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STRAINED SOURCE AND DRAIN (SSD) 
STRUCTURE AND METHOD FOR FORMING 

THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional application of U.S. 
patent application Ser. No. 14/023,012, filed on Sep. 10, 
2013, the entire of which is incorporated by reference herein. 

BACKGROUND 

0002 Semiconductor devices are used in a variety of elec 
tronic applications, such as personal computers, cellphones, 
digital cameras, and other electronic equipment. Semicon 
ductor devices are typically fabricated by sequentially depos 
iting insulating or dielectric layers, conductive layers, and 
semiconductor layers of materials over a semiconductor Sub 
strate, and patterning the various material layers using lithog 
raphy to form circuit components and elements thereon. 
0003. The semiconductor industry continues to improve 
the integration density of various electronic components 
(e.g., transistors, diodes, resistors, capacitors, etc.) by con 
tinual reductions in minimum feature size, which allow more 
components to be integrated into a given area. These Smaller 
electronic components also require Smaller packages that 
utilize less area than packages of the past, in Some applica 
tions. 
0004 AMOSFET with stressor regions is often formed by 
using epitaxially grown semiconductor materials to form 
Source and drain features. Various techniques directed at the 
shapes, configurations, and materials of the source and drain 
features have been implemented to further improve transistor 
device performance. Although existing approaches have been 
generally adequate for their intended purposes, they have not 
been entirely satisfactory in all respects. 

BRIEF DESCRIPTION OF THE DRAWING 

0005 For a more complete understanding of the present 
disclosure, and the advantages, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which: 
0006 FIGS. 1A-1D show cross-sectional representations 
of various stages of forming a semiconductor device, in 
accordance with Some embodiments of the disclosure. 
0007 FIGS. 2A-2G shows a cross-sectional representa 
tion of various stages of forming a semiconductor device, in 
accordance with Some embodiments of the disclosure. 

DETAILED DESCRIPTION 

0008. The making and using of the embodiments of the 
disclosure are discussed in detail below. It should be appre 
ciated, however, that the embodiments can be embodied in a 
wide variety of specific contexts. The specific embodiments 
discussed are merely illustrative, and do not limit the scope of 
the disclosure. 
0009. It is to be understood that the following disclosure 
provides many different embodiments, or examples, for 
implementing different features of the disclosure. Specific 
examples of components and arrangements are described 
below to simplify the present disclosure. These are, of course, 
merely examples and are not intended to be limiting. More 
over, the performance of a first process before a second pro 
cess in the description that follows may include embodiments 
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in which the second process is performed immediately after 
the first process, and may also include embodiments in which 
additional processes may be performed between the first and 
second processes. Various features may be arbitrarily drawn 
in different scales for the sake of simplicity and clarity. Fur 
thermore, the formation of a first feature over or on a second 
feature in the description may include embodiments in which 
the first and second features are formed in direct or indirect 
COntact. 

0010. Some variations of the embodiments are described. 
Throughout the various views and illustrative embodiments, 
like reference numbers are used to designate like elements. 
0011 Mechanisms for forming a semiconductor device 
are provided. FIGS. 1A-1D show cross-sectional representa 
tions of various stages of forming a semiconductor device 100 
in accordance with some embodiments of the disclosure. 
Referring to FIG. 1A, semiconductor device 100 is provided. 
Semiconductor device 100 includes a semiconductor sub 
strate 102 and a gate stack structure 10 formed on semicon 
ductor substrate 102. 

0012 Semiconductor substrate 102 may be made of sili 
con or other semiconductor materials. Alternatively or addi 
tionally, semiconductor substrate 102 may include other 
elementary semiconductor materials such as germanium. In 
some embodiments, semiconductor substrate 102 is made of 
a compound semiconductor Such as silicon carbide, gallium 
arsenic, indium arsenide, or indium phosphide. In some 
embodiments, semiconductor substrate 102 is made of an 
alloy semiconductor Such as silicon germanium, siliconger 
manium carbide, gallium arsenic phosphide, or gallium 
indium phosphide. In some embodiments, semiconductor 
substrate 102 includes an epitaxial layer. For example, semi 
conductor Substrate 102 has an epitaxial layer overlying a 
bulk semiconductor. 

