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method of performing the structure With good performance 
and stability trade-oifs for digital circuits and SRAM cells 
and/or analog FETs on the same chip. Speci?cally, a dual 
strain layer is formed over digital circuits and the other 
devices on a chip. The dual-strain layer comprises tensile 
sections above digital logic n-type transistors, compressive 
sections above digital logic p-type transistors and additional 
tensile sections above SRAM cells and/or analog FETs. An 
amorphiZation ion-implant is performed to relax the strain 

(21) Appl' NO" 11/275,492 over SRAM cell p-FETs and, thereby, eliminate variability 
(22) Filed; Jam 10, 2006 and avoid p-FET performance degradation in the SRAM 

cells. Additionally, this ion-implant can relax the strain 
Publication Classi?cation above both analog p-FETs and n-FETs and, thereby, elimi 

nate variability and the coupling of the logic device process 
(51) Int. Cl. to the analog FETs and provide more predictable and Well 

H01L 29/94 (200601) controlled analog FETs. 
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SRAM ARRAY AND ANALOG FET WITH 
DUAL-STRAIN LAYERS 

BACKGROUND OF THE INVENTION 1. Field 
of the Invention 

[0001] The invention generally relates to dual-strain layers 
for mechanical stress control to improve charge carrier 
mobility, and, more particularly, to an improved dual-strain 
layer that enhances carrier mobility in digital circuits and 
simultaneously minimiZes variability in static random 
access memory (SRAM) arrays and/or analog ?eld effect 
transistors (FETs) on the same substrate. 2. Description of 
the Related Art 

[0002] The mobility of the charge carriers through the 
channel region a metal oxide semiconductor ?eld effect 
transistor (MOSFET) directly affects MOSFET perfor 
mance. Speci?cally, carrier mobility affects the amount of 
current or charge Which ?oWs, e.g., as electrons or holes, in 
the MOSFET channel region. Reduced carrier mobility can 
reduce the sWitching speed of a given transistor. Reduced 
carrier mobility can also reduce the differences betWeen the 
on and off states and can, therefore, increase susceptibility to 
noise. Various techniques have been used to improve the 
charge carrier mobility in such devices. For example, 
mechanical stress control of the channel regions can be used 
to enhance hole mobility p-type MOSTFETs (p-FETs) and 
electron mobility n-type MOSFETs (n-FETs). Speci?cally, 
forming a compressive ?lm over a p-FET structure causes a 
tensile stress in the p-FET channel region and, thus, 
enhances hole mobility to optimiZe p-FET performance. 
Alternatively, forming a tensile ?lm over an n-FET structure 
causes a compressive stress in the n-FET channel region 
and, thus, enhances electron mobility to optimiZe p-FET 
performance. Thus, state-of-the-art complementary MOS 
FET (CMOS) devices and other semiconductor structures in 
Which both n-FETs and p-FETs are formed on the same chip 
often incorporate a dual-strain nitride layer to enhance 
mobility in both the n-FETs and the p-FETs. Such a dual 
strain nitride layer is a nitride layer that has tensile strain 
regions and compressive strain regions positioned over the 
n-FETs and the p-FETs, respectively, in order to simulta 
neously enhance carrier mobility in the channel regions of 
each of the FETs. 

[0003] Various masking and physical overlay processes 
can be used to place the different strain regions and, thus, to 
form the dual-strain nitride layer such that the boundaries 
betWeen the different strain regions fall betWeen the n-FETs 
and p-FETs. HoWever, since a physical overlay is involved 
in the placement of the different strain regions, there can be 
signi?cant variability in the nF ET and pFET resultant strains 
depending on the proximity of the individual FETs to this 
boundary. As a result, there can be an increased variability 
in the transconductance of such transistors. While this 
increased transconductance variability may not signi?cantly 
a?fect digital logic performance, it can lead to a decrease 
static random access memory (SRAM) cell stability and 
performance. Such transconductance variability can also 
negatively affect the stability and performance of analog 
FETs. Thus, there is a need for a semiconductor structure 
that balances carrier mobility enhancement With transcon 
ductance variability in order to optimiZe device stability and 
performance. 
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SUMMARY OF THE INVENTION 

