
;yze3e*Z*WF64T?J, 9 July 2002  IMPROVED DRAM CHIP FABRICATION METHOD
TECHNICAL FIELD OF THE INVENTION This invention relates generally to
semiconductor devices, and more particularly to an improved method for
forming a DRAM chip.    9 July 2002 2 - BACKGROUND OF THE INVENTION In the
fabrication of dynamic random access memory (DRAM) arrays, gate material is
typically patterned onto an insulating layer above a channel region. The _
gate material is typically surrounded by an insulating dielectric material
deposited on top of the gate, with thin sidewalls extending down both sides
of the gate. The dielectric material serves to insulate the gate from
self-aligned source and drain contacts formed on either side of the gate.
In a DRAM array, the thickness of the insulating sidewalls is typically
determined by the design rule and pitch of the array. For example, for a
0.3 micron design rule and a 0.6 micron pitch design, the sidewall
thickness may be 500-700 Angstroms. For smaller design rules, the sidewall
thickness may decrease to less than 300 Angstroms. The DRAM array is
typically surrounded on a chip by peripheral circuitry that includes metal
oxide semiconductor field effect transistors (MOSFETs). To maximize
efficiency in chip manufacturing, the gate deposition and insulating steps
used in forming the DRAM array are typically used to simultaneously form
the peripheral MOSFET gates. As a result, the sidewalls insulating the
peripheral MOSFET gates will have the same thickness as the sidewalls in
the DRAM array. This peripheral sidewall thickness may not be the optimal
thickness for MOSFET gate insulating sidewalls. For example, a source/drain
implant is typically performed for peripheral MOSFETs after formation of
the gate and insulating sidewalls, to separate the heavily doped portions
of the source and drain regions from the channel region. This separation is
necessary to prevent lateral diffusion of the source/drain dopant into the
channel, and to reduce stress on the MOSFET    9 July 2002 3 device due to
high electric fields at the sourcechannel junction and drain-channel
junction. Thus, if the design rule of the DRAM array does not allow for
sufficiently thick sidewalls in the peripheral area, the physical channel
lengths of the peripheral MOSFETs may have to be increased to maintain a
given effective channel length due to lateral diffusion into the channel.
Performance of the peripheral MOSFETs may also be affected due to increased
stress at the source-channel and drainchannel junctions.   



9 July 2002 4 Summary of the Invention Therefore, a need has arisen for a
DRAM chip fabrication method that addresses the disadvantages and
deficiencies of the prior art. Improved methods for forming a DRAM chip are
disclosed. According to a first aspect of the present invention, there is
provided a method for forming a DRAM chip, comprising the steps of:
depositing a memory cell gate in a memory cell array area of the DRAM chip,
the memory cell gate overlying a first channel area of a substrate;
depositing a peripheral gate in a peripheral area of the DRAM chip, the
peripheral gate overlying a second channel area of the substrate; forming
first sidewalls adjacent to the memory cell gate and adjacent to the
peripheral gate; implanting a first dopant having a first concentration in
a first plurality of regions of the substrate, the first plurality of
regions lying predominantly outside the first and second channel areas of
the substrate; forming a second sidewall adjacent to the peripheral gate,
the second sidewall overlying a sidewall area of the substrate, and spaced
apart from the peripheral gate by the first sidewalls; implanting a second
dopant having a second concentration in a second plurality of regions of
the substrate within the peripheral area of the DRAM chip, the second
plurality of regions lying predominantly outside the sidewall area of the
substrate; forming an insulating layer aver the memory cell array area of
the DRAM chip simultaneously with the step of forming the second sidewall
adjacent to the peripheral gate; and 



