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(57) ABSTRACT 

A method for fabricating a semiconductor structure is dis­
closed. A substrate with a first transistor having a first dummy 
gate and a second transistor having a second dummy gate is 
provided. The conductive types of the first transistor and the 
second transistor are different. The first and second dummy 
gates are simultaneously removed to form respective first and 
second openings. A high-k dielectric layer, a second type 
conductive layer and a first low resistance conductive layer 
are formed on the substrate and fill in the first and second 
openings, with the first low resistance conductive layer filling 
up the second opening. The first low resistance conductive 
layer and the second type conductive layer in the first opening 
are removed. A first type conductive layer and a second low 
resistance conductive layer are then formed in the first open­
ing, with the second low resistance conductive layer filling up 
the first opening. 
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METHOD FOR FABRICATING 
SEMICONDUCTOR STRUCTURE AND 

STRUCTURE OF STATIC RANDOM ACCESS 
MEMORY 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 
[0002] The present invention relates to a static random 
access memory and a method for fabricating a semiconductor 
structure, and more particularly, to a static random access 
memory with a high-k dielectric layer and a method for fab­
ricating a semiconductor structure with a high-K dielectric 
layer. 
[0003] 2. Description of Related Art 
[0004] In a traditional semiconductor process, silicon diox­
ide is usually used to form a gate dielectric layer. However, 
with rapid development in the integrated circuit industry, to 
increase the integrity and driving capacity of elements, the 
whole circuit element must be designed with reduced profile. 
As line width of the gate is narrowed, the thickness of the gate 
dielectric layer must also be reduced. This may increase the 
possibility of direct tunneling, which may result in sudden 
increase of the gate leakage current. 
[0005] To address this issue, dielectric layer with high-k 
becomes attractive for being used as the gate dielectric layer 
material. However, currently, there are still technical difficul­
ties in incorporating the high-k dielectric layer into the tran­
sistor. This is because the use of high-k dielectric material 
may reduce the migration rate and element reliability. In 
addition, as the gate dielectric layer is getting thinner, Boron 
penetration and poly depletion become more serious. The 
Boron penetration can be mitigated by doping a tiny amount 
of nitrogen into the oxide, but the ploy depletion cannot be 
avoided. Further, since the use of the high-k dielectric layer 
may increase the threshold voltage of the element, the high-k 
dielectric layer and the polysilicon gate cannot be integrated 
together. Accordingly, it is proposed to replace the polysili­
con with metal gate, which facilitates avoiding the poly deple­
tion as well as reducing the gate parasitic resistance. 
[0006] However, in conventional methods of forming a 
typical gate structure having the high-k dielectric layer and 
metal gate, the dummy polysilicon gate is removed after it is 
formed on the high-k dielectric layer, and a metal gate is 
formed later. This may cause the high-k dielectric layer to be 
damaged during the course of removing the dummy polysili­
con gate, which would degrade its original property of high 
resistance. 
[0007] Moreover, integrating the fabrication process of 
these elements having high-k dielectric layer and fabrication 
process of other elements on a chip may cause many problems 
on various elements. For example, the earlier formed high-k 
dielectric layer and metal gate will be subjected to multiple 
high temperature thermal processes, which may change the 
original properties of these layers. For example, this may 
degrade the quality of the interface between the high-k dielec­
tric layer and the metal gate, which may easily, especially in 
a P-type transistor, cause roll-off of a threshold voltage of the 
transistor, reducing the element reliability. Another problem 
may be that an extra high-kdielectric layer is formed at the PN 
interface of the static random access memory, which signifi­
cantly reduces the performance of the static random access 
memory. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method for 
fabricating a semiconductor structure in which the high-k 
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dielectric layer is formed after removal of the dummy gate, 
thereby avoiding the layer quality degradation due to the high 
temperature thermal processes. 
[0009] The present invention is also directed to a static 
random access memory having no extra high-k dielectric 
layer being disposed at the PN interface while keeping the 
advantageous of the high-k dielectric layer. 
[0010] The present invention provides a method for fabri­
cating a semiconductor structure. In this method, a substrate 
with a first transistor comprising a first dummy gate and a 
second transistor comprising a second dummy gate is first 
provided. The conductive type of the first transistor is differ­
ent from a conductive type of the second transistor. The first 
dummy gate and the second dummy gate are then simulta­
neously removed to form a first opening and a second open­
ing, respectively. Next, a dielectric layer, a high-k dielectric 
layer, a second type conductive layer and a first low resistance 
conductive layer are formed on the substrate in sequence and 
at least fill in the first opening and the second opening, with 
the first low resistance conductive layer filling up the first 
opening and the second opening. Afterwards, the first low 
resistance conductive layer and the second type conductive 
layer in the first opening are removed. Next, a first type 
conductive layer and a second low resistance conductive layer 
are formed in the first opening, with the second low resistance 
conductive layer filling up the first opening. 
[0011] According to one embodiment of the present inven­
tion, the substrate further comprises a high-voltage element, a 
resistor and a static random access memory that have been 
formed on the substrate, the high-voltage element comprises 
a gate, the resistor comprises an upper electrode, the static 
random access memory comprises a conductive layer extend­
ing across a first type doped region, an isolation structure and 
a second type doped region that are formed in the substrate. 
[0012] According to one embodiment of the present inven­
tion, the gate and the conductive layer are removed along with 
removal of the first dummy gate and the second dummy gate. 
[0013] According to one embodiment of the present inven­
tion, during forming the dielectric layer, the high-k dielectric 
layer, the second type conductive layer and the first low 
resistance conductive layer, these layers simultaneously fill 
into the location where the gate and the conductive layer were 
located. 
[0014] According to one embodiment of the present inven­
tion, along with removing the first low resistance conductive 
layer and the second type conductive layer in the first open­
ing, the first low resistance conductive layer and the second 
type conductive layer in the static random access memory that 
are located above the first type doped region are removed to 
form a third opening. 
[0015] According to one embodiment of the present inven­
tion, during forming the first type conductive layer and the 
second low resistance conductive layer, the first type conduc­
tive layer and the second low resistance layer fill in the third 
opening, with the second low resistance conductive layer 
filling up the third opening. 
[0016] According to one embodiment of the present inven­
tion, the method for removing the first dummy gate and the 
second dummy gate comprises a wet etching process or a dry 
etching process. 
[0017] According to one embodiment of the present inven­
tion, the wet etching process comprises using NH4 OH or 
TMAH. 
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[0018] According to one embodiment of the present inven­
tion, the first transistor is a P-type transistor, and the second 
transistor is an N-type transistor. 