[0004] In vieW of the foregoing, disclosed is a semicon 
ductor structure that comprises a ?rst device and a second 
device on a substrate. The ?rst device can comprise a digital 
circuit such as, a digital complementary metal oxide semi 
conductor (CMOS) device. Speci?cally, the ?rst device can 
comprise at least one digital logic n-type transistor (i.e., a 
?rst n-type transistor) and at least one digital logic p-type 
transistor (i.e., a ?rst p-type transistor). In one embodiment 
of the structure the second device can comprise a static 
random access memory (SRAM) cell. Speci?cally, this 
second device can comprise at least one n-type transistor 
(i.e., a second n-type transistor) and at least one p-type 
transistor (i.e., a second p-type transistor). In another 
embodiment of the structure the second device can comprise 
an analog device, such as an n-type analog ?eld effect 
transistor (FET) or a p-type analog FET. Another embodi 
ment of the structure can comprise the ?rst device and 
multiple second devices, including both an SRAM cell and 
an analog device, as described above. 

[0005] Additionally, the semiconductor structure of the 
invention can comprise a dual-strain layer (e.g., a dual-strain 
nitride layer) over both the ?rst device and the second 
device. Speci?cally, the dual-strain layer can comprise a ?rst 
tensile section over the ?rst n-type transistor of the ?rst 
device, a compressive section over the ?rst p-type transistor 
of the ?rst device and an additional tensile section over the 
second device. The additional tensile section over the second 
device can further comprise a relaxed region. Speci?cally, 
the additional tensile section can comprise a germanium or 
arsenic ion-implantation region that relaxes the strain in a 
prede?ned area above the second device so as to minimize 
transconductance variability. 

[0006] Also disclosed are embodiments of a method of 
forming the semiconductor structure discussed above. The 
method comprises forming a ?rst device and a second device 
on a substrate. Forming the ?rst device comprises forming 
a device (e.g., a digital circuit) that comprises an n-type 
transistor (i.e., a ?rst n-type transistor) and a p-type transis 
tor (i.e., a ?rst p-type transistor). In one embodiment of the 
method, forming of the second device comprises forming a 
device (e.g., an SRAM cell) that comprises at least one 
n-type transistor (i.e., a second n-type transistor) and at least 
one p-type transistor (i.e., a second p-type transistor). In 
another embodiment of the method, forming of the second 
device comprises forming an analog device (e.g., an analog 
n-FET or an analog p-FET). In another embodiment of the 
method, forming the second device further comprises form 
ing multiple second devices including both an SRAM cell 
and an analog device, as described above. 

[0007] A dual-strain layer is formed over both the ?rst 
device and the second device. Speci?cally, a ?rst tensile 
section of the dual-strain layer is formed over a ?rst n-type 
transistor of the ?rst device, a compressive section is formed 
over a ?rst p-type transistor of the ?rst device and an 
additional tensile section is formed over the second 

device(s). 
[0008] Then, a region of the additional tensile section 
above the second device is relaxed. This can be accom 
plished by ?rst forming a mask over the dual-strain layer 
such that a prede?ned area of the additional tensile section 
above the second device is exposed. For example, if the 
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second device is an SRAM cell, a prede?ned area of the 
additional tensile section above the p-type transistor of the 
SRAM cell (i.e., the second p-type transistor) can be 
exposed. If the second device is either an analog p-FET or 
analog n-FET a prede?ned area of the additional tensile 
section above the analog FET can be exposed. This pre 
de?ned area is relaxed by performing an ion implantation 
process using, for example, germanium, arsenic, or any 
other suitable noble gas implant. 

[0009] These and other aspects of the embodiments of the 
invention Will be better appreciated and understood When 
considered in conjunction With the folloWing description and 
the accompanying draWings. It should be understood, hoW 
ever, that the folloWing descriptions, While indicating exem 
plary embodiments of the invention and numerous speci?c 
details thereof, are given by Way of illustration and not of 
limitation. Many changes and modi?cations may be made 
Within the scope of the embodiments of the invention 
Without departing from the spirit thereof, and the embodi 
ments of the invention include all such modi?cations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The embodiments of the invention Will be better 
understood from the folloWing detailed description With 
reference to the draWings, in Which: 

[0011] FIG. 1 is a schematic diagram illustrating an 
embodiment of a semiconductor structure of the invention; 

