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ABSTRACT: In recent years, FInFET technology has emerged as a critical solution to meet the high-performance and
low-power requirements of 5G millimetre-wave (mmWave) applications. This paper provides an extensive review of
FinFET advancements, with a particular focus on the Extremely-Low Threshold Voltage (ELVT) FinFET. Developed to
address the unique challenges of 5G applications, ELVT FinFETs are optimized for reduced power consumption and
enhanced current efficiency through precise doping and process integration techniques. By comparing ELVT FinFETs
with their Super-Low Threshold Voltage (SLVT) counterparts, we explore how threshold voltage adjustments influence
key performance metrics such as on-state current (IDSAT), effective drive current (IEFF), frequency gain (FT, FMAX),
and device reliability. Experimental and simulation data are analysed to highlight the ELVT FinFET’s ability to reduce
supply voltage requirements by approximately 9% and power consumption by 8%, without sacrificing critical RF
parameters like phase noise in circuit-level applications. Additionally, the device’s resilience to Bias Temperature
Instability (BTI) and Hot Carrier Injection (HCI) stress is evaluated, demonstrating comparable or improved reliability
relative to SLVT devices. This comprehensive review further examines ELVT FinFET’s suitability for various 5G
transceiver components, specifically focusing on Local Oscillator (LO) chain and Transmission Line (TL) driver
applications. By synthesizing these insights, this paper positions ELVT FinFET technology as a powerful candidate for
energy-efficient, low-power 5G mmWave applications, bridging the gap between scalability demands and performance
requirements in next-generation wireless communication networks.
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LINTRODUCTION

The evolution of wireless communication technologies has led to the rapid development of the fifth-generation (5G)
standard, designed to meet the growing demand for high-speed data transfer, low latency, and massive device
connectivity. Unlike previous generations, 5G utilizes both sub-6 GHz and millimetre-wave (mmWave) frequency
bands, with mmWave offering extraordinary bandwidth potential for data-intensive applications. However, operating in
these higher frequency bands poses significant challenges for power efficiency, device scalability, and signal integrity,
creating an urgent need for advanced semiconductor technologies that can reliably meet these rigorous demands.

In this context, FinFET (Fin Field-Effect Transistor) technology has gained attention as a scalable solution that supports
the high-frequency operation and low-power requirements critical to 5G mmWave devices. FInFETs have a three-
dimensional gate structure that enhances electrostatic control over the channel, reducing leakage currents and short-
channel effects compared to traditional planar CMOS transistors. By leveraging these structural advantages, FinFETs
are particularly suited for RF applications where power efficiency, frequency response, and device reliability are
paramount. Recent advancements in FInFET architectures, such as Extremely-Low Threshold Voltage (ELVT) FinFET,
have further enhanced the technology's applicability in the realm of 5G by optimizing power performance while
maintaining high frequency and reliability standards.

ELVT FinFETs are specifically engineered to achieve lower threshold voltages, enabling them to operate at reduced
supply voltages while maintaining or even improving current drive capabilities. Through carefully controlled doping of

the channel and halo regions, ELVT FinFETs offer approximately 15% improvement in effective drive current (IEFF)

IJIRCCE©2024 | An ISO 9001:2008 Certified Journal | 12760



©2024 1JIRCCE | Volume 12, Issue 11, November 2024| DOI: 10.15680/1JIRCCE.2024.121119

LA AT e e R | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.625| ESTD Year: 2013|

International Journal of Innovative Research in Computer
oS and Communication Engineering (IJIRCCE)
IJ | RCCE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

|
compared to their Super-Low Threshold Voltage (SLVT) counterparts, making them well-suited for low-power
applications that demand both high efficiency and minimal power dissipation. Moreover, with threshold voltages
optimized to around 90mV for NFETs and 70mV for PFETs, ELVT FinFETs are capable of achieving superior on-state
current (IDSAT) and operating at near-threshold conditions, thereby addressing the battery-life concerns associated
with portable 5G devices.

The advantages of ELVT FinFETs are not limited to power efficiency. Their robust high-frequency performance,
characterized by favourable metrics like cutoff frequency (FT) and maximum oscillation frequency (FMAX),
underscores their potential for high-frequency applications. Although ELVT FinFETs exhibit a slight reduction in peak
FT and FMAX compared to SLVT FinFETs (approximately 5% and 10%, respectively), their performance at lower bias
points remains advantageous, supporting the low-voltage operation typical of wearable and portable devices.

