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A MODIFIED BURIED CONTACT PROCESS FOR IC DEVICE FABRICATION

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a
method of forming buried contacts having low contact
resistance in conjunction with butted contact formation in

the fabrication of integrated circuits.

(2) Description of the Prior Art

Referring to Fig. 1, a typical buried cohtact
is formed by depositing a doped layer of polysilicon 16 over
and on the planned buried contact region in a semiconductor

substrate 10. The buried contact region 20 is doped by

- outdiffusion of dopants from the doped polysilicon layer 16

into the silicon substrate or by ion implantation into the
layer 16. The doped polysilicon layer is allowed to remain
on the buried contact region as its contact. The polysilicon
16 is then patterned as shbwn by photoresist mask 25. During
etching of the polysilicon 16, a portion of the semiconductor
substrate within the buried contact area will be exposed.

The substrate is deliberately exposed to provide a larger

‘contact area for the planned butted contact by making use of
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the trench sidewall area.

- During polysilicon overétching, a buried

contact trench 27 will be etched. The trench depth is (A-B)
+ overetch (to remove polysilicon residue). The trench 27

.could be etched deeper than the junction 20. However, the
doped polysilicon 38, shown in Fig. 3 will dope the area
surrounding the sidewalls of the trench. An oxide layer 30
is deposited over the polysilicon layer 16 and within the
contact opening and within the trench 27, as shown in Fig. 2.
A second photoresist mask 35 is formed over the substrate

with an opening for a planned butted contact.

The oxide layer 30 is etched away whére it is
not covered by the ﬁask 35. -Oxide residue 31 remains within
the trench, as shown in Fig. 3. A polysilicon layer 38
forms the butted contact to polysilicon 16 and the
substrate active region within the opening. The residual
oxide within the trench will cause high contact resistance
which is not desirable. Because of the oxide residue, there
| is less contact area for the junction. The trench sidewall
contact area between the polysilicon and the substrate
contribute significantly to conductivity. Also, the oxide
residue will prevent dopant outdiffusion into the silicon

substrate surrounding the sidewalls of the trench. This also
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will cause high contact resistance.

Overetching of as much as between about 8000
and 12,000 Angstroms is required to remove the oxide residue
from the trench to guarantee a good butted contact. It is
sometimes necessary to overetch by 400 to 500%. This is
expensive. The longer etch time required for overetching
means longer equipment processing time and therefore, higher
wafer processing costs. It is desired to find a method of
forming a trenched butted contact without excessive

overetching.

U.S. Patents 5,340,774 to Yen and 5,780,331 to
Liaw et al teach buried contact processes. U.S. Patent
5,721,146 to Liaw et al-teéches forming a buried contact in a
trench. U.S. Patent 5,716,881 to Liang et al discloses an
SRAM buried contact process. U.S. Patent 5,827,764 shows a

butt contact in a buried contact process.
SUMMARY OF THE INVENTION
A principal object of the present invention is

to provide an effective and very manufacturable method of

forming buried contact junctions.
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Another object of the present invention is to

provide a method of forming a butted contact and buried

contact junctions.

Yet another object is to provide a method for
forming a butted contact and a buried contact having low

contact resistance in the fabrication of integrated circuits.

A further object of the invention is to
provide a method of forming a buried contact which minimizes

trenching into the Silicon substrate.

A still further object of the invention is to
provide a method of forming a buried contact and forming a
butted contact with low contact resistance which minimizes

trenching into the silicon substrate.

In accordance with the objects of this
invention a new metheod of forming a butted contact and a
buried contact having low contact resistance in the
fabrication of integrated circuits is achieved. A layer of
gate silicon oxide is provided over the surface of a
semiconductor substrate. A first layer of polysilicon is
deposited overlying the gate silicon oxide layer. The first

polysilicon and gate oxide layers are etched away where they
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are not covered by a mask to provide an opening to the

