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ABSTRACT

According to one exemplary embodiment, a method
includes planariZing a layer of polysilicon situated over ?eld
oxide regions on a substrate to form polysilicon segments,
Where the polysilicon segments have top surfaces that are

substantially planar With top surfaces of the ?eld oxide
regions, and Where the ?eld oxide regions have a ?rst height
and the polysilicon segments have a ?rst thickness. The
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METHOD FOR CONTROLLING POLY 1
THICKNESS AND UNIFORMITY IN A
MEMORY ARRAY FABRICATION PROCESS

distance betWeen a gate oxide layer situated on the substrate

and top surfaces of the ?eld oxide regions. The method
further includes removing a hard mask over a peripheral

region of the substrate.
According to this exemplary embodiment, the method
further includes etching the polysilicon segments to cause

TECHNICAL FIELD

The present invention is generally in the ?eld of semi
conductor devices. More particularly, the present invention

the polysilicon segments to have a second thickness, Which
causes the top surfaces of the polysilicon segments to be
situated beloW the top surfaces of the ?eld oxide regions,
Where the polysilicon segments are situated in a core region
of the substrate. The polysilicon segments can be etched by
using a Wet etch process. The steps of etching the polysilicon
segments and removing the hard mask can be performed in
a single process tool. The second thickness may be approxi

is in the ?eld of fabrication of memory arrays.
BACKGROUND ART
Conventional memory array, such a ?ash memory array,
typically includes one or more high-density core regions and

a loW-density periphery region on a single substrate.
Memory transistors in the core have a substantially similar

mately 600.0 Angstroms, for example.

stacked gate structure. The stacked gate structure includes a

regions to cause the ?eld oxide regions to have a second

The method further includes recessing the ?eld oxide

?oating gate comprising a ?rst layer of polysilicon (poly l)

height, Where the second height is substantially equal to the
second thickness of the polysilicon segments. The steps of

underneath a control gate. The control gate comprises a

second layer of polysilicon (poly 2).
Processing steps for fabricating a memory array, such as
a ?ash memory array, include, among other steps, forming
a gate oxide layer and isolation regions in core and periph
eral regions of a substrate. Poly 1 is deposited over the gate
oxide layer and the isolation regions and a chemical

20

etching the polysilicon segments, removing the hard mask,
and recessing the ?eld oxide regions can be performed in a

single process tool, for example. Other features and advan
tages of the present invention Will become more readily
apparent to those of ordinary skill in the art after revieWing
25

mechanical polish (“CMP”) process is typically used to

the folloWing detailed description and accompanying draW
1ngs.

planariZe the poly l in the core region While a hard mask

protects the poly l in the peripheral region of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

As a result of the CMP process, poly 1 segments are formed

betWeen isolation regions such that the top surfaces of the
poly 1 segments and the top surfaces of the isolation regions
form a planar surface.

30

In a conventional fabrication process, a CMP “over

polish” process is typically performed to reduce the thick
ness of the poly 1 segments to a desired ?nal thickness.

35

HoWever, the CMP “over-polish” process causes undesir

able core erosion Without providing good stopping capabil
ity. As a result, an accurate ?nal thickness of poly 1

segments is di?icult to achieve by using the CMP “over
polish process. Furthermore, the CMP “over-polish” process

40

causes undesirable non-uniformity in the poly 1 segments,
Which undesirably affects a subsequent gate etch process.
Thus, there is a need in the art for a method of fabricating
a memory array, such as a ?ash memory array, that achieves

a desired poly l ?nal thickness While avoiding undesirable
non-uniformity and core erosion caused by a CMP “over

45

DETAILED DESCRIPTION OF THE
INVENTION

polish” process.
SUMMARY
50

The present invention is directed to method for control
ling poly 1 thickness and uniformity in a memory array
fabrication process. The present invention addresses and
resolves the need in the art for a method of fabricating a
memory array, such as a ?ash memory array, that achieves

The present invention is directed to method for control
ling poly 1 thickness and uniformity in a memory array
fabrication process. The folloWing description contains spe
ci?c information pertaining to the implementation of the
present invention. One skilled in the art Will recogniZe that
the present invention may be implemented in a manner