This paper presents an extensive review of ELVT FinFET technology as it applies to 5G mmWave applications. By
synthesizing findings from multiple studies, the review examines critical aspects of ELVT FinFET design, including
threshold voltage optimization, DC and RF performance metrics, and reliability under operational stress. Comparative
analyses are drawn between ELVT and SLVT FinFETs, highlighting how process modifications in ELVT FinFETs, such
as channel doping adjustments, impact their performance across a range of metrics. Additionally, this paper explores the
practical application of ELVT FinFETs in key components of 5G transceivers, such as Local Oscillator (LO) chains and
Transmission Line (TL) drivers, where power efficiency and frequency stability are essential.

II.METHODOLOGIES USED

The methodologies employed in evaluating the performance and reliability of ELVT FinFETs for 5G mmWave
applications cover a range of fabrication processes, device-level measurements, simulation techniques, and circuit-level
benchmarking. These methodologies are structured to provide an accurate and detailed comparison between ELVT and
SLVT FinFETs across critical performance metrics such as threshold voltage, current efficiency.

Circuit_and_System_Level_Benchmarking

i

LO Chains and TL Drivers

Constant Phase Noise Test Constant Supply Voltage Test
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Figurel. Circuit and system level benchmarking

2.1 Device Fabrication and Process Optimization:

ELVT and SLVT FinFETs were fabricated using a 12nm node technology platform, specifically designed to achieve
distinct threshold voltages for low-power applications. ELVT FinFETs undergo optimized channel/halo doping
adjustments, which reduce the threshold voltage (VTH) by approximately 90mV for NFETs and 70mV for PFETs, as
compared to SLVT FinFETs. This process does not require additional masking steps, thus maintaining cost-efficiency.
Doping adjustments are carefully controlled to ensure minimal impact on device electrostatics, preventing potential
deterioration in the drive current and leakage characteristics. These optimizations allow ELVT FinFETs to achieve high
current efficiency at lower voltages, essential for battery-powered 5G devices.

Cross-sectional imaging techniques, such as transmission electron microscopy (TEM), were employed to confirm the
structural integrity and profile of the FinFET channels and fins.
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Figure2. Simulation Techniques
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Figure3. Device Fabrication and process optimization

2.2 Performance Metrics and Characterization Techniques:

To accurately assess the DC and RF performance, several key parameters were measured, including the on-state current
(IDSAT), effective drive current (IEFF), cutoff frequency (FT), and maximum oscillation frequency (FMAX). IDSAT
and IEFF are particularly important for evaluating current efficiency, while FT and FMAX are indicators of a device’s
frequency response capability.

Output and transfer characteristics were recorded for both ELVT and SLVT devices under a range of biasing conditions
to quantify how each device responds to varying voltages. These measurements provide insight into the effect of
threshold voltage on the current drive capability and overall efficiency of the devices. FT and FMAX were determined
through S-parameter measurements, which were conducted over a frequency range of 1-50 GHz, employing open-short
de-embedding techniques to remove pad and interconnect parasitics. This process ensures an accurate representation of
intrinsic device performance, isolating the effects of the device structure and threshold adjustments.
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Two scenarios were tested: constant phase noise and constant supply voltage. In the constant phase noise scenario, the
supply voltage for both ELVT and SLVT TL drivers was adjusted to achieve an identical phase noise level, revealing
that the ELVT-based driver could operate with approximately 9% lower supply voltage and consume 8% less power
than the SLVT driver. In the constant supply voltage scenario, the ELVT TL driver exhibited improved VCO figure of
merit (FOMVCO) by approximately 2.8dB at 1 MHz offset frequency, demonstrating a reduced phase noise by around
3.8 dBc/Hz relative to SLVT designs. These experiments confirmed the superior power efficiency of ELVT FinFETs at
the circuit level, underlining their value for power-sensitive 5G transceiver applications.

III. RESULTS AND DISCUSSIONS

3.1 Reliability under Bias Temperature Instability (BTI) and Hot Carrier Injection (HCI):

The reliability of ELVT FinFETs was tested through BTI and HCI stress tests. Both tests assessed how ELVT and
SLVT devices behaved under prolonged operational conditions, a crucial factor for 5G applications that require stable
long-term performance. In BTI tests, which measure degradation due to charge trapping in the gate dielectric, ELVT
FinFETs demonstrated similar or improved performance compared to SLVT counterparts. HCI tests, which focus on
device degradation caused by high-energy carriers impacting the interface quality, also showed comparable or slightly
improved performance for ELVT devices.

