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(57) ABSTRACT 

Form a dielectric layer on a semiconductor substrate. 
Deposit an amorphous Si ?lm or a poly-Si ?lm on the 
dielectric layer. Then deposit a SiGe amorphous-Ge or 
polysilicon-Ge thin ?lm theteover. Pattern and etch the SiGe 
?lm using a selective etch leaving the SiGe thin ?lm intact 
in a PFET region and removing the SiGe ?lm exposing the 
top surface of the Si ?lm in an NFET region. Anneal to drive 
Ge into the Si ?lm in the PFET region. Deposit a gate 
electrode layer covering the SiGe ?lm in the PFET region 
and cover the exposed portion of the Si ?lm in the NFET 
region. Pattern and etch the gate electrode layer to form 

(21) Appl, No.1 10/908,411 gates. Form FET devices With sideWall spacers and source 
regions and drains regions in the substrate aligned With the 

(22) Filed: May 11, 2005 gates. 
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METHOD FOR FORMING A SIGE OR SIGEC 
GATE SELECTIVELY IN A COMPLEMENTARY 

MIS/MOS FET DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a method of manufacture 
of MIS (Metal Insulator Semiconductor) and MOS (Metal 
Oxide Semiconductor) FET (Field Effect Transistor) 
devices, and more particularly to a method of manufacture 
of Complementary MIS FET (CMIS) and Complementary 
MOS FET (CMOS) devices With SiGe gates. 

[0002] CMIS and CMOS devices include NFET and PFET 
devices in doped regions in a substrate and counterdoped 
regions in the substrate respectively. Frequently the region in 
the substrate in Which the PFET devices are formed com 
prises a counterdoped Well in the substrate. 

[0003] The metal part of a MISFET/MOSFET device is a 
conductor knoWn as a gate electrode, hereinafter often 
referred to as gate. The gate electrode is composed of a 
material such as doped polysilicon or a metal conductor 
formed above the insulator of the MISFET generally 
referred to as the gate dielectric layer in a MISFET or gate 
oxide layer in a MOSFET. The gate electrode is part of a gate 
electrode stack that includes the gate dielectric layer Which 
is supported on a semiconductor layer or substrate. A chan 
nel region is formed in the substrate beloW the gate dielec 
tric. 

[0004] A CMIS device or CMOS device includes both 
NFET (N -channel) devices (With source/drain regions doped 
With N-type dopant) devices and PFET (P-channel) devices. 

[0005] A pair of source/drain regions are formed in the 
substrate juxtaposed With the channel region, generally 
aligned With the sideWalls of the gate electrode stack. The 
insulator of such a device is a gate dielectric Which separates 
the gate from the semiconductor substrate upon Which the 
gate dielectric and the gate are formed. In other Words, a 
MIS FET or a MOS PET is a ?eld effect transistor (FET) 
With a gate formed over an insulator knoWn as a gate 
dielectric layer Which is interposed betWeen a channel 
region in the semiconductor substrate and the gate. When the 
gate insulator or gate dielectric insulator of a MISFET is an 
oxide (typically silicon oxide) the device is knoWn as a 
Metal Oxide Semiconductor FET (MOSFET) device. 

[0006] MISFET or MOSFET devices are typically created 
on the surface of a substrate after either a P-type or a N-type 
impurity has been implanted in the surface of the substrate, 
creating Wells in this surface of either P-type or N-type 
conductivity. NMIS or NMOS devices (also referred to as 
n-channel devices) are, after that, created on the surface of 
a P-type Well. In like manner, PMIS or PMOS devices (also 
referred to as p-channel devices) are created on the surface 
of an N-type Well. 

[0007] After the gate has been created, Lightly Doped 
Drain/ Source (LDD/LDS) regions, commonly referred to as 
LDD regions, are typically implanted in the surface of the 
substrate, self aligned With the gate, Whereby N-type impu 
rities are used for the LDD regions of NMIS/N MOS devices 
and P-type impurities are used for the LDD regions of 
PMIS/PMOS devices, Which are self aligned With the gates. 
After this, each of the gates is isolated by the formation of 
gate spacers on the sideWalls of the gates. This is folloWed 
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by forming the source and drain regions of the gates Which 
are self aligned With the spacers. 

[0008] For the source/drain implants the same type impu 
rities are used as have been used for the LDD implants. The 
difference betWeen the LDD implants and the source/drain 
implants is that the source/drain implants are typically 
performed at higher implant energy and dosage that the LDD 
implants. In this manner the P-type implants (for PMIS/ 
PMOS devices) of the source/drain regions (PS/D) and the 
n-type implants (for NMIS/NMOS devices) of the source/ 
drain regions (N S/D) penetrate deeper into the surface of the 
substrate than the corresponding P-type (PLDD) and N-type 
(NLDD) implants for the LDD regions. 

[0009] US. Pat. No. 6,524,902 of Rhee et al. entitled 
“Method of Manufacturing CMOS Semiconductor Device” 
points out that in the fabrication of a CMOS device, boron 
is doped or implanted into a polysilicon gate layer to form 
gates of PMOS transistors. The impurity implantation of the 
p-type doping impurity, e.g. boron, is often carried out along 
With the formation of the source/drain regions by an ion 
implantation process. The problem is that Where boron is 
used as a dopant in the impurity implantation, it may diffuse 
and escape into P-channels through a thin gate insulating 
layer, unless it is insufficiently implanted or activated; and 
the problem is more serious because the gate insulating layer 
is very thin. If boron ions escape from the gate in the 
impurity implantation, boron concentration in the gate near 
to the gate insulating layer declines and the result is the 
problem of the Poly-Gate Depletion Effect (PDE). The 
manufacturing process described by Rhee et al involves 
blanket deposition of a polysilicon-SiGe layer, folloWed by 
formation of additional silicon cap layer formed over the 
polysilicon SiGe layer. Then phosphorus ions are implanted 
selectively into an NMOS region, but not into the PMOS 
region Which is covered by an ion implantation mask on the 
silicon cap layer to cover at least one PMOS transistor 
region. During a subsequent thermal annealing step, the 
implanted N-type impurities (phosphorus ions) in the 
NMOS region enhance diffusion of Ge atoms into the silicon 
cap layer of the NMOS region, since the annealing step 
drives Ge atoms in both the doWnWard and upWard direc 
tions more freely as a result of the ion implantation step. The 
result is that a desired germanium dopant pro?le is produced 
in the SiGe layer and in the silicon layer in the NMOS 
transistor region, While germanium is substantially pre 
vented from diffusing into the silicon layer in the PMOS 
transistor region maintaining a high level of Ge near the gate 
oxide. 

