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Abstract— Development of a sub-50nm MOSFET on 

incorporating two strained silicon layers in the channel region 

has been carried out leading to the advent of 50nm and 100nm 

channel length devices. Further scalability and device analysis 

have been due, which has been now the focus of this paper. The 

effects of strained Silicon-Germanium thickness on the device 

leakage current have been analyzed and optimized using 

Synopsis TCAD simulations. The enriched device characteristics 

for the scaled 30nm device have also been examined in 

comparison to 40nm and 50nm channel length device MOSFET. 

Keywords—double strained Si layers, quantum confinement, 

SHOI, nanoscale regime, sMOSFET. 

I. INTRODUCTION 

Giving light to the scaling in the semiconductor 

industries, from the foundation of IC industries since the late 

1960s, Moore's predictions (1965) and Dennard's scaling 

guidelines (1975), the growth of semiconductor industry 

amplified. This was marked as the First Era of scaling 

known as Geometrical Scaling. Thus, it was the foundation 

of National Technology Roadmap for Semiconductors 

(NTRS) initiated in 1991. The Second Era of scaling is the 

Equivalent Scaling - strained silicon, high-K/metal gate, 

multigate transistors, and use of non-silicon materials etc. 

was laid out by International Technology Roadmap for 

Semiconductors (ITRS) between 1998-2000 [1], [2] In 

addition ITRS also report the shrinkage of transistors 

beyond 2020 will have a steep cutting edge, at which point 

vertical scaling is suggested to be more economical.[3], [4] 

The word technology 'boosters' have been coined many a 

time since scaling of device faces physical and economical 

limitations. The need of increasing circuit speed even in the 

ultra-low power technology mandated the inclusion of 

technology enhancers. Stress engineering being one of the 

boosters which have been successfully adopted for 

commercialized mass production by major semiconductor 

companies such as International Business Machines (IBM), 

AMD and Integrated Electronics (Intel) has been clubbed 

together with channel engineering and silicon on insulator 

(SOI) technology resulting in the inception of double 

strained silicon channel MOSFET. [5][6] Based on this 

inception novel double strained silicon technology 

MOSFET have been developed by Khiangte et al. [7] This 

novel device enhanced the drain current characteristics 

providing improvement for similar technology node device 

in comparison to the conventional single strained layer 

channel device. Further, the scalability was questionable 

where the physics are beyond the classical theories for 
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nanoscale regime and as nano regime MOSFET devices 

have been the need in today’s technological arena. Thus, in 

this paper sub-50nm channel devices in nanostructures have 

been investigated that leads to walk in to deep sub-microns 

and the extent of its scalability have been analyzed. 

II. DEVICE STRUCTURE 

The novel device have been designed and incorporated in 

the scientific world by Khiangte et al.[7] to have two 

strained silicon layers in the channel region as illustrated in 

Fig.1 unlike those which had been used by the current 

semiconductor industries [8][9][10]. These strained silicon 

layers have been kept to be ultra-thin of 2nm thick to 

accommodate the carrier confinement in both the layers. The 

buried oxide thickness has been varied and reduced from 

100nm to 25nm for 50nm and 30 nm channel length 

respectively while scaling the device down to nanostructure 

of 30nm channel length. This specific structure induced 

biaxial strain in the channel layers: tensile and compressive 

strain for s-Si layers and s-SiGe layer, respectively. 

 
Fig. 1 Double strained silicon layer MOSFET 

III. PHYSICS OF DOUBLE STRAIN LAYERS 

Strained silicon technology used the well-known concept 

of strain inducement as in physics. Given a length 'L' and is 

subjected to tensile/compressive force 'F' and 

elongates/shrinks by length Δ, then the change in length is 

divided by the initial length and is termed as Strain (ε) 

[11][12]: 

ε = Δ/L  (1) 

 

 

 

Sub-50nm Tri-layered Strained Si/SiGe/Si 
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Utilizing the lattice mismatch of silicon (L1 = 0.54311nm) 

and silicon-germanium (L2 = 0.565791nm) both uniaxial 

and biaxial strain can be introduced during the construction 

of devices in semiconductor industry. Thus, yields high 

speed with the same technology node. The main concept is 

the alteration of band structure [13][14][15] due to the 

strained induced in the channel layers forming a double 

strained silicon channel. Each energy level of Si is 

composed of six equal energy states [16][17] which have 

equal electron effective masses in all the directions: two 

perpendicular Δ2 states and four Δ4 states parallel to the 

plane. When biaxial stress is applied in both the silicon 

layers, the Δ2 states and Δ4 states are split up into lower and 

higher energy states respectively. Thus, electrons are 

repopulated in the lower energy states (Δ2) and 

simultaneously the effective mass of electrons in the Δ2 

valley is reduced from 0.33mo in unstrained silicon to 

0.19mo in strained silicon layers [18] causes a significant 

increase in carrier mobility. Also the electrons encounter 

less vibrational energy from the nucleus of the silicon atom 

as strain induced has large energy difference between Δ2 and 

Δ4, thus inter-valley phonon scattering is of the rate of 500 

to 1000 times less than the relaxed silicon. These factors 

increase the device speed by ~35% while ~25% reduction in 

power consumption expected without further reduction of 

the device size [19]. The successful implementation of this 

strain technology was demonstrated first in the n-channel 

MOSFET with strained Si channel in 1992 exhibiting 70% 

higher carrier mobility and many more successful 

implementation of strain Si technology have emerge till date 

[16] Thus, in our device illustrated in Fig.1, with an 

additional layer of lower strained silicon in the channel 

region catalyzed the outstanding properties of strained-

silicon-technology into manifold. 

