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Fig. 7 SMT with Stressor Layer over PMOS Removed 
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METHOD FOR FABRICATING 
SEMICONDUCTOR DEVICES USING STRESS 

ENGINEERING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 12/510,276 ?led Jul. 28, 2009, Which is 
a continuation of US. application Ser. No. 11/ 940,326 ?led 
Nov. 15, 2007, noW issued as US. Pat. No. 7,592,270 Which 
is a continuation of US. application Ser. No. 11/304,412 ?led 
Dec. 15, 2005, Which is noW abandoned. These applications 
are hereby incorporated by reference in their entireties. 

TECHNICAL FIELD 

[0002] The present invention relates to generally to meth 
ods for fabricating semiconductor devices, and more particu 
larly to methods for improving carrier mobility in semicon 
ductor devices using stress engineering. 

BACKGROUND ART 

[0003] Integrated circuits (ICs) comprising many tens of 
thousands of semiconductor devices including ?eld effect 
transistors (FETs) are a cornerstone of modern microelec 
tronic systems. A common active device Within an integrated 
circuit is the metal-oxide-semiconductor ?eld effect transis 
tor (MOSFET). A MOSFET typically comprises a gate stack 
composed of a gate electrode and an underlying gate dielec 
tric. The gate stack is formed over a semiconductor substrate 
With a source and a drain diffusion region formed Within the 
substrate on opposed sides of the gate stack. A channel region 
is located under the gate dielectric andbetWeen the source and 
drain regions. During operation, the channel region is con 
verted to an “inversion mode” Where a conductive path is 
formed to link the source and drain When a voltage is applied 
to the gate electrode. 
[0004] One of the factors in?uencing the amount of current 
?oW through a MOSFET channel is the mobility of carriers 
Within the channel region. Speci?cally, an increase in the 
mobility of carriers in the transistor channel leads to a higher 
current during operation and correspondingly faster device 
operation. Therefore, semiconductor device structures and 
methods of fabrication that lead to increased mobility of 
carriers in the channel region are desirable. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to semiconductor 
devices and in particular, to semiconductor devices that uti 
liZe strain engineering. 
[0006] In accordance With a ?rst aspect of the invention, 
there is provided a method for fabricating a semiconductor 
device comprising providing a substrate comprising a ?rst 
device region, forming a ?rst device in the ?rst device region, 
the ?rst device comprising ?rst diffusion regions and forming 
a stressor layer covering the substrate in the ?rst device region 
and the ?rst device, the stressor layer having a ?rst stress 
value. A laser anneal is performed to memoriZe at least a 
portion of the ?rst stress value in the ?rst device folloWed by 
an activation anneal to activate dopants in the ?rst diffusion 
regions. 
[0007] These and other objects, along With advantages and 
features of the present invention herein disclosed, Will 
become apparent through reference to the folloWing descrip 
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tion and the accompanying draWings. Furthermore, it is 
understood that the features of the various embodiments 
described herein are not mutually exclusive and can exist in 
various combinations and permutations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] In the draWings, like reference numbers generally 
refer to the same parts throughout the different vieWs. Also, 
the draWings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. In the folloWing description, embodiments of the 
invention Will noW be described, by Way of example With 
reference to the draWings of Which: 
[0009] FIGS. 1 to 5 are schematic cross-sectional vieWs 
illustrating the results of progressive stages in fabricating a 
semiconductor structure in accordance With a ?rst embodi 
ment of the invention; 
[0010] FIG. 6 is a graph shoWing the lofversus Ion charac 
teristics for a ?rst transistor that is subjected to a laser process 
that combines SMT anneal and source/drain dopant activa 
tion and a second transistor Where laser SMT and source/ 
drain dopant activation is carried out separately; and 
[0011] FIG. 7 is a graph shoWing the lofversus Ion charac 
teristics for tWo PMOS transistors processed in accordance 
With one embodiment of the invention. 