[0010] The Abstract of an article by E. J. SteWart, M. S. 
Carroll, and James C. Sturm entitled “Suppression of Boron 
Penetration in P-Channel MOSFETs U sing Polycrystalline 
Si l_X_yGeXCy Gate Layers” in IEEE Electron Device Letters, 
VOL. 22, NO. 12, (December 2001) 574-576, states that 
“Boron penetration through thin gate oxides in p-channel 
MOSFETs With heavily boron-doped gates causes undesir 
able positive threshold voltage shifts. P-channel MOS-FETs 
With polycrystalline Sil_x_yGexCy gate layers at the gate 
oxide interface shoW substantially reduced boron penetra 
tion and increased threshold voltage stability compared to 
devices With all poly Si gates or With poly Sil_x_yGex gate 
layers. Boron accumulates in the poly Si1_X_YGeXCY layers 
in the gate, With less boron entering the gate oxide and 
substrate. The boron in the poly Si1_X_YGeXCY appears to be 
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electrically active, providing similar device performance 
compared to the poly Si or poly Si1_X_YGeXCY gated 
devices.” 

[0011] E. J. Stewart, M. S. Carroll, and James C. Sturm 
entitled “Boron Segregation and electrical properties in 
polycrystalline Si1_X_YGeXCY and Si1_YCY Layers” in J our 
nal of Applied Physics, VOL. 95, Number 8, (15 Apr. 2004) 
pp. 4029-4035 “reports strong boron segregation to poly 
crystalline Sil_x_yGexCy from polysilicon during thermal 
anneals . . . ” The article also states “Conventional p-channel 

MOSFETs With heavily boron-doped polysilicon gates can 
suffer from voltage instabilities, caused by diffusion from 
the gate through the gate oxide and into the channel during 
post implant anneal. Devices With polycrystalline Silrxr 
YGeXCY layers in the gate have less boron penetration, and 
greater threshold voltage stability than devices With poly 
crystalline Si or Sil_XGeX gate layers.” 

[0012] US. Patent Application 2004/021743 A1 of Chu 
entitled “High Performance FET Devices and Methods 
Therefor” describes a method of fabrication of PET devices 
in Which dopant impurities are prevented from diffusing 
through the gate insulator. The structure comprises a SizC, or 
SiGezC, layer Which is sandWiched betWeen the gate insu 
lator and a layer Which is doped With impurities in order to 
provide a preselected Workfunction. The Chu application 
states that “As the gate insulator is thinned, as dictated by the 
requirements of ever smaller devices, there is the problem of 
the doping impurities penetrating the gate insulator, typi 
cally an SiO2 layer. For the sake of optimal device design, 
the gate typically is made of polysilicon, Which is doped the 
same conductivity type as the device itself. With such 
doping the resultant Workfunction of the gate With respect to 
the channel region of the device alloWs for the threshold of 
the device to be optimally set. Accordingly, N-type devices 
are in need of N-doped gates, and P-type devices are in need 
of P-doped gates. During the high temperatures of device 
manufacturing, the gate-doping species, most problemati 
cally boron, (B), but others like phosphorus (P) as Well, 
readily penetrates the thin gate insulator and the result is that 
the gate-doping species destroys the device. The gate insu 
lator in modern high performance devices typically needs to 
be less than about 3 nm thick. Preventing this dopant 
penetration Would be an important step in achieving thinner 
gate insulators.” 

[0013] US. Patent Publication 2004/0067631 of Bu et al. 
entitled “Reduction of Seed Layer Roughness for Use in 
Forming SiGe Gate Electrode” describes hoW to deposit a 
“seed” layer to facilitate deposition of a SiGe layer. The 
method provides for fabricating layers for use in formation 
of a silicon germanium (SiGe) gate starting With a substrate 
having a ?rst surface. Then a gate dielectric layer is formed 
overlying the ?rst surface of the substrate. Next the gate 
dielectric layer is treated With a gaseous medium to modify 
a surface characteristic of the gate dielectric. Then, a seed 
layer is formed overlying the treated gate dielectric thereby 
mitigating roughness of the seed layer. Then a SiGe layer is 
formed overlying the seed layer, so that the germanium (Ge) 
interdilfuses into the seed layer. 

[0014] US. Pat. No. 6,709,912 ofAng et al. entitled “Dual 
SiiGe Polysilicon Gate with Different Ge Concentrations 
for CMOS Device Optimization” describes a method for 
increasing the amount of Ge over a PMOS region through 
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further implanting and laser annealing. Dual SiiGe poly 
silicon gates are formed With different Ge concentrations in 
the fabrication of an integrated circuit device. An NMOS 
active area and a PMOS active area of a substrate separated 
by an isolation region are provided. A gate oxide layer is 
groWn overlying the substrate in both active areas. A poly 
crystalline silicon-germanium (Si4Ge) layer is deposited 
overlying the gate oxide layer With the polycrystalline SiGe 
layer having a ?rst Ge concentration. The NMOS active area 
is blocked While exposing the PMOS active area and per 
forming successive cycles of Ge plasma doping and laser 
annealing into the PMOS active area to achieve a second Ge 
concentration higher than the ?rst Ge concentration. Then, 
the polycrystalline SiiGe layer is patterned to form a gate 
in both active areas. The gate in the PMOS active area has 
a higher Ge concentration than the gate in the NMOS active 
area. That completes formation of the dual SiiGe polysili 
con gates With different Ge concentrations in the fabrication 
of an integrated circuit device. 

