(19)

US 20160365350A1

a2y Patent Application Publication o) Pub. No.: US 2016/0365350 A1

United States

Chuang et al. 43) Pub. Date: Dec. 15, 2016
(54) METHOD FOR FORMING A SPLIT-GATE HOIL 21/3215 (2006.01)
FLASH MEMORY CELL DEVICE WITH A HOIL 29/423 (2006.01)
LOW POWER LOGIC DEVICE HOIL 21/3213 (2006.01)
(52) US. CL
(71)  Applicant: Taiwan Semiconductor CPC ... HOIL 27711521 (2013.01); HOIL 29/42328
Manufacturing Co., Ltd., Hsin-Chu (2013.01); HOIL 21/32139 (2013.01); HOIL
(TwW) 27/11531 (2013.01); HOIL 21/28273
L (2013.01); HOIL 21/32155 (2013.01); HOIL
(72) Inventors: Harry-Hak-Lay Chuang, Zhubel. Cl.ty 29/66825 (2013.01)
(TW); Chang-Ming Wu, New Taipei
Township (TW)
A method of manufacturing an embedded flash memory
(21) Appl. No.: 15/245,539 device is provided. A pair of gate stacks are formed spaced
over a semiconductor substrate, and including floating gates
(22) Filed: Aug. 24, 2016 and control gates over the floating gates. A common gate
L. layer is formed over the gate stacks and the semiconductor
Related U.S. Application Data substrate, and lining sidewalls of the gate stacks. A first etch
(62) Division of application No. 14/573,208, filed on Dec. is performed into the common gate layer to recess an upper
17, 2014, now Pat. No. 9,484,352. surface of the common gate layer to below upper surfaces
respectively of the gate stacks, and to form an erase gate
Publication Classification between the gate stacks. Hard masks are respectively formed
over the erase gate, a word line region of the common gate
(51) Int. CL layer, and a logic gate region of the common gate layer. A
HOI1L 27/115 (2006.01) second etch is performed into the common gate layer with
HOIL 29/66 (2006.01) the hard masks in place to concurrently form a word line and
HOIL 2128 (2006.01) a logic gate.
19}(}(}
X
110

{
164




Patent Application Publication Dec. 15,2016 Sheet 1 of 11 US 2016/0365350 A1

i02 He 176
S

ol
|

y e
1da 104b t6d 148a 148b



Patent Application Publication Dec. 15,2016 Sheet 2 of 11 US 2016/0365350 A1

200

™
< START )
S
—T
FORM OR PROVIDE A PAIR OF GATE STACKS SPACED OVER A MEMORY REGION
OF A SEMICONDUCTOR SUBSTRATE
f
FORM A POLYSILICOWN LAYVER, A DIFELECTRIC LAYER, AND A BOTTOM ANTI-
204 ~ REFLECTIVE (BARCYLAYER, IN THAT ORDER, OVER THE SEMICONDUCTOR
SUBSTRATE AND THE GATE STACKS
f
PERFORM ETCH BACKS OF THE BARCLAYER, THE THELECTRIC LAYER, AND THE
206 ~  POLYSILICON LAYER, IN THAT ORDER. TQ FORM A POLYSILICON ERASE GATE
BETWEEN THE GATE STACKS
{

20~

268 \Jf REMOVE THE REMAINING BARC AND DHELECTRIC LAYERS ]
I

210 '\4 IMPLANT DOPANTS INTO THE REMAINING POLYSILICON LAYER l
i

217~ FORM HARD MASKS OVER THE ERASE GATE. AND LOGIC GATE AND WORD LINE

REGIONS OF THE DOPED POLYSILICON LAYER
[

PERFORM AN ETCH THROUGH REGIONS OF THE DOPED POLYSILICON LAYER
2i4 ~p UNMASKED RY THE HARD MASKS TO FORM W{RD LINES OVER THE MEMORY
REGION AND LOGIC GATES OVER THE LOGIC REGION
f
IMPLANT DOPANTS INTO THE SEMICONDUCTOR SUBSTRATE TO FROM SOURCE/

216~ DRAIN REGIONS NEIGHBORING THE WORD LINES AND THE LOGIC GATES
{
218 ~J RKREMOVE THE HART MASKS |

f
220 *\-Ir FORM SPACERS ALONG SIDEWALLS QF THE WORD LINES AND THE LOGIC GATES l
!
FORM SILICIDE PADS OVER THE ERASE GATE, THE WORD LINES, AND THE
SOURCE/DRAIN REGHONS
!

FORM A CONTACT ETCH STOP LAYER AND AN INTERLAYER DIELECTRIC (11D}
224 ~  LAYER, IN THAT ORDER, OVER THE REMAINING DOPED POLYSILICON LAYER,
THE SILICIDE PADS, AND THE GATE STACKS
!

FORM CORTACTS THROQUGH THE CONTACT ETCH STOP LAYER AND THE LD
226 ~  LAYER TO THE WORD LINES. THE GATE STACK, THE LOGIC GATES, AND THE

SOURCE/DRAIN REGIONS




Patent Application Publication Dec. 15,2016 Sheet 3 of 11 US 2016/0365350 A1

406

406
{

Fig. 4



Patent Application Publication Dec. 15,2016 Sheet 4 of 11 US 2016/0365350 A1

500
)

/
404 402 &

600

402 ‘/

406° 404
.Y

Fig. 6



Patent Application Publication Dec. 15,2016 Sheet 5 of 11 US 2016/0365350 A1

700
J
124 140 106 142 'y
: il , W06 409 407
( / i
1100< |
164
[ ]
Fig. 7
800
]
124 146 106 142 &
— .‘(

i

Fig. 8



Patent Application Publication Dec. 15,2016 Sheet 6 of 11 US 2016/0365350 A1

300
/
r's
N
13%‘140 u‘\o 14z
|
110
|
164
Fig. 9
i:/)}()()

ol
|




Patent Application Publication Dec. 15,2016 Sheet 7 of 11

US 2016/0365350 A1
1100
1002 1102
1106 124 140 1104 106 142 ( @
¢ (' \
120 /
4027
18 §
302
) C X
i 0 ‘
502 122 !
110 :
i 154
3 Y
(
164
.
Fig. 11
1200
1106 124 140 1104 106 142 1202 1206
[ (L [ | { [
N |
‘ |
N 120 ’
I e 5 O
11 1 a
] 162 302
] T .
7 { . =
502 122 ' 1204
10
154"