DETAILED DESCRIPTION 

[0012] The folloWing embodiments are described in su?i 
cient detail to enable those skilled in the art to make and use 
the invention. It is to be appreciated that other embodiments 
Would be evident based on the present disclosure, and that 
system, process, or mechanical changes may be made Without 
departing from the scope of the present invention. 
[0013] FIGS. 1 to 5 are cross-sectional vieWs illustrating 
process steps for fabricating Metal Oxide Field Effect Tran 
sistors (MOSFET) in accordance With one embodiment of the 
invention. It should be noted, hoWever, that embodiments of 
the invention are described in the context of fabricating MOS 
FETs for illustrative purposes only and that the invention may 
also be applicable to the fabrication of other semiconductor 
devices such as but not limited to multi-gate transistors, annu 
lar gate transistors and high voltage transistors. 
[0014] Additionally, it is to be understood that a plurality of 
conventional processes that are Well knoWn in the art and not 
repeated herein, may precede or folloW FIGS. 1-5. Moreover, 
it is to be understood that many modi?cations, additions, 
and/or omissions may be made to the beloW described process 
Without departing from the scope or spirit of the claimed 
subject matter. For example, the beloW described process may 
include feWer, or more steps. Also, it is to be appreciated that 
the present disclosure need not be limited to the initial semi 
conductor structure depicted by FIG. 1. 
[0015] Referring noW to FIG. 1, therein is shoWn a semi 
conductor structure 10 comprising a semiconductor substrate 
101 including ?rst and second device regions (102, 104). By 
Way of example, the substrate 101 may include any semicon 
ducting material such as Si, SiC, SiGe, Si/SiGe. In other 
embodiments, the substrate may also be in the form of a 
silicon-on-insulator (SOI) con?guration comprising a com 
bination of semiconducting material formed above an insu 
lating layer such as silicon dioxide. The substrate may also 
include one or more crystal orientations (eg (100) and/or 
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(110) orientations), Which may be strategically employed to 
enhance the carrier mobility of devices being fabricated. 
[0016] In FIG. 1, an n-doped MOSFET (NMOS) is formed 
in the ?rst device region 102 and a p-doped MOSFET 
(PMOS) is formed in the second device region 104. Shallow 
trench isolation (STI) structures 110 are formed Within the 
substrate 101 to isolate the NMOS and PMOS devices from 
each other and also from other adjacent devices formed 
Within the substrate. The STI structures may comprise a 
trench etched in the substrate With a liner layer 112 formed 
along the sideWalls and bottom of the trench and a trench ?ll 
material 114 ?lling the rest of the trench. Alternatively, other 
isolation structures such as ?eld oxide isolation structures 
may also be used for this purpose. 
[0017] The NMOS device comprises a p-Well 106 formed 
Within a semiconducting portion of the substrate and a gate 
electrode 122 formed above the surface of the substrate. A 
gate dielectric 120 separates the gate electrode from the sur 
face of the substrate. First sideWall spacers 124 abut both 
vertical sideWalls of the gate dielectric and gate electrode 
stack, While second sideWall spacers 126 abut the outer side 
Walls of the ?rst spacers 124. At this stage of the manufactur 
ing process, n-type source drain extension (N SDE) 130 
regions substantially aligned to the outer edges of the ?rst 
spacers 124 and n-type source drain (NSD) regions 132 sub 
stantially aligned to the outer edges of the second spacers 126 
have been formed Within the substrate on opposed sides of the 
gate electrode 122. The NMOS also includes a channel region 
134 located beloW the gate dielectric 120 betWeen the NSDE 
regions 130. In one embodiment, the NSDE and NSD regions 
(130, 132) are formed by implantation of n-type dopants such 
as Phosphorus, Arsenic or compounds thereof. A higher dose 
is typically used for the formation of NSD regions 132 and the 
dopants used for the tWo implant processes may be the same 
or different. 