semiconductor substrate where a planned buried contact
jﬁnction will be formed. A second polysilicon layer is
depositéd overlying the first polysilicon layer and the
planned buried contact junction and doped whereby the planned
buried contact junction is formed in the semiconductor
substrate underlying the doped second polysilicon layer. The
second polysilicon layer'is planarized. The first énd second
polysilicon layers are etched away where they are not covered
by a mask to provide an opening overlying a portion of the
buried contact junction wherein a trench is etched into the
semiconductor substrate where the semiconductor substrate is
not covered by the gate dxide layer. An oxide layer is
deposited overlying the second polysilicon layer, the gate
oxide layer exposed within the opening and within the trench.
The oxide layer is etched away where it is not covered by a
mask wherein the trench and a portion of the second
polysilicon layer overlying the buried contact junction and
adjacent to the trench are exposed and whereby the oxide is
removed from the trench. A third polysilicon layer is
deposited overlying the oxide layer and the second
polysilicon layer and the trench exposed within the opening.
The third polysilicon layEr is patterned to form a butted
contact with the second ﬁolysilicon layer exposed within the

opening completing fabrication of the integrated circuit



device,

BRIEF DESCRIFTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 3 schematically illustrate in
cross-sectional representétion an embodiment of the prior

. art.

Figs. 4 through 12 schematically illustrate in
cross—-sectional representation a preferred embodiment of the

present invention.

Fig. 13 schematically illustrates in cross-
sectional representation a static random access memory (SRAM)
device fabricated according to the process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the invention can be used in
any application in which a good butted contact with low

contact resistance is required. For example, Figs. 4-13
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illustrate a four transistor static random access memory

(SRAM) device, Referring now more particularly to Fig} 4,
there is shown a portion of a partially completed integrated
circuit. There is shown a monocrystalline semiconductor
substrate 10. A gate oxide layer 14 is grown on the surface
of the semiconductor substrate, typically to a thickness of
between about 30 to 60 Angstroms. Preferably, a split poly
process is used and will be described here. A polysilicon
layer 18 is deposited over the gate oxide layer to a -

thickness of between about 500 to 1000 Angstroms.

A buried contact mask is used to form tﬁé
photoresist mask (not shown) over the surface of the
substrate. The gate oxide layer 14 and the polysilicon layer
18 are etched away where they are not covered by the mask to
form the buried contact opening 19. The photoresist

mask is removed.

Referring now to Fig. 5, thée second
polysilicon layer 22 is blanket deﬁosited by low pressure
chemical vapor deposition (LPCVD) to a thickness of between
about 800 to 1500 Angstroms. The polysilicon layer 22 is
.doped by phosphorus implant or in-situ doping during
deposition. In the case of in-situ doping, the buried

contact region 25 is formed by outdiffusion of the dopant -
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form the polysilicon 22 when the polysilicon comes in contact

"with the substrate during deposition. In the case of doping
by ion implantation, the buried contact 25 is formed after a

dopant activation step.

The combined layers 18 and 22 form the split
polysilicon layer. Henceforth, the layers will be combined
in the drawings and labeled 24. The thickness of the
combined polysilicon layer 24 over the gate oxide layer 14 is
A, shown in Fig. 5. The thickness of layer 24 within the
buried contact opening is B. It is this difference in
thickness that causes the prior art trench to be so deep -

between about 1000 and 2060 Angstroms into the substrate.

The present invention planarizes the split
polysilicon layer 24 using, for example, chemical mechanical
polishing (CMP)} at this point, as shown in Fig. 6. The
planarized split poly layer 24 has a thickness of between

about 1000 and 2500 Angstroms.

Referring now to Fig. 7, a layer of
photoresist is coated over the polysilicon layer 24 and
patterned to form the buried contact photoresist mask 45.

As illustrated in Fig. 8, the polysilicon layer 24 is etched

away where it is not covered by the photomask 45. During
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patterning of the layer 24, a trench 47 is etched into the

semiconductor substrate where it is not covered by the gate
oxide layer 14. This trench formation is deliberate so as to

make use of the trench sidewall as the butted contact area.

In the prior art, the trench depth is (A - B)
+ overetch, which is between about 1000 and 2000 Angsfroms.
Since the split polysilicon layer is planarized in the
process of the invention, the trench depth is the overetch
thickness only, which will be mﬁch less than 1000 Angstroms.
The process of the invention minimizes trenching of the
substrate. Overetching is required to prevent shorting

between polysilicon lines.

