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(57) ABSTRACT

This disclosure provides a horizontal structure by using a
double STI recess method. The double STI recess method
includes: forming a plurality of fins on the substrate; forming
shallow trench 1solation between the fins; performing first
etch-back on the shallow trench 1solation; forming source and
drain regions adjacent to channels of the fins; and performing
second etch-back on the shallow trench 1solations to expose a
lower portion of the fins as a larger process window for
forming gates of the fins.
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FORM A PLURALITY OF FINS ON THE SUBSTRATE 2202

PROVIDE A SHALLOW TRENCH ISOLATION BETWEEN THE
FINS 2204

FORM POLY LAYER OVER A PRESET PORTION OF THE 27200
FINS CORRESPONDING TO A CHANNEL

FORM SOURCE AND DRAIN REGIONS ADJACENT TO THE 2208
PRESET PORTION

FORM AN INTERLAYER DIELECTRIC LAYER OVER THE 22" O
SOURCE AND DRAIN REGIONS

ETCH BACK THE INTERLAYER DIELECTRIC LAYER 221 2

FORM A NITRIDE LAYER AS A CAP LAYER OVER THE 22" 4_
POLY LAYER AND THE INTERLAYER DIELECTRIC LAYER

PERFORM CMP ON THE NITRIDE LAYER AND STOPPING AT 22" 6
THE POLY LAYER

REMOVE THE POLY LAYER OVER THE FINS 22" 8

REMOVE A PORTION OF THE TOP SACRIFICIAL LAYER AND 2220
THE BOTTOM SACRIFICIAL LAYER

FORM THE GATE AROUND THE TOP CHANNEL LAYER AND 77?7
THE BOTTOM CHANNEL LAYER

2200
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FORM A PLURALITY OF FINS ON THE SUBSTRATE

FORM A SHALLOW TRENCH ISOLATION BETWEEN THE FINS

FIRST ETCH BACK THE SHALLOW TRENCH ISOLATION TO
EXPOSE A PORTION OF THE FINS ABOVE A FIRST LEVEL

FORM POLY LAYER OVER A PRESET PORTION OF THE FINS
CORRESPONDING TO A CHANNEL

FORM SOURCE AND DRAIN REGIONS ADJACENT TO THE
PRESET PORTION

FORM AN INTERLAYER DIELECTRIC LAYER OVER THE
SOURCE AND DRAIN REGIONS

REMOVE THE POLY LAYER

SECOND ETCH BACK THE SHALLOW TRENCH ISOLATION
AGAIN TO EXPOSE THE PORTION OF THE FINS ABOVE A

SECOND LEVEL LOWER THAN THE FIRST LEVEL

REMOVE A PORTION OF THE TOP SACRIFICIAL LAYER AND
THE BOTTOM SACRIFICIAL LAYER

FORM THE GATE AROUND THE TOP CHANNEL LAYER AND
THE BOTTOM CHANNEL LAYER
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FORM A PLURALITY OF FINS ON THE SUBSTRATE 2402
FORM A SHALLOW TRENCH ISOLATION BETWEEN THE FINS 2404
FORM POLY LAYER OVER A PRESET PORTION OF THE FINS 2406

CORRESPONDING TO A CHANNEL

FORM SOURCE AND DRAIN REGIONS ADJACENT TO THE 2408
PRESET PORTION

FORM AN INTERLAYER DIELECTRIC LAYER OVER THE 241 O
SOURCE AND DRAIN REGIONS

REMOVE THE POLY LAYER 241 2

ETCH BACK THE SHALLOW TRENCH ISOLATION 241 4_

REMOVE A PORTION OF THE TOP SACRIFICIAL LAYER AND 24" 6
THE BOTTOM SACRIFICIAL LAYER

FORM THE GATE AROUND THE TOF CHANNEL LAYER AND 24" 8
THE BOTTOM CHANNEL LAYER

2400

Fig.24




Patent Application Publication  Jun. 30, 2016 Sheet 25 of 26 US 2016/0190272 Al

FORM A PLURALITY OF FINS ON THE SUBSTRATE 2502

FORM A SHALLOW TRENCH ISOLATION BETWEEN THE FINS 2504

FIRST ETCH BACK THE SHALLOW TRENCH ISOLATION TO 2506
EXPFOSE A PORTION OF THE FINS ABOVE A FIRST LEVEL

SECOND ETCH BACK THE SHALLOW TRENCH ISOLATION 2508

AGAIN TO EXPOSE THE PORTION OF THE FINS ABOVE A
SECOND LEVEL WHICH IS LOWER THAN THE FIRST LEVEL

REMOVE THE TOP SACRIFICIAL LAYER AND THE BOTTOM 25" O
SACRIFICIAL LAYER ABOVE THE SECOND LEVEL
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FORM A PLURALITY OF FINS ON THE SUBSTRATE, EACH
FIN COMPRISING A TOP CHANNEL LAYER, A BOTTOM
CHANNEL LAYER BELOW THE TOP CHANNEL LAYER, A TOP 2602