[0018] At least a surface portion of the NSD region 132 
extending from the surface of the substrate 101 is in an amor 
phous state. The depth and degree of amorphiZation being 
chosen so as to facilitate the memoriZation of stress transmit 
ted from a subsequently deposited stressor layer to the NMOS 
device. In general, the amount of stress memorization 
increases With the depth of the amorphous region but there is 
also a need to avoid dopant punchthrough and mitigate sub 
strate damage caused by any amorphiZation implant. 
[0019] The substrate in the NSD regions 132 may be trans 
formed from a crystalline to amorphous state by implanting 
atoms such as Ge, Si, or inert gases like Ne, Ar, Kr into the 
targeted region. In one embodiment, the amorphiZation 
implant is carried out separately from the NSDE and NSD 
implant processes. It may take the form of an intermediate 
pre-amorphiZation implant step that is performed after the 
formation of the second spacers 126 and before implantation 
of N+ source/drain dopants. In another embodiment, the pro 
cess of implanting NSDE and/or NSD dopants into the sub 
strate may be capable of creating a degree of amorphiZation 
that is sul?cient for the ef?cient transmission of stress from 
the above mentioned stress layer to the NMOS channel 134. 

[0020] The PMOS device in FIG. 1 comprises an n-Well 
108 formed Within a semiconducting portion of the second 
device region 104 and a gate electrode 142 formed above the 
surface of the substrate. A gate dielectric 140 separates the 
gate electrode from the surface of the substrate. Third side 
Wall spacers 144 abut both vertical sideWalls of the PMOS 
gate dielectric and gate electrode stack, While fourth sideWall 
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spacers 146 abut the outer sideWalls of the third spacers 144. 
At this stage of the manufacturing process, p-type source 
drain extension (PSDE) 150 regions substantially aligned to 
the outer edges of the third spacers 144 and p-type source 
drain (PSD) regions 152 substantially aligned to the outer 
edges of the fourth spacers 146 have been formed Within the 
substrate on opposed sides of the gate electrode 142. The 
PMOS also includes a channel region 154 located in the 
substrate region beloW the gate dielectric 140. In one embodi 
ment, the PSDE and PSD regions (150, 152) are formed by 
implantation of p-type dopants such as Boron, Aluminum, 
Gallium, Indium or compounds thereof. A higher dose is 
typically used for the formation of PSD regions 152 and the 
dopants used for the tWo implant processes may be the same 
or different. 