Now, referring to Fig. 9, an interpoly
dielectric layer 50 is deposited over the surface of the
substrate, covering the split polysilicon layer 24 and the
exposed semiconductor substrate within the trench 47 and the
exposed gate oxide layer 14 within the opening. The
interpoly dielectric layer is preferably silicon oxide layer
deposited by low pressure chemical vapor deposition (LPCVD)
using a tetraethoxysilane (TEOS) source to a thickness of

between about 1000 and 2000 Angstroms.
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Referring to Fig. 10, a photomask 55 is formed

over the oxide layer 50 with an opening for a butted contact.
The oxide layer is etched away where it is not covered by the
mask 55, Since the trench 47 is much shallower.than the
trench of the prior art, the oxide residue within the trench
can be removed with much less overetching, as shown in Fig.
11. Overetching required will be about 100 to 200% rather

than the 400 to 500% overetching required in the prior art.

A third polysilicon layer 56 is deposited over
Lhe surface of the substrate and within the opening to a
thickness of between about 500 and 1500 Angstroms, as
illustrated in Fig. 12. The third polysilicon.layer is
patterned as shown in Fig. 13. The polysilicon 56 to
polysilicon 26 forms a butted contact overlying the buried

contact 25.

The static random access memory (SRAM) device -
of the present invention having a conduction channel between
a butted contact and an adjoining buried contact is
illustrated in Fig. 13. The integrated circuit device
comprises a gate electrode 24 on the surface of a
semiconductor substrate 10, a butted contact between
polysilicon layer 26 and polysilicon layer 56, and a buried

contact junction 25 underlying the polysilicon contact 26. A
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conduction channel is provided from the polysilicon layer 56,

through the polysilicon contact 26 and the sidewall of the

trench 47, to the buried contact junction 25.

The process of the invention can be used in
making any device including a buried contact process. The
process of the invention provides a good conduction channel
between the buried contact and the butted contact. The key
feature of planarizing the split polysilicon layer before
patterning makes it possible to minimize trenching which
reduces oxide residue in the active region and thereby

achieve better control of contact resistance.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing ffom the spirit and scope of the

invention.
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CLAIMS _ 12 .
1. A method of fabricating an integrated circuit device

comprising:

providing a layer of gate silicon oxide over the
surface of a semiconductor substrate;

depositing a first layer of polysilicon overlying
said gate silicon oxide layer;

etching away said first polysilicon and said gate
oxide layer whefe they are not covered by a mask to
provide an opening to said semiconductor substrate where
a planned buried contact junction will be fofmed;

depositing a second polysilicon layer overlying
said first polysilicon layer and said plahned buried
contact junction ahd doping said seqond polysilicon
layer whereby said planned buried contact junction is
formed in said semiconductor substrate underlying said
doped second polysilicon layer;

planarizing said second polysilicon layer;

etching away said first and second polysilicon
layers where they are not covered by a mask to provide
an opening overlying a portioﬁ of said buried contact
junction wherein a trench is etched into said
semiconductor substrate where said semiconductor
substrate is not covered by said gate oxide layer;

depositing an oxide layer overlying said second

polysilicon layer, said gate oxide layer exposed within
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said opening and within said trench;

etching away said oxide layer where it is not
covered by a mask wherein said trench and a portion of
said second polysilicon layer overlying said buried
contact junction and adjacent to said trench are exposed
and whereby said oxide is removed from said trench;

depositing a third polysilicon layer overlying said
oxide layer and said second polysilicon layer and said
trench exposed within said opening; and

patterning said third polysilicon layer whereby
said third polysilicon layer forms a butted contact with

said second polysilicon layer exposed within said

opening completing said fabrication of said integrated

circuit device. .

2. The method according to Claim 1 wherein said first
polysilicon layer has a thickness of between about 500

and 1000 Angstroms.

3. The method according to Claim 1 wherein said second
polysilicon layer has a thickness of between about 800

and 1500 Angstroms.

4, The method according to Claim 1 wherein said first

and second polysilicon layers are dopéd by in-situ
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'doping.

5. The method according to Claim 1 wherein said first
and second polysilicon layers are doped by ion

implantation.

6. The method according to Claim 1 wherein said step of
planarizing said second polysilicon layer is performed

by chemical mechanical poiishing.