Fig. 12



Patent Application Publication Dec. 15,2016 Sheet 8 of 11 US 2016/0365350 A1

1196 124 140 1104 105142 1206 £
( ‘ v (

)

Ty

ind

Fig. 13

Y

PG 124 3027 140 1104 1066 142 1206
(L8 & R (

\ \

119

4 i

ind

Fig. 14



Patent Application Publication Dec. 15,2016 Sheet 9 of 11 US 2016/0365350 A1

1500

124 3027 140 106 142 4
(8

110

124 302" 146 105 142 ‘/
( ( '

116

Fig. 16



Patent Application Publication Dec. 15,2016 Sheet 10 of 11  US 2016/0365350 Al

124 302 140 156 106 142 &
{ {

.

11

Fig. 17

1800

1o |

164

Fig. 18



Patent Application Publication  Dec. 15,2016 Sheet 11 of 11  US 2016/0365350 A1

1900




US 2016/0365350 Al

METHOD FOR FORMING A SPLIT-GATE
FLASH MEMORY CELL DEVICE WITH A
LOW POWER LOGIC DEVICE

REFERENCE TO RELATED APPLICATION

[0001] This Application is a Divisional of U.S. application
Ser. No. 14/573,208, filed on Dec. 17, 2014, the contents of
which are hereby incorporated by reference in their entirety.

BACKGROUND

[0002] A trend in the semiconductor manufacturing indus-
try is to integrate different semiconductor components of a
composite semiconductor device into a common semicon-
ductor structure. Such integration advantageously allows
lower manufacturing costs, simplified manufacturing proce-
dures, and increased operational speed. One type of com-
posite semiconductor device is an embedded flash memory
device. An embedded flash memory device includes an array
of flash memory cell devices and logic devices supporting
operation of the flash memory cell devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0004] FIG. 1 illustrates a cross-sectional view of some
embodiments of an embedded flash memory device with a
split-gate flash memory cell device and a low power logic
device.

[0005] FIG. 2 illustrates a flow chart of some embodi-
ments of a method for manufacturing an embedded flash
memory device having a split-gate flash memory cell device
and a low power logic device.

[0006] FIGS. 3-19 illustrates a series of cross-sectional
views of some embodiments of an embedded flash memory
device at intermediate stages of manufacture, the semicon-
ductor structure having a split-gate flash memory cell device
and a low power logic device.

DETAILED DESCRIPTION

[0007] The present disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of this disclosure. Specific examples of components
and arrangements are described below to simplify the pres-
ent disclosure. These are, of course, merely examples and
are not intended to be limiting. For example, the formation
of a first feature over or on a second feature in the descrip-
tion that follows may include embodiments in which the first
and second features are formed in direct contact, and may
also include embodiments in which additional features may
be formed between the first and second features, such that
the first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is
for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0008] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
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used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0009] Moreover, “first”, “second”, “third”, etc. may be
used herein for ease of description to distinguish between
different elements of a figure or a series of figures. “first”,
“second”, “third”, etc. are not intended to be descriptive of
the corresponding element. Therefore, “a first dielectric
layer” described in connection with a first figure may not
necessarily corresponding to a “first dielectric layer”
described in connection with another figure.

[0010] An embedded flash memory device includes an
array of flash memory cell devices and logic devices sup-
porting operation of the flash memory cell devices. Common
types of flash memory cell devices include stacked-gate
flash memory cell devices and split-gate flash memory
devices (e.g., third generation SUPERFLASH (ESF3)
memory cell devices). Compared to stacked-gate flash
memory cell devices, split-gate flash memory cell devices
have lower power consumption, higher injection efficiency,
less susceptibility to short channel effects, and over erase
immunity. As such, split-gate flash memory cell devices are
more prevalent. Common types of logic devices include
address decoders and read/write circuitry.

[0011] According to some methods for manufacturing an
embedded flash memory device, high k metal gate (HKMG)
technology is employed. Split-gate flash memory cell
devices are formed with a memory region of a semiconduc-
tor substrate. Logic devices are then formed with a logic
region of the semiconductor substrate and with sacrificial
gates insulated from the logic region by a high k dielectric
(i.e., a dielectric with a dielectric constant exceeding 3.9). A
first interlayer dielectric (ILD) layer is formed over the
memory and logic regions, and a planarization is performed
into the first ILD layer to the sacrificial gates. The sacrificial
gates of the logic devices are replaced with metal gates, and
a second ILD layer is formed over the logic devices with
contacts extending therethrough to the logic devices and the
memory cell devices.

[0012] HKMG technology has become one of the front
runners for the logic devices of next generation embedded
flash memory devices using 28 nm or smaller feature sizes.
Among other things, HKMG technology reduces leakage
current, increases maximum drain current, mitigates the
effects of fermi-level pinning, and allows reduced threshold
voltages. However, even though HKMG technology offers
performance improvements, there is room for improvement
when it comes to power efficiency. In some applications,
such as mobile applications, power efficiency is more impor-
tant than performance.

[0013] In view of the foregoing, the present application is
directed to a method for manufacturing an embedded flash
memory device with low power logic devices. A pair of gate
stacks is formed over a memory region of a semiconductor
substrate. A polysilicon layer is formed over the gate stacks,
and subsequently etched back to form an erase gate between
the gate stacks. A hard mask layer is formed over gate stacks
and the polysilicon layer, and subsequently etched back over
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the memory region. The polysilicon layer and the hard mask
layers are etched to form word lines adjacent to the gate
stacks opposite the erase gate, and logic devices over a logic
region of the semiconductor substrate. An ILD layer is
formed over the memory and logic regions, and contacts are
formed therethrough. Advantageously, the method is com-
patible with next generation manufacturing processes using
28 nm or smaller feature sizes and self-aligns the word lines.
Further, the method advantageously reduces costs compared
to other methods using HKMG technology due to the use of
a shared polysilicon layer and a shared hard mask layer for
the word lines, the erase gates, and the logic devices.