[0019] According to one embodiment of the present inven­
tion, the first type conductive layer is a P-type metal layer and 
the second type conductive layer is an N-type metal layer. 

[0020] According to one embodiment of the present inven­
tion, the method for removing the first low resistance conduc­
tive layer and the second type conductive layer in the first 
opening comprises first forming a patterned photoresist layer 
with at least an upper surface of the first low resistance con­
ductive layer located above the first opening being exposed, 
and then removing at least the first low resistance conductive 
layer and the second type conductive layer in the first opening 
with a dry etching process or a wet etching process. 

[0021] According to one embodiment of the present inven­
tion, the wet etching process comprises using deionized water 
including NH4 OH, H2 O2 , H2SO4 or HCI. 

[0022] According to one embodiment of the present inven­
tion, before removing the first dummy gate and the second 
dummy gate, the method for fabricating the semiconductor 
structure further comprises forming a mask on the substrate, 
the mask covering the first transistor and the second transis­
tor. Then, an interlayer dielectric layer is formed on the sub­
strate, with the interlayer dielectric layer filling up at least a 
spacing between the first type transistor and the second type 
transistor. Afterwards, a portion of the mask is removed such 
that the first dummy gate and the second dummy gate are 
exposed. 
[0023] The present invention also provides a static random 
access memory. The static random access memory comprises 
a substrate, an interlayer dielectric layer, a high-k dielectric 
layer, a first low resistance conductive layer, a second type 
conductive layer, a first type conductive layer and a second 
low resistance conductive layer. The substrate comprises a 
first type doped region, a second type doped region, and an 
isolation structure separating the first type doped region and 
the second type doped region apart. The interlayer dielectric 
layer is disposed on the substrate, and has an opening extend­
ing across the first type doped region, the isolation structure 
and the second doped region such that the substrate is 
exposed. The high-k dielectric layer is disposed in the open­
ing along inner sidewalls and a bottom of the opening. The 
first low resistance conductive layer is disposed on the second 
type doped region and a portion of the isolation structure and 
fill in the opening. The second type conductive layer is dis­
posed between the first low resistance conductive layer and 
the high-k dielectric layer. The first type conductive layer is 
disposed on the high-k dielectric layer along an exposed side 
surface of the first low resistance conductive layer and an 
exposed upper surface of the high-k dielectric layer in the 
opening. The second low resistance conductive layer is dis­
posed on the first type conductive layer and fills in the open­
ing. 
[0024] According to one embodiment of the present inven­
tion, the static random access memory further comprises a 
dielectric layer disposed between the high-k dielectric layer 
and the substrate and between the high-k dielectric layer and 
the interlayer dielectric layer. 
[0025] According to one embodiment of the present inven­
tion, the first type doped region is a P-type doped region, and 
the second type doped region is an N-type doped region. 
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[0026] According to one embodiment of the present inven­
tion, the first type conductive layer is a P-type conductive 
layer, and the second type conductive layer is an N-type metal 
layer. 
[0027] According to one embodiment of the present inven­
tion, material of the P-type metal layer comprises tungsten, 
tungsten nitride, platinum, titanium nitride or ruthenium. 
[0028] According to one embodiment of the present inven­
tion, material of the N-type metal layer comprises tantalum 
nitride, tantalum silicon nitride, tantalum carbide, titanium 
aluminum nitride, aluminum-titanium alloy, titanium alumi­
num compound, aluminum. 
[0029] According to one embodiment of the present inven­
tion, material of the high-k dielectric layer comprises tanta­
lum oxide, Ba1_xSrxTiO3 , silicon nitride, silicon oxynitride, 
silicon carbide, silicon carbon oxide, hafnium oxide, hafnium 
silicon oxide, hafnium silicon oxynitride, zirconium oxide, 
zirconium silicon oxide, zirconium hafnium oxide, titanium 
oxide, cerium oxide, lanthanum oxide, lanthanum aluminum 
oxide, or aluminum oxide. 
[0030] In the present invention, the sequence of the process 
steps is changed such that the high-k dielectric layer is formed 
after removal of the conductive layers of the dummy gate and 
the static random access memory, thereby preventing the 
layer from being damaged and improving the quality of the 
interface between the high-k dielectric layer and the first type 
conductive layer, or between the high-k dielectric layer and 
the second type conductive layer. In addition, no extra high-k 
dielectric layer will be formed at the PN interface of the static 
random access memory. 
[0031] In order to make the aforementioned and other fea­
tures and advantages of the present invention more compre­
hensible, embodiments accompanied with figures are 
described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIGS. lA-1 through lF-1 are cross-sectional views 
illustrating fabrication process of a semiconductor structure 
according to one embodiment of the present invention. 
[0033] FIGS. lA-2 through lF-2 are cross-sectional views 
illustrating fabrication process of a static random access 
memory corresponding to the steps of FIGS. lA-1 through 
lF-1. 

