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Abstract

Junctionless inserted oxide FinFET (JL-iFinFET) is presented, its performance metrics are
quantified and compared with JL-FinFET and JL-Stacked-Nanowire-FET (JL-SNWFET)
respectively for the same foot-print on the wafer. The Random-Dopant-Fluctuation (RDF) and
Metal-Gate-Granularity (MGG) are major variability sources in nano-transistors. Impedance Field
Method is used to analyze the statistical variability performance of all three structures caused by
RDF and MGG. The result shows JL-SNWFET provides superior DC figure-of-merits and 40%
less statistical variability than JL-FinFET with a 10% increase in delay and considerable increase
in fabrication complexity. The JL-iFinFET offers 30% lesser process-induced threshold voltage
and on-current variations compare to JL-FinFET, without deteriorating delay and RF metrics due
to its superior electrostatic control over the channel and multi-channel configuration. Fabrication
of JL-iFinFET is also possible without adding much complexity in FinFET process it can be a

major contender for continued scaling with JL-Transistors (JLTs).

Keywords— JL-iFinFET, RDF, MGG, Statistical variability, FinFET, Junctionless
transistor.

1. Introduction
Junctionless-Fin-Field-Effect-Transistor (JL-FinFET) proposed by J.P.Colinge et al., [1] gain researchers
interest because of its nearly ideal Subthreshold Swing (SS), reduced process complexity and cost than
inversion mode (IM) devices. In 7 nm and beyond technology, taller and thinner fins are required to get
reasonable performance with the FInFET structure, which increases fabrication complexity and cost. To

overcome increasing Short Channel Effects (SCEs) at scaling with the FinFET structure, SNWFET is



proposed which comes with the delay penalty and a considerable increase in process complexity. Recently
iFinFET structure was proposed in [2] with improved performance than the FInFET structure with almost
similar process complexity. The iFinFET structure has thin silicon channels which are separated by oxide

(inserted oxide) layers.
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Fig. 1. Simulated device structures for comparison: (a) Cross-sectional view across the channel (
X-Z plane). (b) Cross-sectional view along the channel (X-Y plane).
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Inserted oxide layers improve electrostatic integrity by allowing fringing fields into the channel
surface which provides better gate controllability over the channel potential. It is reported in [3] that
increasing inserted oxide thickness (Tjox) improves IM-iFinFET performance with slight increase in delay
due to increasing coupling capacitance between the channels. Inversion mode operation mainly causes this

delay penalty; it can be alleviated in junctionless transistor by partial depletion mode of operation. These



advantages show iFinFET can be a better structure for JLTs. In this paper key device metrics of JL-iFinFET
such as on-current (Ipy), Drain Induced Barrier Lowering (DIBL), Intrinsic Delay (Delay), Maximum
intrinsic gain (Ay,) are quantified and compared with JL-FinFET and JL-SNWFET. The nanoscale
dimension makes recent technology devices to be more prone to process variations. In this paper, two major
variability sources Random-Dopant-Fluctuation and Metal Gate Granularity induced statistical variation is
studied in all three structures. Statistical Impedance Field Method (SIFM) available in Sentaurus device
(Sdevice) [4] simulator is used to analyze the statistical variability which is, faster with reasonable accuracy
[5, 6]. The RDF induced variations caused by difference in dopant position and concentration in channel of
the transistor [7] it is dominant in JLTs due to high doping level at the channel. The actual position of the
dopants in the channel cannot be controlled to be identical for all the devices, this work proposes using
multi-channel configuration the impact of RDF can be reduced by 50%. The MGG induced variations
caused by different workfunctions on metal surface due to different surface orientation of metal grains is
another dominant variability in nanoscale transistor [8-10]. By increasing the number of grains covered in
gate region, the impact of MGG induced variations can be reduced, on the other hand increasing gate area
by Gate-All-Around (GAA) structure may leads to enhanced parasitic capacitance which deteriorate delay
performance of the device. This work presents JL-iFInFET as a solution for this problem, it provides better
delay and statistical variability performance than JL-FinFET for the same foot-print and silicon volume

above STI (Shallow-Trench-Isolation).
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Fig. 2. Matched transfer characteristics with reference [16].