[0014] The present application is also directed an embed-
ded flash memory device with low power logic devices. A
pair of split-gate flash memory cell devices includes a
memory region of a semiconductor device. Arranged over
the memory region, the pair includes gate stacks arranged on
opposing sides of an erase gate, and word lines adjacent to
the gate stacks opposite the erase gate. The word lines
include word line ledges exhibiting reduced heights relative
to top surfaces of the word lines and opposite the erase gate.
Logic devices include a logic region of the semiconductor
substrate. Arranged over the logic region, the logic devices
include logic gates insulated from the logic region by a
dielectric and having top surfaces about even with the word
line ledges. The word lines, the erase gate, and the logic
gates are formed from polysilicon. An IL.D layer is arranged
over the pair and the logic devices with contacts extending
therethrough. Advantageously, the embedded flash memory
device has a high power efficiency compared to HKMG
embedded flash memory devices.

[0015] With reference to FIG. 1, a cross-sectional view
100 of some embodiments of an embedded flash memory
device is provided. The embedded flash memory device
includes one or more pairs 102 of split-gate flash memory
cell devices 104a, 1045. For example, as illustrated, the
embedded flash memory device includes a pair 102 having
a first split-gate flash memory cell device 1044 and a second
split-gate flash memory cell device 1045. The memory cell
devices 104a, 1045 of the pairs 102 store data in a nonvola-
tile manner and are, for example, third generation SUPER-
FLASH (ESF3) memory cell devices.

[0016] Gate stacks 106 corresponding to the memory cell
devices 104a, 1045 are spaced over a memory region 108 of
a semiconductor substrate 110. The semiconductor substrate
110 is, for example, a bulk semiconductor substrate or a
silicon-on-insulator (SOI) substrate. A gate stack 106 of a
memory cell device 104a, 1045, typically of each memory
cell device 104a, 1045, includes a floating gate dielectric
region 112, a floating gate 114, a control gate dielectric
region 116, a control gate 118, and a hard mask 120. The
floating gate 114 is arranged over the memory region 108
with the floating gate dielectric region 112 interposed
between the memory region 108 and the floating gate 114.
Further, the floating gate 114 includes a floating gate ledge
122 exhibiting a reduced height relative to a top surface of
the floating gate 114 and surrounding a core region of the
floating gate 114. The floating gate 114 is, for example,
doped polysilicon, and the floating gate dielectric region 112
is, for example, an oxide, such as silicon dioxide. The
control gate 118 is arranged over the core region with the
control gate dielectric region 116 interposed between the
core region and the control gate 118. The control gate 118 is,
for example, doped polysilicon, and the control gate dielec-
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tric region 116 is, for example, an oxide-nitride-oxide
(ONO) film. The hard mask 120 is arranged over the control
gate 118, and is, for example, silicon nitride.

[0017] Dielectric liners 124 corresponding to the gate
stacks 106 extend from the floating gate ledges 122 of the
corresponding gate stacks 106 to line the control gate
dielectric regions 116, the control gates 118, and the hard
masks 120. For example, the dielectric liners 124 line
sidewalls of the control gate dielectric regions 116 and the
control gates 118, and line top surfaces and sidewalls of the
hard masks 120. Typically, there is a one-to-one correspon-
dence between the gate stacks 106 and the dielectric liners
124. The dielectric liners 124 are, for example, ONO films.
[0018] First memory source/drain regions 126, erase gate
dielectric regions 128, and erase gates 130, corresponding to
the memory cell pairs 102 are arranged between the memory
cell devices 104a, 1045 of the corresponding memory cell
pairs 102. Typically, each memory cell pair 102 includes a
first memory source/drain region 126, an erase gate dielec-
tric region 128, and an erase gate 130. The erase gates 130
are arranged over the first memory source/drain regions 126
with the erase gate dielectric regions 128 interposed between
the erase gates 130 and the first memory source/drain
regions 126. The erase gates 130 are, for example, doped
polysilicon, the first memory source/drain regions 126 are,
for example, n- or p-type doped regions of the semiconduc-
tor substrate 110, and the erase gate dielectric regions 128
are, for example, oxide, such as silicon dioxide.

[0019] Word lines 132, and word line dielectric regions
134, corresponding to the gate stacks 106 are arranged
adjacent to the corresponding gate stacks 106 opposite the
erase gates 130. Typically, each gate stack 106 is associated
with a word line 132 and a word line dielectric region 134.
The word lines 132 are arranged over the memory region
108 with the word line dielectric regions 134 interposed
between the word lines 132 and the memory region 108.
Further, the word lines 132 include word line ledges 136
exhibiting reduced heights relative to top surfaces of the
word lines 132 and extending along edges of the word lines
132 that are on opposite sides of the word lines 132 as the
gate stacks 106. In some embodiments, the word lines 132
have a height H1 of about 800 Angstroms, and the word line
ledges 136 have a height of about 700 Angstroms. The word
lines 132 are, for example, doped polysilicon, and the word
line dielectric regions 134 are, for example, oxide, such as
silicon dioxide.

[0020] Second memory source/drain regions 138 corre-
sponding to the word lines 132 are arranged adjacent to the
corresponding word lines 132 opposite the gate stacks 106.
Typically, there is a one-to-one correspondence between the
second memory source/drain regions 138 and the word lines
132. The second memory source/drain regions 138 are, for
example, n- or p-type doped regions of the semiconductor
substrate 110. In some embodiments, neighboring memory
cell pairs 102 share a second memory source/drain region
138.

[0021] Dielectric spacer regions (i.e., dielectric spacers)
140, 142, 144 are arranged along sidewalls of the word lines
132, the erase gates 130, and the gate stacks 106. First
dielectric spacer regions 140 are arranged along sidewalls of
the gate stacks 106 between the gate stacks 106 and the erase
gates 130. Second dielectric spacer regions 142 are arranged
along sidewalls of the gate stacks 106 between the gate
stacks 106 and the word lines 132. Third dielectric spacer
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regions 144 are arranged along sidewalls of the word lines
132 on opposite sides of the word lines 132 as the second
dielectric spacer regions 142. The first and second dielectric
spacer regions 140, 142 are, for example, oxide, such as
silicon dioxide, and the third dielectric spacer regions 144
are, for example, silicon nitride.