[0015] Referring again to US. Pat. No. 6,524,902 of Rhee 
et al entitled “Method of Manufacturing CMOS Semicon 
ductor Device” the steps of the method are described next. 
Form a gate insulating layer on a substrate and a SiGe layer 
having Ge content of more than 20% on the gate insulating 
layer. Then form a silicon layer on the SiGe layer and form 
an ion implantation mask on the silicon layer to cover at 
least one PMOS transistor region. Perform a n-type impurity 
ion implantation process on at least one NMOS transistor 
region of the substrate having the ion implantation mask. 
Perform a diffusion and annealing process on the substrate 
in Which n-type impurities are implanted to diffuse germa 
nium into the silicon layer in the NMOS transistor region to 
produce a desired germanium dopant pro?le in the SiGe 
layer and the silicon layer in the NMOS transistor region, 
While germanium is substantially prevented from di?‘using 
into the silicon layer in the PMOS transistor region. Then 
form a gate pattern for PMOS and NMOS transistors by 
patterning the silicon layer and the SiGe layer. The result of 
the process is that in the NMOS region Where the presence 
of Ge is unWanted, some SiGe remains present. 

[0016] In US. Pat. No. 6,730,588 of Schinella entitled 
“Selective deposition of SiGe” a dielectric layer is deposited 
on a semiconductor Wafer. Then a thin silicon layer of 
amorphous silicon or polycrystalline silicon is deposited on 
the dielectric layer. A mask is formed over the thin silicon 
layer, Which is used during etching to form a silicon nucle 
ation layer and to expose portions of the dielectric layer. A 
self-aligned gate is formed by depositing a silicon germa 
nium conducting ?lm on the silicon nucleation layer using a 
material Which selectively deposits on the nucleation layer 
and Which fails to deposit on the exposed portions of the 
dielectric layer. Then a metal layer is deposited on the top 
surface of the silicon germanium conducting ?lm. The 
method employed is very different from that of the present 
invention. 

[0017] It is Well knoWn that boron activation is superior in 
poly-SiGe compared to that in polysilicon alone. Thus 
PFETs With SiGe gates can exhibit a less signi?cant poly 
silicon depletion e?fect. The result is that there is a thinner 
electrical equivalent gate oxide thickness (or inversion 
thickness), Which is bene?cial for PFET drive current. In this 
context, thinner thickness means larger gate capacitance 
Which directly is related to drive current. 
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[0018] However, N type dopant activation in the NFET 
region may be poorer in the presence of SiGe as evidenced 
by larger inversion thickness (Tinv) in NFETs With SiGe 
gates. As employed herein, the term “inversion thickness” 
(Tinv) is the electrically measured oxide thickness When a 
MOS device is in inversion. When Tinv is less (thinner) the 
gate capacitance is greater, leading to a higher drive current. 

[0019] A serious problem is the “poly depletion effect” 
Which reduces gate capacitance, With the reduced gate 
capacitance having the disadvantage of reducing device 
drive current. 

SUMMARY OF THE INVENTION 

[0020] It is an object of this invention to minimiZe the 
“poly depletion effect” to retain a high value of gate capaci 
tance thereby providing a high level of device drive current. 

[0021] Since SiGe and SiGeC increase the Tinv in gates of 
NFET devices, an object of this invention is to eliminate the 
presence of SiGe or SiGeC in the NFET region. In other 
Words, an object of this invention is to provide a method for 
forming SiGe or SiGeC gates only in PFET devices While 
providing conventional polysilicon gates in NFETs. 

[0022] In accordance With this invention, a method is 
provided for forming a SiGe or SiGeC gate solely over the 
PFETs by a process of initially forming a thin bilayer of a 
layer of silicon (Si) covered by a layer of germanium (Ge), 
silicon germanium (SiGe) or SiGeC over the gate dielectric 
layer in the early stages of formation of the gate electrode. 
Later in the process, the Ge, SiGe or SiGeC layer is removed 
from the NFET region, but is retained in the PFET region. 
Then the device is annealed to diffuse germanium (Ge) into 
the silicon layer over the PFET region. This method does not 
rely on implanting Ge into the gate electrode as one prior art 
reference describes, and minimiZes the volume of the Ge, 
SiGe or SiGeC to avoid complications in the gate RIE 
process. 

[0023] With the method of this invention, unlike the 
method of US. Pat. No. 6,524,902 of Rhee et al., the entire 
SiGe layer is etched aWay in from the NFET region Where 
it is unWanted. Thus there is no SiGe or SiGeC in the NFET 
region, since the SiGe or SiGeC layer has been removed 
therefrom. 

[0024] An advantage of this invention is that boron acti 
vation is enhanced by the presence of SiGe or SiGeC in the 
gate electrode, particularly at the interface With the gate 
dielectric. Since SiGe or SiGeC alloWs a higher level of 
electrical activation of boron the method of this invention 
minimiZes the “poly depletion effect” thereby minimiZing 
the reduction of gate capacitance and thereby avoiding 
reduced gate capacitance and avoiding the disadvantage of 
reducing device drive current. 

[0025] Another advantage of this invention is that the 
problem often referred to as “boron penetration” in the PFET 
region is reduced, because the SiGe or SiGeC Will retard 
boron diffusion. 

