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FIG. 1A(PRIOR ART)
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FIG. 1B (PRIOR ART)
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FIG. 1C (PRIOR ART)
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FIG. 1D (PRIOR ART)
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FIG. 1E (PRIOR ART)
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Fig. 2
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FIG. 3 (PRIOR ART)
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Fig. 4B
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Fig. 6
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Fig. 8A

220 220
209
2
}Q SN X \: j 205
\ b‘ N B
b\‘\ \ \ \ X 208
SENN L NN N N N 204
SRR DTN SRR RS R
213 201 203
202

]




U.S. Patent Mar. 12,2002  Sheet 16 of 19 US 6,355,547 B1

FIG. 8B

.e
"""""
o .

------
...................
----------------------
-------------
........

e,
Yue
.................
.........................................................
---------------------------

o

______________

..............
e

223"



US 6,355,547 Bl

Sheet 17 of 19

Mar. 12, 2002

U.S. Patent

Fig. 9

213

)
v
H
;
1
’

~— T~

230

230

051

(
203 5

3 N%

212




U.S. Patent Mar. 12,2002  Sheet 18 of 19 US 6,355,547 B1

Fig. 10
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METHOD OF FORMING A SELF-ALIGNED
CONTACT PAD FOR A SEMICONDUCTOR
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent
Application No. 99-35211 filed Aug. 24, 1999 with the
Korean Industrial Property Office, which document is
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a method of manufactur-
ing a semiconductor device. More specifically, the present
invention is directed to a method of forming a contact pad
for a semiconductor structure with a high aspect ratio in the
manufacture of a dynamic random access memory (DRAM).

BACKGROUND OF THE INVENTION

As the chip density of an integrated circuit increases, the
minimum feature size shrinks down to a sub-half-
micrometer regime. Accordingly, the margin of the litho-
graphic alignment as well as the size of a contact that
interconnects a conductive layer on the wafer has been
reduced.

A self-aligned contact (SAC) technology has been pro-
posed to solve the problems of the reduced alignment
margin. U.S. Pat. No. 4,992,848 discloses a SAC technology
that alleviates the burden of making a fine contact hole for
a DRAM.

FIGS. 1A to 1E are schematic, cross-sectional views
illustrating various manufacturing steps for implementing a
traditional SAC pad. Referring to FIG. 1A, stacked gate
structures each comprising a gate oxide 103, a doped poly-
silicon layer 104, a tungsten silicide 105, and gate capping
layers 106 and 107 are formed on the wafer with an active
region 101 and a device isolation region 102.

According to the prior art, the gate capping layers 106 and
107 are chosen to have an etch selectivity against an
interlayer dielectric film to be formed in the subsequent
processing step. Gate spacers 108 are formed on the side-
walls of the stacked gate structures using a material having
an etch selectivity with respect to the interlayer dielectric
film.

Referring to FIG. 1B, a first interlayer dielectric film is
formed and then planarized by a chemical mechanical
polishing (CMP) step to form a planarized dielectric film
110. Thereafter, the prior art, as depicted in FIG. 1C,
introduces an opening window 111 for a contact hole
through lithography and the subsequent etching process.

Referring to FIGS. 1D and 1E, the SAC pads 113, 114,
and 115 are completed by etching the conducting polysilicon
layer 112 through the etch-back or the CMP process.
However, as the chip density reaches the gigabit scale, shorts
between the gate 104, 105 and the contact pads 113, 114, and
115 could occur due to the reduced alignment margin in
high-density DRAMs.

Furthermore, the horizontal dimension to be defined dur-
ing the etching process is scaled down to a 0.1 um regime
while the vertical depth of the contact structure stays
approximately in micrometer scale.

Accordingly, it is not easy to diffuse reactive gases into
deep contact holes with a reduced diameter during a reactive
ion etching (RIE) process to form SAC contacts. In addition,
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the drainage of the by-products during the RIE process is
also difficult task for the fabrication of the deep-sub-half-
micrometer devices.

As a result, an etching speed slows down during the RIE
process for the formation of contact holes and the RIE
process sometimes fails to complete the formation of contact
holes due to the pile-up of the etch-stop products therein.