blocking the implant of the second dopant by the insulating layer.
According to a second aspect of the present invention, there is provided a
method for forming a DRAM chip, comprising the steps of:   9 July 2002 4a
depositing a memory cell gate in a memory cell array area of the DRAM chip,
the memory cell gate overlying a first channel area of a substrate;
depositing a peripheral gate in a peripheral area of the DRAM chip, the
peripheral gate overlying a second channel area of the substrate; forming
first sidewalls adjacent to the memory cell gate and adjacent to the
peripheral gate; implanting a first dopant having a first concentration in
a first plurality of source and drain regions of the substrate, the first
plurality of source and drain regions lying predominantly outside the first
and second channel areas of the substrate; forming a second sidewall
adjacent to the peripheral gate and spaced apart from the peripheral gate
by the first sidewalls; implanting a second dopant having a second
concentration in a second plurality of source and drain regions of the
substrate within the peripheral area of the DRAM chip; blocking the implant
of the second dopant by the second sidewall; forming an insulating layer
over the memory cell array area of the DRAM chip simultaneously with the
step of forming the second sidewall adjacent to the peripheral gate; and
blocking the implant of the second dopant by the insulating layer. 



The present invention also provides DRAM chips. According to a third aspect
of the present invention) there is provided a DRAM chip comprising: a
memory cell gate in a memory cell array area of the DRAM chip, the memory
cell gate overlying a first channel area of a substrate; a peripheral gate
in a peripheral area of the DRAM chip, the peripheral gate overlying a
second channel area of the substrate; first sidewalls adjacent to the
memory cell gate and adjacent to the peripheral gate; a first plurality of
regions of the substrate having a first dopant of a first concentration,
the first plurality of regions lying predominantly outside the first and
second channel areas of the substrate;   9 July 2002 4b a second sidewall
adjacent to the peripheral gate, the second sidewall overlying a sidewall
area of the substrate and spaced apart from the peripheral gate by the
first sidewalls; an insulating layer formed over the memory cell array area
of the DRAM chip; and a second plurality of regions of the substrate within
the peripheral area of the DRAM chip, having a second dopant of a second
concentration, the second plurality of regions lying predominantly outside
the sidewall area of the substrate, wherein the second dopant is blocked
from being implanted by the insulating layer. According to a fourth aspect
of the present invention, there is provided a DRAM chip comprising: a
memory cell gate in a memory cell array area of the DRAM chip, the memory
cell gate overlying a first channel area of a substrate; a peripheral gate
in a peripheral area of the DRAM chip, the peripheral 



gate overlying a second channel area of the substrate; first sidewalls
adjacent to the memory cell gate and adjacent to the peripheral gate; a
first plurality of source and drain regions of the substrate having a first
dopant of a first concentration, the first plurality of source and drain
regions lying predominantly outside the first and second channel areas of
the substrate; a second sidewall adjacent to the peripheral gate and spaced
apart from the peripheral gate by the first sidewalls; an insulating layer
formed over the memory cell array area of the DRAM chip; and a second
plurality of source and drain regions of the substrate within the
peripheral area of the DRAM chip, having a second dopant of a second
concentration and blocked from being implanted by the second sidewall and
the insulating layer.   9 July 2002 4c The first and second dopants may be
the same. The dopant concentration in the second plurality of regions is
preferably greater than the dopant concentration in the first plurality of
regions. A technical advantage of the present invention is that it allows
the formation of more heavily doped source and drain regions in the
peripheral area of the DRAM chip while keeping the heavily doped regions
separated from the channel regions. Another technical advantage is that
diffusion into the channel regions is reduced, which allows a smaller
design rule to be used. Another technical advantage is that stress   9 July
2002 5 at the source-channel and drain-channel junctions may be reduced.
Furthermore, the above-described method has no impact on the formation of
the DRAM cell array itself. Yet another technical advantage is that,
because the added steps of this method are selfaligning in nature, the
"masking level" of the overall DRAM chip fabrication process is not
increased.   9 July 2002 