0013 Semiconductor substrate 102 may further include 
isolation features (not shown). Such as shallow trench isola 
tion (STI) features or local oxidation of silicon (LOCOS) 
features. The isolation features may define and isolate various 
integrated circuit devices. Integrated circuit devices, such as 
metal oxide semiconductor field effect transistors (MOS 
FET), complementary metal oxide semiconductor (CMOS) 
transistors, bipolar junction transistors (BJT), high Voltage 
transistors, high frequency transistors, p-channel and/or 
n-channel field effect transistors (PFETs/NFETs), etc.), 
diodes, or other suitable elements, are formed in and/or on 
semiconductor substrate 102. 

0014 Gate stack structure 10 includes a gate dielectric 
layer 112, a gate electrode layer 114 and a mask layer 116 in 
some embodiments. Gate dielectric layer 112 is formed on 
substrate 102. Gate dielectric layer 112 may be made of 
silicon oxide, silicon oxynitride, or a high dielectric constant 
material (high-kmaterial). The high dielectric constant mate 
rial may include hafnium oxide (H?O), hafnium silicon 
oxide (HfSiO), hafnium silicon oxynitride (HtSiON), 
hafnium tantalum oxide (HfTaO), hafnium titanium oxide 
(HfTiO), hafnium zirconium oxide (HfArO), or other suitable 
high-k dielectric materials. The high-k material may further 
include metal oxides, metal nitrides, metal silicates, transi 
tion metal-oxides, transition metal-nitrides, transition metal 
silicates, oxynitrides of metals, metal aluminates, Zirconium 
silicate, Zirconium aluminate, silicon oxide, silicon nitride, 
silicon oxynitride, Zirconium oxide, titanium oxide, alumi 
num oxide, hafnium dioxide-alumina (HfO Al2O) alloy, 
or other suitable materials. Gate dielectric layer 112 may be 



US 2015/0380521 A1 

formed by any suitable process. Such as atomic layer deposi 
tion (ALD), chemical vapor deposition (CVD), physical 
vapor deposition (PVD), remote plasma CVD (RPCVD), 
plasma enhanced CVD (PECVD), metal organic CVD 
(MOCVD), sputtering, plating, or other suitable processes. 
0015. Afterwards, gate electrode layer 114, such as poly 
silicon, metal or metal silicide, is formed on the gate dielectric 
layer 112. In some embodiments, gate electrode layer 114 is 
made of a polysilicon layer which serves as a dummy gate that 
is replaced in a Subsequent gate replacement process. In some 
embodiments, gate electrode layer 114 is formed by using a 
CVD process. 
0016. As shown in FIG. 1A, mask layer 116, such as a hard 
mask layer, is formed on gate electrode layer 114. After 
forming mask layer 116, gate dielectric layer 112 and gate 
electrode layer 114 are then patterned, for example, by using 
a photolithography process and an etching process such that 
gate stack structure 10 is formed. Gate stack structure 10 may 
include a number other layers, for example, capping layers, 
interface layers, diffusion layers, barrier layers. 
0017. Afterwards, sealing layers 118 are formed on side 
walls of the gate stack structure 10. However, sealing layers 
118 are optional. Sealing layers 118 are made of a dielectric 
material. The dielectric material may include, for example, a 
silicon nitride, silicon oxide, silicon oxynitride, or other Suit 
able materials. Sealing layers 118 are deposited on the gate 
stack structures 10 and the semiconductor substrate 102 by 
using a Suitable process. Such as a CVD process. Then, an 
etching process, such as a dry etching process, is performed to 
partially remove the sealing layers 118 such that the sealing 
layers 118 remain on the opposite sidewalls of the gate stack 
structure 10. The sealing layers 118 may protect the gate stack 
structure 10 from damage when Subsequent process steps are 
performed. In some embodiments, sealing layers 118 have a 
thickness in a range from about 1 nm to about 5 nm. 
0018. As shown in FIG. 1A, gate spacers 120 are formed 
on the opposite sidewalls of the gate stack structure 10 to 
cover sealing layer 118. In some embodiments, a dielectric 
layer is deposited over semiconductor substrate 102, and an 
etching process is performed to remove a portion of the 
dielectric layer to form gate spacers 120. Gate spacers 120 are 
made of silicon oxide, silicon nitride, silicon oxynitride, and/ 
or dielectric materials. Gate spacers 120 may include one 
layer or multiple layers. In some embodiments, gate spacers 
120 have a thickness T in a range from about 9 nm to about 
17 nm. 
0019. After forming gate spacers 120, a dry etching pro 
cess 21 is performed to remove a portion of semiconductor 
substrate 102 and to form recesses 130 as shown in FIG.1B in 
accordance with some embodiments of the disclosure. In 
Some embodiments, recesses 130 are aligned with gate spac 
erS 120. 
0020. In some embodiments, dry etching process 21 
includes an etching gas including He, Ar., HBr, N, CH, CF, 
CHF, CHF, CHF and O. In some embodiments, recesses 
130 have a depth X in a range from about 57 nm to about 66 