55

a desired poly l ?nal thickness While avoiding undesirable
non-uniformity and core erosion caused by a CMP “over

different from that speci?cally discussed in the present
application. Moreover, some of the speci?c details of the
invention are not discussed in order not to obscure the

invention.
The draWings in the present application and their accom
panying detailed description are directed to merely exem

polish” process.
According to one exemplary embodiment, a method
includes planariZing a layer of polysilicon situated over ?eld
oxide regions on a substrate to form polysilicon segments,
Where the polysilicon segments have top surfaces that are

plary embodiments of the invention. To maintain brevity,
other embodiments of the present invention are not speci?
cally described in the present application and are not spe

substantially planar With top surfaces of the ?eld oxide
regions, and Where the ?eld oxide regions have a ?rst height
and the polysilicon segments have a ?rst thickness. A CMP
process can be used to planariZe the layer of polysilicon. The
?rst height of the ?eld oxide regions can be equal to a

FIG. 1 is a ?oWchart corresponding to exemplary method
steps according to one embodiment of the present invention.
FIG. 2A illustrates a cross-sectional vieW, Which includes
portions of an exemplary structure fabricated according to
an embodiment of the present invention and a corresponding
process step of the ?oWchart of FIG. 1.
FIG. 2B illustrates a cross-sectional vieW, Which includes
portions of an exemplary structure fabricated according to
an embodiment of the present invention and a corresponding
process step of the ?oWchart of FIG. 1.
FIG. 2C illustrates a cross-sectional vieW, Which includes
portions of an exemplary structure fabricated according to
an embodiment of the present invention and a corresponding
process step of the ?oWchart of FIG. 1.

ci?cally illustrated by the present draWings. It should be
65

borne in mind that, unless noted otherWise, like or corre

sponding elements among the ?gures may be indicated by
like or corresponding reference numerals.
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FIG. 1 shows a ?owchart illustrating an exemplary
method according to an embodiment of the present inven
tion. Certain details and features have been left out of
?owchart 100 that are apparent to a person of ordinary skill

In a second step (poly l etch step) of the etch process,
poly 1 segments 216 are reduced to target thickness 220 by

in the art. For example, a step may consist of one or more

wet etchant. Target thickness 220, which is a target thickness
of poly 1 segments 216 in the core region of substrate 210,

etching poly 1 segments 216 using a wet etchant comprising
an ammonia peroxide mixture (APM) or other appropriate

substeps or may involve specialiZed equipment, as is known
in the art. While steps 150 through 154 indicated in ?ow

can be controlled by appropriately controlling the duration
of the poly l etch step. By way of example, target thickness

chart 100 are su?icient to describe one embodiment of the

220 of poly 1 segments 216 can be approximately 600.0
Angstroms. In other embodiments, poly 1 segments 216 can

present invention, other embodiments of the invention may
use steps different from those shown in ?owchart 100.

Referring to FIGS. 2A, 2B, and 2C, each of structures
250, 252, and 254 illustrates the result of performing steps
150, 152, and 154, respectively, of ?owchart 100 of FIG. 1.
For example, structure 250 shows the result of performing
step 150, structure 252 shows the result of performing step

have a thickness greater than or less than 600.0 Angstroms.
By using a wet etch to achieve target thickness 220 of

poly 1 segments 216, the present invention advantageously
provides a process that is extendable to future technologies.
For example, for a technology requiring a target thickness of

152, and so forth.
Reference is now made to step 150 in ?owchart 100 of

400.0 Angstroms, by appropriately controlling the duration

FIG. 1, and the resulting structure 250 in FIG. 2A. Structure
250 is a portion of a structure formed after poly 1 has been
planariZed at step 150, which occurs during fabrication of an

Angstroms can be achieved with little re-characteriZation of

of the poly l etch step, the target thickness of 400.0

the entire poly 1 process module. Also, by etching poly 1
20

segments 216 in the core region of substrate 210 and the

exemplary memory array, such as a ?ash memory array, in
a core region of a substrate. Structure 250 includes, among

hard mask in the peripheral region of substrate 210 by using

other things, substrate 210 with gate oxide layer 212 residing

216 and the hard mask can be etched in a single process tool.
Referring to step 154 in FIG. 1 and structure 254 in FIG.

thereon. Field oxide regions 214 are situated in substrate 210
and can comprise silicon oxide. Field oxide regions 214 can

an etch process comprising wet etchants, poly 1 segments

25

be formed by using a high density plasma (HDP) process or
other appropriate process. Poly 1 segments 216 are situated
above gate oxide layer 212 and have top surfaces 221.
As stated above, at step 150, a planariZing process is
performed on poly l, which causes poly 1 segments 216 to
be formed by removing excess poly 1 portions above ?eld
oxide regions 214. As a result of the planarizing process, top
surfaces 221 of poly 1 segments 216 are substantially planar
with top surfaces 219 of ?eld oxide regions 214. However,
it is possible that top surfaces 221 of poly 1 segments 216