DESCRIPTION OF THE EMBODIMENTS 

[0034] FIGS. lA-1 through lF-1 are cross-sectional views 
illustrating fabrication process of a semiconductor structure 
according to one embodiment of the present invention. FIGS. 
lA-2 through lF-2 are cross-sectional views illustrating fab­
rication process of a static random access memory corre­
sponding to the steps of FIGS. lA-1 through lF-1. 
[0035] FIG. lA-1 illustrates a flow chart for fabricating a 
semiconductor structure according to one embodiment of the 
present invention. In the illustrated fabrication process, a 
substrate 100 is first provided. The substrate 100 is, for 
example, a silicon substrate, a silicon substrate on insulator, a 
III-V compound semiconductor substrate, or a II-VI com­
pound semiconductor substrate. A first transistor 110, a sec­
ond transistor 120, a high-voltage element 130 and a resistor 
140, which are separated apart by isolation structures 105, 
have been formed on the substrate 100. The isolation structure 
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105 is, for example, a shallow trench isolation structure as 
shown in FIG. lA-1, or other type of isolation structure such 
as a field oxide. 
[0036] The first transistor 110 includes a gate dielectric 
layer 111 disposed on the substrate 100 and a dummy gate 
113 disposed on the gate dielectric layer 111. A spacer 117 is 
disposed on both sides of the dummy gate 113. A first type 
source/drain region 119 is formed in the substrate 100 at 
opposite sides of the dummy gate 113. Material of the gate 
dielectric layer 111 is, for example, silicon oxide. Material of 
the dummy gate 113 is conductive material such as polysili­
con, doped polysilicon, or the like. Material of the spacer 117 
is insulating material, for example, siliconoxide.Ahardmask 
layer 115, for example, silicide layer of nickel silicide, tung­
sten silicide, cobalt silicide or titanium silicide, etc. may also 
be disposed on the dummy gate 113. The first type drain/ 
source 119 is formed in the substrate 100 at opposite sides of 
the dummy gate 113. 
[0037] The second transistor 120 is constructed in a similar 
way as the first transistor 110, and includes a gate dielectric 
layer 121, a dummy gate 123, spacers 127 and a second type 
source/drain region 129. A hard mask layer 125 may also be 
disposed on the dummy gate 123. 
[0038] The first type source/drain 119 is, for example, a 
P-type doped region that is doped with P-type dopant such as 
B, BF2 , In or the like, and the first transistor 110 is thus a 
P-type transistor. Correspondingly, the second type source/ 
drain 129 is, for example, an N-type source/drain that is 
doped with N-type dopant such as P, As or the like, and the 
second transistor 120 is thus an N-type transistor. 
[0039] The high-voltage element 130 is constructed in a 
similar way as the first transistor 110 and the second transistor 
120, and includes a gate dielectric layer 131, dummy gate 
133, spacer 137 and source/drain 139. A hard mask 135 may 
also be disposed on the dummy gate 133. 
[0040] The resistor 140 includes a capacitor insulation 
layer 141 formed on the substrate 100 and an upper electrode 
143. A hard mask layer 145 may also be disposed on the upper 
electrode 143. A spacer 147 may be disposed on two sides of 
the upper electrode 143. 
[0041] In one embodiment, the first transistor 110, second 
transistor 120, high-voltage element 130 and resistor 140 are 
formed by same process steps at the same time. Materials of 
the gate dielectric layer 111, 121, 131, and the capacitor 
insulation layer 141 may be, for example, the same, and 
materials of the dummy gate 113, 123, 133 and the upper 
electrode 143 may be, for example, the same. 
[0042] Referring to FIG. lA-2, in one embodiment, aside 
from the first transistor 110, second transistor 120, high­
voltage element 130 and resistor 140, a static random access 
memory 170 may further have been formed on the substrate 
100. This static random access memory 170, for example, is 
disposed across a first type doped region 107, an isolation 
structure 105 and a second type doped region 109 which have 
been formed in the substrate. In one embodiment, the first 
type doped region 107 is, for example, a P-type doped region 
that is doped withP-type dopant such as B, BF2 , In or the like. 
The second type doped region 109 is, for example, an N-type 
doped region that is doped with N-type dopant such as P, As 
or the like. The static random access memory 170 includes a 
bottom dielectric layer 171, a conductive layer 173 and a hard 