. 

0021 Gate spacer 120 includes an inner side I closer to 
gate stack structure 10. Recesses 130 include an inner edge E 
closer to gate stack structure 10. A Surface proximity is 
defined by a distance on a top Surface of semiconductor 
substrate 102 between an inner side I of gate spacers 120 and 
an inner edge E of recess 130 (or when the recesses are filled, 
a source and drain structure). It should be noted that an 
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etching profile of recesses 130 is limited by thickness T of 
gate spacers 120. For example, as shown in FIG. 1B, the 
etching profile of recesses 130 achieves a surface proximity 
from I to E is about thickness T of gate spacers 120. In some 
embodiments, a Surface proximity from I to E is in a range 
from about 15 nm to about 21 nm. 

0022. Afterwards, a wet etch process 23 is performed to 
enlarge the recesses 130 to form an enlarged recesses 132 as 
shown in FIG. 1C in accordance with some embodiments of 
the disclosure. In some embodiments, enlarged recesses 132 
are aligned with gate spacers 120. 
0023. It should be noted that an etching profile of enlarged 
recesses 132 is still limited by thickness T of gate spacers 
120. For example, as shown in FIG. 1C, the etching profile of 
enlarged recesses 132 achieves a surface proximity from I to 
E is about thickness T of gate spacers 120. In some embodi 
ments, a Surface proximity from I to E is in a range from about 
15 nm to about 21 nm. 