SACRIFICIAL LAYER BETWEEN THE TOP CHANNEL LAYER
AND THE BOTTOM CHANNEL LAYER, AND A BOTTOM

SACRIFICIAL LAYER BETWEEN THE SUBSTRATE AND THE
BOTTOM CHANNEL LAYER

PROVIDE A SHALLOW TRENCH ISOLATION BETWEEN THE
FORM POLY LAYER OVER A PRESET PORTION OF THE FINS 2000
FORM SOURCE AND DRAIN REGIONS ADJACENT TO THE 27608

PRESET PORTION

FORM AN INTERLAYER DIELECTRIC LAYER OVER THE 26" O
SOURCE AND DRAIN REGIONS

FORM A CAP LAYER OVER THE INTERLAYER DIELECTRIC 2619
2614
ETCH BACK THE SHALLOW TRENCH ISOLATION 20710
REMOVE A PORTION OF THE TOP SACRIFICIAL LAYER AND 7618

THE BOTTOM SACRIFICIAL LAYER

FORM THE GATE AROUND THE TOP CHANNEL LAYER AND 2620
THE BOTTOM CHANNEL LAYER

2000
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METHOD OF FORMING HORIZONTAL
GATE ALL AROUND STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 14/532,074, filed Nov. 4, 2014, entitled
“Method of Forming Horizontal Gate All Around Structure,”
which 1s hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

[0002] Semiconductor devices, such as horizontal gate-all-
around (HGAA) transistors, are an emerging research area in
the semiconductor industry. However, process integration for
the device 1s a challenge because of high manufacturing com-
plexity. Therefore, there 1s a need to improve the above defi-
ciency.

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 1s noted that, in accordance with
the standard practice 1n 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 discus-
S1011.

[0004] FIG. 1A 1s a longitudinal sectional view of an exem-
plary horizontal gate all around structure at one stage during
fabrication 1n accordance with some embodiments.

[0005] FIG. 1B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 1A along the line
190 1n accordance with some embodiments.

[0006] FIG. 2A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0007] FIG. 2B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 2A along the line
190 1n accordance with some embodiments.

[0008] FIG. 3A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication 1n accordance with some embodi-
ments.

[0009] FIG. 3B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 3A along the line
190 1n accordance with some embodiments.

[0010] FIG. 4A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0011] FIG. 4B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 4A along the line
190 1n accordance with some embodiments.

[0012] FIG. SA 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0013] FIG. 5B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 2A along the line
190 1n accordance with some embodiments.
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[0014] FIG. 6A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0015] FIG. 6B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 6A along the line
190 1in accordance with some embodiments.

[0016] FIG. 7A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0017] FIG. 7B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 7A along the line
190 1in accordance with some embodiments.

[0018] FIG. 8A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0019] FIG. 8B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 8A along the line
190 1in accordance with some embodiments.

[0020] FIG. 9A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0021] FIG. 9B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 9A along the line
190 1n accordance with some embodiments.

[0022] FIG. 10A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0023] FIG. 10B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 10A along the line
190 1in accordance with some embodiments.

[0024] FIG. 11A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0025] FIG. 11B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 11 A along the line
190 1in accordance with some embodiments.

[0026] FIG. 12A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments.

[0027] FIG. 12B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 12A along the line
190 1in accordance with some embodiments.

[0028] FIG. 13A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication 1n accordance with some embodiments.
[0029] FIG. 13B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 13 A along the line
1390 1n accordance with some embodiments.

[0030] FIG. 14A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication in accordance with some embodiments.
[0031] FIG. 14B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 14A along the line
1390 1n accordance with some embodiments.

[0032] FIG. 15A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication 1in accordance with some embodiments.
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[0033] FIG. 15B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 15A along the line
1390 1n accordance with some embodiments.

[0034] FIG. 16A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication in accordance with some embodiments.
[0035] FIG. 16B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 16 A along the line
1390 1n accordance with some embodiments.

[0036] FIG. 17A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication 1n accordance with some embodiments.
[0037] FIG. 17B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 17A along the line
1390 1n accordance with some embodiments.

[0038] FIG. 18A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication 1n accordance with some embodiments.
[0039] FIG. 18B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 18 A along the line
1390 1n accordance with some embodiments.

[0040] FIG. 19A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication in accordance with some embodiments.
[0041] FIG. 19B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 19A along the line
1390 1n accordance with some embodiments.

[0042] FIG. 20A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication 1n accordance with some embodiments.
[0043] FIG. 20B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 20A along the line
1390 1n accordance with some embodiments.

[0044] FIG. 21A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication in accordance with some embodiments.
[0045] FIG. 21B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 21 A along the line
1390 1n accordance with some embodiments.

[0046] FIG. 22 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate.

[0047] FIG. 23 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate.

[0048] FIG. 24 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate.

[0049] FIGS. 25 and 26 are flow charts for respective
example methods of forming a semiconductor device having
a horizontal gate all around structure on a substrate.