[0026] The invention and objects and features thereof Will 
be more readily apparent from the folloWing detailed 
description and appended claims When taken With the draW 
ings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The foregoing and other aspects and advantages of 
this invention are explained and described beloW With 
reference to the accompanying draWings, in Which: 

[0028] FIGS. 1A-1O illustrate the process steps employed 
in accordance With the method of this invention. 

[0029] FIG. 2 shoWs the processing ?oW chart of the 
method of this invention in Which a bilayer is formed in 
Which a layer of silicon is deposited folloWed by a layer of 
germanium. 

[0030] FIG. 3 shoWs the processing ?oW chart of the 
method of this invention in Which a bilayer is formed in 
Which a layer of silicon is deposited folloWed by a layer of 
silicon-germanium. 

[0031] FIG. 4 shoWs the processing ?oW chart of the 
method of this invention in Which a bilayer is formed in 
Which a layer of silicon is deposited folloWed by a layer of 
silicon-germanium-carbon. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0032] A. Deposit ShalloW Trench Isolation (STI) Dielec 
tric in ShalloW Trench in Semiconductor Substrate. 

[0033] FIG. 1A is a schematic sectional vieW of a device 
10 in an early stage of manufacture comprising a semicon 
ductor substrate 11 With a top surface in Which a shalloW 
trench 13T has been formed. The shalloW trench 13T is ?lled 
With a ShalloW Trench Isolation (STI) dielectric 13 formed 
in accordance With step 31 in FIGS. 2-4. The STI dielectric 
13 separates the PFET regions on the left side of the 
semiconductor substrate 11 from the NFET regions on right 
side of semiconductor substrate 11, as Will be Well under 
stood by those skilled in the art. 

[0034] The substrate 11 can comprise bulk Silicon (Si), 
Silicon on Insulator (SOI), bulk Germanium (Ge), Si/SiGe 
bilayers, or Si/SiGe on insulator. Also the device structure 
10 could be modi?ed to be in the form of 3D FETs such as 
FinFET devices, as Will be Well understood by those skilled 
in the art of FinFET devices. 

[0035] As speci?ed in step 32 in FIGS. 2-4, the next step 
is to dope PFET and NFET regions in the substrate 11 one 
at a time. 

[0036] B. Dope PFET Regions in the Semiconductor Sub 
strate. 

[0037] FIG. 1B shoWs the device 10 of FIG. 1A during 
performance of the ?rst part of the step 32 in FIGS. 2-4 in 
Which a ?rst temporary photolithographic (preferably pho 
toresist PR) mask 14M Was formed over the NFET region on 
the right side of the STI dielectric 13 in shalloW trench 13T 
in device 10, While the PFET region on the left side of the 
STI dielectric 13 in shalloW trench 13T in device 10 Was 
being doped With N— dopant ions 14I thereby forming an 
N-SUB 14 to the left side of the STI trench 13T. Preferably 
the N-SUB 14 comprises an N-Well formed in the substrate 
11. Then the mask 14M is stripped exposing the top surface 
of the NFET region. 
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[0038] C. Dope NFET Regions in the Semiconductor 
Substrate. 

[0039] FIG. 1C shows device 10 of FIG. 1B during 
performance of the second part of step 32 (FIGS. 2-4) in 
Which a second temporary photolithographic (preferably 
photoresist PR) mask 15M has been formed over the PFET 
region on the left side of the STI dielectric 13 in the shalloW 
trench 13T the device 10, While the NFET region on the right 
side of device 10 is shoWn being doped With P— dopant ions 
15I thereby forming a P-SUB 15 to the right side of the 
shalloW trench 13T. Then the mask 15M is stripped exposing 
the top surface of the P-SUB 15 in the PFET region. 

[0040] In the doping provided in FIGS. 1B and 1C, a 
dopant level of from about lel7 to about lel8 atoms of 
dopant is preferred although not critical. Preferably highly 
localiZed halo doping is employed that goes up to about lel9 
atoms of dopant typically. As Will be Well understood by 
those skilled in the art a pad oxide layer Which is conven 
tionally employed is not shoWn for convenience of illustra 
tion and to make a more concise presentation of the inven 
tion. 

[0041] D. Form Blanket Gate Dielectric Layer Over Sub 
strate Including STI Dielectric. 

[0042] FIG. 1D shoWs the device 10 of FIG. 1C after step 
33 in FIGS. 2-4 in Which a blanket, thin gate dielectric layer 
12 has been formed covering the substrate 11 and the STI 
dielectric. The gate dielectric layer 12, Which is typically 
from about 0.8 nm to about 10 nm thick, is deposited 
preferably by a method such as thermal oxidation or chemi 
cal deposition. Preferably, the gate dielectric layer 12 is 
composed of a material selected from the group consisting 
of silicon oxide, silicon oxynitride, halfnium oxide, 
halfnium silicate, aluminum oxide, aluminum silicate, sili 
con nitride, Zirconium oxide, Zirconium silicate, tantalum 
oxide, tantalum silicate. Materials With similar characteris 
tics can be employed. 

[0043] E. Deposit a Blanket Thin Silicon Layer Composed 
of Amorphous Silicon or Polysilicon. 