2. Device structure and simulation setup
The device structure is created by Sentaurus process (Sprocess) simulator [11]. The process flow
followed is reported in our previous work [12], to reduce leakage current Punch-Through-Stopper
(PTS) doping profile is used under the bottom channel. The PTS doping has acceptor doping
concentration of 1x10'°cm to avoid parasitic leakage channel in substrate. The geometrical device
parameters considered in this paper are listed in Table. 1. The cross-sectional view of JL-FinFET,
JL-iFinFET, and JL-SNWFET from TCAD is shown in Fig.1. Silicon Nitride is used as spacer
material and Si0,, HfO, stack composes gate oxide with a thickness of 0.5 nm and 1.28 nm (EOT
= (0.7 nm) respectively. The hetero gate oxide (combination of SiO,, HfO,) provides superior
performance in junctionless transistors [13]. The constant donor concentration of 1x10' ¢m is
considered throughout the device (source-channel-drain) and Titanium Nitride is used as gate
metal. Sentaurus device simulator is used for 3-D device simulations. For a fair comparison off-
current (Iorp) is fixed as 100 pA/um which is achieved by varying WorkFunction (WF) of gate
metal, while the silicon volume above STI is considered as same for all three structures. The
constant gate length (L,) of 12 nm is considered for all three structures. 3-D device simulation is
carried out by using Sdevice simulator. Drift-diffusion transport model with density gradient
quantum correction is used for quantum effect consideration in nanostructure. To account for
mobility dependence on electric field and various scattering mechanisms field dependent mobility
model and Inversion-and-Accumulation-Layer mobility model (IAL-MOB) is used. The ionized
impurity scattering is major contributor for mobility degradation in junctionless device it is
accurately modeled in IAL-MOB model in Sdevice. The measured mobility for 1x10'°cm-3channel
concentration (80cm?/Vs) [14, 15] is matching with the predicted mobility (85cm?/Vs) in our
simulation which validates the mobility model accuracy. To predict the subthreshold behavior
accurately, band-to-band tunneling model is used with Shockley-Read-Hall (SRH) recombination
model. Fig. 2 shows the matched Ip-Vgs curve with fabrication results [16] of SNSH-FET
(NSH_W =5 nm, NSH W = 50 nm) for model parameters calibration. The model parameter

calibration detail with the fabricated data is explained in our previous work reported in [17].



Table: 1. Device parameters.

Device Parameter Range
Gate Length, L, (nm) 12
Specific Contact Resistivity (Q-cm?) 1x108
Donor Concentration (cm) 1x10"
Channel width, W (nm) 6
Silicon height above STI, Hg; (nm) 18
Effective Oxide Thickness, (EOT) (nm) 0.7

Table: 2. Transistor performance metrics comparison (Vpg = 0.65V).

FOMs JL-  JL-iFinFET  JL-SNWFET
FinFET
Tox (RA) 7.74 9.23 11.1
Torr (PA) 4.2 5 6.6
Visat (V) 0.349 0.315 0.3
SS (mV/dec) 67.5 63.8 62.5
DIBL (mV/V) 44 36.6 30
Cyq (aF) 33 38.2 50.4
Cya (aF) 10.6 12.8 17.5
Delay (pS) 2.68 2.69 2.95
Avo (dB) 35 38.7 42
g (1S) 33 36.8 40