6 BRIEF DESCRIPTION OF THE DRAWINGs For a more complete understanding of
the present invention and for further features and advantages thereof,
reference is now made to the following description taken in conjunction
with the accompanying drawings, in which: FIGURE 1 is a top view of a
portion of a DRAM chip fabricated in accordance with the present invention;
and FIGURES 2A through 2D are cross sections of the DRAM chip at various
stages of fabrication in accordance with the present invention.   9 July
2002 7 DETAILED DESCRIPTION OF THE INVENTION Referring to FIGURE 1, a top
view of a portion of a DRAM chip 10 is shown. DRAM chip 10 includes a
memory cell array area 12 and a peripheral circuitry area 14. Memory cell
array area 12 includes a plurality of wordlines 16 and a plurality of
active areas 18. A field oxide 20 surrounds active areas 18. In peripheral
area 14, a single active area 22 and a single wordline 24 are shown for
illustrative purposes. However, it will be understood that peripheral area
14 may comprise many MOSFETs and other circuit elements. FIGURES 2A through
2D illustrate a method for forming DRAM chip 10 in accordance with the
present invention. Referring to FIGURE 2A, a cross section of DRAM chip 10
is shown. In memory cell array area 12, two gates 26 comprising sections of
wordlines 16 lie atop an insulating layer 27 and extend across a single
active area 18, which may comprise a doped well formed using known methods.
Gates 26 may comprise polysilicon or another conductive material. Field
oxide 20 resting in isolation trenches serves to isolate active area 18
from adjacent active areas. Overlying each gate 26 is an insulating layer
28 which, like insulating layer 27, may comprise silicon dioxide, silicon
nitride or another insulating material. Gates 26 and insulating layers 28
are deposited, patterned and etched according to known methods. After the
formation of gates 26, a lightly doped drain (LDD) implant is performed
using well-known techniques to form source and drain areas 30. This implant
may be performed using an n-type dopant such as phosphorus, arsenic or
antimony. Alternatively, a ptype dopant may be used. Gates 26 and
insulating layers 28 prevent the implant from reaching the areas underneath
gates 26.   9 July 2002 8 In peripheral area 14, a single gate 32 and
insulating layer 34 overly an active area 22. Gate 32 and insulating layer
34 are formed simultaneously with gates 26 and insulating layers 28 in
memory cell array area 12. The LDD implant that forms source and drain
areas 30 in memory cell array area 12 also forms lightly doped areas 36 in
peripheral area 14. Referring to FIGURE 2B, another insulating layer is
deposited and etched using an anisotropic etchant to produce insulating
sidewalls 38 around gates 26 and insulating sidewalls 40 around gate 32.
Alternatively, the insulating layer could be left unetched so that
sidewalls 38 and 40 form part of a continuous insulating layer. Insulating
sidewalls 38 and 40 . preferably comprise the same material as insulating
layers 28 and 34. Insulating sidewalls 38 and 40 may, in an exemplary 0.16
micron design rule and 0.32 micron pitch design, have a thickness between
100 and 500 Angstroms. The formation of sidewalls 38 and 40 may occur
before or after the LDD implant described above, according to the design
specifications of the particular DRAM chip 10. Referring to FIGURE 2C,
another insulating layer 42 is deposited and etched using an anisotropic
etchant. As a result of the anisotropic etching, additional sidewalls 44
are formed around gate 32 in peripheral area 14. Insulating layer 42
preferably comprises a different insulating material than that used to form
sidewalls 38 and 40. Insulating layer 42 is preferably capable of being
etched away using a selective etchant without removing sidewalls 38 and 40.
Insulating layer 42 is preferably deposited with a thickness greater than
or approximately equal to the pitch, or distance between adjacent gates 26,
for memory cell array area 12. Thus, when insulating layer 42 is etched
using an anisotropic etchant, regions of   9 July 2002 9 



