regions 34. The PSG layer is sufficiently thick so



that the phosphorus from the BSG layer overlying the PSG

layer does not diffuse into the substrate.

The integrated circuit device is completed as
is conventional in the art. .For example, as illustrated in
Fig. 11, the PSG layer 31 is planarized, for example, by
chemiégl mechanical polishing {CMP)} oxr other techniqgues such
as reflow. Openings are etched through the PSG layer 31 and
BSG layer 29 to underlying éource and drain regions and other
areas where electrical contact is to pe made. A conducting
layer 36 is deposited and patterned to complete the
electrical connections. A paésivation layer 38 completes the

fabrication of the integrated circuit device.

The process of the .invention provides extreﬁely
shallow junctions having a depth of between about 300 to 1000
Angstroms, as compared to the ;onventional junction depth of
between.about 1500 to 3000 Angstroms. Only one masking step
is required and ion implantation is avoided. The process of
the invention is time and cost saving and is effective in

providing extremely shallow junctions. -

While the invention has been particularly
shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled
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in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:
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in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:



W

1. AR method of forming N- and P~ channel transistors
in the fabrication of an integrated circuit device
comprising:

providing a semiconductor substrate having active
fégions separated from one another by isclation regions
whe¥ein there is a N-channel active region and a P-
channel active region and wherein gate electrodes and
associated lightly doped source and drain regions héve
been formed in each of said active regiomns;

depositing a layer of borosilicate glass overlying
said semiconductor substrate;

forming a photorésist mask over said P-channel
active region;

etching away said borosilicate glass layer where it
is not coyered by said photoresist mask thereby leaving
said borosilicate glass layer only overlying saia P~
channel active region;

removing said photoresist mask;

depositing a layer of phosphosilicate glass
overlying said semiconductor substrate;

heating said semiconductor.substrate whereby boron
ions within said borosilicate glass layer are driven
into said semiconductor substrate in said P-channel
active region to form heavily doped P-¢channel source and

drain regions and whereby phosphorus ions within said -
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phosphosilicate glass layer are driven into said
semiconductor substrate in said N-channel active region
to form heavily doped N-~channel source and drain
}regions: and

planarizing said phosphosilicate layer to

complete the formation of N~ and P- channel transistors

in the fabrication of an integrated circuit device.:

2. The method according to Claim 1 wherein said
borosilicate glass layer has a thickness of between

about 1000 to 8000 Angstroms,

3. The method according to Claim 1 wherein said
prhosphosilicate glass layer has a thickness of between

about 3000 to 8000 Angstroms.

'4. The method according to Claim 1 wherein said heating
is a furnace annealing at a temperature of between about

" 800 to 850 °C for between about 10 to 20 minutes.

5. The method according to Claim 1 wherein said heating
is a rapid thermal annealing at a temperature of between

about 900 to 1100 °C for between about 10 to 30 seconds.
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6. The method according to Claim 1 wherein said
heavily doped source and drain regions have a junction

depth of between about 300 to 1000 Angstroms.

7. R method of forming N- and P- channel transistors in
the fabrication of an integrated circuit device
cémprising: -
providing a semiconductor substrate having active
" regions separated from one.another by isolation regions
wherein there is a N-channel active region and a P-
channel active region and whefein gate electrodes and
associated lightly doped source and drain regions have
been formed in each of said active regions;
depogiting a first layer of phosphosilicate glass
overlying said semiconductor substrate;
forming a photoresist mask over said N-channel
active region;
etchiné away said first phosphqsilicate glass layer
where it is not covered by said photoresist mask thereby
leaving said first phosphosilicate glass layer only
overlying said N-channel active region;
removing said photoresist mask; <
depositing a layer of borosilicate glass overlying
said semiconductor substrate;

depositing a second layer of phosphosilicate glass
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overlying said semiconductor substrate;

heating said semiconductor substrate whereby boron
ions within said borosilicate glass layer are driven

" into said semiconducfor substrate in said P-channel
active region to form heavily doped P-channel source and
drain regions. and whereby phosphorus ions within said
-first phosphosilicate glass layer are driven into said
semiconductor substrate in said N-channel active region
to form heavily doped N~channel source and drain
regions; and
planarizing said second phosphosilicate layer

to complete the formation of N- and P- channel
transistors in the fabrication of an integrated circuit

device.

8. The method according to Claim 7 wherein said first
phosphosilicate glass layer has a thickness of between

about 1000 to 8000 Angstroms.

9. The method according to Claim 7 wherein said
borosilicate glass layer has a thickness of between

about 3000 to 8000 Angstroms.

10. The method according to Claim 7 wherein said second

phosphosilicate glass layer has a thickness of between
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about 2000 to 4000 Angstroms.

11. The method according to Claim 7 wherein said heating
is a furnace annealing at a temperature of between about
800 to 850 =C for between about 10 to 20 minutes.

12. The method according to Claim 7 wherein said heating
is a rapid thermal anneaiing at a temperature of between

about 900 to 1100 <C for between about 10 to 30 seconds.

13. The method according to Claim 7 wherein said heavily
doped source and drain regions have & junction depth of

between about 300 to 1000 Angstroms.