2C, at step 154 of ?owchart 100, ?eld oxide regions 214 are
recessed to cause top surfaces 219 of ?eld oxide regions 214

to be substantially planar with top surfaces 221 of poly 1
segments 216. Field oxide regions 214 can be recessed by
using an appropriate wet etch process that is selective to
30

polysilicon and, consequently, will not cause undesirably
erosion of poly 1 segments 216. By using a wet etch process
to recess ?eld oxide regions 214, ?eld oxide regions 214, the
peripheral region hard mask, and poly 1 segments 216 can
be advantageously etched in a single process tool. In one

35

embodiment, ?eld oxide regions 214 may be recessed by

would undergo “micro dishing”; in other words, top surfaces

using a dry etch process. As a result of recessing ?eld oxide

221 could, in some circumstances, ?nish slightly lower than
top surfaces 219 of ?eld oxide regions 214. If such micro

regions 214, the height of ?eld oxide regions 214, i.e. the

dishing does take place, the subsequent step 152 (discussed
below) would be appropriately adjusted to reduce poly l

and gate oxide layer 212, is substantially equal to thickness
220 of poly 1 segments 216.

distance between top surfaces 219 of ?eld oxide regions 214
40

etch to compensate for the thinner poly 1 segments 216.
The planariZing process can be performed by using a

Thus, by using an etch process comprising a wet etchant
to achieve a desired target thickness of poly 1 segments, the

CMP process that is selective to silicon oxide such that the

present invention advantageously achieves poly 1 segments

CMP process stops at top surfaces 219 of ?eld oxide regions
214, which have height 218. Height 218 of ?eld oxide

having a substantially uniform thickness. In contrast, a

regions 214 represents the distance between gate oxide layer
212 and top surfaces 219 of ?eld oxide regions 214. Thus,
height 218 of ?eld oxide regions 214 determines the end
point of the CMP process and, consequently, the thickness of
poly 1 segments 216, which is substantially equal to height

45

produces undesirable core erosion without offering good

50

218.
Referring to step 152 in FIG. 1 and structure 252 in FIG.
2B, at step 152 of ?owchart 100, an etch process is per

region of substrate 210 and to reduce the thickness of poly
1 segments 216 to target thickness 220. The hard mask (the
hard mask is not shown in any of the ?gures in the present
application), which is situated over the peripheral region
(the peripheral region is not shown in any of the ?gures in

55

the present application) of substrate 210, can comprise high

60

Furthermore, by removing the hard mask before perform
ing the poly l etch step, the present invention advanta
geously provides the ?exibility to be able to reduce periph
eral polysilicon thickness or decrease the polysilicon
thickness difference between the core and the periphery

regions of the substrate.
From the above description of exemplary embodiments of

hydro?uoric (HF) acid or other appropriate wet etchant. By

process discussed above.

process tools to implement steps 152 and 154. Moreover,
using only one process tool to perform both steps 152 and
step 154 saves a substantial amount of manufacturing time.

temperature oxide (HTO) and can be removed in a ?rst step
of the etch process by using a wet etchant such as dilute

the polysilicon areas from dishing during the planariZing

stopping capability. Moreover, wet etch uniformity achieved
by the present invention is far superior to the non-uniformity
achieved by the conventional CMP “over-polish” process.
Additionally, by performing steps 152 and 154 using the
same process tool, the present invention advantageously
achieves a substantial reduction in manufacturing cost com
pared to a conventional process that uses two separate

formed to remove a hard mask situated over a peripheral

way of background, the hard mask is formed over polysili
con areas in the peripheral region of substrate 210 to protect

conventional process uses a CMP “over-polish” process to

achieve a desired target thickness of poly 1 segments, which

65

the invention it is manifest that various techniques can be

used for implementing the concepts of the present invention
without departing from its scope. Moreover, while the
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invention has been described With speci?c reference to
certain embodiments, a person of ordinary skill in the art
Would recognize that changes could be made in form and
detail Without departing from the spirit and the scope of the
invention. The described exemplary embodiments are to be