[0021] Each of the foregoing gate dielectric layer, gate elec 
trode layer and spacers may be formed in a manner generally 
conventional in the semiconductor fabrication art. For 
example, the gate dielectric layer may comprise a dielectric 
material such as but not limited to silicon dioxide, silicon 
oxynitride, silicon nitride, a high-K metal oxide or a combi 
nation thereof. The gate dielectric may also be deposited 
using methods such as thermal oxidation, chemical vapor 
deposition, rapid thermal oxidation or the like. As for the gate 
electrode, it may comprise a conductive or semi-conductive 
material. Non-limiting examples include doped polysilicon, a 
metal silicide or a combination thereof. In one embodiment, 
the ?rst and third spacers (124, 144) may comprise silicon 
oxide and the second and fourth spacers silicon nitride. Alter 
natively, other material compositions may also be used for the 
spacers depending on design and performance requirements 
and the number of sideWall spacers may also vary from that 
illustrated in FIG. 1. In one embodiment, the ?rst and third 
spacers are formed by thermal oxidation While the second and 
fourth spacers are formed by the blanket deposition of a 
second spacer layer eg by chemical vapor deposition fol 
loWed by an anisotropic etch process to remove lateral por 
tions thereof. Alternatively, the spacers may also be formed 
by other methods. 
[0022] Referring noW to FIG. 2, therein is shoWn the semi 
conductor structure 10 of FIG. 1 after the formation of a 
conformal stressor layer 220 that extends across the NMOS 
and PMOS device regions (102,104). The stressor layer 220 
covers the source/drain, gate electrode and sideWall spacers 
of both devices. In the presently described embodiment, the 
stressor layer 220 exhibits a net tensile stress. The magnitude 
of stress is selected so that a resultant tensile stress that 
enhances the mobility of carriers in the NMOS channel can 
eventually be provided in the NMOS channel. The stressor 
layer 220 comprises a liner layer 230 and a ?rst stress layer 
240. Preferably, the liner layer 230 is formed of a material that 
can act as an etch stop layer during a subsequent etch process 
for removing the ?rst stress layer 240. In one embodiment, the 
liner layer 230 is a silicon oxynitride (SiON) or silicon car 
bide (SiC) layer While the ?rst stress layer 240 is a high tensile 
stress silicon nitride layer. Alternatively, doped silicon or 
other combinations of materials may also be used for the ?rst 
stress layer. The stressor layer may also consist of only a 
single layer or comprise more than tWo layers so long as it 
exhibits a net tensile stress With the aforementioned charac 
teristics. In one embodiment, the net tensile stress of the 
stressor layer 220 may range from 0.5 GPa/cm2 to 2 GPa/cm2. 
Exemplary methods for forming the stressor layer 220 
include, but are not limited to chemical vapor deposition 
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(CVD), physical vapor deposition (PVD), atomic layer depo 
sition (ALD), high density plasma deposition (HDP) or ther 
mal oxidation or a combination thereof. In one embodiment, 
the process parameters associated With the formation of one 
or more layers in the stressor layer 220 may be tuned to 
provide a layer With a desired level of stress. Exemplary 
process parameters that can be tuned include one or more of 
deposition temperature, pres sure, and ion bombardment dur 
ing deposition. 
[0023] In FIG. 3 the semiconductor structure 10 is sub 
jected to laser radiation during a laser stress memoriZation 
technique (SMT) anneal step. The laser SMT process is con 
?gured so that at least a portion of the tensile stress from the 
stressor layer 220 is transmitted to the underlying substrate 
and memorized in the form of a tensile stress along the lateral 
direction of the NMOS channel region 134. The tensile stress 
memorized in the NMOS as a result of the SMT anneal is 
more or less maintained even after the stressor layer 220 is 
subsequently removed and is of a value that is su?icient to 
enhance the mobility of electrons in the NMOS channel 
region 134. Without limiting ourselves to any particular 
theory, stress memoriZation may be caused by recrystalliza 
tion of the NSD regions and portions of the gate electrode in 
the presence of the overlying stressor layer 220 during laser 
SMT anneal. 
[0024] The laser SMT anneal conditions are also chosen so 
that the amorphiZed portions of the NSD regions are re 
crystalliZed and substantial activation of the NSD dopants 
occurs during the SMT anneal. The laser SMT anneal may 
comprise the use of a gas laser source such as CO2/Argon 
ion, or an excimer laser such as of ArF [193 nm], KrCl [222 
nm], KrF [248 nm], XeCl [308 nm], and XeF [351 nm]). The 
duration of the laser SMT anneal may fall Within the usins 
range With the laser source heating the substrate to a peak 
temperature of betWeen 900° C. to 14000 C. The chuck tem 
perature may range betWeen 500° C. to 10000 C. It is to be 
appreciated that these parameters are not limiting and those 
skilled in the art Will appreciate that the speci?c combination 
of parameters chosen Will vary and additional parameters 
may also be employed/manipulated to effect the purpose of 
stress memoriZation and substantial dopant activation. 
[0025] In general, the amount of stress transferred from a 
stressor layer to the channel of an NMOS tends increase With 
SMT anneal temperature. In this regard, laser SMT offers an 
advantage over other SMT anneal techniques such as lamp 
based spike anneal because a laser source can achieve a peak 
temperature in excess of 12000 C. compared to a maximum 
temperature of betWeen 1000 to 11 150 ° C. for a lamp-based 
rapid thermal anneal source. Furthermore, laser anneal also 
has a loWer thermal budget compared to other anneal sources 
such as rapid thermal anneal and lamp based anneals. The 
loWer thermal budget alloWs for the use of high SMT anneal 
temperatures Without incurring excessive junction outdiffu 
sion. 