3. Results and Discussions

3.1 DC and RF performance comparison
Fig. 3(a) and 3(b) shows the transfer and output characteristics of all three structures (Tiox = 3
nm). The JL-SNWFET has large drive current and better Ay, than other structures due to its
superior electrostatic integrity. JL-iIFInFET shows 18% improvement in drive current than JL-
FinFET because of its improved electrostatic control over the channel potential. Fig. 4(a) projects
the Electro-Static-Potential (ESP) across the channel for all three structures, which shows the
superior electrostatic integrity of JL-SNWFET and JL-iFinFET over JL-FinFET. The Electron-

density (edensity) across the channel, at different channels of JL-iFinFET and other two structures



obtained from TCAD, is presented in Fig. 4(b). The JL-iFinFET and JL-SNWFET has large
edensity compared to JL-FinFET due to larger effective width provided by stacked channels. At
bottom channel, edensity is less due to intruded dopants from PTS doping. Table. 2 shows the
quantified FOMs, for fixed [pgr and Tiox of 100 pA/um and 3 nm respectively. Intrinsic gain is
given by, Ay = g4 Where g, and gy are gate and drain transconductances. Drain Induced Barrier
Lowering is computed as, DIBL = (Vyin — Viga) / (Vbsat — Vpiin) Where, Vpiin (0.05 V), Vg (0.65
V) and Vyi,, Visatare linear and saturation supply voltages and threshold voltages respectively. The
threshold voltage is extracted at drain current point 100nAxW ¢/L.gr, where W is effective width
and L. is effective gate length. From Table .2 it can be observed that JL-SNWFET has the largest
delay than the other two structures, due to increased capacitance provided by gate-all-around

configuration.
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Fig. 3. (a). Simulated transfer characteristics for two different Vpg supply.(b). Simulated output
characteristics for two different Vg supply (for JL-iFinFET inserted oxide thickness is considered
as, Tiox =3nm).
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In the case of JL-iFinFET performance improvement can be achieved without delay penalty because the
enhanced drive current nullifies the impact of increment in capacitance. The intrinsic delay
((Cgg X VDD)/ Ion) and other device metrics of JL-iFinFET can be improved further by increasing Tiox. The
quantified FOMs for fixed Iorr (100 pA/um), of JL-iFinFET for different Tiox are presented in Table. 3.
Because of partial depletion mode of operation increase in C,, caused by enhanced coupling capacitance
(shown in Fig. 5(a)) is less effective than an increase in drive current there by 5% improvement in the
intrinsic delay is achieved. Fig. 6 shows the comparison of carrier density in channel between junctionless
and IM-iFinFET device at saturation supply voltage (Vgs = Vps = Vpp =0.65V). As the carrier density is
concentrated at middle of the channel in case of JL device due to (bulk conduction) partial depletion mode
of operation [18] the coupling capacitance between nanowires increase is not much compared to IM device
as a result increasing Tiox improves the delay performance. Intrinsic delay as a function of Tiox is shown
in Table 3. Due to enhanced gate control 15% reduction in DIBL is achieved with JL-iFinFET, which
eventually leads to 5% improvement in Ay (in dB) for an increase in inserted oxide thickness from 3 to 5
nm. Comparison of computed current-cutoff frequency (fr = g./(2xnxC,,)) [19-22] for all structures is
displayed in Fig. 5(b), which shows JL-iFinFET has superior performance compared to JL-FinFET and JL-
SNWEFET. Fig. 7 displays the obtained g, g4s and Ay, as a function of Vgs for different structures which

shows JL-SNWFET has maximum gain due to larger g,, and maintained gg.
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Table: 3. Impact of inserted oxide thickness on performance metrics of JL-iFinFET (Vpg =0.65V).

TIOX ION DIBL ng Zm Delay AVO
(nm) (WA) (mV/V) @F) (uS) (pS) (dB)
3923 366 38 368 2.69 387
4 993 333 38.6 385 252 402
5 10.5 32 393 403 243 40.6
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Fig. 6. Comparison of e-Density profile across the channel of JL and IM device at Vgs = Vpg =

0.65V (cut-line taken at middle of channel, IM device channel acceptor doping concentration is
considered as 1x10'7cm).
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structure (TIOX =5 l'll'Il,VDs = 065V)

3.2 Statistical variability performance comparison

Statistical variability analysis was performed using SIFM in Sdevice simulator with the sample
size of 1000. In SIFM the variability sources such as MGG and RDF are considered as a
perturbation to the reference structure and response to this perturbation is assumed to be linear.
Using green’s function linear current response for each randomized structure is computed as
explained in [6, 12, 23]. Using the computed linear current response for each bias point and transfer
characteristics of unperturbed reference device, the transfer characteristics of randomized sample
is computed by weighted-IV method available in Sentaurus visual (Svisual) tool [24]. From
computed transfer characteristics of randomized samples interested device metrics are extracted
and used for statistical analysis.