insulating layer 42 between gates 26 are not removed by the etchant. This
is important for reasons discussed below. Beyond this minimum thickness,
the preferred thickness of insulating layer 42 is determined by the desired
thickness of sidewalls 44 in peripheral area 14. Referring to FIGURE 2D, a
source/drain implant is performed next. This implant, which may use the
same n-type dopant as was used to form lightly doped areas 36, creates
source and drain areas 46 in peripheral area 14. Source and drain areas 46
have higher doping levels than lightly doped areas 36. However, because
sidewalls 44 block this source/drain implant, only lightly doped areas 36
border the channel region underlying gate 32. Thus, the benefits of heavily
doped source and drain areas 46 may be obtained while minimizing the
negative effects caused by lateral diffusion of source/drain dopant into
the channel and stress on the MOSFET device due to high electric fields at
the source-channel junction and drain-channel junction. In memory cell
array area 12, where heavily doped source and drain areas are not needed,
the source/drain implant is blocked by insulating layer 42. Before further
processing of DRAM chip 10, insulating layer 42 may be removed from memory
cell array area 12 using a selective etchant which does not affect
sidewalls 38 and 40. This selective etching step is preferably performed in
the embodiment in.which sidewalls 38 and 40 form part of a continuous
insulating layer which is resistant to the selective etch. This selective
etchant will also remove sidewalls 44, which serve no further purpose, from
peripheral area 14. Alternatively, insulating layer 42 may be left in place
if insulating layer 42 forms a void-free fill of memory cell array area 12.
9 July 2002 10 Processing of DRAM chip 10 may then proceed according to
well-known methods. For example, contacts may be established to source and
drain areas 30 and 46, and an inter-level insulating layer may be deposited
over memory cell array area 12 and peripheral area 14. The above-described
method allows the formation of more heavily doped source and drain regions
in the peripheral area of the DRAM chip while keeping the heavily doped
regions separated from the channel regions. This reduces diffusion into the
channel regions and allows a smaller design rule to be used for the
peripheral circuitry. The method may also reduce stress at the
source-channel and drain-channel junctions. Furthermore, the
above-described method has no impact on the formation of the DRAM cell
array itself. Moreover, because the added steps of this method are
self-aligning in nature, the "masking level" of the overall DRAM chip
fabrication process is not increased. While the invention has been
particularly shown and described by the foregoing detailed description, it
will be understood by those skilled in the art that various other changes
in form and detail may be made without departing from the spirit and scope
of the invention.   9 July 2002 11 CLAIMS 1. A method for forming a DRAM
chip, comprising the steps of: depositing a memory cell gate in a memory
cell array area of the DRAM chip, the memory cell gate overlying a first
channel area of a substrate; depositing a peripheral gate in a peripheral
area of the DRAM chip, the peripheral gate overlying a second channel area
of the substrate; forming first sidewalls adjacent to the memory cell gate
and adjacent to the peripheral gate; implanting a first dopant having a
first concentration in a first plurality of regions of the substrate, the
first plurality of regions lying predominantly outside the first and second
channel areas of the substrate; forming a second sidewall adjacent to the
peripheral gate, the second sidewall overlying a sidewall area of the
substrate, and spaced apart from the 



peripheral gate by the first sidewalls; implanting a second dopant having a
second concentration in a second plurality of regions of the substrate
within the peripheral area of the DRAM chip, the second plurality of
regions lying predominantly outside the sidewall area of the substrate;
forming an insulating layer over the memory cell array area of the DRAM
chip simultaneously with the step of forming the second sidewall adjacent
to the peripheral gate; and blocking the implant of the second dopant by
the insulating layer. 2. The method of Claim 1, wherein the step of forming
the second sidewall adjacent to the peripheral gate comprises the steps of:
depositing an insulating layer on the substrate; and etching the insulating
layer with an anisotropic etchant. 3. A method for forming a DRAM chip,
comprising the steps of: depositing a memory cell gate in a memory cell
array area of the DRAM chip, the memory cell gate overlying a first channel
area of a substrate;   9 July 2002 12 depositing a peripheral gate in a
peripheral area of the DRAM chip, the peripheral gate overlying a second
channel area of the substrate; forming first sidewalls adjacent to the
memory cell gate and adjacent to the peripheral gate; implanting a first
dopant having a first concentration in a first plurality of source and
drain regions of the substrate, the first plurality of source and drain
regions lying predominantly outside the first and second channel areas of
the substrate; 