[0026] FIG. 4 shoWs the semiconductor structure 10 of FIG. 
3 after completion of the laser SMT anneal and removal of the 
?rst stress layer 240. The ?rst stress layer 240 may be 
removed using reactive ion etching or a Wet etch process. 
Preferably, the liner layer 230 acts as an etch stop layer during 
the etch process for removing the ?rst stress layer 240. In 
other embodiments, the ?rst stress layer may also be retained. 
HoWever, the inventors have found that removing the stress 
layer prior to the subsequent source/ drain activation anneal 
tends to result in superior device performance. 
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[0027] FolloWing the laser SMT anneal, a source/drain 
dopant activation anneal (as represented by arroWs 520 in 
FIG. 5) is carried. The purpose of the source/drain anneal is 
not only to activate source/drain dopants in both the NSD and 
PSD regions (132, 152) but to effect a desired amount of 
outWard diffusion for the NSD and PSD regions (132, 152) so 
that the tWo regions achieve a junction depth that is Within a 
predetermined range Where the device can operate With the 
desired performance. The source/drain dopant activation 
anneal preferably comprises lamp-based spike anneal and a 
laser anneal. In another embodiment, the source/ drain activa 
tion anneal also consist of only a lamp-based spike anneal. 
The inclusion of the additional source/drain laser anneal 
helps to enhance dopant activation and loWer source/drain 
series resistance and in certain instances may help to bring 
about superior device performance compared to a process 
consisting only of the lamp-based spike anneal. 
[0028] FIG. 6 is a graph shoWing the lofversus Ion charac 
teristics (620, 640, 660) for three exemplary NMOS transis 
tors With similar physical dimensions but subjected to differ 
ent SMT and source/drain anneal processes. The ?rst NMOS 
transistor 620 Was subjected to a laser process that combines 
both SMT and source/drain activation. The second NMOS 
640 Was subjected to a laser SMT process and a separate 
source/drain anneal process. The source/ drain anneal for the 
second NMOS 640 comprised of a lamp-based spike anneal 
and a laser anneal con?gured to provide for source/drain 
dopant activation and outWard diffusion of the NSD and PSD 
regions so that the associated junction depth is Within a pre 
determined range. The source/drain laser anneal for the sec 
ond transistor does not form part of the laser SMT process but 
is a separate step performed after the laser SMT process. As 
for the third NMOS 660, the SMT and source/drain anneal are 
integrated into a single lamp based spike anneal. Apart from 
the aforementioned SMT and source/drain anneal processes 
the three NMOS transistors Were processed in a similar man 
ner. As evident from FIG. 6, the second NMOS 640 has a 
higher Ion compared to the third NMOS for the same given I017. 
The ?rst NMOS 620, on the other hand, exhibits completely 
different lofversus Ion characteristics. Therefore, subjecting 
the transistor to a laser anneal and separate source/drain acti 
vation anneal 640 advantageously results in superior perfor 
mance compared to When the SMT and source/drain activa 
tion is integrated into a single lamp based spike anneal 
process. 

[0029] It Will be appreciated by those skilled in the art that 
after the source/drain activation anneal, additional conven 
tional steps such as silicide contact formation, interconnect 
formation etc. can be performed as desired for the formation 
of an NMOS and PMOS transistor. 