The RIE process is controlled in such a way that the
etch-stop products, i.e. polymers, are minimized during the
etching process. Further, the RIE etching time can also be
prolonged. However, those schemes can result in shorts
between the SAC pads 113, 114, and 115 and the gates 104
and 105 due to unwanted etching of the gate spacer 108 and
the gate capping layers 106 and 107.

In order to solve the above-mentioned problems, Y.
Kohyama et. al proposed a new structure combining the bit
line contact and the storage node in their paper entitled with,
A fully printable, self-aligned, and planarized stacked
capacitor DRAM cell technology for 1Gbit DRAM and
beyond, pp.17-18, Technical Digest of Symposium on VLSI
Technology, 1997.

The prior art of Y. Kohyama et. al, however, has a
drawback of having a poor etch selectivity between the
interlayer dielectric film 110 and the gate insulating layer or
spacer 108 because the generation of the polymer is insuf-
ficient due to the relatively small surface area covered with
the photoresist film.

It should be noted that the major path for a precursor,
which contributes to the generation of the polymer, is both
the injected gas and the photoresist film. Therefore, the
amount of the supplied precursor is determined by the ratio
of the surface area covered with the photoresist film.

Additionally, the prior art, as depicted in FIGS. 1A to 1E,
can not implement a gate spacer with a flat surface profile
because the inner side of the tungsten silicide layer 105 on
the polysilicon gate 104 is consumed.

As a result, voids can be created while the interlayer
dielectric film is deposited for the formation of the SAC
contact in accordance with the prior art.

Furthermore, leakage currents can flow if the device
isolation region 102 is chemically attacked during wet
etching. This is due to the loss of the silicon nitride layer that
is supposed to function as an etch-stopper during the etching
step of the interlayer dielectric film 110.

In other words, the traditional methods for manufacturing
SAC pads, as depicted in FIG. 2, has a problem in that the
upper region 120 of a shallow trench isolation (STI) is
vulnerable to a chemical attack during the wet etching. For
instance, approximately 300 A of the STI region can be
consumed during the wet etching for the expansion of the
SAC pad of the STI is 2500 A.

Furthermore, referring to FIG. 3, SAC contact pads (not
shown) can be electrically shorted to the gate stack 104 and
105 through a path 155 due to the loss of the active region
150. This is because the etch-stopping silicon nitride layers,
such as the gate capping layer 106 and the gate spacer 108,
can be lost during the wet-dipping process, following SAC
contact holes forming step, to expand the SAC pad area.

Therefore, a need arises in the art for a method to
manufacture SAC pads that are not subject to these limita-
tions of the prior art.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method of
manufacturing SAC pads, which prevents shorts from occur-
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ring between gate structures and the SAC pads due to
unwanted etching of gate spacers or of a gate-capping layer.

The present invention additionally provides a method of
manufacturing SAC pads, which increases the alignment
margin during lithography even for contact structures with a
reduced dimension.

The present invention provides a method of manufactur-
ing SAC pads, which makes it easy to separate the SAC pads
during the etching process step.

Further, the present invention provides a method of manu-
facturing SAC pads, which prevents the generation of leak-
age currents in the device isolation region due to unwanted
etching of the etch-stopping layer during etching of the
interlayer dielectric film.

As a result, it becomes possible to form SAC contact pads
without causing shorts and leakage problems of the prior art.

In accordance with the present invention, there is pro-
vided a method of manufacturing SAC pads. Firstly, a first
insulating layer is formed over gate structures. Thereafter, a
second insulating layer is formed on the first insulating layer
and the second insulating layer sufficiently fills the spaces
between the gate structures. Then contact holes are formed
by etching the second insulating layer between the gate
structures. Subsequently, a gate spacer is formed on the
sidewalls of the gate structures by etching the first insulating
layer and exposing the active region on the wafer. A first
conductive layer is then deposited to completely fill the
contact holes. Finally, the first conductive layer is separated
through a step of etching the first conductive layer until the
first insulating layer is exposed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more apparent by describing in detail in a
preferred embodiment thereof with reference to the attached
drawings in which:

FIGS. 1A to 1E are schematic, cross-sectional views
illustrating the various stages of manufacturing an SAC pad
in accordance with the prior art.