To analyze the impact of MGG average grain size used as 5 nm and 40%, 60% probability
of occurrence is assumed for grains with WF+200, WF-200 meV [9, 25-27] respectively. To
analyse the impact of statistical variability threshold voltage and on-current variability factor (%)
are considered as FOMs. The % for each randomized sample is computed by equation. 1, which
gives how much percentage deviation in on-current is observed in randomized sample from
reference device (Igy on-current of randomized sample and < gy > is average on-current for
1000 randomized samples). Fig. 8(a) and 8(b) shows the distribution of threshold voltage and %
obtained for 1000 randomized samples considering RDF effect only, similarly Fig. 9(a) and 9(b)



shows MGG induced threshold voltage and on-current variability. Both Fig. 8 and 9 depicts the
distribution of threshold voltage and % are following normal distribution for all three structures
(solid line), which shows it can be easily modelled for circuit simulation. The standard deviation
of the threshold voltage (6V1y) and on-current variability factor (6B%) caused by RDF and MGG
respectively, for all three structures are listed in Table. 4. Due to high doping level RDF is
dominant variability source in JLTs, both Vry and % spread is more for RDF induced variation.
The JL-iFinFET and JL-SNWFET have better immunity towards threshold variability and on-
current variability caused by RDF and MGG because of: (i). Enhanced electrostatic control over
the channel potential [7]. (i1). larger effective gate contact area. (iii) Threshold averaging caused
by multi-channel setup [28]. The MGG induced threshold voltage variability is given by equation.
2 [29] (6WF and Ngiy is the standard deviation of workfunction between grains and the number
of grains on gate surface). Due to larger gate contact area the JL-iFinFET and JL-SNWFET has
higher Ngain along with multi-channel configuration which leads to 30% and 40% better variability

performance compare to JL-FinFET.
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Fig. 8. Statistical variability comparison between different structure for RDF induced (a) Vry
variability and (b) % variability (Vps =0.05 V).
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Fig. 9. Statistical variability comparison between different structure for MGG induced (a) Vry
variability and (b) % variability (Vps = 0.05 V).

Table: 4. Statistical variability comparison between different structure (Vpg = 0.05 V).

Device RDF MGG RDF+MGG
Structure oV (mV) of (%) oV (mV) of (%) oV (mV) of (%)
JL-FinFET 32.6 10.2 20 2.7 40 10.6
JL-iFinFET 22 7 16.8 2.1 27 7.3
JL-SNWFET 18 6 15.2 1.75 23.8 6.3

In order to analyze the impact of the number of channels on statistical variability single, double
and three channel stacked nanowire FET is simulated (all channels considered GAA) and its
statistical variability performance is analyzed. Fig. 10 (a,b) and 11(a,b) shows the distribution of
threshold voltage and % due to RDF and MGG, obtained for 1000 randomized samples for
different number of channels. As the doping in different channel is assumed to be independent in
all three channels, different doping distributions averages the threshold [28] level at different

channel as a result threshold voltage and on-current variability is reduced with increasing number

of channels.
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Fig. 11. Statistical variability comparison between JL-SNWFETSs with different number of
channels, for MGG induced (a) Vg and (b) % variability (Vps = 0.05 V).

Table: 5. Impact of multiple channels on statistical variability performance(Vps = 0.05 V).

