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(57) ABSTRACT 

A memory array area and a periphery circuit region on the 
surface of a semiconductor Wafer are de?ned, and a gate 
oxide layer and an undoped polysilicon layer are sequen 
tially formed on the Wafer. Next, the undoped polysilicon 
layer in the memory array area is implanted to form a doped 
polysilicon layer, followed by etching of the doped poly 
silicon layer in the memory array area doWn to a predeter 
mined thickness. Next, a silicide layer and a protection layer 
are formed on the surface of the semiconductor Wafer. A 

(22) Filed; Jam 19, 2001 photo-etching-process (PEP) is used to etch portions of the 
protection layer, the silicide layer, the undoped polysilicon 

Publication Classi?cation layer and the doped polysilicon layer to form a plurality of 
gates. Finally, a LDD and spacers of each MOS transistor, 

(51) Int. Cl.7 ................. .. H01L 21/8242; H01L 21/337; and a source and a drain of each MOS transistor in the 
H01L 21/336 periphery circuit region are formed. 
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METHOD FOR FABRICATING A MOS 
TRANSISTOR OF AN EMBEDDED MEMORY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a MOS transistor of an embedded memory, and 
more particularly, to a method of manufacturing a MOS 
transistor With different deposition thicknesses of the gate 
conductors in a memory array area and in a periphery circuit 
region of an embedded memory. 

[0003] 2. Description of the Prior Art 

[0004] With increasing integration, the present trend of 
manufacturing semiconductor integrated circuits has been to 
integrate memory cell arrays and high-speed logic circuit 
elements onto a single chip. An embedded memory com 
posed of memory arrays and logic circuits signi?cantly 
reduces the circuit area and increases the signal processing 
speed. 

[0005] Please refer to FIG. 1 to FIG. 9. FIG. 1 to FIG. 9 
are cross-sectional diagrams of a prior art method for 
manufacturing a metal-oxide-semiconductor (MOS) transis 
tor of an embedded memory on a semiconductor Wafer 10. 
As shoWn in FIG. 1, the surface of a silicon substrate 16 is 
divided into a memory array area 12 and a periphery circuit 
region 14, With each region separated by several shalloW 
trench isolation (STI) structures 11. The prior art method 
involves the formation of a dielectric layer 18, a polysilicon 
layer 20 and an etching barrier layer 22, respectively, on the 
surface of the semiconductor Wafer 10. Then, as shoWn in 
FIG. 2, a mask layer 24 is formed over the etching barrier 
layer 22 in the periphery region 14, and an isotropic Wet 
etching process is used to remove both the etching barrier 
layer 22 and the polysilicon layer 20 in the memory array 
area 12. 

[0006] As shoWn in FIG. 3, the mask layer 24 above the 
etching barrier layer 22 is then removed, folloWed by the 
stripping aWay of the dielectric layer 18 in the memory array 
region 12 to eXpose the substrate surface 16. As shoWn in 
FIG. 4, a dielectric layer 26 is formed over the eXposed 
substrate 16, and serves as a gate oXide layer in the memory 
array area 12. Thereafter, a polysilicon layer 28, a tungsten 
silicide layer 30 and a silicon nitride layer 32 are formed, 
respectively, over the surface of the semiconductor Wafer 10. 

[0007] In the neXt step, as shoWn in FIG. 5, a photoresist 
layer 34 is deposited over the silicon nitride layer 32 and a 
lithographic process is performed to de?ne gate patterns in 
both the memory array area 12 and the periphery circuit 
region 14. Using the photoresist layer 34 as a mask, the 
silicon nitride layer 32, the tungsten silicide layer 30 and the 
polysilicon layer 28 are then etched to eXpose the dielectric 
layer 26 in the memory array area 12 as Well as the etching 
barrier layer 22 in the periphery circuit region 14. As shoWn 
in FIG. 6, the photoresist layer 34 is then removed, folloWed 
by the deposition of another photoresist layer 36 in the 
memory array area 12 to protect the gate 33. The gate 33 
includes the dielectric layer 26, the polysilicon layer 28, the 
tungsten silicide layer 30 and the silicon nitride layer 32. 

[0008] As shoWn in FIG. 7, the photoresist layer 36 and 
the silicon nitride layer 32 of the periphery circuit region 14 
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are used as hard masks to remove both the etching barrier 
layer 22 and the polysilicon layer 20 in the periphery circuit 
region 14 not covered by the silicon nitride layer 32. Next, 
the photoresist layer 36 is used again as a hard mask to 
remove the silicon nitride layer 32, the tungsten silicide 
layer 30 and the polysilicon layer 28 in the periphery circuit 
region 14. Then, a gate 35 is formed in the periphery circuit 
region 14, folloWed by the removal of the photoresist layer 
36. 