[0044] FIG. 1E shoWs the device 10 of FIG. 1D after step 
34 in FIGS. 2-4 in Which the ?rst silicon thin ?lm 16 of a 
thin bilayer 19 composed of silicon-germanium/ silicon 
(SiGe/Si) Which is shoWn in FIG. 1F has been formed. 
Alternatively, the thin ?lm 18 may be composed of silicon 
germanium-carbon/silicon (SiGeC/ Si) as is also indicated in 
FIG. 1F. The loWer, silicon thin ?lm 16, Which Was depos 
ited on gate dielectric layer 12, is preferably composed of 
amorphous silicon, but can be composed of polysilicon. If 
the ?rst, silicon, thin ?lm 16 comprises amorphous silicon 
(a-Si) ?lm 16, it preferably has a thickness typically from 
about 10 nm to about 20 nm Which is deposited by a process 
such as LoW Pressure Chemical Vapor Deposition (LPCVD) 
process or Atmospheric Pressure Chemical Vapor Deposi 
tion (APCVD) process. For deposition of an amorphous 
silicon (a-Si) thin ?lm 16, the process can begin With a 
typical precursor such as silane (SiH4) or dichlorosilane 
(SiH2Cl2). Preferably, the amorphous silicon (a-Si) thin ?lm 
16 is deposited by LPCVD at a temperature of betWeen 
about 4900 C. and 5400 C., a pressure of betWeen about 0.05 
Torr and 50 Torr, and With a SiH4 How of betWeen about 100 
slm and 1500 slm. 
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[0045] FIG. 1F shoWs the device 10 of FIG. 1E after step 
35A in FIG. 2, step 35B in FIG. 3, AND step 350 in FIG. 
4. 

[0046] F1. Deposit a Thin Film of Amorphous or Poly 
crystalline Germanium (Ge). 

[0047] In accordance With FIG. 1F and FIG. 2, an upper, 
silicon, thin ?lm 18 of the thin bilayer 19 has been formed 
composed of an amorphous germanium (a-Ge) deposit or 
polycrystalline germanium (poly Ge) deposit. The Ge thin 
?lm 18, Which is preferably composed of an amorphous 
germanium (a-SiGe), has been deposited on the thin Si ?lm 
16. 

[0048] F2. Deposit a Thin Film of Amorphous Silicon 
Gerrnanium (a-SiGe) or Polycrystalline Silicon-Germanium 
(poly SiGe). 
[0049] In accordance With FIG. 1F and FIG. 3, an upper, 
silicon-germanium, second thin ?lm 18 of the thin bilayer 19 
has been formed composed of an amorphous silicon-germa 
nium (a-SiGe) deposit or polycrystalline silicon-germanium 
(poly SiGe) deposit. The SiGe thin ?lm 18, Which is 
preferably composed of an amorphous silicon-germanium 
(a-SiGe), has been deposited on the thin Si ?lm 16. 

[0050] F3. Deposit a Thin Film of Amorphous Silicon 
Germanium-Carbon (a-SiGeC) or Polycrystalline Silicon 
Germanium-Carbon (poly SiGeC). 

[0051] In accordance With FIG. 1F and FIG. 4, the 
second, upper, silicon-germanium-carbon thin ?lm 18 of the 
thin bilayer 19 has been formed composed of an amorphous 
silicon-germanium-carbon (a-SiGeC) or polycrystalline sili 
con-germanium (poly SiGe-carbon). The SiGeC thin ?lm 
18, Which is preferably composed of an amorphous silicon 
germanium (a-SiGeC), has been deposited on the thin Si ?lm 
16. 

[0052] The Ge, SiGe or SiGeC upper thin ?lm 18, Which 
has a thickness typically from about 10 nm to about 20 nm 
is deposited by With a LoW Pressure Chemical Vapor Depo 
sition (LPCVD) or Atmospheric Pressure Chemical Vapor 
Deposition (APCVD) process. Preferred precursors for the 
silicon and the germanium in the a-SiGe layer are silane 
(SiH4) or dichlorosilane (SiH2Cl2) for silicon, and germane 
(GeH4) for germanium. A silane How of betWeen about 100 
slm and 1500 slm is preferred or dichlorosilane How of 
betWeen about 100 slm and 1500 slm is preferred. The SiGe 
or SiGeC thin ?lm 18 comprises an atomic percentage ratio 
of Si1_X_YGeXCY, Where X=5 atomic % to 100 atomic % and 
Y=0+% to 5%. If the layer 29 contains carbon (as in SiGeC), 
the atomic percentage of carbon Would be from a trace 
(0+%) to 5%, preferably, a trace (0+%) to 2%. 

[0053] Techniques for depositing silicon-germanium 
alloys are Well knoWn in the art, for example as described in 
US. Pat. No. 5,336,903 entitled “Selective Deposition of 
Doped Silicon-Germanium Alloy on Semiconductor Sub 
strate, and Resulting Structures”, Which is incorporated by 
reference in its entirety. As stated above, the SiGe conduc 
tive ?lm may be amorphous or polycrystalline. Deposition 
occurs by creating a gaseous environment comprising silane 
(SiH4) and germane (GeH4) in a ratio that precludes depo 
sition on the exposed dielectric material. Other gaseous 
sources of silicon may be provided including dichlorosilane 
(SiH2Cl2). The dielectric is typically SiO2, but in other 
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embodiments, may be any other material that precludes 
nucleation of SiGe ?lm When suitable ratios of germane and 
silane (or other sources of silicon) are used. The SiGe 
conductive ?lm may be deposited using loW pressure chemi 
cal vapor deposition (LPCVD) techniques familiar to those 
of skill in the art. It is expected that the selected deposition 
of the silicon germanium conductive ?lm may be achieved 
at a temperature range of about 300 to 800 degrees C. In one 
embodiment, the ratio of germane to silane or dichlorosilane 
(SiH2Cl2) is selected such that no deposition of the SiGe 
conductive ?lm occurs on the dielectric layers. It is expected 
that ratios of germane to dichlorosilane in the amounts of 
about 0.025 to about 1.00 Will produce suitable results. A 
pressure of about 2.5 Torr is suitable. In a preferred embodi 
ment, a temperature of about 600° C. is used for the LPCVD 
process and a ratio of germane to dichlorosilane (SiH2Cl2) 
of 0.20 is used. The process may also be adapted to use 
silane by one of skill in the art With minimal experimenta 
tion. Similar process parameter ranges are expected to 
produce suitable results When silane is used as the gaseous 
source for silicon. The precise ratio of silane to germane for 
selective deposition of SiGe conductive ?lms may be 
empirically determined and is a function of the partial 
pressures of GeH4/SiH4, temperature, and total pressure. 