Device RDF MGG RDF+MGG
Structure oV (mV) off (%) oVig (mV) of (%) oVryg (mV) of (%)
1-channel 31 11.8 23 431 38 12.5
2-channel 20 7.55 16.2 1.54 26.3 7.8
3-channel 17 5.5 13.6 1.1 21.9 6

The standard deviation of the threshold voltage and on-current variability factor caused by
RDF and MGG respectively for different number of channels is listed in Table. 5. Around 30%

and 40% improvement is observed in Vry variability by increasing the number of channels from



1 to 2 and 3 respectively. 38% and 52% reduction in on-current variability is observed for 2 and
3-channel JL-SNWFET than single channel which proves reduction in statistical variability with
increase in number of channels. To compare different structures threshold variability factor (Ayr)
is used, which shows threshold variability per effective area it is computed by equation. 3 (W

and L. are effective width and length respectively).

Ayr = oViy X V2 X BWegr X Legy (3)

1.5

V] RDF

0.5

Ayy (mV.um)

0.0 T %

JL-FinFET JL-iFinFET JL-SNWFET

Fig. 12. Ayt factor comparison between different structure (Vpg = 0.05 V).

Fig. 12 compares the Ayt factor computed for JL-FinFET, JL-iFinFET and JL-SNWFET, which
shows JL-iFInFET almost matching JL-SNWFET statistical variability performance. In case of
JL-SNWFET the better statistical variability performance obtained with 10% larger delay and
increased process complexity as a penalty. As JL-iFInFET outperforms JL-FinFET in terms of
both RF/analog performance and statistical variability without causing much increase in process

complexity it can be an alternate to FInFET structure.

4. Conclusions
Junctionless inserted oxide FInFET (JL-iFinFET) is presented and its DC and statistical variability
metrics are compared with JL-FinFET and JL-SNWFET for the same foot-print. The JL-SNWFET

provides superior DC and statistical variability metrics compare to JL-FinFET with increase in



delay penalty and fabrication complexity. With the presented JL-iFinFET considerable
improvement in DC and statistical variability metrics is achieved compare to JL-FinFET without
increasing delay penalty and fabrication complexity. Impact of number of channels on statistical
variability is analyzed and it is found that increasing the number of vertically stacked channels of
a transistor with the same foot-print effectively improves the immunity of the device towards
statistical variability. For better RF/analog operation fr has to enhance without degrading Ay
which is contented by JL-iFinFET along with superior statistical variability performance as an
added benefit. These advantages make the JL-iIFinFET as a promising candidate for continued

scaling with junctionless transistors over JL-FinFET.

Acknowledgment: This work was supported by the Council of Scientific and Industrial Research

(CSIR), Govt. of India under the file number. 09/844/(0082)/2019-EMR-I.

References

[1] Jean-Pierre Colinge, Chi-Woo Lee, Aryan  Afzalian, Nima Dehdashti Akhavan, Ran  Yan, Isabelle
Ferain, Pedram  Razavi, Brendan  O'Neill, Alan  Blake, Mary = White, Anne-Marie  Kelleher, Brendan
McCarthy & Richard Murphy, Nanowire transistors without junctions, Nature nanotechnology, 5, (2010) 225-
229.

[2] Peng Zheng, Daniel Connelly, Fei Ding and Tsu-Jae King, Inserted-oxide FinFET (iFinFET) Design to Extend
CMOS Scaling, IEEE VLSI-Technology Systems and Application (VLSI-TSA) (2015).

[3] Peng Zheng, Daniel Connelly, Fei Ding and Tsu-Jae King, FInFET Evolution Toward Stacked-Nanowire FET
for CMOS Technology Scaling, IEEE Trans. Electron Devices, 62, (2015) 3945-3950.

[4] Sentaurus Device Version K-2015.06 User’s Manual, Synopsys, Inc., 2015. [Online]. Available:
Http://Www.Synopsys.Com.