[0022] In operation, a memory cell device 104a, 1045,
typically each of the memory cell devices 104a, 1045, store
avariable amount of charge, such as electrons, in the floating
gate 114. The amount of charge stored in the floating gate
114 represents a binary value and is varied through program,
read, and erase operations. These operations are performed
through selective biasing of the control gate 118, the word
line 132, and the erase gate 130.

[0023] During a program operation of a memory cell
device 104a, 104b, the word line 132 is biased and the
control gate 118 is biased with a high (e.g., at least an order
of magnitude higher) voltage relative to voltages surround-
ing the floating gate 114 (e.g., the voltage on the word line
132). The high bias voltage promotes Fowler-Nordheim
tunneling of carriers from an underlying channel region 146
between the first memory source/drain region 126 and the
second memory source/drain region 138 towards the control
gate 118. As the carriers tunnel towards the control gate 118,
the carriers become trapped in the floating gate 114.
[0024] During an erase operation of a memory cell device
104a, 1045, the erase gate 130 is biased with a high (e.g., at
least an order of magnitude higher) voltage relative to
voltages surrounding the floating gate 114 (e.g., the voltage
on the control gate 118). The high bias voltage promotes
Fowler-Nordheim tunneling of carriers from the floating
gate 114 towards the erase gate 130. As the carriers tunnel
towards the erase gate 130, the carriers become dislodged or
otherwise removed from the floating gate 114.

[0025] Charge stored in the floating gate 114 of a memory
cell device 104a, 1045 screens an electric field formed
between the control gate 118 and the channel region 146
when the control gate 118 is biased. This has an effect of
increasing the threshold voltage V,, of the memory cell
device 1044, 1045 by an amount AV,,. Therefore, during a
read operation of a memory cell device 104a, 1045, the word
line 132 is biased and the control gate 118 is biased with a
voltage greater than V ,, but less than V,+AV ;. If current
flows through the channel region 146, the floating gate 114
is in one state; otherwise it’s in another state.

[0026] With continued reference to FIG. 1, the embedded
flash memory device further includes one or more logic
devices 1484, 1485. For example, as illustrated, the embed-
ded flash memory device includes a first logic device 148a
and a second logic device 148b. The logic devices 148a,
1486 coordinate to implement logic supporting operation of
the memory cell pairs 102 and are, for example, transistors.
In some embodiments, the logic devices 148a, 1485 are
arranged around the memory cell pairs 102. Further, in some
embodiments, as illustrated, at least some of the logic
devices 148a, 1485 are connected in series.

[0027] Logic gates 150, and logic gate dielectric regions
152, corresponding to the logic devices 148a, 1485 are
spaced over a logic region 154 of the semiconductor sub-
strate 110. Typically, each logic device 148a, 1485 includes
a logic gate 150 and a logic gate dielectric region 152. The
logic gates 150 are, for example, doped polysilicon, and the
logic gate dielectric regions 152 are, for example, an oxide,
such as silicon dioxide. In some embodiments, the logic
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gates 150 have heights less than the heights of word lines
132 (e.g., 700 Angstroms versus 800 Angstroms) and/or less
than half the heights of the gate stacks 106. Further, in some
embodiments, the logic gates 150 have heights H2 about
even with the word line ledges 136. For example, the logic
gates 150 have heights H2 of about 700 Angstroms.
[0028] Advantageously, by forming the logic gates 150
and the logic gate dielectric regions 152 out of polysilicon
and oxide, respectively, the power efficiency of the logic
devices 148a, 1485 is improved compared to HKMG logic
devices. Further, by shrinking the logic gates 150 relative to
the size of the memory cell devices 104a, 1045 and HKMGs,
the power efficiency of the logic devices 148a, 1485 is
further improved. For example, in some embodiments, the
gate stacks 106 have heights H2 at least about two times the
heights of the logic devices 148.

[0029] Logic source/drain regions 156 corresponding to
the logic gates 150 are arranged adjacent to the correspond-
ing logic gates 150. Typically, each logic gate 150 is
associated with two logic source/drain regions 156. A logic
source/drain region 156 can be individual to the correspond-
ing logic gate 150 or shared by two or more logic gates 150.
The logic source/drain regions 156 correspond to n- or
p-type doped regions of the logic region 154. In operation,
channel regions 158 form between the logic source/drain
regions 156 under the logic gates 150.

[0030] Fourth dielectric spacer regions 160 corresponding
to the logic gates 150 are arranged along sidewalls of the
logics gates 150. Typically, each logic gate 150 includes a
pair of fourth dielectric spacer regions 160 arranged on
opposing sides of the logic gate 150 between the logic
source/drain regions 156 corresponding to the logic gate
150. The fourth dielectric spacer regions 160 are, for
example, oxide, such as silicon dioxide.

[0031] With yet continued reference to FIG. 1, an isolation
region 162 is arranged in an intermediate region 164 of the
semiconductor substrate 110 between the memory region
108 and the logic region 154 to isolate the memory cell
devices 104a, 1045 from the logic devices 148a, 1485. In
some embodiments, the isolation region 162 and the inter-
mediate region 164 are ring-shaped and surround the
memory cell devices 104a, 1045. The isolation region 162
is, for example, a shallow trench isolation (STI) region, a
deep trench isolation (DTTI) isolation, or an implant isolation
region.

[0032] Silicide pads 166 are arranged over the second
memory source/drain regions 138, the erase gates 130, the
word lines 132, the logic gates 150, and the logic source/
drain regions 156. Contacts 168 extend through an ILD layer
170, and a contact etch stop layer 172, arranged over the
memory cell devices 104a, 1045 and the logic devices 148a,
1485 to the silicide pads 166. The contact etch stop layer 172
is arranged between the memory cell and logic devices 104a,
1045, 148a, 1485 and the ILD layer 170, and is, for example,
silicon nitride. The ILD layer 170 is, for example, a low K
dielectric (i.e., a dielectric with a dielectric constant less than
3.9) or silicon dioxide. The contacts 168 are, for example,
metal, such as tungsten.