0024. In some embodiments, wet etching process 23 
includes an etching solution including NH-OH, KOH (potas 
sium hydroxide), HF (hydrofluoric acid), TMAH (tetram 
ethyl ammonium hydroxide), or other applicable etching 
Solutions. In some embodiments, enlarged recesses 132 have 
a depth X in a range from about 10 nm to about 20 nm. 
0025. Afterwards, a semiconductor material is formed in 
enlarged recesses 132 to form a strained source and drain 
(SSD) structure 140. In some embodiments, silicon germa 
nium (SiGe) is deposited in the recesses 132 of semiconduc 
tor substrate 102 to form SiGe source and drainstructure 140. 
Strained source and drain structure 140 may alternatively be 
referred to as raised source and drain regions. Strained source 
and drainstructure 140 associated withgate stack structure 10 
may be in-situ doped or undoped during the epi process. 
When strained source and drain structure 140 are undoped, 
they may be doped in a Subsequent process. The doping may 
be achieved by an ion implantation process, plasma immer 
sion ion implantation (PIII) process, gas and/or Solid source 
diffusion process, or other Suitable process. Strained source 
and drain structure 140 may further be exposed to annealing 
processes, such as a rapid thermal annealing process. 
0026. In some embodiments, strained source and drain 
structure 140 is formed by an epitaxy or epitaxial (epi) pro 
cess. The epiprocess may include a selective epitaxy growth 
(SEG) process, CVD deposition techniques (e.g., vapor 
phase epitaxy (VPE) and/or ultra-high vacuum CVD (UHV 
CVD)), molecular beam epitaxy, or other suitable epi pro 
cesses. The epi process may use gaseous and/or liquid 
precursors, which may interact with the composition of semi 
conductor substrate 102. The deposited semiconductor mate 
rial is different from semiconductor substrate 102. Accord 
ingly, a channel region of semiconductor device 100 is 
strained or stressed to enable carrier mobility of a device and 
enhance device performance. However, as shown in FIG.1D, 
a Surface proximity from I to E of Strained source and drain 
structure 140 is limited by thickness T of gate spacers 120. 
Therefore, if the surface proximity is further reduced, the 
performance of the semiconductor device will be improved. 
0027 FIGS. 2A-2G show cross-sectional representations 
of various stages of forming a semiconductor device 100 in 
accordance with some embodiments of the disclosure. FIGS. 
2A-2G show a fabricating method used in a gate-last process. 
However, the embodiments of the disclosure may also be used 
in a gate-first process. 
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0028. As shown in FIG. 2A, gate stack structure 10 is 
formed over semiconductor substrate 102. Gate stack struc 
ture 10 includes gate dielectric layer 112, gate electrode layer 
114 and mask layer 116. Afterwards, sealing layer 118 and 
gate spacers 120 are formed on sidewalls of gate stack struc 
ture 10. 

0029. After forming gate spacers 120, doped regions 125 
are formed in semiconductor substrate 102 as shown in FIG. 
2B in accordance with some embodiments of the disclosure. 
Doped regions 125 are aligned with the sidewalls of gate stack 
structure 10. As shown in FIG. 2B, doped regions 125 are 
aligned with an inner side of sealing layers 118. In some 
embodiments, doped regions 125 are doped with an n-type 
dopant, such as arsenic (AS), phosphorous (P) or antimony 
(Sb). In some other embodiments, doped regions 125 are 
doped with a p-type dopant, such as boron (B) or boron 
fluorine (BF). In some embodiments, doped regions 125 are 
doped with arsenic (AS) having a concentration in a range 
from about 1E13 to about 2E18 atom/cm. Doped regions 125 
have a gradient dopant concentration, and dopant concentra 
tion is decreased from inner side to outer side of doped 
regions 125. 
0030. In some embodiments, an ion implantation (IMP) 
process 19 is performed to form doped regions 125. In some 
embodiments, ion implantation (IMP) process 19 is operated 
under a power in a range from about 1 KeV to about 20 keV. 
In some embodiments, doped regions 125 extend from a 
surface of semiconductor substrate 102 to a depth X in a 
range from about 1 A to about 100 A. 
0031. Afterwards, dry etching process 21 is performed to 
remove a portion of semiconductor substrate 102 and to form 
recesses 130' as shown in FIG. 2C in accordance with some 
embodiments of the disclosure. In some embodiments, dry 
etching process 21" includes a plasma etching process. 
0032. In some embodiments, an etching gas used in dry 
etching process 21' includes helium (He), argon (Ar), chlo 
rine (Cl), oxygen (O), HBr, N2, CF4 and CH3F. In some 
embodiments, chlorine (Cl) to helium (He) has a ratio in a 
range from about 0.1 to about 10. 
0033. In some embodiments, an etching pressure used in 
dry etching process 21' is in a range from about 1 mT to about 
50 mT. In some embodiments, an etching source power used 
in dry etching process 21' is in a range from about 100 W to 
about 2000 W. In some embodiments, an RF bias voltage used 
in dry etching process 21' is in a range from about 0V to about 
600 V. 