mask layer 175, from the substrate 100 up. A spacer 177 is 
disposed on two sides of the conductive layer 173. These 
layers are formed by the same process steps as in the first 
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transistor 110, the second transistor 120, the high-voltage 
element 130 and the resistor 140. Materials of the these layers 
may be the same as the materials of respective gate dielectric 
layer 111, dummy gate 113, hard mask layer 115 and spacer 
117 as described above. 
[0043] Referring to FIGS. lA-1 and lA-2, next, a mask 151 
is formed on the substrate 100 to cover the first transistor 110, 
second transistor 120, high-voltage element 130, resistor 140 
and static random access memory 170. Material of the mask 
151 is, for example, silicon dioxide, silicon nitride, silicon 
oxynitride, silicon carbide, or silicon carbon nitride. The 
mask 151 is, for example, formed by chemical vapour depo­
sition. The mask 151 may be a single layered structure or a 
multilayered structure. For example, the mask 151 may be a 
double layered structure including a bottom silicon oxide 
layer and a top silicon nitride layer. An interlayer dielectric 
layer 153 is then formed on the substrate 100, and the mask 
151 is used as an etch stop layer to planarize the interlayer 
dielectric layer 153. Material of the interlayer dielectric 153 
is, for example, silicon oxide, phosphosilicate glass, boro­
phosphosilicate glass or other suitable dielectric materials. 
The interlayer dielectric layer 153 is, for example, formed by 
chemical vapour deposition. Planarization of the interlayer 
dielectric layer 153 is performed, for example, by chemical 
mechanical polishing (CMP). 
[0044] Afterwards, referring to FIGS. 1B-1 and 18-2, a 
suitable method like etch-back is used to remove portions of 
the interlayer dielectric layers 153, mask 151 and hard mask 
layers 115, 125, 135, 145, 175, such that the dummy gates 
113, 123, 133, upper electrode 143 and conductive layer 173 
are exposed. Then, the exposed dummy gates 113, 123, 133 
and conductive layer 173, and the gate dielectric layer 111, 
121, 131 and the bottom dielectric layer 171 are removed to 
form openings 181, 183, 185, 187, with the upper electrode 
143 remaining unchanged. To remove these layers, a positive 
photoresist layer is, for example, coated on the substrate 100. 
A patterned photoresist layer 154 covering the resistor 140 is 
formed on the substrate 100 by exposure and development of 
the positive photoresist layer. The exposed dummy gates 113, 
123, 133 and conductive layer 173 are subsequently removed 
by dry etching process or wet etching process. The dry etch­
ing process is, for example, a reactive ion etching process, and 
the wet etching process may use etching solution such as 
NH4 OH or TMAH. 
[0045] Next, referring to FIGS. lC-1 and lC-2, the pat­
terned photoresist layer 154 is removed, and subsequently, a 
dielectric layer 155, a high-k dielectric layer 157, a second 
type conductive layer 161 and a low resistance conductive 
layer 163 are formed on the substrate 100 in sequence. These 
layers fill in the openings 181, 183, 185, 187, with the low 
resistance conductive layer 163 filling up these openings. 
[0046] In the above process, material of the dielectric layer 
155 is, for example, silicon dioxide, and the dielectric layer 
155 is formed by, for example, chemical vapour deposition. 
Material of the high-k dielectric layer 157 is, for example, 
tantalum oxide, Ba1_xSrxTiO3 , silicon nitride, silicon oxyni­
tride, silicon carbide, silicon carbon oxide, hafnium oxide, 
hafnium silicon oxide (HfSixOx), hafnium silicon oxynitride 
(HfSiON), zirconium oxide (ZrOx), zirconium silicon oxide 
(ZrSixOy), zirconium hafnium oxide (HfZrxOy), titanium 
oxide, cerium oxide, lanthanum oxide, lanthanum aluminum 
oxide, or aluminum oxide. The high-k dielectric layer 157 is 
formed, for example, by chemical vapour deposition or sput­
tering. Material of the second type conductive layer 161 is, for 
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example, an N-type metal with a work function between 
4.0-4.2 eV, such as metals like, tantalum nitrite, tantalum 
silicon nitride, tantalum carbide, titanium aluminum nitride, 
aluminum-titanium alloy, aluminum. The conductive layer 
161 is formed, for example, by chemical vapour deposition or 
sputtering. Material of the low resistance conductive layer 
163 is, for example, tungsten, aluminum, aluminum-titanium 
(TiAl) or cobalt tungsten phosphide (Co WP). 