[0033] With reference to FIG. 2, a flowchart 200 provides
some embodiments of a method for manufacturing an
embedded flash memory device having a split-gate flash
memory cell and a low power logic device.

[0034] At 202, a pair of gate stacks are formed spaced over
a memory region of a semiconductor substrate is formed.
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[0035] At 204, a polysilicon layer, a dielectric layer, and a
bottom anti-reflective coating (BARC) layer are formed, in
that order, over the semiconductor substrate and the gate
stacks.

[0036] At 206, etch backs are performed into the BARC
layer, the dielectric layer, and the polysilicon layer, in that
order, to form a polysilicon erase gate between the gate
stacks.

[0037] At 208, the remaining BARC and dielectric layers
are removed.
[0038] At 210, dopants are implanted into the remaining

polysilicon layer.

[0039] At 212, hard masks are formed over the erase gate,
and logic gate and word line regions of the doped polysilicon
layer.

[0040] At 214, an etch is performed into regions of the
doped polysilicon layer unmasked by the hard masks to form
polysilicon word lines over the memory region and poly-
silicon logic gates over the logic region.

[0041] At 216, dopants are implanted into the semicon-
ductor substrate to form source/drain regions neighboring
the word lies and the logic gates.

[0042] At 218, the hard masks are removed.

[0043] At 220, spacers are formed along sidewalls of the
word lines and the logic gates.

[0044] At 222, silicide pads are formed over the erase
gate, the word lines, and the source/drain regions.

[0045] At 224, a contact etch stop layer and an ILD layer
are formed, in that order, over the polysilicon silicon layer,
the silicide pads, and the gate stacks.

[0046] At 226, contacts are formed through the contact
etch stop layer and the ILD layer to the word lines, the gate
stack, the erase gate, the logic gates, and the source/drain
regions.

[0047] Advantageously, the method self-aligns the word
lines and is compatible with next generation manufacturing
processes using 28 nm or smaller feature sizes. Further, the
method advantageously reduces costs relative to other meth-
ods using HKMG technology due to the use of a shared
polysilicon layer for the word lines, the erase gate, and the
logic devices and a simplified process.

[0048] While the disclosed methods (e.g., the method
described by the flowchart 200) are illustrated and described
herein as a series of acts or events, it will be appreciated that
the illustrated ordering of such acts or events are not to be
interpreted in a limiting sense. For example, some acts may
occur in different orders and/or concurrently with other acts
or events apart from those illustrated and/or described
herein. Further, not all illustrated acts may be required to
implement one or more aspects or embodiments of the
description herein, and one or more of the acts depicted
herein may be carried out in one or more separate acts and/or
phases.

[0049] With reference to FIGS. 3-19 cross-sectional and
top views of some embodiments of an embedded flash
memory device at various stages of manufacture are pro-
vided to illustrate the method of FIG. 2. Although FIGS.
3-19 are described in relation to the method, it will be
appreciated that the structures disclosed in FIGS. 3-19 are
not limited to the method, but instead may stand alone as
structures independent of the method. Similarly, although
the method is described in relation to FIGS. 3-19, it will be
appreciated that the method is not limited to the structures
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disclosed in FIGS. 3-19, but instead may stand alone inde-
pendent of the structures disclosed in FIGS. 3-19.

[0050] FIG. 3 illustrates a cross-sectional view 300 of
some embodiments corresponding to Act 202 of FIG. 2.
[0051] As illustrated by FIG. 3, a pair of gate stacks 106
are formed or provided spaced over a memory region 108' of
a semiconductor substrate 110'. The memory region 108' is
spaced from a logic region 154' of the semiconductor
substrate 110' by an intermediate region 164 of the semi-
conductor substrate 110'. The intermediate region 164
includes an isolation region 162 that isolates memory cell
devices over the memory region 108' from logic devices
over the logic region 154'.

[0052] A gate stack 106 of the pair, typically of each gate
stack 106 of the pair, includes a floating gate dielectric
region 112, a floating gate 114, a control gate dielectric
region 116, a control gate 118, and a hard mask 120. The
floating gate 114 is arranged over the memory region 108
with the floating gate dielectric region 112 interposed
between the memory region 108' and the floating gate 114.
Further, the floating gate 114 includes a floating gate ledge
122 exhibiting a reduced height relative to a top surface of
the floating gate 114 and extending around a core region of
the floating gate 114. The control gate 118 is arranged over
the core region with the control gate dielectric region 116
interposed between the core region and the control gate 118.
The hard mark 120 is arranged over the control gate 118, and
is, for example, silicon nitride. In some embodiments, the
hard mask 120 has a thickness or height of about 1000
Angstroms.

[0053] Also illustrated by FIG. 3, dielectric liners 124
corresponding to the gate stacks 106 are formed or provided
extending from the floating gate ledges 122 of the gate
stacks 106 to line the control gate dielectric regions 116, the
control gates 118, and the hard masks 120. Further, a first
dielectric layer 302 is formed or provided to line the gate
stacks 106, the dielectric liners 124, and the semiconductor
substrate 110'. The first dielectric layer 302 includes dielec-
tric spacer regions 140, 142 arranged along opposing side-
walls of the gate stacks 106, as well as an erase gate
dielectric region 128 arranged over a first memory source/
drain region 126 between gate stacks 106. The first dielectric
layer 302 is, for example, an oxide, such as silicon dioxide.
[0054] FIG. 4 illustrates a cross-sectional view 400 of
some embodiments corresponding to Act 204 of FIG. 2.
[0055] As illustrated by FIG. 4, a polysilicon layer 402, a
second dielectric layer 404, and a BARC layer 406 are
formed, in that order, over the semiconductor substrate 110",
the first dielectric layer 302, and the gate stacks 106. The
second dielectric layer 404 is, for example, an oxide, such as
silicon dioxide. In some embodiments, the polysilicon layer
402 has a thickness of about 700 Angstroms, the second
dielectric layer 404 has a thickness of about 80 Angstroms,
and/or the BARC layer 406 has a thickness of about 1200
Angstroms.

[0056] FIGS. 5-7 illustrate cross-sectional views 500, 600,
700 of some embodiments corresponding to Act 206 of FIG.
2.