0034. As mentioned above, dopant, such as arsenic (As) is 
doped in semiconductor substrate 102 to form doped region 
125. In addition, chlorine (Cl) is a main etching gas used in 
etching process 21'. In the undoped region, the Substrate and 
chlorine atoms react to form a covalent bond (such Si Cl 
bond) which is hard to be broken. In contrast, in doped region 
125, doped arsenic (As) atoms in doped region 125 induce 
charge unbalances in semiconductor Substrate 102, and the 
bonding of the Si C1 bond may be broken due to the unbal 
anced charge. Therefore, extra chlorine atoms formed by 
breaking the Si-Cl bond may attack or etch semiconductor 
substrate 102. In other words, doped regions 125 are etched 
by the extra chlorine atoms. Accordingly, the doped region 
125 undergate spacers 120 is etched by dry etching process 
21'. In some embodiments, an etching rate of dry etching 
process 21' is increased with an increase in the doping con 
centration of doped regions 125. 
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0035 Gate spacer 120 includes an inner side I closer to 
gate stack structure 10. Recesses 130' include an inner border 
R closer to gate stack structure 10. It should be noted that 
border R of recesses 130' on the top surface of semiconductor 
Substrate 102 is not aligned with an outer side of gate spacer 
120. A surface proximity is defined by a distance on a top 
surface of semiconductor substrate 102 between an inner side 
I of gate spacers 120 and an inner border R of recess 130'. In 
some embodiments, the etching profile of the recesses 130' 
achieve a surface proximity T from I to R is in a range from 
about 0 to about 5 nm. 