FIG. 2 is a schematic, cross-sectional view illustrating the
leakage current problem due to the loss of the device
isolation region in accordance with the prior art.

FIG. 3 is a schematic, cross-sectional view illustrating the
gate shortage during the SAC etch step in accordance with
the prior art.

FIGS. 4 to 11 are schematic, cross-sectional views illus-
trating the various steps of an SAC pad in accordance with
the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE
INVENTION

The present invention will be explained in detail with
reference to the accompanying drawings.

FIG. 4A is a schematic, cross-sectional view illustrating
gate structures after depositing a dielectric film for forming
gate spacers. Referring to FIG. 4A, an active region 201, a
device isolation region 202, and a gate oxide layer 203 are
illustrated.

As a preferred embodiment for the device isolation region
202, a LOCOS (local oxidation of silicon) or the STI
(shallow trench isolation) can be employed. Referring to
FIG. 4A again, insulating layers 206, 207, as a capping layer
for insulating a gate, are formed on a gate stack 208.
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Preferably, the gate stack layer 208 can be a double layer
of a polysilicon layer 204 with a thickness of 1000 A, and
a tungsten silicide layer 205 with a thickness of 1000 Aon
the gate oxide layer 203 with a thickness of 50~100 A.

Preferably, for insulating layers 206, 207, a stacked layer
of a silicon nitride layer 206 with a thickness of 1000~2000
A and a silicon oxide layer 207 with a thickness of
300~1000 A can be employed.

A source/drain ion implantation is performed after the
gate structures are patterned. Referring to FIG. 4A again, a
first insulating layer 209 is deposited on the gate structures
204, 205, 206, and 207. As a preferred embodiment for the
first insulating layer 209, a silicon nitride layer with a
thickness of 300~1000 A can be employed.

The first insulating layer 209 forms a gate spacer in
subsequent processing steps and has an etch selectivity
against an interlayer dielectric film to be formed.

The surface profile of the first insulating layer 209 also
often has an undercut due to the undercut profile of the
tungsten silicide layer 205 formed during the previous
cleaning steps. The undercut profile of the first insulating
layer 209 can form a void during subsequent deposition of
the interlayer dielectric film.

In order to solve the problem of the undercut profile, the
present invention, as depicted in FIG. 4B, etches a portion
of the first insulating layer 209. In other words, the surface
profile of the first insulating layer 209 is controlled to be flat
even on the vertical sidewalls of the gate spacer.

As a preferred embodiment of the present invention, two
thirds of the thickness of the first insulating layer 209 can be
kept during the step of flattening etching process of the first
insulating layer in order to obtain a undercut-free surface
profile especially on the sidewalls adjacent to the tungsten
silicide layer 205.

In this case, if the tungsten silicide layer 205 on the
polysilicon layer 204 does not form an undercut during
cleaning, the above-mentioned partial etching process step
of the first insulating layer may not be required.

FIGS. 5A to 5B are schematic, cross-sectional views
illustrating the steps of manufacturing lightly-doped drains
only in the peripheral regions. Referring to FIG. 5A, a
photoresist layer 210 is deposited on the gate structures in
the cell region.

Referring to FIG. 5B, a gate spacer 211 is formed by
anisotropically etching the first insulating layer 209 in the
peripheral or logic regions of the wafer. As a preferred
embodiment of the present invention, the anisotropic etching
can be conducted through an etch-back process.

Thereafter, a heavily doped source/drain ion implantation
for the LDD can be performed while the surface of the cell
region is covered with the photoresist layer 210.

As preferred embodiment in accordance with the present
invention, approximately a third of the thickness of the first
insulating layer 209 can be etched away to obtain a steep
profile without an undercut prior to the anisotropic etching
step in case when to the tungsten silicide layer 205 has an
excessive undercut.

The present invention can eliminate an additional pro-
cessing step of forming a stopping layer unlike the prior art
where the formation of the stopping layer that has an etch
selectivity against the interlayer dielectric film is necessary.

For instance, a silicon nitride layer with a thickness of
50~200 A has been used as an etch-stopper layer either for
buried contacts or for direct contacts in the prior art. Since
the present invention can eliminate a processing step for
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forming an extra etch-stopper layer, the manufacturing
method for a SAC pad in a DRAM can be simplified.