[0057] As illustrated by FIG. 5, a first etch back is per-
formed into the BARC layer 406 to etch the BARC layer 406
back to below the top surfaces of the gate stacks 106. In
performing the first etch back, regions of the BARC layer
406 overlying the gate stacks 106, the erase gate dielectric
region 128, and word line regions 502 of the polysilicon
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layer 402 are substantially removed. The first etch back may
be performed by exposing the BARC layer 406 to an etchant
that preferentially etches the BARC layer 406 for a prede-
termined period of time.

[0058] As illustrated by FIG. 6, a second etch back is
performed into the second dielectric layer 404 to etch the
second dielectric layer 404 back to below the top surfaces of
the gate stacks 106 and/or to a pinnacle of the remaining
BARC layer 406'. In performing the second etch back,
regions of the second dielectric layer 40 unmasked by the
BARC layer 406 are substantially removed. The second etch
back may be performed by exposing the second dielectric
layer 404 to an etchant that preferentially etches the second
dielectric layer 404 for a predetermined period of time.
[0059] As illustrated by FIG. 7, a third etch back is
performed into the polysilicon layer 402 to etch the poly-
silicon layer 402 back to below the top surfaces of the gate
stacks 106, the top surfaces of the control gates 118, a
pinnacle of the remaining BARC layer 406', and/or below a
pinnacle of the remaining second dielectric layer 404'. The
third etch back is performed into regions of the polysilicon
layer 402 lining the gate stacks 106 while peripheral regions
are masked by the remaining BARC layer 406' and the
remaining second dielectric layer 404'. In performing the
third etch back, a polysilicon erase gate 130" is formed over
the erase gate dielectric region 128 between the gate stacks
106. The third etch back may be performed by exposing the
polysilicon layer 402 to an etchant that preferentially etches
the polysilicon layer 402 for a predetermined period of time.
In some embodiments, the word line regions 502 are etched
back to a height H1 that is about 800 Angstroms.

[0060] FIG. 8 illustrates a cross-sectional view 800 of
some embodiments corresponding to Act 208 of FIG. 2.
[0061] As illustrated by FIG. 8, the remaining second
dielectric layer 404' and the remaining BARC layer 406' are
removed, while leaving the remaining polysilicon layer 402'.
The removal may include the sequential application of
etchants preferential of the remaining second dielectric layer
404' and the remaining BARC layer 406'.

[0062] FIG. 9 illustrates a cross-sectional view 900 of
some embodiments corresponding to Act 210 of FIG. 2.
[0063] As illustrated by FIG. 9, dopants are implanted into
the remaining polysilicon layer 402' and the erase gate 130'.
The dopants may be n-type or p-type, but are typically
n-type. In some embodiments, after implanting the dopants,
the doped polysilicon layer 402" and the doped erase gate
130 undergo an annealing process.

[0064] FIGS. 10-12 illustrate cross-sectional views 1000,
1100, 1200 of some embodiments corresponding to Act 212
of FIG. 2.

[0065] As illustrated by FIG. 10, a hard mask layer 1002
is formed over the doped polysilicon layer 402" and the
doped erase gate 130. In some embodiments, the hard mask
layer 1002 is formed with a thickness of about 700 Ang-
stroms. The hard mask layer 1002 is, for example, an oxide,
such as silicon dioxide.

[0066] As illustrated by FIG. 11, a fourth etch back is
performed into regions of the hard mask layer 1002 over-
lying the memory and intermediate regions 108', 164, while
the logic region 154' is masked by a first photoresist layer
1102. In some embodiments, the first photoresist layer 1102
has a thickness of about 500 Angstroms. The fourth etch
back is performed to below a top surface of the gate stacks
106, and removes regions of the hard mask layer 1002
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overlying the gate stacks 106 and between the word line
regions 502 and the logic regions 154'. In removing such
regions, erase gate and word line hard masks 1104, 1106 are
formed overlying the doped erase gate 130 and the word line
regions 502. The word line hard masks 1106 extend laterally
passed sidewalls of the doped polysilicon layer 402" oppo-
site the gate stacks 106 and include sidewalls laterally
spaced from the sidewalls of the doped polysilicon layer
402" opposite the gate stacks 106. The fourth etch back may
be performed by exposing the hard mask layer 1002 to an
etchant that preferentially etches the hard mask layer 1002
for a predetermined period of time.

[0067] As illustrated by FIG. 12, a first etch is performed
through regions of the remaining hard mask layer 1002'
unmasked by a second photoresist layer 1202 overlying the
memory region 108' and logic gate regions 1204 of the of the
doped polysilicon layer 402". In performing the first etch,
logic gate hard masks 1206 are formed from the remaining
hard mask layer 1002' over the logic gate regions 1204. In
some embodiments, the first etch includes two sub-etches
with individual masks. The process for the first etch may
include applying an unpatterned photoresist layer, patterning
the unpatterned photoresist layer to form the second photo-
resist layer 1202, applying an etchant preferential of the
remaining hard mask layer 1002', and removing the second
photoresist layer 1202.

[0068] FIG. 13 illustrates a cross-sectional view 1300 of
some embodiments corresponding to Act 214 of FIG. 2.
[0069] As illustrated by FIG. 13, the second photoresist
layer 1202 is removed and a second etch is performed
through regions of the of the doped polysilicon layer 402"
unmasked by the erase gate, word line, and logic gate hard
masks 1104, 1106, 1206. In performing the second etch,
word lines 132 and logic gates 150 are formed. The word
lines 132 neighbor corresponding gate stacks 106 opposite
the erase gates 130, and the logic gates 150 are spaced over
the logic region 154'. Advantageously, the word lines 132
are self-aligned with the gate stacks 106. The process for the
second etch may include applying an etchant preferential of
the doped polysilicon layer 402".