0036. As shown in FIG. 2C, recesses 130' have a rounded 
shape. In some embodiments, recesses 130' have a depth Xin 
a range from about 14 nm to about 19 mm. In addition, recesses 
130' have a protruding portion 131. Protruding portion 131 is 
a cuboid with a rectangular bottom Surface and an inclined 
sidewall. In some embodiments, protruding portion 131 has a 
depth Xs in a range from about 3 nm to about 7 nm. 
0037. Afterwards, a wet etch process 23' is performed to 
enlarge the recesses 130' to form an enlarged recesses 132 as 
shown in FIG. 2D in accordance with some embodiments of 
the disclosure. It should be noted that border R of enlarged 
recesses 132 on the top surface of semiconductor substrate 
102 is not aligned with an outer side of gate spacer 120. In 
addition, border R of enlarged recesses 132' is closer to gate 
stack structure 10 than border R of recesses 130'. As shown in 
FIG. 2D, the etching of enlarged recesses 132' achieves a 
surface proximity T from I to R is in a range from about -1 
nm to about +1 nm. 
0038. In some embodiments, wet etching process 23' 
includes an etching solution including TMAH (tetramethyl 
ammonium hydroxide), NHOH, KOH (potassium hydrox 
ide), HF (hydrofluoric acid), or other applicable etching solu 
tions. In some embodiments, TMAH used in wet etching 
process 23' has a concentration in a range from about 1% to 
about 10%. 
0039. In some embodiments, the etching profile of 
enlarged recesses 132' is defined by facets 132A, 132B, 
132C, 132D, and 132'E of semiconductor substrate 102. 
Facets 132A, 132B, 132'C, and 132D, are referred to as 
shallow facets, and facet 132E is referred to as a bottom facet. 
In some embodiments, the etching profile of the recess is 
defined by 132A, 132B, 132'C, and 132D in a 111 crys 
tallographic plane of semiconductor Substrate 102, and facet 
132'E in a {100} crystallographic plane of semiconductor 
Substrate 102. In some embodiments, an angle C. between 
shallow facets 132A and 132B of semiconductor substrate 
102 is in a range from 115 degree to about 135 degree. In some 
embodiments, an angle 0 between facet 132B and 132E is in 
a range from 115 degree to about 125 degree. In some 
embodiments, enlarged recesses 132 have a depth X in a 
range from about 37 nm to about 43 nm. 
0040. A tip depth defines a distance between a top surface 
of semiconductor substrate 102 and an intersection Poffacets 
132A and 132B (or facets 132C and 132D). In some 
embodiments, the etching profile of enlarged recesses 132 
achieves a tip depth X7 in a range from about 5 nm to about 8 
nm. In some embodiments, an intersection P of facets 132A 
and 132B (or facets 132C and 132D) is almost aligned with 
inner side I of gate spacers 120. 
0041 After forming enlarged recesses 132', a semicon 
ductor material is formed in enlarged recesses 132 to form a 
strained source and drain (SSD) structure 140' as shown in 
FIG. 2E in accordance with some embodiments of the disclo 
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Sure. In some embodiments, silicon germanium (SiGe) is 
deposited in enlarged recesses 132 of semiconductor sub 
strate 102 to form SiGe SSD structure 140'. In some embodi 
ments, SSD structure 140' has tip T which is closest to doped 
region 125, and tip T is Substantially aligned with an inner 
side of gate spacers 120. 
0042. It should be noted that border R of strained source 
and drain (SSD) structure 140' on the top surface of semicon 
ductor substrate 102 is not aligned with an outer side of gate 
spacer 120. In addition, since enlarged recesses 132 achieve 
a small surface proximity T., SSD structure 140' has a small 
surface proximity T from I to R. In some embodiments, the 
profile of SSD structure 140' achieves a surface proximity T 
from I to R is in a range from about -1 nm to about +1 nm. 
Compared to SSD structure 140 shown in FIG. 1D, SSD 
structure 140' shown in FIG. 2E has a relatively smaller 
Surface proximity. Therefore, a channel length of semicon 
ductor device 100 is reduced by shortening the surface prox 
imity. 
0043. As shown in FIG. 2E, SSD structure 140' has a 
raised height H over the top surface of semiconductor Sub 
strate 102. In some embodiment, raised height H is in a range 
from about 16 to about 20 nm. If raised height H is too large, 
gate spacers 120 may collapse due to compressive stress 
induced from SSD structure 140'. If raised height H is too 
Small, a contact landing window will be impacted to induce 
circuits open and yield loss. 
0044. After forming SSD structure 140', gate dielectric 
layer 112 and gate electrode layer 114 are removed to form a 
trench 145 as shown in FIG. 2F in accordance with some 
embodiments of the disclosure. In some embodiments, gate 
dielectric layer 112 and gate electrode layer 114 are removed 
by an etching process. 
0045. Afterwards, a metal gate electrode layer 150 is filled 
into trench 145 as shown in FIG.2G in accordance with some 
embodiments of the disclosure. Additional processes may be 
performed to complete the fabricating steps of semiconductor 
device 100. 
0046 Embodiments of mechanisms of forming a semi 
conductor device are provided. Doped regions are formed in 
a Substrate. A portion of the doped region is removed by a dry 
etching process and a wet etching process to form a recess. A 
surface proximity of the recess is controlled by design of the 
concentration of the doped region. The recess has a small 
surface proximity, and an SSD structure formed afterwards 
also has a small Surface proximity. As a result, a channel 
length of a semiconductor device is reduced by shortening the 
surface proximity. Therefore, the performance of the semi 
conductor device is improved. 
0047. In some embodiments, a semiconductor device 
structure is provided. The semiconductor device structure 
includes a Substrate and a gate stack structure formed on the 
substrate. The semiconductor device structure also includes 
gate spacers formed on sidewalls of the gate Stacks. The 
semiconductor device structure includes doped regions 
formed in the substrate. The semiconductor device structure 
also includes a strained source and drain (SSD) structure 
adjacent to the gate spacers, and the doped regions are adja 
cent to the SSD structure. The semiconductor devicestructure 
includes SSD structure has a tip which is closest to the doped 
region, and the tip is Substantially aligned with an inner side 
of gate spacers. 
0.048. In some embodiments, a semiconductor device 
structure is provided. The semiconductor device structure 

Dec. 31, 2015 

includes a Substrate having a top surface and a gate stack 
structure formed on the substrate. The semiconductor device 
structure includes sealing layers formed on sidewalls of the 
gate stack structure and gate spacers formed on the sealing 
layers. The semiconductor device structure also includes a 
doped region formed in the Substrate below the gate spacers. 
The semiconductor device structure further includes an SiGe 
SSD structure formed in the substrate adjacent to gate spacers 
and the doped region, and a Surface proximity is defined by a 
distance on the top surface of the substrate between an inner 
side of the gate spacers and an inner border of the SSD 
structure, and the Surface proximity is in a range from about 
-1 nm to about +1 nm. 