[0012] FIG. 2 is a schematic ?oW diagram illustrating an 
embodiment of the method of the invention; 

[0013] FIG. 3 is a schematic diagram illustrating a par 
tially completed structure of the invention; 

[0014] FIG. 4 is a schematic diagram illustrating a par 
tially completed structure of the invention; 

[0015] FIG. 5 is a schematic diagram illustrating a par 
tially completed structure of the invention; and 

[0016] FIG. 6 is a schematic diagram illustrating a par 
tially completed structure of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0017] The embodiments of the invention and the various 
features and advantageous details thereof are explained 
more fully With reference to the non-limiting embodiments 
that are illustrated in the accompanying draWings and 
detailed in the folloWing description. It should be noted that 
the features illustrated in the draWings are not necessarily 
draWn to scale. Descriptions of Well-known components and 
processing techniques are omitted so as to not unnecessarily 
obscure the embodiments of the invention. The examples 
used herein are intended merely to facilitate an understand 
ing of Ways in Which the embodiments of the invention may 
be practiced and to further enable those of skill in the art to 
practice the embodiments of the invention. Accordingly, the 
examples should not be construed as limiting the scope of 
the embodiments of the invention. 

[0018] As mentioned above and referring to digital logic 
100 of FIG. 1, current state-of-the-art complementary MOS 
FET (CMOS) devices and other semiconductor structures, in 
Which both n-FETs 111 and p-FETs 112 are formed on the 
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same chip (i.e., substrate 101), often incorporate a dual 
strain nitride layer 150 to enhance mobility in both the 
n-FETs 111 and the p-FETs 112. Such a dual-strain nitride 
layer 150 is a nitride layer that has tensile strain regions 151 
and compressive strain regions 152 positioned over the 
n-FETs 111 and the p-FETs 112, respectively, in order to 
simultaneously enhance carrier mobility in the channel 
regions of each of the FETs 111, 112. 

[0019] Various masking and physical overlay processes 
can be used to place the different strain regions 151, 152 and, 
thus, to form the dual-strain nitride layer 150 such that the 
boundaries 160 betWeen the different strain regions 151, 152 
fall betWeen the n-FETs 111 and p-FETs 112. HoWever, since 
a physical overlay is involved in the placement of the 
different strain regions 151, 152, there can be signi?cant 
variability in the nF ET 111 and pFET 112 resultant strains 
depending on the proximity of the individual FETs 111, 112 
to this boundary 160. As a result, there can be an increased 
variability in the transconductance of such transistors. While 
this increased transconductance variability may not signi? 
cantly a?fect digital logic 100 performance, it can lead to a 
decrease static random access memory (SRAM) cell stabil 
ity and performance. Such transconductance variability can 
also negatively affect the stability and performance of both 
analog n-FETs and p-FETs. 

[0020] In vieW of the foregoing, disclosed beloW is a 
loW-cost solution With good performance and stability trade 
olfs for digital circuits and SRAM cells and/or analog FETs 
on the same chip. Speci?cally, a dual-strain layer is formed 
over digital circuits and other devices on a chip. The 
dual-strain layer comprises tensile sections above digital 
logic n-type transistors, compressive sections above digital 
logic p-type transistors and additional tensile sections above 
SRAM cells and/or analog FETs. An amorphiZation ion 
implant is performed to relax the strain over SRAM cell 
p-FETs and, thereby, eliminate variability and avoid p-FET 
performance degradation in the SRAM cells. Additionally, 
this ion-implant can relax the strain above both analog 
p-FETs and n-FETs and, thereby, eliminate variability and 
the coupling of the logic device process to the analog FETs 
and provide more predictable and Well-controlled analog 
FETs. 