FIG. 6 is a schematic, cross-sectional view illustrating a
step of forming a second insulating layer 212 on the wafer.
As a preferred embodiment of the present invention, a BPSG
(borophosphosilicate glass), USG (undoped silicate glass),
or an HDP-CVD (high-density plasma chemical vapor
deposition) oxide comprise a second insulating layer 212.

Preferably, the thickness of the second insulating layer
212 is 3500~5500 A. Because of the possible lateral diffu-
sion of impurities during a high-temperature process, it is
desirable to keep the processing temperature low enough to
suppress the lateral diffusion especially in high-density
DRAM.

During the HDP-CVD process, the RF power should be
increased to fill the narrow space between the gate structures
with the second insulating layer 212.

If conventional silicon nitride etch-stopper layer (not
shown) is formed, a lift-off of the silicon nitride can occur
due to the penetration of the reactive gas into the interface
between the silicon nitride layer and the silicon during the
HDP-CVD process of the second insulating layer 212.

However, the lift-off problem of the prior art can be
solved in accordance with one embodiment of the present
invention, in which the first insulating layer 209 (preferably,
a silicon nitride layer) is thick enough in the cell region
while no first insulating layer 209 is present on the active
region in the peripheral region. Therefore, the conventional
lift-off problem due to the penetration of the reaction gases
in the case of the present invention can be improved.

Referring to FIG. 6 again, the surface of the wafer is
planarized through a CMP process to obtain a lithography
margin after the deposition of the second insulating layer
212.

As a preferred embodiment in accordance with the present
invention, the final thickness of the second insulating layer
212 can be approximately 500~1000 A during the CMP
process. Preferably, an ARC (antireflection coating) layer is
formed on the second insulating layer 212 to increase the
process margin during lithography.

FIG. 7A is a schematic, cross-sectional view illustrating
an etch step for forming SAC pads in accordance with the
present invention. Referring to FIG. 7A, contact holes 213
for the SAC pads are opened with a photoresist mask layer
220 and the exposed portion of the second insulating layer
212 is removed. Preferably, a T-type pattern 221 can be
formed in the layout to define the storage node contact and
the bit line contact concurrently, as depicted in FIG. 7B.

Referring to FIG. 7A again, contact holes 213 for the SAC
pads are opened through the etching of the second insulating
layer 212 using the photoresist mask layer 220. As a
preferred embodiment of the present invention, the etching
condition can be chosen such that there is an etch selectivity
against the silicon nitride layer 209 for the gate spacer.

Preferably, the removal of the first insulating layer 209
should limited during the etching of the silicon oxide layer
212. In other words, the amount of removal of the first
insulating layer 209 should be kept negligible during the
etching process of the silicon oxide layer 212.

At the beginning stage of the etching process for forming
the contact holes, the second insulating layer 212 on the gate
structure is removed vertically along with the boundary of
the photoresist mask 220.

Once the silicon nitride layer 209 on the gate structure is
exposed during the etching process, only the corner portion
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of the silicon nitride layer is slightly removed due to the etch
selectivity. Here, the second insulating layer 212 is etched
more than the silicon nitride layer 209. In this case, since the
silicon nitride layer 209 on the gate structure has not
undergone the gate spacer etching process yet, the surface of
the silicon nitride layer 209 is relatively more even than that
of the prior art.

As aresult, it becomes possible to minimize the loss of the
silicon nitride layer 209 both on the corner and on the top of
the gate layer structure. Preferably, additional wet etch can
be performed to enlarge the size of the SAC pad.

FIG. 8A is a schematic, cross-sectional view illustrating a
step of wet etch for enlarging the size of the SAC pad in
accordance with the preferred embodiment of the present
invention.

FIG. 8B is a schematic layout illustrating a step of wet
etch for enlarging the size of the SAC pad in accordance
with the preferred embodiment of the present invention.

Referring to FIG. 8B, the size of the T-type pad 222, 223
is larger than that 221 of FIG. 7B.