0049. In some embodiments, a method for forming a semi 
conductor device structure is provided. The method includes 
providing a Substrate having a top surface and forming a gate 
stack structure on the substrate. The method also includes 
forming sealing layers on sidewalls of the gate stack structure 
and forming gate spacers on the sealing layers. The method 
further includes forming a doped region in the Substrate and 
performing a dry etching process to remove a portion of the 
doped regions and to form a recess in the Substrate. The 
method includes performing a wet etching process to enlarge 
the recess to form an enlarged recess. The method also 
includes forming a strained source and drain (SSD) structure 
in the enlarged recess, and a Surface proximity is defined by a 
distance on the top surface of the substrate between an inner 
side of the gate spacers and an inner border of the SSD 
structure, and the surface proximity is in a range from about 
-1 nm to about +1 nm. 

0050 Although embodiments of the present disclosure 
and their advantages have been described in detail, it should 
be understood that various changes, Substitutions and alter 
ations can be made herein without departing from the spirit 
and scope of the disclosure as defined by the appended 
claims. For example, it will be readily understood by those 
skilled in the art that many of the features, functions, pro 
cesses, and materials described herein may be varied while 
remaining within the scope of the present disclosure. More 
over, the scope of the present application is not intended to be 
limited to the particular embodiments of the process, 
machine, manufacture, composition of matter, means, meth 
ods and steps described in the specification. As one of ordi 
nary skill in the art will readily appreciate from the disclosure 
of the present disclosure, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently 
existing or later to be developed, that perform substantially 
the same function or achieve Substantially the same result as 
the corresponding embodiments described herein may be 
utilized according to the present disclosure. Accordingly, the 
appended claims are intended to include within their scope 
Such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 
What is claimed is: 

1. A method for forming a semiconductor device structure, 
compr1S1ng: 

forming a gate stack structure on a Substrate; 
forming gate spacers on the sidewalls of the gate stack 

Structure: 
forming a doped region in the Substrate; 
forming a strained source and drain (SSD) structure adja 

cent to the gate spacers, wherein the doped regions are 
adjacent to the SSD structure and have a gradient dopant 
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concentration, and dopant concentration is decreased 
from inner side to outer side of doped regions. 

2. The method for forming the semiconductor device struc 
ture as claimed in claim 1, wherein an inner border of the SSD 
structure on a top surface of Substrate is not aligned with an 
outer side of the gate spacers. 

3. The method for forming the semiconductor device struc 
ture as claimed in claim 1, whereinforming the doped region 
comprises: 

doping the doped regions with arsenic (AS), phosphorous 
(P), antimony (Sb), boron (B) or boron fluorine (BF). 

4. The method for forming the semiconductor device struc 
ture as claimed in claim 1, whereinforming the doped region 
in the Substrate comprises: 

performing an ion implantation (IMP) process to the Sub 
Strate. 

5. The method for forming the semiconductor device struc 
ture as claimed in claim 1, further comprising: 

performing a dry etching process to remove a portion of the 
doped regions and to form a recess in the Substrate; 

performing a wet etching process to enlarge the recess to 
form an enlarged recess; and 

forming the SSD structure in the enlarged recess. 
6. The method for forming the semiconductor device struc 

ture as claimed in claim 5, wherein performing the dry etch 
ing process comprises: 

a plasma etching process using an etching gas including 
helium (He), argon (Ar), chlorine (Cl) and oxygen (O), 
HBr, N. CF, and CHF. 