[0021] More particularly, referring to FIG. 1, disclosed is 
a semiconductor structure 1 that comprises a ?rst device 100 
and at least one second device (e.g., 200 and/or 300) on a 
substrate. The ?rst device 100 can comprise a digital circuit 
such as, a digital complementary metal oxide semiconductor 
(CMOS) device. Speci?cally, the ?rst device 100 can com 
prise at least one n-type transistor (i.e., a ?rst n-type tran 
sistor 111) and at least one p-type transistor (i.e., a ?rst 
p-type transistor 112). In one embodiment of the structure 1 
the second device can comprise a static random access 
memory (SRAM) cell 200. Speci?cally, this second device 
can comprise at least one n-type transistor (i.e., a second 
n-type transistor 211) and at least one p-type transistor (i.e., 
a second p-type transistor 212). In another embodiment of 
the structure 1 the second device can comprise an analog 
device 300, such as an n-type analog ?eld effect transistor 
(FET) or a p-type analog FET. Another embodiment of the 
structure 1 can comprise the ?rst device 100 and multiple 
second devices, including both an SRAM cell 200 and an 
analog device 300, as described above. 
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[0022] Additionally, the semiconductor structure 1 of the 
invention can comprise a dual-strain layer 150 (e.g., a 
dual-strain nitride layer) over both the ?rst device 100 and 
the second device(s) (e.g., SRAM 200 and/or analog device 
300). The dual-strain layer 150 can comprise a ?rst tensile 
section 151 over the ?rst n-type transistor 111 of the ?rst 
device 100, a compressive section 152 over the ?rst p-type 
transistor 112 of the ?rst device 100 and an additional tensile 
section over the second device. Speci?cally, the dual strain 
layer 150 may comprise an additional tensile section 251 
over SRAM cell 200 and/ or an additional tensile section 351 
over analog FET 300. This additional tensile section 251, 
351 can further comprise a relaxed region (e.g., relaxed 
region 275 of section 251 of SRAM cell 200 and/or relaxed 
region 375 of section 351 of analog FET 300). Speci?cally, 
the additional tensile section can comprise a germanium or 
arsenic ion-implantation region that relaxes the strain in a 
prede?ned area above the second device (e.g., prede?ned 
area 270 of section 251 above the SRAM cell 200, or 
prede?ned area 370 of section 351 above the analog FET 
300) so as to minimize transconductance variability. 

[0023] More particularly, if the second device comprises 
an SRAM cell 200, a relaxed region 275 is incorporated into 
a prede?ned area 270 of the additional tensile section 251 of 
the dual-strain layer 150 above the second p-type transistor 
212. The proximity of the second p-type 212 and n-type 211 
transistors to the boundary 260 surrounding the relaxed 
region 275 is much less critical than it Would be if a 
compressive section of the dual-strain layer Was placed 
above the second p-type transistor 212 instead. Speci?cally, 
the proximity is not as critical because there is only a single 
overlay (e.g., an ion-implantation (I/I) mask only) required 
in the formation process and because the length scale of the 
relaxed region 275 can be much smaller than the length of 
a compressive section. Thus, this embodiment of the inven 
tion provides a semiconductor structure 1 having both a 
digital logic 100 and an SRAM cell 200. A ion-implant 
induced relaxed region 275 of the dual-strain nitride layer 
above the p-type transistor 212 of the SRAM cell 200 
ensures that the p-type transistor is of normal strength (i.e., 
has optimal carrier mobility). Additionally, both the p-type 
212 and n-type 211 transistors of the SRAM cell 200 do not 
have added variability Which could lead to decreased cell 
200 stability and performance. 

[0024] Similarly, if the second device comprises either an 
analog n-FET or an analog p-FET 300, then the relaxed 
region 375 of the additional tensile section 351 of the 
dual-strain layer 150 is incorporated into a prede?ned area 
370 above either type of analog FET 300. Although previ 
ously only the tensile ?lm above a p-FET Would have been 
relaxed in order to enhance carrier mobility, the present 
invention balances the need for a stable analog device 300 
(i.e., a device With minimal transconductance variability, 
threshold voltage variability, ion variability, etc.) With pos 
sible carrier mobility degradation. Thus, this embodiment of 
the invention provides a semiconductor structure 1 having 
both a digital logic 100 and an analog device 300. It further 
eliminates variability and the coupling of the logic device 
100 process to the analog FET 300 and, thereby, provides a 
more predictable and Well-controlled analog device 300 
(albeit an analog FET With potentially degraded carrier 
mobility). 