forming a second sidewall adjacent to the peripheral gate and spaced apart
from the peripheral gate by the first sidewalls; implanting a second dopant
having a second concentration in a second plurality of source and drain
regions of the substrate within the peripheral area of the DRAM chip;
blocking the implant of the second dopant by the second sidewall; forming
an insulating layer over the memory cell array area of the DRAM chip
simultaneously with the step of forming the second sidewall adjacent to the
peripheral gate; and blocking the implant of the second dopant by the
insulating layer. 4. The method of Claim 1 or 3, further comprising the
step of removing the insulating layer from the memory cell array area of
the DRAM chip. 5. The method of Claim 3, wherein the step of forming the
second sidewall adjacent to the peripheral gate comprises the steps of:
depositing an insulating layer over the substrate; and etching the
insulating Payer with an anisotropic etchant. 6. The method of Claim 1 or
3, wherein the second dopant comprises the first dopant. 7. The method of
Claim 1 or 3, wherein the second concentration is greater than the first
concentration.   9 July 2002 13 8. A DRAM chip, comprising: a memory cell
gate in a memory cell array area of the DRAM chip, the memory cell gate
overlying a first channel area of a substrate; a peripheral gate in a
peripheral area of the DRAM chip, the peripheral gate overlying a second
channel area of the substrate; first sidewalls adjacent to the memory cell
gate and adjacent to the peripheral gate; 



a first plurality of regions of the substrate having a first dopant of a
first concentration, the first plurality of regions lying predominantly
outside the first and second channel areas of the substrate; a second
sidewall adjacent to the peripheral gate, the second sidewall overlying a
sidewall area of the substrate and spaced apart from the peripheral gate by
the first sidewalls; an insulating layer formed over the memory cell array
area of the DRAM chip; and a second plurality of regions of the substrate
within the peripheral area of the DRAM chip, having a second dopant of a
second concentration, the second plurality of regions lying predominantly
outside the sidewall area of the substrate, wherein the second dopant is
blocked from being implanted by the insulating layer. 9. A DRAM chip,
comprising: a memory cell gate in a memory cell array area of the DRAM
chip, the memory cell gate overlying a first channel area of a substrate; a
peripheral gate in a peripheral area of the DRAM chip, the peripheral gate
overlying a second channel area of the substrate; first sidewalls adjacent
to the memory cell gate and adjacent to the peripheral gate; a first
plurality of source and drain regions of the substrate having a first
dopant of a first concentration, the first plurality of source and drain
regions lying predominantly outside the first and second channel areas of
the substrate;   9 July 2002 14 a second sidewall adjacent to the
peripheral gate and spaced apart from the peripheral gate by the first
sidewalls; an insulating layer formed over the memory cell array area of
the DRAM 



chip; and a second plurality of source and drain regions of the substrate
within the peripheral area of the DRAM chip, having a second dopant of a
second concentration and blocked from being implanted by the second
sidewall and the insulating layer. 10. The DRAM chip of Claim 8 or 9,
wherein the second sidewall comprises an insulating layer on the substrate,
etched with an anisotropic etchant. 11. The DRAM chip of Claim 8, 9 or 10
wherein the insulating layer is absent from the memory cell array area of
the DRAM chip. 12. The DRAM chip of Claim 8 or 9, wherein the second dopant
comprises the first dopant. 13. The DRAM chip of Claim 8 or 9, wherein the
second concentration is greater than the first concentration. .A
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