IV. RESULTS AND DISCUSSION 

Based on the Multivalley model [16][17] appropriate 

computation of strained induced altered band structure is 

incorporated in the design of double s-Si heterostructure on 

insulator (SHOI) MOSFET for 30nm technology node in the 

device using Sentaurus TCAD [16] and Multivalley electron 

mobility model for carrier mobility. In each valley the stress 

effect is accounted separately. The strain induced density-

of-mass (DOS), effective mass and dispersion of band 

structure are included in the piezo model corresponding to 

the k.p theory. The design optimization of 30nm device 

structure are exemplified by Fig. 2 with variation in the 

thickness of strained SiGe (s-SiGe). As depicted for 30nm 

device with the increase s-SiGe thickness there is a 

proportional increment of current leakage. The leakage 

current analysis as illustrated by Fig. 3 decipher 3nm SiGe 

thickness with both the strained Si (s-Si) thickness constant 

to be 1.5nm each to exhibited minimal leakage within the 

acceptable range. The buried oxide (BOX)  

 

Fig. 2 Output Current-Voltage Characteristics of 30nm 

channel length Tri-layered HOI MOSFET with variable 

s-SiGe thickness 

 

Fig. 3 Current-Voltage Characteristics indicating 

leakage current for different thickness of the tri layered 

channel region 

 

Fig. 4 Current-Voltage Characteristics for different 

channel length HOI MOSFET with variation of BOX 

thickness 
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thickness has also been varied and analyzed as depicted in 

Fig. 4 in which BOX variation for 30nm devices have been 

examined with respect to 40nm and 50nm which have BOX 

thickness of 100nm. It has been examined that for thinner 

BOX, the device drive current decreased gradually with 

minimum impact on current leakage. Thus, classifies the 

100nm BOX thickness to be the optimized value for the 

particular HOI MOSFET device structure. The enrichment 

in the drive current of the optimized device for 30nm is 

~27% in comparison to the 40nm channel length HOI 

MOSFET. Electric fringes in BOX layer is analyzed and 

studied in [20],[21] which has been the major issue in sub-

100nm FD/SOI CMOS which could be the cause of mobility 

degradation. To study the effect of buried oxide (BOX) 

thickness variation, devices with 100nm and 25nm thick 

BOX double strained Si layer MOSFET have been 

developed on the 30nm technology node and the effect of 

variation in thickness on electron mobility is analyzed. 

Mobility of electron in lateral direction along the channel 

region for 100nm and 25nm thick BOX is depicted in Fig.5 

(a) and Fig. 5(b). With the increased electric field in thinner 

BOX layer, electron mobility in the lower s-Si layer of the 

channel improved as shown in Fig.5 (a) compared to the 

thicker BOX layer (Fig.5 (b)) of the same technology node 

by ~2%. Also the overall electron mobility for thick and thin 

BOX layer are almost equal in both devices but, with further 

reduction of BOX thickness to less than 25nm, substantially 

high transverse electric field occurs, which could degrade 

the electron mobility in the device. Therefore, ~25nm  

 

Figure 5(a): Illustration of different electron mobility for 

both s-Si layers in the channel region as an effect of thick 

BOX 

 

Figure 5(b): Electron mobility for both s-Si layers in the 

channel region (thin BOX) 

thick BOX layer is optimized for acquiring maximum 

electron mobility through the channel. 

V. CONCLUSION 

Double strained silicon channel HOI MOSFET has been 

studied and analysis for deep sub-microns carried out. 

Development of 30nm channel length device is carried out, 

which is compared with the 50nm device and the former 

exhibited improved device performances of 88% in drive 

current enhancement on reducing the BOX thickness to 

25nm. Hence, an effect of buried oxide thickness on the 

strain layers has also been analyzed, which indicated ~2% 

increment in carrier mobility on BOX thickness reduction 

from 100nm to 25nm in a 30nm channel length device. 

ACKNOWLEDGMENT 

The authors thank NIT Mizoram for providing blissful 

facilities to carry out this work and especially to the SMDP-

C2SD project for providing the workstation for simulation 

with special gratitude to all the members of Department of 

Electronics & Communication Engineering, NIT Mizoram 

for their excellent support throughout the work. 