Conventionally, leakage currents are often caused by the
penetration of the wet etching solution into the device
isolation 202. This penetration of the wet etching solution
into the device isolation is caused by the loss of the first
insulating layer 209.

According to the present invention, however, since at least
two thirds of the initial silicon nitride film 209 remains at the
bottom 209', it becomes very difficult for wet etching
solution to diffuse into the device isolation region 202.

Accordingly, the manufacturing method of the SAC pads
in accordance with the present invention makes it possible to
increase the alignment margin for the lithography steps of
the subsequent bit line contact and the storage node contact
by enlarging the SAC pad 223 without deteriorating the
device isolation.

FIG. 9 is a schematic, cross-sectional view illustrating a
step of manufacturing a gate spacer in the cell region.
Referring to FIG. 9, a gate spacer 230 is formed by aniso-
tropically etching the first insulating layer 209 and 209' for
SAC pads.

According to the preferred embodiment of the present
invention, the etching time can be reduced because there is
no etch-stopper layer unlike the prior art. As a result, it is
possible to reduce the loss of the silicon nitride layer on the
gate structure.

Furthermore, the anisotropic etching step for the forma-
tion of the gate spacer simultaneously eliminates the ARC
(antireflection coating) layer. Therefore, generation of
defects or the difference in the thickness of the silicon oxide
layer can be prevented.

FIG. 10 is a schematic, cross-sectional view illustrating a
step of depositing the polysilicon layer on the SAC contact
hole in accordance with the present invention.

Referring to FIG. 10, a first conductive layer 240 is
deposited on the wafer in such a manner that the contact hole
between the gate structures is completely filled with the first
conductive layer 240. Preferably, a doped polysilicon film
with a thickness of 3500~5000 A can be employed.

FIG. 11 is a schematic, cross-sectional view illustrating a
step of separating the SAC pads in accordance with the
present invention. Referring to FIG. 11, the SAC pads 250
are formed through an etch-back process or a CMP process.

In this case, the CMP process for etching the polysilicon
layer 240 is kept to continue until the surface of the
insulating layer on the gate structure is exposed and thereby
the neighboring SAC pads are separated from each other.
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The manufacturing method of SAC pad in accordance
with the present invention can be applied to the manufacture
of integrated circuits comprising a cell region, a core region,
and/or peripheral region.
As a preferred embodiment of the present invention, a first
insulating layer is deposited on the gate structures in the cell,
core and peripheral regions. Thereafter, the first insulating
layer is partially etched. Preferably, the first insulating layer
can be a silicon nitride layer.
Now, a gate spacer is formed on the sidewalls of the gate
structure in the core and peripheral regions by etching the
first insulating layer deposited on the surface of the core and
peripheral regions.
Subsequently, a second insulating layer is deposited on
the whole wafer. Thereafter, the second insulating layer only
in the cell region is eliminated for the formation of a gate
spacer. Now, the exposed first insulating layer in the cell
region is anisotropically etched to form a gate spacer in the
cell region.
Although the invention has been illustrated and described
with respect to exemplary embodiments thereof, it should be
understood by those skilled in the art that various other
changes, omissions and additions may be made therein and
thereto, without departing from the spirit and scope of the
present invention.
Therefore, the present invention should not be understood
as limited to the specific embodiment set forth above but to
include all possible embodiments which can be embodies
within a scope encompassed and equivalents thereof with
respect to the feature set forth in the appended claims.
What is claimed is:
1. A method of forming a semiconductor device on a
substrate, comprising:
forming a plurality of gate structures on the substrate, the
gate structures having a laterally recessed region on
sidewalls of the plurality of gate structures;

conformally forming a first insulating layer over the gate
structures, the first insulating layer having a laterally
recessed region over the laterally recessed region of the
gate structures;

flattening the first insulating layer over the laterally

recessed region of the gate structures;

forming a second insulating layer over the flattened first

insulating layer to fill spaces between the gate struc-
tures;

removing a portion of second insulating layer between the

gate structures, thereby forming a plurality of contact
holes between the gate structures and exposing a por-
tion of the first insulating layer;

etching the exposed portion of the first insulating layer,

thereby forming a gate spacer on sidewalls of the gate
structures and exposing surfaces of active regions of
the substrate;

filling the plurality of contact holes with a first conductive

layer; and

planarizing the first conductive layer, thereby forming

contact pads.