[0047] Referring to FIGS. lD-1 and lD-2, a patterned pho­
toresist layer 165 (or hard mask) is then formed on the low 
resistance conductive layer 163, such that the low resistance 
conductive layer 163 filling up the opening 181 and disposed 
above the first type source/drain 119 are exposed (referring to 
FIG. lD-1), and the low resistance conductive layer 163 
disposed above the first type doped region 107 is also exposed 
(referring to FIG. lD-2). Afterwards, the low resistance con­
ductive layer 163 and the second type conductive layer 161 in 
the opening 181 are removed, and, at the same time, the low 
resistance conductive layer 163 and the first type conductive 
layer 161 disposed above the first type doped region 107 are 
removed. Method for removing the low resistance conductive 
layer 163 and the second type conductive layer 161 include 
wet etching process and dry etching process. As to the wet 
etching process, an etching solution may be deionized water 
including NH4 OH, H2 O2 , H2SO4 or HCl mixed in an appro­
priate ratio. The dry etching process may be reactive ion 
etching process. 
[0048] Next, the patterned photoresist layer 165 (or hard 
mask) is removed, and subsequently, a first type conductive 
layer 167 and another low resistance conductive layer 169 are 
formed in sequence. Material of the first type conductive layer 
167 is, for example, P type metal with a working function 
between 4.9-5.1 eV, such as tungsten, tungsten nitride, plati­
num (nickel), titanium nitride (TiN), ruthenium (Ru). The 
first type conductive layer 167 is formed, for example, by 
chemical vapor deposition or sputtering. Material of the low 
resistance conductive layer 169 is, for example, tungsten, 
aluminum, aluminum-titanium (TiAl) or cobalt tungsten 
phosphide (COWP). 
[0049] Referring to FIGS. lE-1 and lE-2, afterwards, a 
planarization process is performed to remove all layers above 
the interlayer dielectric layer 153. Removal of these layers 
can be accomplished by CMP in which the interlayer dielec­
tric layer 153 is used as an etching stop layer and the excessive 
low resistance conductive layer 169, first type conductive 
layer 167, low resistance conductive layer 163, second type 
conductive layer 161 are removed simultaneously. 
[0050] After the above processing is performed, a first type 
transistor 110', a second transistor 120', a high-voltage ele­
ment 130' (referring to FIG. lE-1) and a static random access 
memory 170' (referring to FIG. lE-2) are formed. The first 
type transistor 110' includes a dielectric layer 155, high-k 
dielectric layer 157, first type conductive layer 167, low resis­
tance conductive layer 169, spacer 117 and first type source/ 
drain 119 in the substrate 100 at two sides of the low resis­
tance conductive layer 169. The second type transistor 120' 
includes a dielectric layer 155, high-k dielectric layer 157, 
second type conductive layer 161, low resistance conductive 
layer 163, spacer 127 and second type source/drain 129 in the 
substrate 100 at two sides of the low resistance conductive 
layer 163. The high-voltage element 130' includes a dielectric 
layer 155, high-k dielectric layer 157, second type conductive 
layer 161, low resistance conductive layer 163, spacer 137 
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and source/drain 139 in the substrate 100 at two sides of the 
low resistance conductive layer 163. 
[0051] The static random access memory 170' is disposed 
on the substrate 100 and includes at least the high-k dielectric 
layer 157, low resistance conductive layer 163, second type 
conductive layer 161, first type conductive layer 167 and 
another low resistance conductive layer 169. An opening 187 
is formed in the interlayer dielectric layer 153 of the substrate 
100, extending across the first doped region 107, isolation 
structure 105 and second doped region 109. The high-k 
dielectric layer 157 is disposed in the opening 187 along inner 
sidewalls and a bottom surface of the opening 187. The low 
resistance conductive layer 163 is disposed above the second 
doped region 109 and a portion of the isolation structure 105 
and fills in the portion of the opening 187 that is located above 
the second type doped region 109. In one embodiment, a top 
surface of the low resistance conductive layer 163 and a top 
surface of the interlayer dielectric layer 153 are positioned at 
substantially the same level. The second type conductive 
layer 161 is disposed between the low resistance conductive 
layer 163 and the high-k dielectric layer 157. The first type 
conductive layer 167 is disposed above the first type doped 
region 107 and on the high-k dielectric layer 157, and is 