[0009] As shoWn in FIG. 8, an ion implantation process is 
then performed to form lightly doped drains (LDD) 38 of a 
MOS transistor. Next, a silicon nitride layer 43 is deposited 
over the semiconductor Wafer 10. An anisotropic etching 
process is used to remove the silicon nitride layer 43 in the 
periphery circuit region 14 as Well as to form spacers 44 on 
the Walls of the gate 35 structures, Whereby the remaining 
etching barrier layer 22 is removed after the formation of the 
spacers 44. A source 40 and drain 42 of a MOS transistor is 
then formed in the periphery circuit region 14. Finally, as 
shoWn in FIG. 9, a self-aligned silicide operation is carried 
out to form salicide layers 46 above each source 40, drain 42 
and gate 35 structure in the periphery circuit region 14. To 
satisfy the requirements of process integration and produc 
tion yield rate, a self-aligned contact (SAC) process is noW 
Widely used during the formation of the contact plug in the 
memory array area 12 to increase misalignment tolerances. 
HoWever, a salicide process is also needed to form the 
salicide layer 46 on the surfaces of the source 40, the drain 
42 and the gate 35 in the periphery circuit region 14 to 
reduce the contact interface resistance and improve the 
electrical performance of the logic circuits. As a result, 
problems such as a large difference in gate height betWeen 
the memory array area 12 and the periphery circuit region 14 
are produced. 

[0010] In addition, a thicker polysilicon layer 20 is depos 
ited on the semiconductor Wafer 10 to avoid boron penetra 
tion from the boron doped in the NMOS gate. When 
simultaneously forming the polysilicon layer 20 in both the 
memory array area 12 and in the periphery circuit region 14, 
a much thicker polysilicon layer is produced than one made 
by an ordinary memory process. Consequently, over-hang 
ing and void bridges are easily formed betWeen the tWo 
adjacent gates in the memory array area 12 during the 
deposition of an inter-layer dielectric (ILD) layer. As a 
result, short circuiting may occur When an electrical con 
nection of the contact plug is formed betWeen the tWo 
adjacent gates With the conductors ?lling in the voids. 

[0011] In addition, the prior method of fabricating an 
embedded memory suffers from a serious topographical 
problem of the inter-layer dielectric (ILD) layer. More 
speci?cally, the prior art method encounters a problem 
resulting from a large difference in the height of the ILD 
layer betWeen the memory array area 12 and the periphery 
circuit region 14 of an embedded memory. 

SUMMARY OF THE INVENTION 

[0012] It is a primary objective of the present invention to 
provide a method of manufacturing a MOS transistor With 
different deposition thicknesses of the gate conductors in a 
memory array area and in a periphery circuit region of an 
embedded memory. 

[0013] It is another objective of the present invention to 
provide a method of manufacturing a MOS transistor of an 
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embedded memory to reduce the step height difference of 
gates betWeen the periphery circuit region and the memory 
array area so as to improve planariZation of an inter-layer 
dielectric (ILD) layer. 

[0014] It is still another objective of the present invention 
to provide a method of manufacturing a MOS transistor of 
an embedded memory to prevent the formation of void 
bridges betWeen tWo gates When ?lling the ILD layer in the 
memory array area. 

[0015] The method of the present invention involves ?rst 
de?ning a memory array area and a periphery circuit region 
on the surface of a semiconductor Wafer and to sequentially 
deposit a gate oxide layer, a polysilicon layer and a dielectric 
layer. Next, the polysilicon layer in the memory array area 
is implanted to form a doped polysilicon layer. Thereafter, 
the doped polysilicon layer in the memory array area is 
etched to a predetermined thickness and the dielectric layer 
in the memory array area is removed. A silicide layer and a 
protection layer are formed on the surface of the semicon 
ductor Wafer. Aphoto-etching-process (PEP) is used to etch 
portions of the protection, silicide, undoped and doped 
polysilicon layers to form a plurality of gates. Finally, a 
lightly doped drain and a spacer of each MOS transistor, and 
a source and drain of each MOS transistor in the periphery 
circuit region are formed. 

[0016] According to the present invention, the step height 
difference betWeen the periphery circuit region and the 
memory array area is reduced since the doped polysilicon 
layer in the memory array area is etched to only half the 
normal thickness. As a result, short-circuiting due to the 
formation of void bridges and boron penetration are both 
prevented. 
[0017] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 to FIG. 9 are cross-sectional diagrams of 
manufacturing a MOS transistor of an embedded memory 
according to the prior art. 