7. The method for forming the semiconductor device struc 
ture as claimed in claim 5, wherein performing the wet etch 
ing process comprises: 

using an etching solution including TMAH (tetramethyl 
ammonium hydroxide), NHOH, KOH (potassium 
hydroxide) or HF (hydrofluoric acid). 

8. The method for forming the semiconductor device struc 
ture as claimed in claim 5, whereinforming the SSD structure 
comprises: 

performing an epitaxial (epi) process in the enlarged 
CCCSS. 

9. The method for forming the semiconductor device struc 
ture as claimed in claim 1, wherein a Surface proximity is 
defined by a distance on the substrate between the inner side 
of the gate spacers and an inner border of the SSD structure, 
and the Surface proximity is in a range from about -1 nm to 
about +1 nm. 

10. The method for forming the semiconductor device 
structure as claimed in claim 1, wherein forming the SSD 
structure comprises: 

forming a silicon germanium (SiGe) SSD structure. 
11. A method for forming the semiconductor device struc 

ture, comprising: 
providing a Substrate having a top Surface; 
forming a gate stack structure on the Substrate; 
forming a doped region in the Substrate, wherein the doped 

regions have a gradient dopant concentration, and 
dopant concentration is decreased from inner side to 
outer side of doped regions; 

performing a dry etching process to remove a portion of the 
doped regions and to form a recess in the Substrate; 

performing a wet etching process to enlarge the recess to 
form an enlarged recess; and 
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forming a strained source and drain (SSD) structure in the 
enlarged recess. 

12. The method for forming the semiconductor device 
structure as claimed in claim 11, wherein performing the dry 
etching process comprises: 

a plasma etching process using an etching gas including 
helium (He), argon (Ar), chlorine (Cl-) and oxygen (O), 
HBr, N. CF, and CHF. 

13. The method for forming the semiconductor device 
structure as claimed in claim 11, wherein performing the wet 
etching process comprises: 

using an etching solution including TMAH (tetramethyl 
ammonium hydroxide), NHOH, KOH (potassium 
hydroxide) or HF (hydrofluoric acid). 

14. The method for forming the semiconductor device 
structure as claimed in claim 11, forming the SSD structure 
comprises: 

forming a silicon germanium (SiGe) SSD structure. 
15. A method for forming the semiconductor device struc 

ture, comprising: 
providing a Substrate having a top Surface; 
forming a gate stack structure on the Substrate; 
forming sealing layers on sidewalls of the gate stack struc 

ture; 
forming gate spacers on the sealing layers; 
forming a doped region in the Substrate, wherein the doped 

regions have a gradient dopant concentration, and 
dopant concentration is decreased from inner side to 
outer side of doped regions; 

performing a dry etching process to remove a portion of the 
doped regions and to form a recess in the Substrate; 

performing a wet etching process to enlarge the recess to 
form an enlarged recess; and 

forming a strained source and drain (SSD) structure in the 
enlarged recess. 

16. The method for forming the semiconductor device 
structure as claimed in claim 10, whereinforming the doped 
region comprises: 

doping the doped regions with arsenic (AS), phosphorous 
(P), antimony (Sb), boron (B) or boron fluorine (BF). 

17. The method for forming the semiconductor device 
structure as claimed in claim 13, whereinforming the doped 
region in the Substrate comprises: 

performing an ion implantation (IMP) process to the Sub 
Strate. 

18. The method for forming the semiconductor device 
structure as claimed in claim 13, wherein performing the dry 
etching process comprises: 

a plasma etching process using an etching gas including 
helium (He), argon (Ar), chlorine (Cl-) and oxygen (O), 
HBr, N. CF, and CHF. 

19. The method for forming the semiconductor device 
structure as claimed in claim 13, wherein performing the wet 
etching process comprises: 

using an etching solution including TMAH (tetramethyl 
ammonium hydroxide), NHOH, KOH (potassium 
hydroxide) or HF (hydrofluoric acid). 

20. The method for forming the semiconductor device 
structure as claimed in claim 13, whereinforming the SSD 
structure comprises: 

performing an epitaxial (epi) process in the enlarged 
CCCSS. 