disposed along an exposed side surface of the low resistance 
dielectric layer 157 and an exposed upper surface of the 
high-k dielectric layer 157 in the opening 187. The low resis­
tance conductive layer 169 is disposed on the first type con­
ductive layer 167 and fills in the opening 187. In one embodi­
ment, a top surface of the low resistance conductive layer 169 
and the top surface of the low resistance conductive layer 163 
are disposed, for example, at substantially the same level. 
[0052] A dielectric layer 155 may also be disposed between 
the high-k dielectric layer 157 and the substrate 100 at the 
bottom of the opening 187, and between the high-k dielectric 
layer 157 and the spacer 177 at two sides of the opening 187. 
This dielectric layer 155 is disposed to improve characteris­
tics of the interface between the high-k dielectric layer 157 
and the substrate 100, and the high-k dielectric layer 157 and 
the spacer 177. 
[0053] Materials of the first doped region 107, second 
doped region 109, dielectric layer 155, high-k dielectric layer 
157, second type conductive layer 161, low resistance con­
ductive layer 163, first type conductive layer 167, low resis­
tance conductive layer 169 have been described in the fabri­
cation process above, so that a detailed description can be 
omitted. 
[0054] In the static random access memory 170', thehigh-k 
dielectric layer 157 is disposed along the inner sidewalls and 
bottom surface of the opening, and no excessive high-k 
dielectric layer will be disposed between the first type con­
ductive layer 167 and the second type conductive layer 161 
(between the PN interface). As such, this construction is 
advantageous in improving the operation performance of the 
static random access memory 170'. 
[0055] In addition, the high-k dielectric layer is formed 
after removal of the dummy gate and the conductive layers of 
the static random access memory. Therefore, the high-k 
dielectric layer will not be easily damaged and can avoid 
multiple high temperature thermal processes. As such, the 
high-k dielectric layer with good layer quality and good high­
resistance characteristics can be fabricated. Moreover, this 
construction can improve the characteristic of the interface 
between the high-k dielectric layer and the first type conduc­
tive layer, or between the high-k dielectric layer and the 
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second type conductive layer. The electrical performance of 
the transistor, high-voltage element and static random access 
memory can also be enhanced. 
[ 0056] In one embodiment, if the first type source/ drain 119 
is a P-type doped region, the subsequently formed first type 
conductive layer 169 is a P-type conductive layer, i.e., the first 
type transistor 110' is a P-type transistor, then the quality of 
the interface between the high-k dielectric layer 157 and the 
first type conductive layer 167 can be improved because of the 
reduced number of the high temperature thermal processes. 
As a result, the break-down voltage of the P-type transistor 
can be maintained, thus improving the stability of the tran­
sistor. 
[0057] Referring to FIGS. lF-1 and lF-2, after forming of 
the first type transistor 110', the second type transistor 120', 
the high-voltage element 130' (referring to FIG. lE-1) and the 
static random access memory 170' (referring to FIG. lE-2), 
the interlayer dielectric layer 153 and mask 151 can further be 
removed in sequence. The removing method is, for example, 
wet etching process. In one embodiment, if the mask 151 is a 
double layered structure consisting of a bottom silicon diox­
ide and a top silicon nitride, it is possible that only the top 
silicon nitride is removed, with the bottom silicon dioxide 
remaining substantially unchanged. Afterwards, a contact 
etching stop layer (CESL) 191 is formed on the substrate 100. 
Material of the contact etching stop layer 191 is, for example, 
silicon nitride. The contact etching stop layer can be used to 
change the stress to increase the operation speed of the tran­
sistor. It should be understood that the method for forming 
subsequent structures, such as contact, via or lead, is well 
known to those skilled in the art, and, therefore, is not 
described herein. 
[0058] It will be apparent to those skilled in the art that 
various modifications and variations can be made to the struc­
ture of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is 
intended that the present invention cover modifications and 
variations of this invention provided they fall within the scope 
of the following claims and their equivalents. 