[0054] G. Form A Mask on Top of PFET Region. 

[0055] FIG. 1G shoWs the device 10 of FIG. 1F after step 
36 in FIGS. 2-4 in Which a photolithographic mask 20 
(photoresist or the like) has been formed over the N-Sub 14 
(i.e. the PFET region on the left) in the device 10, leaving the 
NFET region (on the right) of the device 10 exposed. The 
method of formation of such a photolithographic mask Will 
be Well understood by those skilled in the art. Alternatively, 
a thin layer of silicon oxide or silicon nitride can be 
deposited or thermally groWn on top of Si/SiGe layer 
folloWed by the photolithographic step. In this case, the 
dielectric layer (silicon oxide or silicon nitride) is then 
patterned by an etch step before proceeding to the next step. 

[0056] H. Selectively Etch AWay Exposed Portions of the 
a-SiGe or Poly SiiGe Layer Over NFET Regions. 

[0057] FIG. 1H shoWs the device 10 of FIG. 1G after the 
exposed portion of the SiGe or SiGeC thin ?lm 18 Was 
removed by selective etching (step 37A in FIG. 2 and step 
37B in FIG. 3) in the NFET region exposing the surface of 
the silicon thin ?lm 16 above the P-Sub 15 (in the NFET 
region), While leaving the underlying silicon thin ?lm 16 
above the gate dielectric over P-Sub 15. One etchant that can 
be used in steps 37A/37B is an aqueous solution of 
NH4OH:H2O2:H2O at a temperature of about 65° C. Other 
etchants that are selective to Si can be used as Will be Well 
understood by those skilled in the art. 

[0058] I. Strip Mask From PFET Region and Anneal to 
Diffuse Ge into a-Si or Si Layer in the PFET Region 

[0059] Yielding Poly SiiGe or Poly Si4Ge4C Bilayer 
in the PFET Region. 

[0060] FIG. 11 shoWs the device 10 of FIG. 1H after 
stripping the mask 20 (step 38 in FIGS. 2-4, optionally 
including the optional silicon oxide or silicon nitride mask) 
and then subjection of device 10 to the high temperature 
annealing for the purpose of interdilfusing some of the Ge 
atoms from the upper thin ?lm 18 doWnWard into the Si thin 
?lm 16 above the N-Sub in the PFET region, converting Si 
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thin ?lm 16 into a polysilicon-Ge thin ?lm 16A. The portion 
of the Si loWer thin ?lm 16 above the P-sub 15, remains a 
polysilicon, thin ?lm 16B, as before the annealing step. In 
other Words, in the PFET region, the concentrated Ge atoms 
in the upper SiGe/SiGeC thin ?lm 18 are partially diffused 
doWn into the loWer layer, but many of the Ge atoms remain 
in the upper SiGeC thin ?lm 18 so that both layers have close 
to the same concentration of Ge. The performance of a high 
temperature annealing process of step 39A in FIG. 2 and 
step 39B in FIG. 3, Which is preferably performed Within a 
temperature range from a minimum of about 800° C. to a 
maximum of about 1200° C. Preferably the maximum is 
about 1100° C. During the high temperature annealing 
process, the amorphous silicon in layers 16 and 18 is 
converted to polysilicon. Upon annealing if the material 
contains amorphous silicon, it is converted into polysilicon. 

[0061] J. Etching to Remove Native Oxide. 

[0062] FIG. 1J shoWs the device 10 of FIG. 11 during 
removal of a native oxide layer (step 40 in FIGS. 2-4) Which 
may have formed during annealing Was removed by dipping 
the device into a aqueous hydro?uoric acid solution. The 
silicon oxide or silicon nitride mask, if not removed in the 
previous step, can be removed at this step as Well. 

[0063] K. Deposit Blanket Layer of Gate Electrode Poly 
silicon. 

[0064] FIG. 1K shoWs the device 10 of FIG. 1J and after 
a blanket layer 20 of polysilicon Si Was deposited over both 
the NFET and PFET regions (step 41 in FIGS. 2-4). 

[0065] Referring to FIGS. 1L and 1M, in accordance With 
the usual practice, a masking step is used for pre-doping of 
the NFET and PFET gates separately. 

[0066] L. Form Mask Over NFET Region and Dope Gate 
Electrode Layers Over PFET Region. 

[0067] Referring to FIG. 1L, the device 10 of FIG. 1K is 
shoWn after doping of the NFET gate electrode layers 
16A/18A/20A (in accordance With a portion of step 42 in 
FIGS. 2-4). FIG. 1L shoWs a mask 27P formed covering the 
NFET region and leaving the PFET region exposed. Then 
the layers 16A of polysilicon, SiGe thin ?lm 18A and layer 
20A (the left region of layer 20 in the PFET region) to be 
used to form the gate for PFETs can be doped by implanting 
either boron ions ZIP or boron di?uoride (BF2) therein. 
Preferably, the dopant 21P (boron) is implanted by ion 
implantation at a energy level of from about 1 keV to about 
30 keV With a dose of 1e15 cm-2 to 9 e15 cm-2 yielding a 
concentration of from about 1e20 cm“3 to about 1e21 cm“3 . 
The dopant 21P is implanted doWn into the layers of 
polysilicon 16A/20A and the poly-Ge thin ?lm 18A. 

[0068] M. Form Mask Over PFET Region and Dope Gate 
Electrode Layers Over NFET Region. 