[0025] Referring to FIG. 2, also disclosed are embodi 
ments of a method of forming the semiconductor structure 
discussed above. The method comprises forming a ?rst 
device 100 and a second device (e.g., second device 200 
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and/or second device 300) on a substrate 101 (10, see FIG. 
3). Forming the ?rst device 100 comprises forming a device 
(e.g., a digital circuit) that comprises an n-type transistor 
(i.e., a ?rst n-type transistor 111) and a p-type transistor (i.e., 
a ?rst p-type transistor 112) (12). In one embodiment of the 
method, forming of the second device comprises forming a 
device (e.g., an SRAM cell 200) that comprises at least one 
n-type transistor (i.e., a second n-type transistor 211) and at 
least one p-type transistor (i.e., a second p-type transistor 
212) (14). In another embodiment of the method, forming of 
the second device comprises forming an analog device 300 
(e.g., an analog n-FET or an analog p-FET) (16). In another 
embodiment of the method, forming the second device 
further comprises forming multiple second devices includ 
ing both an SRAM cell 200 and an analog device 300, as 
described above (14-16). 

[0026] A dual-strain layer 150 is formed over both the ?rst 
device 100 and the second device(s) 200 and/or 300 (20). 
Speci?cally, a ?rst tensile section 151 of the dual-strain layer 
150 is formed over a ?rst n-type transistor 111 of the ?rst 
device 100, a compressive section 152 is formed over a ?rst 
p-type transistor 112 of the ?rst device 100 and an additional 
tensile section is formed over the second device(s) (e.g., see 
additional tensile section 251 over SRAM cell 200 and 
additional tensile section 351 over analog FET 300) (22-26, 
see FIGS. 4-5). Conventional masking and overlaying tech 
niques may be used to form this dual-strain layer 150. 

[0027] Then, a region of the additional tensile section 
above the second device is relaxed so as to minimize 
transconductance variability in the second device (30, see 
FIG. 6). This can be accomplished by ?rst forming a mask 
80 over the dual-strain layer 150 such that a prede?ned area 
of the additional tensile section above the second device is 
exposed (32). The mask 80 can be formed by depositing a 
suitable mask material and lithographically patterning the 
mask material to expose the prede?ned areas. More particu 
larly, if the second device is an SRAM cell 200, a prede?ned 
area 270 of the additional tensile section 251 above the 
p-type transistor 212 of the SRAM cell 200 (i.e., the second 
p-type transistor) can be exposed by the mask 80. If the 
second device is either an analog p-FET or analog n-FET 
300 a prede?ned area 370 of the additional tensile section 
351 above the analog FET 300 can be exposed by the mask 
80. The prede?ned areas 270 and/or 370 can be relaxed by 
performing an amorphiZation ion implantation process of 
approximately l><l0l4 cm2 using, for example, germanium, 
arsenic, or any other suitable noble gas implant 90 (34). 

[0028] Therefore, disclosed above is a loW-cost solution 
With good performance and stability trade-offs for digital 
circuits and SRAM cells and/or analog FETs on the same 
chip. Speci?cally, a dual-strain layer is formed over digital 
circuits and other devices on a chip. The dual-strain layer 
comprises tensile sections above digital logic n-type tran 
sistors, compressive sections above digital logic p-type 
transistors and additional tensile sections above SRAM cells 
and/or analog FETs. An amorphiZation ion-implant is per 
formed to relax the strain over SRAM cell p-FETs and, 
thereby, eliminate variability and avoid p-FET performance 
degradation in SRAM cells. Additionally, this ion-implant 
can relax the strain above both analog p-FETs and n-FETs 
and, thereby, eliminate variability and the coupling of the 
logic device process to the analog FETs and provide more 
predictable and Well-controlled analog FETs. 

[0029] The foregoing description of the speci?c embodi 
ments Will so fully reveal the general nature of the invention 
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that others can, by applying current knowledge, readily 
modify and/or adapt for various applications such speci?c 
embodiments Without departing from the generic concept, 
and, therefore, such adaptations and modi?cations should 
and are intended to be comprehended Within the meaning 
and range of equivalents of the disclosed embodiments. It is 
to be understood that the phraseology or terminology 
employed herein is for the purpose of description and not of 
limitation. Therefore, While the invention has been described 
in terms of embodiments, those skilled in the art Will 
recogniZe that the invention can be practiced With modi? 
cation Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A semiconductor structure comprising: 

a substrate; 

a ?rst device on said substrate and comprising a ?rst 
n-type transistor and a ?rst p-type transistor; 

a second device on said substrate adjacent said ?rst 
device, Wherein said second device comprises a second 
n-type transistor and a second p-type transistor; and 

a dual-strain layer over said ?rst device and said second 
device, Wherein said dual-strain layer comprises: 

a ?rst tensile section over said ?rst n-type transistor, 

a compressive section over said ?rst p-type transistor; 
and 

an additional tensile section over said second device, 
Wherein said additional tensile section comprises a 
relaxed region above said second p-type transistor. 