What is claimed is: 
1. A method for fabricating a semiconductor structure, 

comprising: 
providing a substrate with a first transistor comprising a 

first dummy gate and a second transistor comprising a 
second dummy gate, a conductive type of the first tran­
sistor being different from a conductive type of the sec­
ond transistor; 

simultaneously removing the first dummy gate and the 
second dummy gate to form a first opening and a second 
opening, respectively; 

forming a dielectric layer, a high-k dielectric layer, a sec­
ond type conductive layer and a first low resistance 
conductive layer on the substrate in sequence, the dielec­
tric layer, the high-k dielectric layer, the second type 
conductive layer and the first low resistance conductive 
layer at least filling in the first opening and the second 
opening, with the first low resistance conductive layer 
filling up the first opening and the second opening; 

removing the first low resistance conductive layer and the 
second type conductive layer in the first opening; and 

forming a first type conductive layer and a second low 
resistance conductive layer in the first opening, with the 
second low resistance conductive layer filling up the first 
opening. 

5 
Oct. 1, 2009 

2. The method in accordance with claim 1, wherein the 
substrate further comprises a high-voltage element, a resistor 
and a static random access memory that have been formed 
thereon, the high-voltage element comprises a gate, the resis­
tor comprises an upper electrode, and the static random 
access memory comprises a conductive layer extending 
across a first type doped region, an isolation structure and a 
second type doped region that are formed in the substrate. 

3. The method in accordance with claim 2, wherein the gate 
and the conductive layer are removed along with removal of 
the first dummy gate and the second dummy gate. 

4. The method in accordance with claim 3, wherein during 
forming the dielectric layer, the high-k dielectric layer, the 
second type conductive layer and the first low resistance 
conductive layer, these layers sequentially fill into the loca­
tion where the gate and the conductive layer were located. 

5. The method in accordance with claim 4, wherein, along 
with removing the first low resistance conductive layer and 
the second type conductive layer in the first opening, the first 
low resistance conductive layer and the second type conduc­
tive layer in the static random access memory that are located 
above the first type doped region are removed to form a third 
opening. 