DETAILED DESCRIPTION

[0050] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not mtended to be limiting. For example,
the formation of a first feature over or on a second feature in
the description that follows may include embodiments in
which the first and second features are formed 1n direct con-
tact, and may also include embodiments 1n which additional
features may be formed between the first and second features,
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such that the first and second features may not be in direct
contact. In addition, the present disclosure may repeat refer-
ence numerals and/or letters 1n the various examples. This
repetition 1s for the purpose of simplicity and clarity and does
not in 1tself dictate a relationship between the various
embodiments and/or configurations discussed.

[0051] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation 1n 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.

[0052] This disclosure provides a horizontal structure hav-
ing a cap layer, which can be applied to horizontal gate-all-
around (HGAA) devices. The method of forming horizontal
structures having a cap layer includes: providing an interlayer
dielectric layer and a poly layer adjacent to and having a top
surface higher than the interlayer dielectric layer; forming a
nitride layer as a cap layer over the poly layer and the inter-
layer dielectric layer; and performing CMP (chemical
mechanical polishing) on the nitride layer and stopping at the
poly layer. The cap layer may include one single layer or
multiple sublayers, and the material of the cap layer may
include at least one of S1N, S1CN, and S1CON. The cap layer
protects the interlayer dielectric layer from damage by fol-
lowing processes.

[0053] This disclosure provides a horizontal structure by
using a double STI recess method. The double STI recess
method 1ncludes: forming a plurality of fins on the substrate;
forming shallow trench 1solation between the fins; perform-
ing first etch-back on the shallow trench i1solation; forming
source and drain regions adjacent to channels of the fins; and
performing second etch-back on the shallow trench 1solations
to expose a lower portion of the fins as a larger process
window for forming gates of the fins. Accordingly, compared
to conventional methods limited by fin height from the STI,
the double STI recess method provides greater fin height,
which 1s a larger process window for HGAA nanowire for-
mation, to easily produce multi-stack (e.g., at least two
stacks) HGAA nanowires with high current density. The
number of layers used 1n the multi-stack HGAA nanowires 1s
not limited and may vary based on different designs.

[0054] FIG. 1A 1salongitudinal sectional view of an exem-
plary horizontal gate all around structure at one stage during
fabrication in accordance with some embodiments. FIG. 1B
1s a cross sectional view of the exemplary horizontal gate all
around structure 1 FIG. 1A along the line 190 1n accordance
with some embodiments. As shown in FIGS. 1A and 1B, the
semiconductor device 100 includes a plurality of fins 110,
120, 130, 140, a substrate 102, and a shallow trench 1solation
(STI) 104.

[0055] Each of the fins 110, 120, 130, and 140 includes a
top channel layer 112, a bottom channel layer 114 below the
top channel layer 112, a top sacrificial layer 116 between the
top channel layer 112 and the bottom channel layer 114, and
a bottom sacrificial layer 118 between the substrate 102 and
the bottom channel layer 114. The material of the top channel
layer 112 and the bottom channel layer 114 may be S1, and the
material of the top sacrificial layer 116 and the bottom sacri-
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ficial layer 118 may be S1Ge. The number of the fins 110, 120,
130, and 140 1s not limited, and the number of the layers 112,
114,116, and 118 used inthe fins 110,120, 130, and 140 1s not
limited and may vary based on different designs.

[0056] First, the STI104 1s filled between the fins 110, 120,
130, 140. Then, a first ST etch-back 1s performed on the STI
104 to expose the fins 110, 120, 130, 140 and stops at a first
level 180 of the ST1104. The first STI etch-back may expose
the top sacrificial layer 116 of the fins 110, 120, 130, 140.

[0057] In the embodiment, the exposed fin height 170
between the upper surface of the top channel layer 112 and the
first level 180 of the STI 104 1s less than about 50-70 nanom-
eters. The thickness 101 of the STI 104 1s about 50-200

nanometers.

[0058] FIG. 2A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 2B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 2A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 2A and 2B, after formation of the fins, a poly layer 202
1s formed over a preset portion 204 of the fin 110 correspond-
ing to a channel to be produced in latter phases. A hard mask
206 1s formed over the poly layer 202 for protecting its top.

[0059] FIG. 3A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 3B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 3A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 3A and 3B, after forming the poly layer 202 and the
hard mask 206, spacers 302 are formed over sidewalls of the
poly layer 202 and the hard mask 206 to protect them from
damage by the following processes.

[0060] FIG. 4A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 4B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 4A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 4A and 4B, the fin 110, except for the portion covered
by the hard mask 206 or by the spacers 302, 1s etched to create
a recess 402 for source and drain regions.

[0061] FIG. 5A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 5B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 5A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 5A and 5B, by using epitaxial growth operations, a
source and drain region 502 1s formed adjacent to the preset
portion 204 corresponding to the channel. The source and
drain material may include, for example, SiP for N-type
devices and, for example, S1GeB for P-type devices.