2. The method as set forth in claim 1, wherein said gate
structure comprises a conductive layer on which a gate
capping layer is formed.

3. The method as set forth in claim 2, wherein the gate
capping layer is formed of a material selected from the group
consisting of silicon oxide, silicon nitride and combinations
thereof.

4. The method as set forth in claim 1, wherein said step
of forming the plurality of contact holes further comprises
enlarging sizes of said plurality of contact holes by wet etch.
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5. The method as set forth in claim 1, further comprising
forming an ARC layer on the second insulating layer, and
said step of etching the exposed first insulating layer
includes a step of etching the ARC layer on the second
insulating layer.

6. The method as set forth in claim 1, wherein said step
of forming said second insulating layer further comprises a
step of planarizing the second insulating layer.

7. The method as set forth in claim 6, wherein the
thickness of the planarized second insulating layer is
approximately 500~1000 A.

8. The method as set forth in claim 1, wherein the second
insulating layer is formed of a material selected from the
group consisting of BPSG, USG, and HDP-CVD oxide.

9. The method as set forth in claim 8, wherein the
thickness of the second insulating layer is approximately
3500~5500 A.

10. The method as set forth in claim 1, wherein said step
of forming said first insulating layer comprises a step of
depositing a silicon nitride layer with a thickness of approxi-
mately 300~1000 A.

11. The method as set forth in claim 1, wherein said step
of forming the first insulating layer further comprises a step
of partially etching the surface of said first insulating layer
so that the surface of said first insulating layer on sidewalls
of the gate structures is flat.

12. The method as set forth in claim 11, wherein the first
insulating layer has a initial thickness and said step of
partially etching the surface of the first insulating layer
comprises a step of etching the first insulating layer to have
a thickness of less than approximately two thirds of the
initial thickness of the first insulating layer.

13. The method as set forth in claim 1, wherein said step
of forming said plurality of contact holes comprises forming
the plurality of contact holes using a mask pattern defining
the plurality of contact holes having a T-shape, the contact
holes exposing both a bit line contact and a storage node
contact.

14. A method of manufacturing a semiconductor device
on a substrate having a cell region, a core region and a
peripheral region, comprising:

conformally forming a first insulating layer overlying gate

structures on the substrate, the gate structures having a
laterally recessed region on sidewalls of the plurality of
gate structures;

flattening the first insulating layer overlying sidewalls of

the gate structures;

forming a gate spacer on the sidewalls of the gate struc-

tures only in the core and peripheral regions by aniso-
tropically etching the first insulating layer in the core
and peripheral regions;

forming a second insulating layer over the first insulating

layer;

removing the second insulating layer formed in the cell

region and exposing a portion of the first insulating
layer therein; and

forming a gate spacer on sidewalls of the gate structures

in the cell region by etching the exposed portion of the
first insulating layer.

15. The method as set forth in claim 14, wherein said first
insulating layer comprises a silicon nitride layer.

16. The method as set forth in claim 12, wherein said step
of removing the second insulating layer further comprises
wet etching.
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17. A method of forming a semiconductor device on a
substrate, comprising:

forming gate structures on the substrate, the gate struc-
tures having a laterally recessed region on sidewalls of
the gate structures;

conformally forming a first insulating layer over the gate
structures, the first insulating layer having a laterally
recessed region over the laterally recessed region of the
gate structures; and

flattening the first insulating layer over the lateral recessed
region of the gate structures.
18. The method of claim 17, further comprising:

anisotropically etching back the first insulating layer to
form a spacer.
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19. The method of claim 17, further comprising:

forming a second insulating layer over the flattened first
insulating layer to fill spaces between the gate struc-
tures;

removing a portion of second insulating layer between the
gate structures, thereby forming contact holes between
the gate structures and exposing a portion of the first
insulating layer;

etching the exposed portion of the first insulating layer,
thereby forming a gate spacer on sidewalls of the gate
structures and exposing surfaces of active regions of
the substrate;

filling the plurality of contact holes with a first conductive
layer; and

planarizing the first conductive layer, thereby forming
contact pads.
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