These results suggest that ELVT FinFETs, despite the reduction in threshold voltage, maintain robustness under stress,
making them reliable for RF applications where thermal and electrical stresses are frequent. This stability is essential
for 5G transceivers, where consistent performance and minimal degradation over time are expected (Figure 3).

3.2 DC and RF Performance:

ELVT FinFETs exhibited strong DC performance metrics. For instance, the IDSAT and IEFF values for ELVT devices
were consistently higher across various biasing conditions, demonstrating superior current delivery at lower voltages
compared to SLVT FinFETs. This enhanced current efficiency is crucial for high-frequency applications, where
efficient power management is necessary to support prolonged operation.

In terms of RF performance, ELVT FinFETs maintained favourable metrics, although they exhibited a slight reduction
in peak cutoff frequency (FT) and maximum oscillation frequency (FMAX) by approximately 5% and 10%,
respectively, compared to SLVT FinFETs. These reductions are attributed to the impact of counter-doping on channel
and overlap capacitances. Despite this slight decline in peak values, ELVT FinFETs outperformed SLVT devices at
near-threshold bias points, a feature that is beneficial in wearable and low-power IoT applications.

Performance Metrics and
Characterization

DC and RF Performance

FT and FMAX Measurement IDSAT and |IEFF Measurement
S-Parameter Analysis from 1 to Enhanced Efficiency at Lower
50 GHz Voltages

Figure4. Performance metrics and characterization
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3.3 Threshold Voltage and Current Efficiency:

The threshold voltage (VTH) reduction achieved in ELVT FinFETs was significant, with NFETs and PFETs displaying
VTH reductions of approximately 90mV and 70mV, respectively. This reduction enabled the ELVT devices to deliver
enhanced current efficiency, with an increase in effective drive current (IEFF) of about 15% compared to SLVT
FinFETs. Lower threshold voltages are beneficial for reducing overall power consumption, as they allow ELVT
FinFETs to operate at reduced supply voltages while achieving comparable or improved on-state current (IDSAT)
levels relative to SLVT devices. This boost in current efficiency is particularly advantageous in low-power applications
such as portable 5G devices, where battery life and energy consumption are critical factors.

Tablel. Comparison of all the proposed methodologies

Parameter ELVT FinFET F?II;;‘/];FT Comparison/Impact
NFET: ~90mV; PFET: || Higher than |[ELVT achieves lower VTH, enabling reduced supply
Threshold Voltage (VTH) ~70mV ELVT voltage and improved power efficiency.
Effective Drive Current o/ 1 . ELVT delivers superior current efficiency, crucial for
(IEFF) 15% higher Bascline battery-powered 5G devices.
On-State Current (IDSAT) P'hg'her across all Baseline Enhanced current dehvery'at lowe‘r voltages supports
biasing conditions energy-efficient designs.

Slight reduction due to doping but sufficient for low-

Cutoff Frequency (FT) || ~5% lower than SLVT || Baseline 2
voltage applications.

Maximum Oscillation ~10% lower than Baseline Marginal trade-off in high-frequency performance
Frequency (FMAX) SLVT offset by power efficiency gains.
. ~8% lower in TL . ELVT consumes less power, ideal for wearable and
Power Consumption . Baseline .
drivers portable 5G applications.
Supply Voltage ~9% lower in LO chain Baseline Reduced supply voltage improves energy efficiency
Requirement applications without sacrificing performance.

ELVT exhibits better phase noise performance,

Phase Noise (LO Chain) ||~3.8 dBc/Hz reduction|| Baseline critical for RF stability.

Improved figure of merit confirms ELVT’s

FOMVCO (TL Driver) | ~2.8 dB improvement || Baseline suitability for high-frequency applications.