[0062] FIG. 6A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 6B 1s a cross sectional view of the exemplary
horizontal gate all around structure 1n FIG. 6 A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. SA, 5B, 6A and 6B, after source and drain region
formation, the hard mask 206 and the portion of the spacers
302 surrounding the hard mask 206 are removed.
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[0063] FIG. 7A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 7B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 7A along the line
190 in accordance with some embodiments. As shown in
FIGS. 7A and 7B, after removal of the hard mask 206, for-
mation of the interlayer dielectric layer 702 over the source
and drain region 502 may take place. The formation of the
interlayer dielectric layer 702 may involve depositing inter-
layer dielectric material and shaping the interlayer dielectric
material using CMP processes. Additionally, an etch stop
layer 704 may be deposited before the interlayer dielectric
layer formation. Next, the spacers 302, the etch stop layer
704, and the 1interlayer dielectric layer 702 are etched back to
make a recess 706.

[0064] FIG. 8A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 8B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 8A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 8A and 8B, a cap layer 802 1s deposited over the poly
layer 202, the spacers 302, the etch stop layer 704, and the
interlayer dielectric layer 702. The material of the cap layer
802 may includes S1N and S1CN. The cap layer 802 may have
a thickness of about 20-60 nanometers (S1N for about 10-30
nanometers and S1CN for about 10-30 nanometers).

[0065] FIG. 9A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 9B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 9A along the line
190 in accordance with some embodiments. As shown 1n
FIGS. 8A, 8B,9A and 9B, a CMP process 1s performed on the
cap layer 802 and stops at the poly layer 202. The cap layer
802 has a thickness of about 20 nanometers. Next, poly layer
removal takes place to expose the fin 110.

[0066] ReferringtoFIG.9A, asemiconductor structure 900
on a substrate 102 is provided. The structure 900 includes a
source and drain region 502; an interlayer dielectric layer 702
over the source and drain region 502; and a cap layer 802 over
the interlayer dielectric layer 702 for protection. The structure
900 turther includes an etch stop layer 704 between the inter-
layer dielectric layer 702 and the source and drain region 502.
The cap layer 802 1s made of nitride. The cap layer 802
protects the interlayer dielectric layer 702 from damage by
following processes.

[0067] FIG. 10A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 10B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 10A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 10A and 10B, a second STI etch-back 1s performed on
the STI 104 to expose more of the bottom sacrificial layer 118
of the fins 110, 120, 130, 140 and stops at a second level 1080
of the STI 104. The difference 1002 between the first level
180 and the second level 1080 1s about 10-50 nanometers so
that the exposed fin height 170 increases by about 10-50
nanometers.

[0068] FIG. 11A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
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ments. FIG. 11B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 11 A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 11 A and 11B, due to additional exposure of the bottom
sacrificial layer 118 resulted from the second STT etch-back,
the top sacrificial layer 116 and the bottom sacrificial layer
118 are easily etched by using, for example, an 1sotropic
etching, and then are oxidized. In the embodiment, the oxi-
dization process turns the top sacrificial layer 116 and the
bottom sacrificial layer 118 made of SiGe mnto S1GeOx.
Moreover, the surfaces of the top channel layer 112 and the
bottom channel layer 114 are partially oxidized by such pro-
cess so that a cleaning process may be applied to the top
channel layer 112 and the bottom channel layer 114 to form
channels 1102, 1104. Therefore, the cap layer 802 protects
the interlayer dielectric layer 702 from damage by, for
example, the STI etch-back process and the process for
removing the top sacrificial layer 116 and the bottom sacrifi-
cial layer 118.

[0069] FIG. 12A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication 1n accordance with some embodi-
ments. FIG. 12B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 12 A along the line
190 1n accordance with some embodiments. As shown 1n
FIGS. 12A and 12B, gate formation follows channel forma-
tion. Formation of gates 1202, 1204 1s applied around the
channels 1102, 1104, and involves forming a gate around the
channels, including depositing another interfacial layer
dielectric with high-K dielectrics; depositing work function
metals; and depositing metal gate material. Therefore, com-
pared to conventional methods limited by the initial fin height
170 between the upper surface of the top channel layer 112
and the first level 180 of the STI 104, the double STI recess
method provides greater fin height 1270, a larger process
window for HGAA nanowire formation, to achieve high
aspect ratio of multi-stack nanowires.

[0070] The hornizontal structure may be configured as fol-

lows: the substrate material may be Si1, S1Ge, Ge, or I1I/V Epi
(InP, GaAs, AlAs, InAs, InAlAs, InGaAs, InSb, GaSb,

InAlSb, InGaSb); the nanowire material may be S1, S1Ge, Ge,
or III/V Epi1 (InP, GaAs, AlAs, InAs, InAlAs, InGaAs, InSb,
(GaSb, InAlSb, InGaSb); the substrate material can be same or
different with the nanowire material; the high-K dielectrics
may be a single layer or multiple layers structure with HIO2,
ZrO2, HiZrO2, Ga203, Gd203, TaS102, A1203, or T102; the
work function metal (WFM) for P-type horizontal structures
may be TiN, W, WN, Mo, or MoN; the WFM for N-type
horizontal structures may be T1Al, T1AIC, or TaAlC; the metal
gate (MG) material may be Al, W, Co, or Cu.