[0070] FIG. 14 illustrates a cross-sectional view 1400 of
some embodiments corresponding to Act 216 of FIG. 2.
[0071] As illustrated by FIG. 14, dopants are implanted
into the semiconductor substrate 110" to form second
memory source/drain regions 138 neighboring the word
lines 132 and logic source/drain regions neighboring the
logic gates 150. During the implant, the erase gate, word
line, and logic gate hard masks 1104, 1106, 1206 mask the
word lines 132, the erase gate 130, and the logic gates 150.
Further, in some embodiments, as part of the implant pro-
cess, uncovered regions of the first dielectric layer 302 are
etched back to expose the semiconductor substrate 110'. The
dopants may be n-type or p-type, but are typically n-type.
[0072] FIG. 15 illustrates a cross-sectional view 1500 of
some embodiments corresponding to Act 218 of FIG. 2.
[0073] Asillustrated by FIG. 15, the erase gate, word line,
and logic gate hard masks 1104, 1106, 1206 are removed.
The process for removing the hard masks 1104, 1106, 1206
may include forming a photoresist layer between and over
the hard masks 1104, 1106, 1206, ctching the photoresist
layer back to below the top surfaces of the word lines 132,
applying an etchant preferential of the hard masks 1104,
1106, 1206 over the etched back photoresist layer 1502, and
removing the etched back photoresist layer 1502.
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[0074] FIG. 16 illustrates a cross-sectional view 1600 of
some embodiments corresponding to Act 220 of FIG. 2.
[0075] As illustrated by FIG. 16, word line and logic gate
spacers 144, 160 are respectively formed along sidewalls of
the word lines 132 and the logic gates 150. The process for
forming the spacers 144, 160 may include forming a con-
formal spacer layer along the word lines 132 and the logic
gates 150, forming a photoresist layer between and over the
word lines 132 and the logic gates 150, etching the photo-
resist layer back to below the top surfaces of the word lines
132 and the logic gates 150, applying an etchant preferential
of the spacer layer over the etched back photoresist layer,
and removing the etched back photoresist layer. The spacers
144, 160 are, for example, silicon nitride.

[0076] FIG. 17 illustrates a cross-sectional view 1700 of
some embodiments corresponding to Act 222 of FIG. 2.
[0077] As illustrated by FIG. 17, silicide pads 166 are
formed over the second memory source/drain regions 138
and the logic source/drain regions 156, as well as over the
word lines 132, the erase gate 130, and the logic gates 150.
The formation of the silicide pads 166 may include: forming
a conformal metal layer over the semiconductor structure;
heat treating the semiconductor structure to invoke a reac-
tion between the conformal metal layer, the semiconductor
substrate 110, the word lines 132, and the logic and erase
gates 130, 150; and removing the unreacted regions of the
conformal metal layer. The silicide pads 166 are, for
example, nickel silicide or titanium silicide.

[0078] FIG. 18 illustrates a cross-sectional view 1800 of
some embodiments corresponding to Act 224 of FIG. 2.
[0079] As illustrated by FIG. 18, a contact etch stop layer
172" and an IL.D layer 170" are formed, in that order, over the
silicide pads 166, the gate stacks 106, the erase gates 130,
the logic gates 150, and the word lines 132. The contact etch
stop layer 172' is, for example, silicon nitride, and the ILD
layer 170' is, for example, an oxide, such as silicon dioxide,
or a low x dielectric. In some embodiments, the process for
forming the ILD layer 170' includes forming an intermediate
ILD layer and performing a chemical-mechanical planariza-
tion (CMP) of the intermediate ILD layer.

[0080] FIG. 19 illustrates a cross-sectional view 1900 of
some embodiments corresponding to Act 226 of FIG. 2.
[0081] As illustrated by FIG. 19, contacts 168 are formed
through the contact etch stop layer 172' and the ILD layer
170" to one or more of the word lines 132, the erase gate 130,
the control gates 118, the logic gates 150, the second
memory source/drain regions 138, and the logic source/drain
regions 156. The contacts 168 are, for example, metal, such
as tungsten.

[0082] Thus, in some embodiments, the present disclosure
provides a method for manufacturing an embedded flash
memory device. A pair of gate stacks is formed spaced over
a semiconductor substrate. The gate stacks include floating
gates and control gates arranged over the floating gates. A
polysilicon layer is formed over the gate stacks and the
semiconductor substrate. An etch back of regions of the
polysilicon layer lining the gate stacks is performed to below
top surfaces of the gate stacks, while peripheral regions of
the polysilicon layer are masked, to form an erase gate
between the gate stacks. Hard masks are formed over the
erase gate, word line regions of the remaining polysilicon
layer, and logic gate regions of the remaining polysilicon
layer. An etch is performed through regions of the remaining
polysilicon layer unmasked by the hard masks to form word
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lines and logic gates. An ILD layer, and contacts extending
through the ILD layer, are formed over the gate stacks, the
erase gate, the word lines, and the logic gates.

[0083] Further, in some embodiments, the present disclo-
sure provides another method for manufacturing an embed-
ded flash memory device. A gate stack is formed over a
semiconductor substrate, where the gate stack includes a
floating gate and a control gate arranged over the floating
gate. A common gate layer is formed over the gate stacks and
the semiconductor substrate, and further lining sidewalls of
the gate stacks. An erase gate is formed from the common
gate layer, where the erase gate is formed adjacent to a first
side of the gate stack. A word line and a logic gate are
concurrently formed from the common gate layer, where the
word line is formed adjacent to a second side of the gate
stack, opposite the first side.

[0084] Even more, in some embodiments, the present
disclosure provides yet another method for manufacturing
an embedded flash memory device. A pair of gate stacks are
formed spaced over a semiconductor substrate, where the
gate stacks include floating gates and control gates arranged
over the floating gates. A common gate layer is formed over
the gate stacks and the semiconductor substrate, and further
lining sidewalls of the gate stacks. A first etch is performed
into the common gate layer to recess an upper surface of the
common gate layer to below upper surfaces respectively of
the gate stacks, and to further form an erase gate between the
gate stacks. Hard masks are respectively formed over the
erase gate, a word line region of the common gate layer, and
a logic gate region of the common gate layer. A second etch
is performed into the common gate layer with the hard
masks in place to concurrently form a word line and a logic
gate respectively from the word line and logic gate regions.