[0030] In one embodiment (not shoWn), portions of the 
stressor layer 220 overlying the PMOS device may be selec 
tively removed before commencing the laser SMT anneal 
shoWn in FIG. 3. This is to prevent the transfer of tensile stress 
from the stressor layer 220 to the PMOS. It is knoWn that 
tensile stress leads to a decrease in hole mobility and as such 
PMOS drive current. HoWever, the inventors have discovered 
that by performing a laser SMT and folloWed by a source/ 
drain activation anneal that is con?gured to activate source/ 
drain dopants and effect a desired amount of outWard diffu 
sion for the NSD and PSD regions, removal of stressor layer 
portions overlying the PMOS may no longer be necessary. 
Speci?cally, the inventors have observed that a PMOS pro 
cessed in the above manner shoWs insigni?cant performance 
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degradation even With an overlying tensile stressor layer dur 
ing laser SMT anneal. The results of one such embodiment is 
shoWn in FIG. 7 Which contains the lofversus l0” character 
istics for a ?rst PMOS transistor 720 that is processed With no 
stressor layer overlying it during laser SMT anneal and a 
second PMOS transistor 740 that is processed With a tensile 
stressor layer present during laser SMT anneal. Apart from 
the above mentioned differences, the ?rst and second transis 
tors Were processed in a similar manner including a source/ 
drain activation anneal comprising a lamp-based spike anneal 
and a laser anneal. As evident from FIG. 7, the lo?versus l0” 
curves (720, 740) for the ?rst and second transistors are 
substantially matched, thereby demonstrating that it is pos 
sible to retain the tensile stressor layer over the PMOS during 
laser SMT anneal Without resulting in signi?cant PMOS per 
formance degradation. 
[0031] The invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristics thereof. The foregoing embodiments, therefore, are 
to be considered in all respects illustrative rather than limiting 
the invention described herein. Scope of the invention is thus 
indicated by the appended claims, rather than by the forego 
ing description, and all changes that come Within the meaning 
and range of equivalency of the claims are intended to be 
embraced therein. 

1. A method for fabricating a semiconductor device com 
prising: 

providing a substrate comprising a ?rst device region; 
forming a ?rst device in the ?rst device region, the ?rst 

device comprising ?rst diffusion regions; 
forming a stressor layer covering the substrate in the ?rst 

device region and the ?rst device, the stressor layer 
having a ?rst stress value; 

performing a laser anneal to memorize at least a portion of 
the ?rst stress value in the ?rst device; and 
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performing an activation anneal after the laser anneal to 
activate dopants in the ?rst diffusion regions. 

2. The method of claim 1 further comprising removing the 
stressor layer after performing the laser anneal and before 
performing the activation anneal. 

3. The method of claim 2, Wherein the activation anneal 
comprises a spike anneal. 

4. The method of claim 3, Wherein the activation anneal 
comprises a spike anneal and an activation laser anneal. 

5. The method of claim 1, Wherein the activation anneal 
causes the ?rst diffusion regions to diffuse outWard. 

6. The method of claim 1 Wherein the ?rst device is a 
transistor of a ?rst carrier type. 

7. The method of claim 6 Wherein the ?rst device comprises 
a ?rst gate electrode and the ?rst diffusion regions are dis 
posed Within the substrate on opposed sides of the gate elec 
trode. 

8. The method of claim 7, further comprising amorphiZing 
at least a portion of the ?rst gate electrode and the substrate in 
the ?rst device region before forming the stressor layer, 
Wherein the laser anneal crystalliZes amorphiZed portions of 
the ?rst gate electrode and substrate. 

9. The method of claim 1, Wherein the substrate further 
comprises a second device region including a second device, 
the stressor layer covering the substrate in the second device 
region and the second device during the laser anneal. 

10. The method of claim 9, Wherein the ?rst device is a 
transistor of a ?rst carrier type and the second device is a 
transistor of a second opposite carrier type. 

11. The method of claim 10, Wherein the ?rst device is an 
NMOS and the second device is a PMOS. 

12. The method of claim 1, Wherein the laser annealing step 
to memorize at least a portion of the ?rst stress value is 
conducted at a temperature of. 

* * * * * 