[0071] Additionally, the drain may refer to a region that has
been treated as a drain, or aregion that has not been treated but
to be treated as a drain. The source may refer to a region that
has been treated as a source, or a region that has not been
treated but to be treated as a source. The channel may refer to
a region that has been treated as a channel, or a region that has
not been treated but to be treated as a channel.

[0072] FIG. 13A 1s a longitudinal sectional view of an
exemplary horizontal gate all around structure at one stage
during fabrication in accordance with some embodiments.
FIG. 13B 1s a cross sectional view of the exemplary horizontal
gate all around structure in FIG. 13 A along the line 1390 1n
accordance with some embodiments. As shown in FIGS. 13A
and 13B, the semiconductor device 1300 includes a plurality
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of fins 1310, 1320, 1330, 1340, a substrate 1302, and a shal-
low trench 1solation (STT) 1304. Firstly, the STI 1304 1s filled
between the fins 1310, 1320, 1330, 1340. Then, a STI etch-
back 1s performed on the STI 1304 to expose the fins 1310,
1320, 1330, 1340 and stops at a first level 1380 of the STI
1304.

[0073] Each of the fins 1310, 1320, 1330, 1340 includes a
channel layer 1312 and a sacrificial layer 1318 between the
substrate 1302 and the channel layer 1314. The material of the
channel layer 1312 may be Si1, and the material of the sacri-
ficial layer 1316 may be S1Ge. It 1s noted that the number of
layers used 1n the fins 1310, 1320, 1330, 1340 1s not limited
and may vary based on different designs. In the embodiment,
the exposed fin height 1370 between the upper surface of the
channel layer 1312 and the first level 1380 of the ST1 1304 1s
less than about 50 nanometers. The thickness 1301 of the STI
1304 1s about 50-150 nanometers.

[0074] FIG. 14A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 14B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 14 A along the line

1390 1n accordance with some embodiments. As shown 1n
FIGS. 14 A and 14B, after formation of the fins, a poly layer

1402 1s formed over a preset portion 1404 of the fin 1310
corresponding to a channel. Moreover, a hard mask 1406 1s
formed over the poly layer 1402 for protecting its top.

[0075] FIG. 15A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 15B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 15A along the line
1390 1n accordance with some embodiments. As shown 1n
FIGS. 15A and 15B, after forming the poly layer 1402 and the
hard mask 1406, spacers 1502 are formed over sidewalls of
the poly layer 1402 and the hard mask 1406 to protect them
from damages by the following processes.

[0076] FIG. 16A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 16B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 16 A along the line
1390 1n accordance with some embodiments. As shown 1n
FIGS. 16A and 16B, the fin 1310 except for the portion
covered by the hard mask 1406 or by the spacers 1502 1s
etched to create a recess 1602 for source and drain regions.

[0077] FIG. 17A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 17B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 17A along the line
1390 1n accordance with some embodiments. As shown 1n
FIGS. 17A and 17B, by using epitaxial growth operations, a
source and drain region 1702 1s formed adjacent to the preset
portion 1404 corresponding to the channel. The source and
drain material may include S1P for N-type devices and S1GeB
for P-type devices.

[0078] FIG. 18A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 18B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 18 A along the line
1390 1n accordance with some embodiments. As shown 1n

FIGS. 17A, 178, 18A and 18B, after source and drain region
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formation, the hard mask 1406 and the portion of the spacers
1502 surrounding the hard mask 1406 are removed.

[0079] FIG. 19A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication 1n accordance with some embodi-
ments. FIG. 19B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 19A along the line
1390 1n accordance with some embodiments. As shown in
FIGS. 19A and 19B, after removal of the hard mask 1406,
formation of the interlayer dielectric layer 1902 over the
source and drain region 1702 may take place. The formation
of the interlayer dielectric layer 1902 may involve depositing
interlayer dielectric material and shaping the interlayer
dielectric material using CMP processes. Additionally, an
etch stop layer 1904 may be deposited belore the interlayer
dielectric layer formation. Next, the spacers 1502, the etch
stop layer 1904, and the interlayer dielectric layer 1902 are
etched back to make a recess 1906.

[0080] FIG. 20A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication 1n accordance with some embodi-
ments. FIG. 20B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 20A along the line
1390 1n accordance with some embodiments. As shown 1n
FIGS. 20A and 20B, a cap layer 2002 1s deposited over the
poly layer 1402, the spacers 1502, the etch stop layer 1904,
and the interlayer dielectric layer 1902. The material of the
cap layer 2002 may includes SiN and SiCN. The cap layer
2002 may have a thickness of about 45 nanometers (SiN for
about 20 nanometers and S1CN for about 25 nanometers).