. Comparable or slightl . ELVT demonstrates robust reliability under
Reliability under BTI p Y1 Baseline (abTty
better prolonged stress conditions.
e Comparable or slightl . ELVT maintains stable performance under high-
Reliability under HCI p MY Baseline pert &
better energy carrier impacts.
Reliability Testing
BTl and HCI Stress Tests
Constant Voltage Stress CVS Mismatch Analysis
Threshold Voltage Shift Delta On-State Current Degradation Threshold Voltage Variation Current Factor Difference Delta
VTH Delta IDSAT Delta VTSAT beta

Figure5. Reliability Testing
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IV.CONCLUSION

The rapid expansion of 5G mmWave applications and the demand for high-speed, high-frequency communications
have underscored the necessity for energy-efficient and reliable semiconductor technologies. In response to these
requirements, ELVT FinFET technology, based on a 12nm node platform, represents a significant advancement in the
design of low-power RF transistors. This paper has reviewed ELVT FinFET in-depth, assessing its superior
performance in threshold voltage control, current efficiency, and RF metrics relative to SLVT FinFETs. The
comparative analysis illustrates that through targeted channel/halo doping modifications, ELVT FinFET achieves lower
threshold voltages, resulting in approximately 15% higher IEFF, while maintaining competitive reliability standards
across BTI and HCI tests. Importantly, ELVT FinFET devices maintain high performance even under near-threshold
voltage conditions, making them exceptionally well-suited for battery-powered 5G applications where power efficiency
is paramount.

At the circuit level, the use of ELVT FinFET in LO chains and TL drivers reveals that power consumption can be
significantly reduced—by approximately 8% —while maintaining equivalent or improved phase noise levels. This
reduction is achieved without additional mask steps or substantial cost increases, underscoring ELVT’s value
proposition for cost-effective 5G integration. Furthermore, with demonstrated resilience against device degradation and
robust performance across DC/RF benchmarks, ELVT FinFET offers a scalable, reliable solution for the diverse needs
of 5G transceivers.

In summary, the integration of ELVT FinFET technology into 5G systems aligns well with the goals of modern RF
design, providing high efficiency, minimized power loss, and durability under operational stresses. While the current
advancements in ELVT FinFET establish it as a superior alternative to SLVT FinFET for low-power applications,
ongoing research into further reducing gate resistance and optimizing frequency response will expand its applicability.
Looking forward, ELVT FinFET technology is poised to drive significant innovations in energy-efficient 5G
transceivers, supporting the development of robust, low-power, high-performance wireless communication systems that
meet the rigorous demands of next-generation technology.

REFERENCES

1. J. Singh et al., “14nm FinFET technology for analog and RF applications,” in Proc. Symp. VLSI Technol., Kyoto,
Japan, 2017, pp. T140-T14.1

2. Razavieh et al., “FinFET with contact over active-gate for 5G ultra-wideband applications,” in Proc. Symp. VLSI
Technol., Jun. 2020, pp. 1-2.

3. E. Jeong et al., “High performance 14nm FinFET technology for low power mobile RF application,” in Proc.
Symp. VLSI Technol., Kyoto, Japan, 2017, pp. T142-T143.

4. H.-J. Lee et al., “Intel 22nm FinFET (22FFL) process technology for RF and mm wave applications and circuit
design optimization for FinFET technology,” in Proc. IEEE Int. Electron Devices Meeting (IEDM), San Francisco,
CA, USA, 2018, pp. 1-4.

5. K. K. Kishore, J. V. Suman, M. Mallam, M. Hema and V. Guntreddi, "Scrambled UFMC and OFDM Techniques
with APSK Modulation in 5G Networks Using Particle Swarm Optimization," in IEEE Access, vol. 12, pp.
104091-104101, 2024.

6. J. V. Suman, G. M. A. Priyadarshini and C. S. Rao Tekuru, "Reliability Assessment and Life Time Prediction of
FinFET Devices for Future Electronic Applications," 2024 Second International Conference on Advances in
Information Technology (ICAIT), Chikkamagaluru, Karnataka, India, pp. 1-6, 2024.

7. Jami Venkata Suman, Kusma Kumari Cheepurupalli and Haiter Lenin Allasi, "Design of Polymer-Based Trigate
Nanoscale FinFET for the Implementation of Two-Stage Operational Amplifier", International Journal of Polymer
Science, vol. 2022, Article ID 3963188, pp. 1-12, 2022.