[0085] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A method for manufacturing an embedded flash
memory device, the method comprising:

forming a pair of gate stacks spaced over a semiconductor
substrate, wherein the gate stacks include floating gates
and control gates arranged over the floating gates;

forming a polysilicon layer over the gate stacks and the
semiconductor substrate;

performing an etch back of regions of the polysilicon
layer lining the gate stacks to below top surfaces of the
gate stacks, while peripheral regions of the polysilicon
layer are masked, to form an erase gate between the
gate stacks;

forming hard masks over the erase gate, word line regions
of the remaining polysilicon layer, and logic gate
regions of the remaining polysilicon layer;
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performing an etch through regions of the remaining
polysilicon layer unmasked by the hard masks to form
word lines and logic gates; and

forming an interlayer dielectric (ILD) layer, and contacts

through the ILD layer, over the gate stacks, the erase
gate, the word lines, and the logic gates.

2. The method according to claim 1, further including:

forming a dielectric layer over the polysilicon layer;

forming a bottom anti-reflective coating (BARC) layer
over the dielectric layer; and

before performing the etch back, performing preliminary

etch backs respectively of the BARC layer and the
dielectric layer to below the top surfaces of the gate
stacks to mask the peripheral regions.

3. The method according to claim 1, further including:

forming the polysilicon layer conformally over the gate

stacks.

4. The method according to claim 1, further including:

forming word line hard masks over the word line regions,

wherein the word line hard masks are formed with
widths that are greater than respective top widths of the
word line regions.

5. The method according to claim 1, further including
forming the hard masks by at least:

forming a hard mask layer over the remaining poly silicon

layer;

performing an etch back of the hard mask layer to below

the top surfaces of the gate stacks, while a logic region
of the hard mask layer is masked, to form erase gate and
word line hard masks; and

performing an etch through regions of the hard mask layer

between the logic gate regions, while a memory region
of the hard mask layer is masked, to form logic gate
masks.

6. The method according to claim 1, further including:

forming the word lines with word line ledges exhibiting

reduced heights relative to top surfaces of the word
lines; and

forming the logic gates with top surfaces approximately

even with the word line ledges.

7. The method according to claim 1, further including:

forming the polysilicon layer with a thickness of approxi-

mately 700 Angstroms.

8. The method according to claim 1, further including:

performing the etch back to a height of approximately 800

Angstroms.

9. The method according to claim 1, further including
forming the gate stacks by at least:

forming the floating gates with floating gate ledges exhib-

iting reduced heights relative to top surfaces of the
floating gates and surrounding core regions of the
floating gates;

forming the control gates over the floating gates;

forming hard masks over the control gates; and

forming dielectric liners extending from the floating gate

ledges to over top surfaces of the hard masks.

10. The method according to claim 9, further including
forming the dielectric liners with oxide-nitride-oxide (ONO)
films.

11. A method for manufacturing an embedded flash
memory device, the method comprising:

forming a gate stack over a semiconductor substrate,

wherein the gate stack includes a floating gate and a
control gate arranged over the floating gate;
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forming a gate layer over the gate stacks and the semi-
conductor substrate, and further lining sidewalls of the
gate stacks;

forming an erase gate from the gate layer, wherein the

erase gate is formed adjacent to a first side of the gate
stack; and

concurrently forming a word line and a logic gate from the

gate layer, wherein the word line is formed adjacent to
a second side of the gate stack, opposite the first side.

12. The method according to claim 11, wherein forming
the erase gate comprises:

performing a first etch into the gate layer to recess an

upper surface of the gate layer to below an upper
surface of the gate stack.

13. The method according to claim 12, further compris-
ing:

forming a bottom anti-reflective coating (BARC) layer

over the gate layer; and

before performing the first etch, performing a second etch

into the BARC layer to recess an upper surface of the
BARC layer to below the upper surface of the gate
layer;

wherein the first etch is performed with the BARC layer

in place to further recess the upper surface of the gate
layer to below the upper surface of the BARC layer.

14. The method according to claim 11, wherein the gate
layer is polysilicon, and wherein the method further com-
prises:

implanting dopants into the gate layer between forming

the erase gate and forming the word line.

15. The method according to claim 11, further compris-
ing:

forming a hard mask layer over the gate layer and the gate

stacks;

patterning the hard mask layer to cover regions of the gate

layer corresponding to the word line and the logic gate;
and

performing a first etch into the gate layer with the hard

mask layer in place to concurrently form the word line
and the logic gate.

16. The method according to claim 15, wherein the gate
stack, the erase gate, and the word line are formed over a
memory cell region of the semiconductor substrate, and
wherein the logic gate is formed over a logic region of the
semiconductor substrate that is laterally adjacent to the
memory cell region.

17. The method according to claim 16, wherein patterning
the hard mask layer comprises:

performing a second etch into the hard mask layer, while

the hard mask layer is partially covered by a first
photoresist layer masking the logic region, to recess an
upper surface of the hard mask layer to below the upper
surface of the gate stack; and

performing a third etch into the hard mask layer, while the

hard mask layer is partially covered by a second
photoresist layer masking the memory cell region, to
pattern a region of the hard mask layer covering the
logic region.

18. The method according to claim 11, wherein the word
line is formed with a ledge recessed below a top surface of
the word line, and wherein the ledge is even with a top
surface of the logic gate.

19. A method for manufacturing an embedded flash
memory device, the method comprising:
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forming a pair of gate stacks spaced over a semiconductor
substrate, wherein the gate stacks include floating gates
and control gates arranged over the floating gates;

forming a common gate layer over the gate stacks and the
semiconductor substrate, and further lining sidewalls of
the gate stacks;

performing a first etch into the common gate layer to
recess an upper surface of the common gate layer to
below upper surfaces respectively of the gate stacks,
and to further form an erase gate between the gate
stacks;

forming hard masks respectively over the erase gate, a
word line region of the common gate layer, and a logic
gate region of the common gate layer; and

performing a second etch into the common gate layer with
the hard masks in place to concurrently form a word
line and a logic gate respectively from the word line
and logic gate regions of the common gate layer.

20. The method according to claim 19, further compris-

ing:

removing the hard masks; and

forming an interlayer dielectric (ILD) layer that is con-
tinuous from top to bottom and that covers the gate
stacks, the erase gate, the word line, and the logic gate,
wherein a bottom surface of the ILD layer is spaced
below a top surface of the logic gate.
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