[0081] FIG. 21A 1s a longitudinal sectional view of the
exemplary horizontal gate all around structure at another
stage during fabrication in accordance with some embodi-
ments. FIG. 21B 1s a cross sectional view of the exemplary
horizontal gate all around structure in FIG. 21 A along the line
1390 1n accordance with some embodiments. As shown in
FIGS. 20A, 20B, 21A and 21B, a CMP process 1s performed
on the cap layer 2002 and stops at the poly layer 1402. The cap
layer 2002 has a thickness of about 20 nanometers. Next, poly
layer removal takes place to expose the fin 1310. The follow-
ing processes ol etching of the sacrificial layer 1316 and
ox1idation of the sacrificial layer 1316 are similar to those 1n
FIGS. 11A and 11B, and hence are not repeated herein.
Theretore, the cap layer 2002 protects the interlayer dielectric
layer 1902 from damage by, for example, the poly removal
process, the STI etch-back process and the process for remov-
ing the sacrificial layer 1316.

[0082] FIG. 22 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate. As shown 1n FIG. 22, a method 2200
1s provided. The method 2200 includes the following opera-
tions: forming a plurality of fins on the substrate (2202),
wherein each fin comprises a top channel layer, a bottom
channel layer below the top channel layer, a top sacrificial
layer between the top channel layer and the bottom channel
layer, and a bottom sacrificial layer between the substrate and
the bottom channel layer; providing a shallow trench 1solation
between the fins (2204); forming poly layer over a preset
portion of the fins (2206); forming source and drain regions
adjacent to the preset portion (2208); forming an interlayer
dielectric layer over the source and drain regions (2210);
etching back the interlayer dielectric layer (2212); forming a
nitride layer as a cap layer over the poly layer and the inter-
layer dielectric layer (2214); performing CMP on the nitride
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layer and stopping at the poly layer (2216); removing the poly
layer over the fins (2218); removing a portion of the top
sacrificial layer and the bottom sacrificial layer (2220); and
forming the gate around the top channel layer and the bottom
channel layer (2222).

[0083] The operation of forming the fins on the substrate
further comprises forming the fins with S1 as the top channel
layer and the bottom channel layer and with S1Ge as the top
sacrificial layer and the bottom sacrificial layer. The operation
of forming the mitride layer over the poly layer and the inter-
layer dielectric layer further comprises forming the nitride
layer by using at least one of S1N and SiCN.

[0084] FIG. 23 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate. As shown 1n FIG. 23, a method 2300
1s provided. The method 2300 includes the following opera-
tions: forming a plurality of fins on the substrate (2302),
wherein each fin comprises a top channel layer, a bottom
channel layer below the top channel layer, a top sacrificial
layer between the top channel layer and the bottom channel
layer, and a bottom sacrificial layer between the substrate and
the bottom channel layer; forming a shallow trench 1solation
between the fins (2304); etching the shallow trench 1solation
to expose a portion of the fins above a first level (2306);
forming poly layer over a preset portion of the fins (2308);
forming source and drain regions adjacent to the preset por-
tion (2310); forming an interlayer dielectric layer over the
source and drain regions (2312); removing the poly layer
(2314); etching the shallow trench isolation to expose the
portion of the fins above a second level lower than the first
level (2316); removing a portion of the top sacrificial layer
and the bottom sacrificial layer (2318); and forming the gate
around the top channel layer and the bottom channel layer
(2320).

[0085] The operation of etching back the shallow trench
1solation again to expose the portion of the fins above the
second level lower than the first level further comprises etch-
ing back the shallow trench 1solation to expose the portion of
the fins above the second level lower than the first level for
about 10-30 nanometer. The operation of etching back the
shallow trench 1solation material to expose the portion of the
fins comprises etching back the shallow trench 1solation
material to expose the portion of the fins having a height less
than about 50 nanometers.

[0086] The method further comprises: forming hard masks
to protect a top of the poly layer; and forming spacers to
protect a sidewall of the poly layer. The method further com-
prises forming a cap layer over the interlayer dielectric layer.
The operation of forming the cap layer over the interlayer
dielectric layer further comprises: etching back the interlayer
dielectric layer; forming a nitride layer over the poly layer and
the interlayer dielectric layer; performing CMP on the nitride
layer and stopping at the poly layer; and removing the poly
layer. The operation of forming the nitride layer over the poly
layer and the interlayer dielectric layer further comprises

forming the nitride layer by using at least one of SiN and
S1CN.

[0087] FIG. 24 15 a flow chart for a method of forming a

semiconductor device having a horizontal gate all around
structure on a substrate. As shown 1n FIG. 24, a method 2400
1s provided. The method 2400 includes the following opera-
tions: forming a plurality of fins on the substrate (2402),
wherein each fin comprises a top channel layer, a bottom
channel layer below the top channel layer, a top sacrificial
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layer between the top channel layer and the bottom channel
layer, and a bottom sacrificial layer between the substrate and
the bottom channel layer; providing a shallow trench 1solation
between the fins (2404); forming poly layer over a preset
portion of the fins (2406); forming source and drain regions
adjacent to the preset portion (2408); forming an interlayer
dielectric layer over the source and drain regions (2410);
removing the poly layer (2412); etching back the shallow
trench 1solation (2414); removing a portion of the top sacri-
ficial layer and the bottom sacrificial layer (2416); and form-
ing the gate around the top channel layer and the bottom

channel layer (2418).