2. The semiconductor structure of claim 1, Wherein said 
?rst device comprises a digital circuit. 

3. The semiconductor structure of claim 1, Wherein said 
second device comprises a static random access memory 
cell. 

4. The semiconductor structure of claim 1, Wherein said 
relaxed region comprises one of a germanium ion-implan 
tation region and an arsenic ion implantation region. 

5. The semiconductor structure of claim 1, Wherein said 
relaxed region comprises a prede?ned area con?gured to 
minimiZe variability in said second p-type transistor. 

6. A semiconductor structure comprising: 

a substrate; 

a ?rst device on said substrate and comprising a ?rst 
n-type transistor and a ?rst p-type transistor; 

a second device on said substrate adjacent said ?rst 
device, Wherein said second device comprises one of a 
second n-type transistor and a second p-type transistor; 
and 

a dual-strain layer over said ?rst device and said second 
device, Wherein said dual-strain layer comprises: 

a ?rst tensile section over said ?rst n-type transistor, 

a compressive section over said ?rst p-type transistor; 
and 

an additional tensile section over said second device, 
Wherein said additional tensile section comprises a 
relaxed region above said second device. 
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7. The semiconductor structure of claim 6, Wherein said 
?rst device comprises a digital circuit. 

8. The semiconductor structure of claim 6, Wherein said 
second device comprises an analog device. 

9. The semiconductor structure of claim 6, Wherein said 
relaxed region comprise one of a germanium ion-implanta 
tion region and an arsenic ion implantation region. 

10. The semiconductor structure of claim 6, Wherein said 
relaxed region comprises a prede?ned area con?gured to 
minimiZe variability in said second device. 

11. A method of forming a semiconductor structure com 
prising: 

forrning a ?rst device and a second device on a substrate; 

forming a dual-strain layer over said ?rst device and said 
second device such that a ?rst tensile section is formed 
over a ?rst n-type transistor of said ?rst device, a 
compressive section is formed over a ?rst p-type tran 
sistor of said ?rst device; and an additional tensile 
section is formed over said second device; and 

relaxing a region of said additional tensile section above 
a second p-type transistor of said second device. 

12. The method of claim 11, Wherein said forming of said 
?rst device comprises forming a digital circuit. 

13. The method of claim 11, Wherein said forming of said 
second device comprises forming a static random access 
memory cell. 

14. The method of claim 11, Wherein said relaxing of said 
region comprises performing an ion implantation process 
using one of germanium and arsenic. 

15. The method of claim 14, further comprises before said 
relaxing, forming a mask over said dual-strain layer such 
that a prede?ned area of said additional tensile section above 
said second p-type transistor is exposed. 

16. A method of forming a semiconductor structure com 
prising: 

forrning a ?rst device and an analog device on a substrate; 

forming a dual-strain layer over said ?rst device and said 
analog device such that a ?rst tensile section is formed 
over a ?rst n-type transistor of said ?rst device, a 
compressive section is formed over a ?rst p-type tran 
sistor of said ?rst device and an additional tensile 
section is formed over said analog device; and 

relaxing a region of said additional tensile section above 
said analog device. 

17. The method of claim 16, Wherein said forming of said 
?rst device comprises forming a digital circuit. 

18. The method of claim 16, Wherein said forming of said 
analog device comprises forming one of an analog n-type 
?eld effect transistor and an analog p-type ?eld effect 
transistor. 

19. The method of claim 16, Wherein said relaxing of said 
region comprises performing an ion implantation process 
using one of germanium and arsenic. 

20. The method of claim 19, further comprises before said 
relaxing, forming a mask over said dual-strain layer such 
that a prede?ned area of said additional tensile section above 
said analog device is exposed. 