[5] Anil K. Bansal, Charu Gupta , Anshul Gupta , Ramendra Singh , Terence B. Hook, and Abhisek Dixit, 3-D LER

and RDF Matching Performance of Nanowire FETs in Inversion, Accumulation, and Junctionless Modes, /EEE
Trans.Electron Devices, 65, (2018) 1246-1252.

[6] Andreas Wettstein, Oleg Penzin, Eugeny Lyumkis and Wolfgang Fichtner, Random Dopant Fluctuation Modeling
with the Impedance Field Method, in IEEE International Conference on Simulation of Semiconductor Processes
and Devices (SISPAD-2003), (2003) 91.

[7] Peter A. Stolk, Frans P. Widdershoven, and D. B. M. Klaassen, Modeling Statistical Dopant Fluctuations in MOS
Transistors IEEE Trans. Electron Devices. 45 (9), (1998) 1960-1971.

[8] K. Ohmori et al., Impact of Additional Factors in Threshold Voltage Variability of Metal/High-k Gate Stacks
and its Reduction by Controlling Crystalline Structure and Grain Size in the Metal Gates, [EDM, 2008.

[9] Kaushik Nayak, Samarth Agarwal, Mohit Bajaj, Philip J. Oldiges, Kota V. R. M. Murali, and Valipe Ramgopal
Rao, Metal-Gate Granularity-Induced Threshold Voltage Variability and Mismatch in Si Gate-All-Around
Nanowire n-MOSFETs, IEEE Trans. Electron Devices. 61 (11), (2014) 3892-3895.

[10] Daniel Nagy , Guillermo Indalecio , Antonio J. Garcia-Loureiro, Muhammad A. Elmessary ,Karol Kalna , and
Natalia, Metal Grain Granularity Study on a Gate-All-Around Nanowire FET, IEEE Trans. Electron Devices. 64
(12) (2017) 5263 - 5269.

[11]Sentaurus Process Version K-2015.06 User’s Manual, Synopsys, Inc., 2015. [Online]. Available:
Http://Www.Synopsys.Com.


https://www.nature.com/articles/nnano.2010.15#auth-1
https://www.nature.com/articles/nnano.2010.15#auth-2
https://www.nature.com/articles/nnano.2010.15#auth-3
https://www.nature.com/articles/nnano.2010.15#auth-4
https://www.nature.com/articles/nnano.2010.15#auth-5
https://www.nature.com/articles/nnano.2010.15#auth-6
https://www.nature.com/articles/nnano.2010.15#auth-6
https://www.nature.com/articles/nnano.2010.15#auth-7
https://www.nature.com/articles/nnano.2010.15#auth-8
https://www.nature.com/articles/nnano.2010.15#auth-9
https://www.nature.com/articles/nnano.2010.15#auth-10
https://www.nature.com/articles/nnano.2010.15#auth-11
https://www.nature.com/articles/nnano.2010.15#auth-12
https://www.nature.com/articles/nnano.2010.15#auth-12
https://www.nature.com/articles/nnano.2010.15#auth-13
Http://Www.Synopsys.Com
http://in4.iue.tuwien.ac.at/pdfs/sispad2003/01233645.pdf
http://in4.iue.tuwien.ac.at/pdfs/sispad2003/01233645.pdf
Http://Www.Synopsys.Com

[12] V. Jegadheesan, K. Sivasankaran, Influence of RDF and MGG Induced Variability on Performance of 7 nm Multi-
Gate Transistors with Metal/High-k Gate Stack, ECS Journal of Solid State Science and Technology, 7, (2018)
171.

[13]Nazanin Baghban Bousari, Mohammad K. Anvarifard, Saeced Haji-Nasiri, Improving the electrical characteristics
of nanoscale triple-gate junctionless FinFET using gate oxide engineering, Int J Electron Commun (AEU)
2019;108:226-234.

[14]Jacoboni, C., Canali, C., Ottaviani, G., Quaranta, A.A.: A review of some charge transport properties of silicon.
Solid State Electron 20, 77 (1977).