[0088] The method further comprises forming a cap layer
over the interlayer dielectric layer. The operation of etching
back the shallow trench 1solation again to expose the portion
of the fins above the second level lower than the first level
turther comprises etching back the shallow trench 1solation to
expose the portion of the fins above the second level lower
than the first level for about 10-30 nanometer. The operation
of providing the shallow trench isolation between the fins
turther comprises: forming shallow trench 1solation material
between the fins; and etching back the shallow trench 1sola-
tion material to expose a portion of the fins. The operation of
etching back the shallow trench 1solation material to expose
the portion of the fins comprises etching back the shallow
trench 1solation material to expose the portion of the fins
having a height less than about 50 nanometers.

[0089] The operation of forming the cap layer over the
interlayer dielectric layer further comprises: etching back the
interlayer dielectric layer; forming a nitride layer over the
poly layer and the interlayer dielectric layer; performing
CMP on the nitride layer and stopping at the poly layer; and
removing the poly layer. The operation of forming the nitride
layer over the poly layer and the interlayer dielectric layer
turther comprises: forming the mitride layer by using at least
one of SiN and SiCN. The operation of forming the source
and drain regions comprises creating recesses in the fins for
the source and drain regions.

[0090] The method turther comprises: forming hard masks
to protect a top of the poly layer; and forming spacers to
protect a stdewall of the poly layer. The operation of wherein
forming the fins on the substrate further comprises forming
the fins with Si1 as the top channel layer and the bottom
channel layer and with SiGe as the top sacrificial layer and the
bottom sacrificial layer. The method further comprises oxi-
dizing the top sacrificial layer and the bottom sacrificial layer.

[0091] FIG. 25 1s a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate. As shown 1n FIG. 25, a method 2500
1s provided. The method 2500 includes the following opera-
tions: forming a plurality of fins on the substrate (2502);
forming a shallow trench 1solation between the fins (2504);
first etching back the shallow trench 1solation to expose a
portion of the fins above a first level (2506); second etching
back the shallow trench 1solation again to expose the portion
of the fins above a second level which 1s lower than the first
level (2508); and removing the top sacrificial layer and the
bottom sacrificial layer above the second level (2510).

[0092] The operation of etching back the shallow trench
1solation again to expose the portion of the fins above the
second level lower than the first level further comprises etch-
ing back the shallow trench 1solation to expose the portion of
the fins above the second level lower than the first level for
about 10-30 nanometer. The operation of etching back the
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shallow trench 1solation material to expose the portion of the
fins comprises etching back the shallow trench 1solation
material to expose the portion of the fins having a height less
than about 50 nanometers. The method further comprises
oxidizing the top sacrificial layer and the bottom sacrificial
layer. The operation of first etching back the shallow trench
1solation further comprises etching back the shallow trench
1solation to expose the top sacrificial layer of the fin. The
operation of second etching back the shallow trench 1solation
further comprises etching back the shallow trench 1solation to
expose the bottom sacrificial layer of the fin.

[0093] FIG. 26 15 a flow chart for a method of forming a
semiconductor device having a horizontal gate all around
structure on a substrate. As shown 1n FIG. 26, a method 2600
1s provided. The method 2600 includes: forming a plurality of
fins on the substrate (2602); providing a shallow trench 1so-
lation between the fins (2604); forming poly layer over a
preset portion of the fins (2606); forming source and drain
regions adjacent to the preset portion (2608); forming an
interlayer dielectric layer over the source and drain regions
(2610); forming a cap layer over the interlayer dielectric layer
(2612); removing the poly layer (2614); etching back the
shallow trench 1solation (2616); removing a portion of the top
sacrificial layer and the bottom sacrificial layer (2618); and

forming the gate around the top channel layer and the bottom
channel layer (2620).

[0094] The operation of forming the cap layer over the
interlayer dielectric layer further comprises: etching back the
interlayer dielectric layer; forming a nitride layer over the
poly layer and the interlayer dielectric layer; performing
CMP on the nitride layer and stopping at the poly layer; and
removing the poly layer. The operation of forming the nitride
layer over the poly layer and the interlayer dielectric layer

further comprises: forming the nitride layer by using at least
one of S1N and Si1CN.

[0095] Asmentionedabove, this disclosure provides a hori-
zontal structure having a cap layer. The method of forming
horizontal structures having a cap layer includes: providing
an interlayer dielectric layer and a poly layer adjacent to and
having a top surface higher than the interlayer dielectric layer;
forming a nitride layer as a cap layer over the poly layer and
the interlayer dielectric layer; and performing CMP on the
nitride layer and stopping at the poly layer. The cap layer
protects the interlayer dielectric layer from damage by fol-
lowing processes.

[0096] Asmentionedabove, this disclosure provides a hori-
zontal structure by using a double STI recess method. The
double STI recess method includes: forming a plurality of fins
on the substrate; forming shallow trench 1solation between
the fins; performing first etch-back on the shallow trench
1solation; forming source and drain regions adjacent to chan-
nels of the fins; and performing second etch-back on the
shallow trench 1solations to expose a lower portion of the fins
as a larger process window for forming gates of the fins.
Accordingly, compared to conventional methods limited by
fin height from the STI, the double STI recess method pro-
vides greater fin height to produce multi-stack HGAA nanow-
ires with high current density.