[0019] FIG. 10 to FIG. 15 are cross-sectional diagrams of 
manufacturing a MOS transistor of an embedded memory 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] Please refer to FIG. 10 to FIG. 15. FIG. 10 to FIG. 
15 are cross-sectional diagrams of manufacturing a MOS 
transistor of an embedded memory on semiconductor Wafer 
60 according to the present invention. A semiconductor 
Wafer 60 has both a memory array area 62 and a periphery 
circuit region 64 de?ned on the surface of a silicon substrate 
61. The memory array area 62 comprises at least one 
cell-Well 66, and the periphery circuit region 64 comprises 
at least one N-Well 68 and at least one P-Well 70. Several 
shalloW trench isolation (STI) structures 71 are formed to 
separate each region. 

[0021] As shoWn in FIG. 10, the present invention 
involves ?rst forming a dielectric layer 72 and an undoped 

Jul. 25, 2002 

polysilicon layer 74 on the surface of the semiconductor 
Wafer 60, respectively. Next, as shoWn in FIG. 11, a 
photolithographic and a P-type ion implantation process are 
performed to transform the undoped polysilicon layer 74 
positioned above the N-Well 68 into a P+ doped polysilicon 
layer 75. Next, a photoresist layer (not shoWn) is formed on 
the surface of the semiconductor Wafer 60 folloWed by a 
photholithographic, exposure and development process so 
that a mask layer 76 is formed above the N-Well 68 in the 
periphery circuit region 64. An etching process is performed 
to remove the undoped polysilicon layer 74 uncovered by 
the mask layer 76 doWn to approximately half of the total 
thickness of the undoped polysilicon layer 74, Which is 
about 1000~1900 angstroms As shoWn in FIG. 12, a 
N-type ion implantation process is performed on the 
undoped polysilicon layer 74 uncovered by the mask layer 
76, to transform the undoped polysilicon layer 74 positioned 
in both the memory array area 62 and on the P-Well 70 in the 
periphery circuit region 64 into a N+ doped polysilicon layer 
78. 

[0022] Alternatively, the N-type ion implantation process 
can be performed on the undoped polysilicon layer 74, 
uncovered by the mask layer 76, prior to its etching to 
transform the undoped polysilicon layer 74 positioned on 
both the memory array area 62 and the P-Well 70 in the 
periphery circuit region 64 into the N' doped polysilicon 
layer 78. Thereafter, an etching process is performed to 
remove the N+ doped polysilicon layer 78 uncovered by the 
mask layer 76 doWn to approximately half the total thickness 
of the undoped polysilicon layer 74. 

[0023] Subsequently, as shoWn in FIG. 13, after removing 
the mask layer 76 in the periphery circuit region 64, a 
silicide layer 80 to reduce the contact interface resistance of 
the doped polysilicon layers 75 and 78, a silicon-oxy-nitride 
(SiOXNy) layer (not shoWn), a silicon nitride layer 82 
functioning as a protection layer, and a photoresist layer 84 
are formed, respectively, on the surface of the semiconduc 
tor Wafer 60. Therein, the silicon-oxy-nitride layer is used as 
an anti-re?ection coating (ARC) layer and hence can be 
selectively formed or replaced by other anti-re?ective mate 
rials. 

[0024] As shoWn in FIG. 14, a photolithographic process 
is performed so as to de?ne a plurality of gate 86 patterns in 
the photoresist layer 84 positioned on the surface of the 
semiconductor Wafer 60. Thereafter, the patterns in the 
photoresist layer 84 are used as a hard mask to etch the 
silicon nitride layer 82, the silicon-oxy-nitride layer, the 
silicide layer 80, the doped polysilicon layers 75, 78, and the 
dielectric layer 72 doWn to the surface underlying the 
dielectric layer 72. Thus, at least one MOS transistor gate 86 
is simultaneously formed above the cell-Well 66, the N-Well 
68 and the P-Well 70. 

[0025] Then, as shoWn in FIG. 15, an ion implantation 
process is performed to form lightly doped drains (LDD) 88 
for each MOS transistor. After removing the photoresist 
layer 84, a silicon nitride layer (not shoWn) is formed on the 
surface of the semiconductor Wafer 60 to cover the surface 
of each gate 86, folloWed by an etching process to etch back 
portions of the silicon nitride layer as Well as to form a 
spacer 90 on either side of each gate 86. Thereafter, a 
photolithographic process is used to de?ne the NMOS 
position in the periphery circuit region 64, folloWed by the 
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use of an ion implantation process to form a source 92 and 
a drain 94 of the NMOS transistor on the P-Well 70. Next, 
another photolithographic process is used to de?ne the 
PMOS position in the periphery circuit region 64 followed 
by the use of an ion implantation process to form a source 
92 and a drain 94 of the PMOS transistor on the N-Well 68. 