9. The method of claim 8 Wherein said step of etching said

polysilicon segments and said step of removing said hard
mask are performed in a single process tool.
10. A method of fabricating a memory array, said method
5

considered in all respects as illustrative and not restrictive.
It should also be understood that the invention is not limited

planariZing a layer of polysilicon situated over ?eld oxide
regions on a substrate to form polysilicon segments,
said polysilicon segments having top surfaces that are

to the particular exemplary embodiments described herein,
but is capable of many rearrangements, modi?cations, and

substantially planar With top surfaces of said ?eld oxide
regions, said ?eld oxide regions having a ?rst height
and said polysilicon segments having a ?rst thickness,

substitutions Without departing from the scope of the inven
tion.
Thus, a method for controlling poly 1 thickness and
uniformity in a memory array fabrication process has been
described.
The invention claimed is:
1. A method comprising:
planariZing a layer of polysilicon situated over ?eld oxide
regions on a substrate to form polysilicon segments,
said polysilicon segments having top surfaces that are

substantially planar With top surfaces of said ?eld oxide
regions, said ?eld oxide regions having a ?rst height
and said polysilicon segments having a ?rst thickness;
etching said polysilicon segments to cause said polysili

said polysilicon segments being situated in a core

region of said substrate;
removing a hard mask situated over a peripheral region of

said substrate;
etching said polysilicon segments to cause said polysili
con segments to have a second thickness, said step of

etching said polysilicon segments causing said top
20

25

surfaces of said polysilicon segments to be situated
beloW said top surfaces of said ?eld oxide regions, said
polysilicon segments being situated in a core region of

said polysilicon segments.
30

4. The method of claim 1 further comprising a step of
removing a hard mask over a peripheral region of said

etching of said ?eld oxide regions.
12. The method of claim 10 Wherein said step of removing
35

said hard mask, said step of etching said polysilicon seg
ments, and said step of recessing said ?eld oxide regions are
performed in a single process tool.
13. The method of claim 10 Wherein said step of etching

said polysilicon segments and said step of removing said
40

substrate prior to said step of etching said polysilicon
segments, Wherein said step of etching said polysilicon
segments, said step of removing said hard mask, and said
step of etching said polysilicon segments are performed in a
single process tool.
5. The method of claim 1 Wherein said step of planariZing

11. The method of claim 10 Wherein said step of etching
said polysilicon segments comprises using a Wet etch pro
cess, Wherein said Wet etch process causes substantially no

being substantially equal to said second thickness of
said polysilicon segments.
2. The method of claim 1 Wherein said step of etching said
polysilicon segments comprises using a Wet etch process.
3. The method of claim 1 Wherein said step of etching said
polysilicon segments and said step of recessing said ?eld
oxide regions are performed in a single process tool.

recessing said ?eld oxide regions to cause said ?eld oxide
regions to have a second height, said second height

being substantially equal to said second thickness of

said substrate;
recessing said ?eld oxide regions to cause said ?eld oxide
regions to have a second height, said second height

surfaces of said polysilicon segments to be situated
beloW said top surfaces of said ?eld oxide regions;
Wherein said step of removing said hard mask is per
formed prior to said step of etching said polysilicon

segments;

con segments to have a second thickness, said step of

etching said polysilicon segments causing said top

comprising:

hard mask are performed in a single process tool.
14. The method of claim 10 Wherein said step of etching

said polysilicon segments comprises using an ammonia
peroxide mixture.
45

15. The method of claim 10 Wherein said ?rst height of
said ?eld oxide regions is equal to a distance betWeen a gate
oxide layer situated on said substrate and said top surfaces

said layer of polysilicon comprises using a chemical
mechanical polishing process.

of said ?eld oxide regions.

6. The method of claim 1 Wherein said ?rst height of said
?eld oxide regions is equal to a distance betWeen a gate
oxide layer situated on said substrate and said top surfaces
of said ?eld oxide regions.
7. The method of claim 1 Wherein said second thickness

of said polysilicon segments is less than 600.0 Angstroms.
17. The method of claim 10 Wherein said step of pla

16. The method of claim 10 Wherein said second thickness
50

nariZing said layer of polysilicon comprises using a chemi

of said polysilicon segments is less than 600.0 Angstroms.
8. The method of claim 1 further comprising a step of
removing a hard mask over a peripheral region of said

substrate prior to said step of etching said polysilicon
segments.

55

cal mechanical polishing process.
18. The method of claim 17 Wherein said ?rst height of
said ?eld oxide regions determines an endpoint of said
chemical mechanical polishing process.