              REFERENCES 

1. J.-A. Carballo, W.-T. J. Chan, P. A. Gargini, A. B. 

Kahng, and S. Nath, “ITRS 2.0: Toward a re-

framing of the Semiconductor Technology 

Roadmap,” in Computer Design (ICCD), 2014 32nd 

IEEE International Conference on, 2014, pp. 139–

146. 

2. M. Schulz, “The end of the road for silicon?,” 

Nature, vol. 399, no. 6738, p. 729, 1999. 

3. R. Courtland, “Transistors could stop shrinking in 

2021,” IEEE Spectr., vol. 53, no. 9, pp. 9–11, 2016. 

4. B. Hoefflinger, “ITRS: The international technology 

roadmap for semiconductors,” in Chips 2020, 

Springer, 2011, pp. 161–174. 

5. M. L. Lee, E. A. Fitzgerald, M. T. Bulsara, M. T. 

Currie, and A. Lochtefeld, “Strained Si, SiGe, and 

Ge channels for high-mobility metal-oxide-

semiconductor field-effect transistors,” J. Appl. 

Phys., vol. 97, no. 1, p. 1, 2005. 

6. K. Datta, A. Shadman, E. Rahman, and Q. D. M. 

Khosru, “Trilayer TMDC Heterostructures for 

MOSFETs and Nanobiosensors,” J. Electron. 

Mater., vol. 46, no. 2, pp. 1248–1260, 2017. 

7. L. Khiangte and R. S. Dhar, “Development of 

double strained Si channel for heterostructure on 

insulator MOSFET,” in Man and Machine 

Interfacing (MAMI), 2017 2nd International 

Conference on, 2017, pp. 1–3. 

8. M. J. Kumar and T. V. Singh, “Quantum 

confinement effects in strained silicon mosfets,” Int. 

J. Nanosci., vol. 7, no. 02n03, pp. 81–84, 2008. 

9. D. J. Paul, “Si/SiGe heterostructures: from material 

and physics to devices and circuits,” Semicond. Sci. 

Technol., vol. 19, no. 10, p. R75, 2004. 

10. T. P. Dash, D. Pradhan, S. Das, and R. K. Nanda, 

“Electron mobility modeling in strained-Si n-

MOSFETs using TCAD,” in India Conference 

(INDICON), 2016 IEEE Annual, 2016, pp. 1–4. 

 

 

 

 



 

Sub-50nm Tri-layered Strained Si/SiGe/Si Channel NMOSFET 

364 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: F61310486S19\19©BEIESP 

11. P. M. Dixit and U. S. Dixit, “Review of Stress, 

Linear Strain and Elastic Stress-Strain Relations,” 

Model. Met. Form. Mach. Process. by Finite Elem. 

Soft Comput. Methods, pp. 33–94, 2008. 

12. R. Marrett and D. C. P. Peacock, “Strain and stress,” 

J. Struct. Geol., vol. 21, no. 8–9, pp. 1057–1063, 

1999. 

13. S. E. Thompson et al., “A logic nanotechnology 

featuring strained-silicon,” IEEE Electron Device 

Lett., vol. 25, no. 4, pp. 191–193, 2004. 

14. J. Song, H. Zhang, H. Hu, and Q. Fu, “Calculation 

of band structure in (101)-biaxially strained Si,” Sci. 

China Ser. G Physics, Mech. Astron., vol. 52, no. 4, 

pp. 546–550, 2009. 

15. S. E. Thompson et al., “A 90-nm logic technology 

featuring strained-silicon,” IEEE Trans. Electron 

Devices, vol. 51, no. 11, pp. 1790–1797, 2004. 

16. E. Ungersboeck, S. Dhar, G. Karlowatz, V. 

Sverdlov, H. Kosina, and S. Selberherr, “The effect 

of general strain on the band structure and electron 

mobility of silicon,” IEEE Trans. Electron Devices, 

vol. 54, no. 9, pp. 2183–2190, 2007. 

17. N. Kharche, M. Prada, T. B. Boykin, and G. 

Klimeck, “Valley splitting in strained silicon 

quantum wells modeled with 2 miscuts, step 

disorder, and alloy disorder,” Appl. Phys. Lett., vol. 

90, no. 9, p. 92109, 2007. 

18. R. J. B. Balaguru and B. G. Jeyaprakash, 

“Importance of strains in semiconductors and Effect 

of strain on valence band.” 

19. Q. Xiang, J.-S. Goo, and J. N. Pan, “Strained silicon 

semiconductor on insulator MOSFET.” Google 

Patents, 25-Apr-2006. 

20. M. Fujiwara et al., “Impact of BOX scaling on 30 

nm gate length FD SOI MOSFET,” in SOI 

Conference, 2005. Proceedings. 2005 IEEE 

International, 2005, pp. 180–182. 

21. V. P. Trivedi and J. G. Fossum, “Nanoscale FD/SOI 

CMOS: thick or thin box?,” IEEE electron device 

Lett., vol. 26, no. 1, pp. 26–28, 2005. 

 