8. Jami Venkata Suman, “Design and Performance Evaluation of Hybrid Vedic Multipliers”, International Journal of
Innovative Technology and Exploring Engineering, vol. §, no. 8, pp. 1622-1626, 2019

9. M. Abheesh Kumar, A. Sudhakar and Jami Venkata Suman, “Design and Implementation of Compressor based 32-
bit Multipliers for MAC Architecture”, International Journal of Innovative Technology and Exploring Engineering,
vol. 8, no. 9, pp. 2007-2011, 2019

IJIRCCE©2024 | An ISO 9001:2008 Certified Journal | 12765



©2024 1JIRCCE | Volume 12, Issue 11, November 2024| DOI: 10.15680/1JIRCCE.2024.121119

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

LA AT e e R | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.625| ESTD Year: 2013|

International Journal of Innovative Research in Computer
and Communication Engineering (IJIRCCE)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

____________________________________________________________________________________|]
Sathish K, Mahalingam H, Padmaja K, Makala R, Krishnaiah NR. An integrated design for improving spectral
efficiency of FSO communication system in 6G applications. Int J Commun Syst. 2024; 37(9):e5776.
doi:10.1002/dac.5776
M. H. Na, E. J. Nowak, W. Haensch, and J. Cai., “The effective drive current in CMOS inverters,” in Int. Electron
Devices Meeting (IEDM) Tech. Dig., San Francisco, CA, USA, Dec. 2002, pp. 1 4.
An Advanced Multidimensional (1D/2D/3D) Device Simulator. [Online]. Available:
https://www.synopsys.com/silicon/tcad/device simulation/sentaurus-device.html [12] A. Razavieh, P. Zeitzoff and
E. J. Nowak, “Challenges and limitations of CMOS scaling for FinFET and beyond architectures,” IEEE Trans.
Nanotechnol., vol. 18, pp. 999-1004, 2019.
Kerber and T. Nigam, “Challenges in the characterization and modeling of BTI induced variability in metal
gate/high-k CMOS tech nologies,” in Proc. IEEE Int. Rel. Phys. Symp. (IRPS), Anaheim, CA, USA, 2013, pp. 1—
6.
P. Srinivasan et al., “Understanding gate metal work-function (mWF) impact on device reliability—A holistic
approach,” in Proc. IEEE Int. Rel. Phys. Symp. (IRPS), Burlingame, CA, USA, 2018, pp. 1-5.
T. Nigam and A. Kerber, “Reliability modeling of HK MG technolo gies,” in Proc. IEEE Custom Integr. Circuits
Conf. (CICC), San Jose, CA, USA, 2014, pp. 1-8. [16] W. McMahon, A. Haggag, and K. Hess, “Reliability scaling
issues for nanoscale devices,” IEEE Trans. Nanotechnol., vol. 2, no. 1, pp. 33-38, Mar. 2003.
P. R. Kinget, “Device mismatch: An analog design perspective,” in Proc. IEEE Int. Symp. Circuits Syst., New
Orleans, LA, USA, 2007, pp. 1245-1248.
M. J. M. Pelgrom, H. P. Tuinhout, and M. Vertregt, “Transistor match ing in analog CMOS applications,” in Int.
Electron Devices Meeting Tech. Dig., San Francisco, CA, USA, 1998, pp. 915-918.
B. Razavi, RF Microelectronics, 2nd ed. Upper Saddle River, NJ, USA: Prentice-Hall, 2011.
J. Wang, R. Groves, B. Jagannathan, and L. Wagner, “Experimental analysis of on-wafer de-embedding techniques
for RF modeling of advanced RFCMOS and BiCMOS technologies,” in Proc. 69th ARFTG Microw. Meas. Conf.,
Honolulu, HI, USA, 2007, pp. 1-4.
M. C. A. M. Koolen, J. A. M. Geelen, and M. P. J. G. Versleijen “An improved de-embedding technique for on-
wafer high-frequency characterization,” in Proc. IEEE BiCMOS Circuits Technol. Meeting, Minneapolis, MN,
USA, Sep. 1991, pp. 188-191.
H. Kaoa, B. S. Lina, C. C. Liaob, M. Chenc, C. Wuc, and A. Chinb, “Limiting factors of RF performance
improvement as downscaling to 65-nm node MOSFETSs,” in Proc. Korea—Jpn. Microw. Conf. (KIMW)

IJIRCCE©2024 | An ISO 9001:2008 Certified Journal | 12766



INTERNATIONAL

STANDARD INNO @ SPACE

SERIAL e

o Wit CrOSST Sf

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN COMPUTER & COMMUNICATION ENGINEERING

(%) 9940 572 462 (2) 6381 907 438 £ ijircce@gmail.com

r :.-'.4.' £ H
WWW. “lrcce.cnm Scan to save the contact details