[0026] After the formation of the source 92 and the drain 
94 of each MOS transistor in the periphery circuit region 64, 
a metal layer (not shoWn) made of Co, is formed on the 
surface of the semiconductor Wafer 60. The metal layer 
covers the surfaces of the sources 92 and the drains 94 in the 
periphery circuit region 64. Then, a ?rst rapid thermal 
process (RTP) is performed at a temperature betWeen 400° 
C. and 600° C. for a duration of 10 to 50 seconds, such that 
a salicide layer 96 is formed on the surfaces of each source 
92 and drain 94 in the periphery circuit region 64. A Wet 
etching process is then performed to remove the portions of 
the metal layer that do not react With the surface of the 
semiconductor Wafer 60. Finally, a second rapid thermal 
process (RTP) is performed at a temperature betWeen 600° 
C. and 800° C. for a duration of 10 to 50 seconds. As a result, 
the Co2Si and CoS of the salicide layer 96 react to form 
CoSi2, Which has a loWer resistance. HoWever, the Co metal 
layer can also be replaced by a Ti, Ni, or Mo metal layer. 

[0027] The method of the present invention for manufac 
turing a MOS transistor of an embedded memory involves 
?rst etching the undoped polysilicon layer positioned on 
both the memory array area and the P-Well in the periphery 
circuit region doWn to about half of the normal thickness. 
The thickness of the gates of both the pass transistor in the 
memory array area and the NMOS in the periphery circuit 
region is thus signi?cantly reduced. As a result, the height 
difference of gates betWeen the periphery circuit region and 
the memory array area is also reduced to prevent both boron 
penetration and short-circuiting due to the formation of void 
bridges. 
[0028] In contrast to the prior art method for manufactur 
ing a MOS transistor of an embedded memory, the height of 
the gates in the memory array area of the present invention 
is decreased by about 1000~1900 Hence, the difference 
in height betWeen the periphery circuit region and the 
memory array area is clearly reduced. Consequently, When 
?lling the ILD layer, the formation of void bridges betWeen 
tWo neighboring gates due to the high aspect ratio of the 
gates in the memory array area is avoided. 

[0029] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device may be 
made While retaining the teachings of the invention. Accord 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A method for fabricating a metal oxide semiconductor 

(MOS) transistor of an embedded memory, the method 
comprising: 

providing a semiconductor Wafer With both a memory 
array area and a periphery circuit region de?ned on the 
surface of the semiconductor Wafer; 

forming a dielectric layer and an undoped polysilicon 
layer, respectively, on the surface of the semiconductor 
Wafer; 
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performing a ?rst ion implantation process on the poly 
silicon layer in the memory array area so as to trans 
form the polysilicon layer in the memory array area 
into a doped polysilicon layer; 

etching the doped polysilicon layer to a predetermined 
thickness; 

forming a silicide layer, a protection layer, and a photo 
resist layer, respectively, on the surface of the semi 
conductor Wafer; 

performing a photolithographic process so as to de?ne a 
plurality of gate patterns in the photoresist layer; 

using the gate patterns in the photoresist layer as a hard 
mask to etch the protection layer, the silicide layer, the 
undoped polysilicon layer, the doped polysilicon layer, 
the dielectric layer doWn to the surface underlying the 
dielectric layer; 

performing a second ion implantation process to form a 
lightly doped drain (LDD) of each MOS transistor; 

removing the photoresist layer; 

forming a silicon nitride layer on the surface of the 
semiconductor Wafer to cover the surface of each gate; 

performing an etching process to remove portions of the 
silicon nitride layer so as to form a spacer on either side 
of each gate; and 

performing a third ion implantation process to form a 
source and a drain of each MOS transistor in the 
periphery circuit region. 

2. The method of claim 1 Wherein the dielectric layer is 
composed of silicon dioxide (SiO2) and serves as the gate 
oxide layer for each MOS transistor. 

3. The method of claim 1 Wherein the predetermined 
thickness is approximately half the total thickness of the 
undoped polysilicon layer. 

4. The method of claim 1 Wherein the protection layer is 
composed of a silicon nitride compound, and a silicon-oxy 
nitride (SiOXNy) layer that serves as an anti-re?ection coat 
ing (ARC) layer is positioned betWeen the protection layer 
and the silicide layer. 