[0069] Referring to FIG. 1M, the device 10 of FIG. 1L 
after doping of the PFET gate electrode layers 16B/20B (in 
accordance With a portion of step 42 in FIGS. 2-4). FIG. 1M 
shoWs a mask 27N formed covering the PFET region and 
leaving the NFET region exposed so that the layer 20 of 
polysilicon to be used to form the gates for NFETs can be 
doped by implanting either phosphorus (P) or arsenic (As) 
ions 21N therein. Preferably, the dopant 21N employed 
comprises ions 21N (phosphorus (P) or arsenic (As)) Which 
are implanted by ion implantation at a energy level of from 
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about 1 keV to about 30 keV With a dose of 1el5 cm'2 to 
9e15 cm-2 yielding a concentration of from about le20 cm-3 
to about le2l cm'3 . The dopant 21P is implanted doWn into 
the layers of polysilicon 16B/20B. 

[0070] N. Form Gate Electrode Masks on Polysilicon 
Layers and Etch Unprotected Areas DoWn to Substrate. 

[0071] FIG. 1N shoWs device 10 of FIG. 1M after gate 
electrode, photolithographic, patterning masks 26P/26N 
preferably composed of patterned photoresist (PR), have 
been formed over the over the polysilicon layers 20A/20B. 
The mask 26P is formed over layer 20A in the PFET region 
and the mask 26N is formed over layer 20B in the NFET 
region. Then an etching step is performed (in accordance 
With the remainder of step 42 in FIGS. 2-4) in Which the 
gate electrode stacks 23P (above the PFET region) and 23N 
(above the NFET region) have been formed over the N-Sub 
14 and the P-Sub 15 respectively by anisotropically etching 
aWay the unprotected portions of those layers doWn to the 
substrate 11 aside from the masks 26F and 26N respectively. 

[0072] 0. Form LDSs/LDDs; Spacers; & Source/Drain 
Regions. 
[0073] FIG. 10 shoWs the device 10 of FIG. 1N after an 
additional PFET Lightly Doped Drain (LDD) doping mask 
(not shoWn) and an additional NFET Lightly Doped Source 
(LDS) doping mask (not shoWn) Were formed in the usual 
sequence. Using those masks in the usual sequence, the 
extensions, i.e. the usual Lightly Doped Drain (LDD) P 
regions and N- regions and Lightly Doped Source (LDS) P 
regions Were formed. The extensions include N- regions in 
the top surface of substrate 11 juxtaposed With the gate 
electrode stacks 23F and P- regions in the top surface of 
substrate 11 juxtaposed With the gate electrode stacks 23N, 
as Will be Well understood by those skilled in the art (in 
accordance With a portion of step 43 in FIGS. 2-4). 

[0074] Next spacers 24 Were formed on the sideWalls of 
the gate electrode stacks 23F and 23N in accordance With 
conventional process, as indicated in a portion of step 43 in 
FIGS. 2-4. 

[0075] Then P+ doped source/drain a mask (not shoWn) 
Was formed over the NFET region covering the stack 23N, 
the exposed surface of the P-Sub 15 and a portion of the STI 
region 13T. Then the P+ doped Source/Drain regions 25P 
Were formed in the surface of the N-Sub 14 self-aligned With 
the spacers of the stack 23P. 

[0076] Finally, an N+ doped source/drain a mask (not 
shoWn) Was formed over the PFET region covering the stack 
231’, the exposed surface of the N-Sub 14 and a portion of 
the STI region 13T. Then the N+ doped source/ drain regions 
25N Were formed in the surface of the P-Sub 15 self-aligned 
With the spacers of the stack 23N completing step 43 in 
FIGS. 2-4. 

[0077] The process shoWn in FIGS. 2-4 ends at step 44. 
Other conventional processing continues as Will be Well 
understood by those skilled in the art. 

[0078] While this invention has been described in terms of 
the above speci?c embodiment(s), those skilled in the art 
Will recogniZe that the invention can be practiced With 
modi?cations Within the spirit and scope of the appended 
claims, i.e. that changes can be made in form and detail, 
Without departing from the spirit and scope of the invention. 
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Accordingly all such changes come Within the purvieW of 
the present invention and the invention encompasses the 
subject matter of the folloWing claims. 

1. A method of forming a semiconductor device compris 
ing: 

depositing a silicon thin ?lm onto a dielectric layer 
formed on a semiconductor substrate; 

depositing an upper thin Mm on a top surface of said 
silicon thin ?lm containing germanium; 

patterning and etching said upper thin ?lm using a selec 
tive etch leaving said upper thin ?lm intact in a ?rst 
region and removing said upper thin ?lm exposing said 
top surface of said silicon thin ?lm in a second region; 

diffusing germanium from said upper thin ?lm into said 
silicon thin ?lm in said ?rst region; 

depositing a gate electrode layer covering said upper thin 
?lm in said ?rst region and covering said exposed 
portion of said silicon thin ?lm in said second region; 

patterning and etching to form gate electrode stacks; and 

forming FET devices With sideWall spacers and source 
regions and drains regions in said substrate aligned 
With said gate electrode stacks. 

2. The method of claim 1 Wherein said upper thin ?lm is 
amorphous or polycrystalline. 

3. The method of claim 1 Wherein said upper thin ?lm is 
composed of material selected from the group consisting of 
amorphous or polycrystalline germanium, silicon germa 
nium, or silicon germanium carbon. 

4. The method of claim 1 Wherein said upper thin ?lm 
comprises Si1_XGeX, Where X=5 atomic % to 100 atomic % 
and Y=0+% to 5 in the form of amorphous silicon germa 
nium or polysilicon germanium. 

5. The method of claim 1 Wherein said selective etching 
is performed With an aqueous solution of 
NH4OH:H2O2:H2O at about 65° C. 

6. The method of claim 1 Wherein said diffusing germa 
nium from said upper thin ?lm into said silicon thin ?lm in 
said ?rst region is performed by annealing of said semicon 
ductor device for driving germanium into said silicon thin 
?lm in said ?rst region at a temperature greater than about 
800° C. to interdi?‘use Ge into said silicon thin ?lm in said 
?rst region. 