[0097] The foregoing outlines features of several embodi-
ments so that those skilled 1n 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 dis-
closure as a basis for designing or modifying other processes
and structures for carrying out the same purposes and/or



US 2016/0190272 Al

achieving the same advantages of the embodiments 1ntro-
duced herein. Those skilled 1n 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 1s claimed 1s:

1. A method of forming a semiconductor device, the
method comprising;:

forming a plurality of fins on a substrate, each fin compris-

ing a top channel layer, a bottom channel layer below the
top channel layer, a top sacrificial layer between the top
channel layer and the bottom channel layer, and a bottom
sacrificial layer between the substrate and the bottom
channel layer;

forming dielectric material between the fins;

etching the dielectric material to expose a portion of the

fins above a level; and

removing the top sacrificial layer and the bottom sacrificial

layer above the level.

2. The method of claim 1, wherein the dielectric materal
comprises shallow trench 1solation materal.

3. The method of claim 1, wherein the etching of the
dielectric material exposes the portion of the fins above a first
level, the method further comprising:

etching the dielectric material to expose the portion of the

fins above a second level that 1s lower than the first level.

4. The method of claim 3, wherein a difference in height
between the first and second levels 1s about 10-50 nanom-
eters.

5. The method of claim 3, wherein the etching of the
dielectric material to expose the portion of the fins above the
first level comprises etching back the dielectric material to
expose the top sacrificial layer of the fins.

6. The method of claim 3, wherein the etching of the
dielectric material to expose the portion of the fins above the
second level comprises etching back the dielectric matenal to
expose the bottom sacrificial layer of the fins.

7. The method of claim 1, wherein the portion has a height
that 1s less than about 50 nanometers.

8. The method of claim 1, further comprising:

oxidizing the top sacrificial layer and the bottom sacrificial

layer.

9. A method of forming a semiconductor device, the
method comprising:

forming a plurality of fins on a substrate, each fin compris-

ing a top channel layer, a bottom channel layer below the
top channel layer, a top sacrificial layer between the top
channel layer and the bottom channel layer, and a bottom

sacrificial layer between the substrate and the bottom
channel layer;

providing dielectric material between the fins;

forming source and drain regions adjacent to the fins;

etching back the dielectric material;

removing a portion of the top sacrificial layer and the
bottom sacrificial layer; and

forming a gate around the top channel layer and the bottom
channel layer.

10. The method of claim 9, further comprising:

forming a poly layer over a preset portion of the fins,
wherein the source and drain regions are formed adja-
cent to the preset portion;
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forming an interlayer dielectric layer over the source and
drain regions;
forming a cap layer over the interlayer dielectric layer; and
removing the poly layer.
11. The method of claim 10, wherein the forming of the cap
layer over the interlayer dielectric layer comprises:
etching back the interlayer dielectric layer;
forming a nitride layer over the poly layer and the inter-
layer dielectric layer; and
performing chemical mechanical polishing on the nitride
layer and stopping at the poly layer.
12. The method of claim 11, wherein the nitride layer
comprises at least one of S1IN and S1CN.
13. A method of forming a semiconductor device, the
method comprising:
forming a plurality of fins on a substrate, each fin compris-
ing a top channel layer, a bottom channel layer below the
top channel layer, a top sacrificial layer between the top
channel layer and the bottom channel layer, and a bottom
sacrificial layer between the substrate and the bottom
channel layer;
providing dielectric material between the fins;
forming a poly layer over a preset portion of the fins;
forming source and drain regions adjacent to the preset
portion;
removing the poly layer;
etching back the dielectric material;
removing a portion of the top sacrificial layer and the
bottom sacrificial layer; and
forming a gate around the top channel layer and the bottom
channel layer.
14. The method of claim 13, further comprising:
forming an interlayer dielectric layer over the source and
drain regions; and
forming a cap layer over the interlayer dielectric layer.
15. The method of claim 14, wherein the forming of the cap
layer over the interlayer dielectric layer further comprises:
etching back the interlayer dielectric layer;
forming a nitride layer over the poly layer and the inter-
layer dielectric layer; and
performing chemical mechanical polishing on the nitride
layer and stopping at the poly layer.
16. The method of claim 13, wherein the dielectric material
comprises shallow trench 1solation matenal.
17. The method of claim 13, wherein the providing of the
dielectric material between the fins comprises:
forming the dielectric material between the fins; and
etching back the dielectric material to expose a portion of
the fins.
18. The method of claim 13, wherein forming the source

and drain regions comprises creating recesses in the fins for
the source and drain regions.

19. The method of claim 13, further comprising:
forming a hard mask to protect a top of the poly layer; and
forming spacers to protect a sidewall of the poly layer.

20. The method of claim 13, wherein the forming of the fins
on the substrate comprises forming the fins with (1) S1 as the
top channel layer and the bottom channel layer, and (11) S1Ge
as the top sacrificial layer and the bottom sacrificial layer.
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