7. The method according to Claim 1 wherein said after
said step of planarizing said second polysilicon layer
the combined thickness of said first and second
polysilicon layers is between about 1000 and 2500

Angstroms.

8. The method according to Claim 1 wherein said trench

has a depth of less than 1000 Angstroms.

9. The method according to Claim 1 wherein said oxide
layer has a thickness of between about 1000 and 2000

Angstroms.

10. The method according to Claim 1 wherein said third

polysilicon layer has a thickness of between about 500

A
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and 1500 Angstroms.

11. The method according to Claim 1 wherein said
integrated circuit device is a four transistor SRAM

device.

12, A method of fabricating an integrated circuit device
having a conduction channel between a third polysilicon
layer through a butted contact to an adjoining buried
contact junction comprising:

providing a layer of gate silicon oxide over the
surface of a semiconductor substrate;

depositing a fifst layer of polysilicon overlying
said gate silicon oxide layer;

etching away said first polysilicon and said gate
oxide layer where they are not covered by a mask to
provide an opening to said semiconductor substrate where
a planned said buried contact junction will be formed;

depositing a second polysilicon layer overlying
said first polysilicon layer ahd said planned buried
contact junction and doping said second polysilicon
layer whereby said planned buried contact junction is
formed in said semiconductor substr#te underlying said
doped second polysilicon layer;

planarizing said second polysilicon layer by

AR
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chemical mechanical polishing;

etching away said first and second polysilicon
layers where they are not covered by a mask to provide
an opening overlying a portion of said buried contact
junction wherein a trench is etched into said
semiconductor substrate where said semiconductor
substrate is not covered by said gate oxide layer;

depbsiting an oxide layer overlying said second
polysilicon layer, said gate oxide layer exposed within
said opening and within said trench;

etching away said oxide layer where it is not
covered by a mask wherein said trench and a portion of
said second polysilicon layer overlying said buried
contact junction and adjaqent to said trench are exposed
and whereby séid oxide is removed from said trench;

depositing said third polysilicon layer o?erlying
said oxide layer and said second polysilicdn layer and
said trench exposed within said openihg; and

patterning said third polysilicon layer whereby
gaid third polygilicon layer forms said butted contact
with said second polysilicon layer exposed within said
opening completing said fabrication of said integrated
circuit device having a conduction channel between said

third polysilicon layer through said butted contact to

adjoining said buried contact junction:

I T
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13. The method according to Claim 12 wherein said first
polysilicon layer has a thickness of between about 500

and 1000 Angstroms.

14. The method according'to Claim 12 wherein said second
polysilicon layer has a thickness of between about 800

and 1500 Angstroms.

15. The method according to Claim 12 wherein said

polysilicon layers are doped by in-situ doping.

16. The method according to Claim 12 wherein said

polysilicon layers are doped by ion implantation.

17. The method according to Claim 12 wherein said after
said step of planarizing said second polysilicon layer
the combined thickness of said first and second

polysilicon layers is between'about 1000 and 2500

Angstroms.

18. The method according to Claim 12 wherein said trench

has a depth of less than 1000 Angstroms.

I
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19. The method according to Claim 12 wherein said oxide

layer has a thickness of between about 1000 and 2000

Angstroms.

20. The method according to Claim 12 wherein said third
polysilicon layer has a thickness of between about 500

and 1500 Angstroms.

21. The method according to Claim 12 wherein said
integrated circuit device is a four transistor SRAM

device.

22. B four transistor SRAM integrated circuit device
having a conduction channel from a second polysilicon
layer through a butted contact to an adjoining buried
contact junction comprising:.

a gate electrode and a polysilicon contact on the
surface of a semiconductor substrate;

said buried contact junction within said
semiconductor substrate underlying and contacting said
polysilicon contact;

said butted contact éomprising said second
polysilicon layer contacting said polysilicon contact at
a top surface and at a side surface wherein said second

polysilicon layer extends downward into a trench into

AN
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said semiconductor substrate adjoining said buried

contact and wherein said gate electrode is insulated
from said second polysilicon layer by an intervening
dielectric layer completing said four transistor
integrated circuit device having a conduction channel
from said second polysilicon layer through said butted

contact to adjoining said buried contact junction.
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