7. The method of claim 6 Wherein Ge diffuses doWnWard 
into an amorphous or polycrystalline silicon layer in said 
?rst region. 

8. The method of claim 1 Wherein after annealing said 
semiconductor device native oxide is removed, and poly 
silicon is deposited over both said ?rst region and said 
second region folloWed by gate doping, patterning, and 
continuation of fabrication of a CMOS device. 

9. The method of claim 1 Wherein said upper thin ?lm is 
composed comprises Si1_X_YGeXCY, Where X=5 atomic % 
to 100 atomic % and Y=0+atomic % to 2 atomic % in the 
form of amorphous or polycrystalline silicon germanium 
carbon. 

10. A method of forming a semiconductor device com 
prising: 

depositing a silicon thin ?lm on said dielectric layer 
formed on a semiconductor substrate containing a 
PFET region and an NFET region; 
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depositing an upper thin ?lm on a top surface of said 
silicon thin ?lm composed of a material selected from 
the group consisting of amorphous germanium, poly 
crystalline germanium, amorphous silicon germanium, 
polycrystalline silicon germanium, amorphous silicon 
germanium carbon, and polycrystalline silicon germa 
nium carbon; 

patterning and performing selective etching of said upper 
thin ?lm leaving said upper thin ?lm intact in said 
PFET region and removing said upper thin ?lm expos 
ing a portion of said top surface of the silicon thin ?lm 
in said NFET region; 

annealing said semiconductor device driving germanium 
from said upper thin ?lm doWn into said silicon thin 
?lm in said PFET region; 

depositing a gate electrode layer covering said upper thin 
?lm in said PFET region and covering said exposed 
portion of said silicon thin ?lm in said NFET region; 

patterning and etching to form gate electrode stacks; and 

forming FET devices in said PFET region and said NFET 
region With sideWall spacers juxtaposed With said gate 
electrode stacks and With source regions and drains 
regions formed in said substrate self-aligned With said 
spacers. 

11. The method of claim 10 Wherein said upper thin ?lm 
comprises Sil_X_YGeXXY, Where X=5 atomic % to 100 
atomic % and Y=0+atomic % to 5 atomic % in the form of 
amorphous silicon germanium or polysilicon germanium. 

12. The method of claim 10 Wherein said selective etching 
is performed With an aqueous solution of 
NH4OH:H2O2:H2O at about 65° C. 

13. The method of claim 10 Wherein said diffusing 
germanium from said upper thin ?lm into said silicon thin 
?lm in said ?rst region is performed by annealing of said 
semiconductor device for driving germanium into said sili 
con thin ?lm in said ?rst region at a temperature greater than 
about 800° C. to interdiifuse Ge into said silicon thin ?lm. 

14. The method of claim 13 Wherein Ge di?‘uses doWn 
Ward into an amorphous silicon layer in said NFET region. 

15. The method of claim 10 Wherein after annealing said 
semiconductor device native oxide is removed, and poly 
silicon is deposited over both said PFET region and said 
NFET region folloWed by gate doping, patterning, and 
continuation of the process of fabrication of a CMOS device. 

16. The method of claim 10 Wherein said upper thin ?lm 
comprises Si l_X_YGeXCY, Where X=5 atomic % to 100 
atomic % and Y=0+% to 5% in the form of amorphous 
silicon germanium carbon or polysilicon germanium carbon. 

17. A method of forming a semiconductor device com 
prising: 
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forming a shalloW trench isolation region in a semicon 
ductor substrate; 

forming a PFET region and an NFET region in said 
semiconductor substrate isolated by said shalloW trench 
isolation region; 

depositing a silicon thin ?lm on said dielectric layer 
formed on a semiconductor substrate covering said 
PFET region and said NFET region, said silicon thin 
?lm having a top surface; 

depositing an upper thin ?lm on said top surface of said 
silicon thin ?lm composed of a material selected from 
the group consisting of amorphous silicon germanium, 
amorphous silicon germanium carbon, polysilicon ger 
manium and polysilicon germanium carbon; 

patterning and etching said upper thin ?lm using a selec 
tive etch leaving a remainder of said upper thin ?lm 
intact above said PFET region and While removing a 
portion of said upper thin ?lm above said NFET region, 
thereby exposing said top surface of said silicon thin 
?lm in said NFET region; 

annealing said semiconductor device driving germanium 
from said upper thin ?lm doWn into said silicon thin 
?lm in said PFET region; 

depositing a gate electrode layer covering said upper thin 
?lm in said NFET region and covering said exposed 
portion of said silicon thin ?lm in said PFET region; 

patterning and etching to form gate electrode stacks; and 

forming FET devices in said PFET region and said NFET 
region With extensions in said substrate self-aligned 
With said gate electrode stacks, With sideWall spacers 
juxtaposed With said gate electrode stacks and With 
source regions and drains regions formed in said sub 
strate self-aligned With said spacers. 

18. The method of claim 17 Wherein Wherein said upper 
thin ?lm comprises Sil_X_YGeXXY, Where X=5 atomic % to 
100 atomic % and Y=l+% to 5% in the form of amorphous 
silicon germanium or polysilicon germanium. 

19. The method of claim 17 Wherein said upper thin ?lm 
comprises Si1_X_YGeXCY, Where X=5 atomic % to 100 
atomic % and Y=0+% to 2% in the form of amorphous 
silicon germanium carbon or polysilicon germanium carbon. 

20. The method of claim 17 Wherein after annealing said 
semiconductor devices a native oxide layer is removed, and 
polysilicon is deposited over both said PFET region and said 
NFET region folloWed by gate doping, patterning, and 
continuation of the process of fabrication of a CMOS device. 

* * * * * 