[15]Colinge J.P. et al. (2011) Junctionless Transistors: Physics and Properties. In: Nazarov A., Colinge JP., Balestra
F., Raskin JP., Gamiz F., Lysenko V. (eds) Semiconductor-On-Insulator Materials for Nanoelectronics
Applications. Engineering Materials. Springer, Berlin, Heidelberg.

[16]N.Loubet, et al., Stacked Nanosheet Gate-All Around Transistor to enable scaling beyond FinFET, IEEE
Symposium on VLSI Technology Digest of Technical Papers, (2017) 23.

[171V. Jegadheesan, K. Sivasankaran and Aniruddha Konar, Impact of geometrical parameters and substrate on
analog/RF performance of stacked nanosheet field effect transistorMaterials Science in Semiconductor
Processing, 93, 188 (2019).

[18]A.Kranti, C.-W.Lee, I.Ferain, R.Yu, N.D.Akhavan, P.Razavi, J.Colinge, Junctionless nanowire transistor;
Properties and design guidelines, in: Proceedings of the 34" European Solid-State Device Research Conference,
IEEEpp. 357-360, 2010.

[19] Amrish Kumar, Abhinav Gupta, Sanjeev Rai, Reduction of self-heating effect using selective buried oxide
(SELBOX) charge plasma based junctionless transistor, Int J Electron Commun (AEU) 2018;95:162-169.

[20]Rishu Chaujar, Analog and RF assessment of sub-20 nm 4H-SiC trench gate MOSFET for high frequency
applications, Int J Electron Commun (AEU) 2019;98:51-57.

[21]Meysam Zareiee, A new architecture of the dual gate transistor for the analog and digital applications, Int J
Electron Commun (AEU) 2019;100:114-118.

[22]Manoj Singh Adhikari, Raju Patel, Yashvir Singh, High performance dual-gate SiGe MOSFET for radio-
frequency applications, Int J Electron Commun (AEU) 2019;110:1-7.

[23]Karim El Sayed, Andreas Wettstein, Simeon D. Simeonov, Eugeny Lyumkis, and Boris Polsky, Investigation of
the Statistical Variability of Static Noise Margins of SRAM Cells Using the Statistical Impedance Field Method,
IEEE Trans.Electron Devices. 59 (6) (2012) 1738-1744.

[24]Sentaurus visual Version K-2015.06 User’s Manual, Synopsys, Inc., 2015. [Online]. Available:
Http://Www.Synopsys.Com

[25]Hamed Dadgour, Kazuhiko Endo, Vivek De, and Kaustav Banerjee, Modeling and analysis of grain-orientation
effects in emerging metal-gate devices and implications for SRAM reliability, [IEDM-2008.

[26]M. Bajaj, K. Nayak, S. Gundapaneni and V. Ramgopal Rao, Effect of Metal Gate Granularity Induced Random
Fluctuations on Si Gate-All-Around Nanowire MOSFET 6-T SRAM Cell Stability, [EEE Trans.
Nanotechnology, 15, (2016) 243-247.

[27] Sk Masum Nawaz, Souvik Dutta, Avik Chattopadhyay, and Abhijit Mallik, Comparison of Random Dopant and

Gate-Metal Workfunction Variability Between Junctionless and Conventional FinFETs, IEEE Trans. Electron
Device Letters. 35 (6), (2014) 663-666.

[28]Jinyoung Park, Hyunjae Lee, Sangheon Oh, and Changhwan Shin, “Design for Variation-Immunity in Sub-10-
nm Stacked-Nanowire FETs to Suppress LER-induced Random Variations”, IEEE Trans. Electron Devices.
Vol.63, (2016) 5048 — 5054.

[29]P. Oldiges, R. Muralidhar, P. Kulkarni, C-H. Lin, K. Xiu, D. Guo, M. Bajaj, N. Sathay, Critical Analysis of 14nm
Device Options, [EEE International Conference on Simulation of Semiconductor Processes and Devices
(SISPAD-2011), (2011).


Http://Www.Synopsys.Com