6. The method in accordance with claim 5, wherein during 
forming the first type conductive layer and the second low 
resistance conductive layer, the first type conductive layer and 
the second low resistance layer fill in the third opening, with 
the second low resistance conductive layer filling up the third 
opening. 

7. The method in accordance with claim 1, wherein method 
for removing the first dummy gate and the second dummy 
gate comprises a wet etching process or a dry etching process. 

8. The method in accordance with claim 7, wherein the wet 
etching process comprises using NH4OH or TMAH. 

9. The method in accordance with claim 1, wherein the first 
transistor is a P-type transistor, and the second transistor is an 
N-type transistor. 

10. The method in accordance with claim 9, wherein the 
first type conductive layer is a P-type metal layer and the 
second type conductive layer is an N-type metal layer. 

11. The method in accordance with claim 1, wherein the 
method for removing the first low resistance conductive layer 
and the second type conductive layer in the first opening 
comprises: 

forming a patterned photoresist layer, with at least an upper 
surface of the first low resistance conductive layer 
located above the first opening being exposed; and 

removing at least the first low resistance conductive layer 
and the second type conductive layer in the first opening 
with a dry etching process or a wet etching process. 

12. The method in accordance with claim 11, wherein the 
wet etching process comprises using deionized water includ­
ing NH

4

OH, H
2

O
2

, H
2

SO
4

, or HCI. 
13. The method in accordance with claim 1, before remov­

ing the first dummy gate and the second dummy gate, further 
comprising: 

forming a mask on the substrate, covering the first transis­
tor and the second transistor; 

forming an interlayer dielectric layer on the substrate, fill­
ing up at least a spacing between the first type transistor 
and the second type transistor; and 

removing a portion of the mask such that the first dummy 
gate and the second dummy gate are exposed. 
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14. A static random access memory comprising: 
a substrate, wherein a first type doped region, a second type 

doped region, and an isolation structure separating the 
first type doped region and the second type doped region 
apart are formed therein; 

an interlayer dielectric layer disposed on the substrate, the 
interlayer dielectric layer having an opening extending 
across the first type doped region, the isolation structure 
and the second doped region such that the substrate is 
exposed; 

a high-k dielectric layer disposed in the opening along 
inner sidewalls and a bottom of the opening; 

a first low resistance conductive layer disposed on the 
second type doped region and a portion of the isolation 
structure and filling in the opening; 

a second type conductive layer disposed between the first 
low resistance conductive layer and the high-k dielectric 
layer; 

a first type conductive layer disposed on the high-k dielec­
tric layer along an exposed sidewall of the first low 
resistance conductive layer and an exposed upper sur­
face of the high-K dielectric layer in the opening; and 

a second low resistance conductive layer disposed on the 
first type conductive layer and filling in the opening. 

15. The static random access memory in accordance with 
claim 14, further comprising a dielectric layer disposed 
between the high-k dielectric layer and the substrate and 
between the high-k dielectric layer and the interlayer dielec­
tric layer. 

6 
Oct. 1, 2009 

16. The static random access memory in accordance with 
claim 14, wherein the first type doped region is a P-type doped 
region, and the second type doped region is an N-type doped 
region. 

17. The static random access memory in accordance with 
claim 16, wherein the first type conductive layer is a P-type 
conductive layer, and the second type conductive layer is an 
N-type metal layer. 

18. The static random access memory in accordance with 
claim 17, wherein material of the P-type metal layer com­
prises tungsten, tungsten nitride, platinum, titanium nitride or 
ruthenium. 

19. The static random access memory in accordance with 
claim 17, wherein material of the N-type metal layer com­
prises tantalum nitride, tantalum silicon nitride, tantalum car­
bide, titanium aluminum nitride, aluminum-titanium alloy, 
titanium aluminum compound or aluminum. 

20. The static random access memory in accordance with 
claim 14, wherein material of the high-kdielectric layer com­
prises tantalum oxide, Bal-xSrxTi03, silicon nitride, silicon 
oxynitride, silicon carbide, silicon carbon oxide, hafnium 
oxide, hafnium silicon oxide, hafnium silicon oxynitride, zir­
conium oxide, zirconium silicon oxide, zirconium hafnium 
oxide, titanium oxide, cerium oxide, lanthanum oxide, lan­
thanum aluminum oxide or aluminum oxide. 

* * * * * 