5. The method of claim 1 Wherein after the formation of 
the source and the drain of each MOS transistor in the 
periphery circuit region, the method also comprises: 

forming a metal layer on the surface of the semiconductor 
Wafer, the metal layer covering the surfaces of the 
sources and the drains in the periphery circuit region; 

performing a ?rst rapid thermal process (RTP); 

performing a Wet etching process to remove the portions 
of the metal layer that do not react With the surface of 
the semiconductor Wafer; and 

performing a second rapid thermal process 
6. The method of claim 5 Wherein the metal layer is 

composed of cobalt(Co), titanium(Ti), nickel(Ni), or molyb 
denum (Mo). 

7. The method of claim 5 Wherein the ?rst rapid thermal 
process is performed at a temperature betWeen 400° C. and 
600° C. for a duration of 10 to 50 seconds, and the second 
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rapid thermal process is performed at a temperature between 
600° C. and 800° C. for a duration of 10 to 50 seconds. 

8. A method for fabricating a metal oXide semiconductor 
(MOS) transistor of an embedded memory, the method 
comprising: 

providing a semiconductor Wafer With both a memory 
array area and a periphery circuit region de?ned on the 
surface of the semiconductor Wafer, the memory array 
area comprising at least one cell-Well, and the periphery 
circuit region comprising at least one N-Well and at 
least one P-Well; 

forming a dielectric layer and an undoped polysilicon 
layer, respectively, on the surface of the semiconductor 
Wafer; 

performing a ?rst ion implantation process on the 
undoped polysilicon layer above the N-Well in the 
periphery circuit region so as to transform the undoped 
polysilicon layer above the N-Well in the periphery 
circuit region into a P+ doped polysilicon layer; 

performing a second ion implantation process on the 
undoped polysilicon layer positioned in both the 
memory array area and on the P-Well in the periphery 
circuit region so as to transform the undoped polysili 
con layer positioned in both the memory array area and 
on the P-Well in the periphery circuit region into a N+ 
doped polysilicon layer; 

etching the tWo N+ doped polysilicon layers to a prede 
termined thickness; 

forming a silicide layer, a protection layer, and a photo 
resist layer, respectively, on the surface of the semi 
conductor Wafer; 

performing a photolithographic process so as to de?ne a 
plurality of gate patterns in the photoresist layer; 

using the gate patterns in the photoresist layer as a hard 
mask to etch the protection layer, the silicide layer, the 
P+ doped polysilicon layer, the N+ doped polysilicon 
layer, and the dielectric layer doWn to the surface 
underlying the dielectric layer so as to simultaneously 
form at least a gate above the cell-Well, the N-Well and 
the P-Well; 
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removing the photoresist layer; 
performing a third ion implantation process to form 

lightly doped drains (LDD) for each MOS transistor; 

forming a spacer on either side of each gate; 

performing a fourth ion implantation process to form a 
source and a drain of an NMOS transistor on the 

P-Well; and 

performing a ?fth ion implantation process to form a 
source and a drain of a PMOS transistor on the N-Well. 

9. The method of claim 8 Wherein the dielectric layer is 
composed of silicon dioxide (SiO2) and serves as the gate 
oXide layer for each MOS transistor. 

10. The method of claim 8 Wherein the predetermined 
thickness is approximately half the total thickness of the 
undoped polysilicon layer. 

11. The method of claim 8 Wherein the protection layer is 
composed of silicon nitride, and a silicon-oXy nitride 
(SiOXNy) layer that serves as an anti-re?ection coating 
(ARC) layer is positioned betWeen the protection layer and 
the silicide layer. 

12. The method of claim 8 Wherein after the formation of 
the source and the drain of each MOS transistor in the 
periphery circuit region, the method also comprises: 

forming a metal layer on the surface of the semiconductor 
Wafer, the metal layer covering the surfaces of the 
sources and the drains in the periphery circuit region; 

performing a ?rst rapid thermal process (RTP); 

performing a Wet etching process to remove the portions 
of the metal layer that do not react With the surface of 
the semiconductor Wafer; and 

performing a second rapid thermal process 
13. The method of claim 12 Wherein the metal layer is 

composed of cobalt(Co), titanium(Ti), nickel(Ni) or molyb 
denum (Mo). 

14. The method of claim 12 Wherein the ?rst rapid thermal 
process is performed at a temperature betWeen 400° C. and 
600° C. for a duration of 10 to 50 seconds, and the second 
rapid thermal process is performed at a temperature betWeen 
600° C. and 800° C. for a duration of 10 to 50 seconds. 

* * * * * 


