UNIVERSITAS

Design and Analysis of a Low-Power 45 nm CMOS LNA for 2.4 GHz BLE Receivers Using Inductive
Degeneration and PCSNIM Technique
Cornelia Zefanya, Dzuhri Radityo Utomo, S.T., M.S., Ph.D.;Ir. Prapto Nugroho, S.T., M.Eng., D.Eng., IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

GADJAH MADA REFERENCES

[1] MathWorks, “Bluetooth LE channel selection algorithms,” https://www.mathworks.
com/help/bluetooth/ug/bluetooth-le-channel-selection-algorithms.html, 2024, ac-
cessed: 29 May 2026.

[2] B. Razavi, RF Microelectronics, 2nd ed. Upper Saddle River, NJ: Prentice Hall,
2011.

[3] T.-K. Nguyen, C.-H. Kim, G.-J. Ihm, M.-S. Yang, and S.-G. Lee, “CMOS low-
noise amplifier design optimization techniques,” IEEE Transactions on Microwave
Theory and Techniques, vol. 52, no. 5, pp. 1433-1442, 2004.

[4] B. Razavi, “CMOS technology characterization for analog and RF design,” IEEE
Journal of Solid-State Circuits, vol. 34, no. 3, pp. 268-276, Mar. 1999.

[5] Cadence PCB Education, “Decoding RF-CMOS Performance Trends,” https:
/[resources.pcb.cadence.com/blog/2023-decoding-rf-cmos-performance-trends,
2023, accessed: 21 Apr. 2026.

[6] M. Al-Emran et al., “A survey on the evolution of bluetooth technology: From basic
rate to channel sounding and beyond,” Sensors, vol. 25, no. 3, p. 996, 2025.

[7] R. Heydon, Bluetooth Low Energy: The Developer’s Handbook. Upper Saddle
River, NJ: Prentice Hall, 2013.

[8] L. Liao, S. Kaehlert, A. Atac, R. Wunderlich, and S. Heinen, “A low power LNA for
Bluetooth Low Energy application with consideration of process and mismatch,” in
2012 Asia Pacific Microwave Conference Proceedings. 1EEE, 2012, pp. 1-3.

[9] J. Wu, B. Guo, H. Wang, and H. Liu, “A 2.4 GHz 87 uw low-noise amplifier in 65-
nm CMOS for IoT applications,” in 2021 International Conference on Electrical,
Communication, and Computer Engineering (ICECCE). 1EEE, 2021.

[10] F. Fouquet, “Friis formula,” in Noise in Radio-Frequency Electronics and its Mea-
surement. Hoboken, NJ: Wiley, 2020, pp. 23-35.

[11] Bluetooth Special Interest Group, Bluetooth Core Specification Version 6.0,
Bluetooth SIG, 2024, accessed: 28 May 2026. [Online]. Available: https:
/Iwww.bluetooth.com/specifications/specs/core-specification-6-0/

[12] M. Bansal and Jyoti, “Low power and high linearity cascode CMOS LNA for BLE
applications in 45 nm technology,” in 2019 3rd International Conference on Recent
Developments in Control, Automation & Power Engineering (RDCAPE). 1EEE,
2019, pp. 1-5.

[13] C.-T. Hsiao, “Design of a 2.4 GHz CMOS LNA for Bluetooth Low Energy
application using 45 nm technology,” M.S. thesis, San Jose State University,
San Jose, CA, USA, 2017. [Online]. Available: https://scholarworks.sjsu.edu/etd_
theses/4802

59


https://www.mathworks.com/help/bluetooth/ug/bluetooth-le-channel-selection-algorithms.html
https://www.mathworks.com/help/bluetooth/ug/bluetooth-le-channel-selection-algorithms.html
https://resources.pcb.cadence.com/blog/2023-decoding-rf-cmos-performance-trends
https://resources.pcb.cadence.com/blog/2023-decoding-rf-cmos-performance-trends
https://www.bluetooth.com/specifications/specs/core-specification-6-0/
https://www.bluetooth.com/specifications/specs/core-specification-6-0/
https://scholarworks.sjsu.edu/etd_theses/4802
https://scholarworks.sjsu.edu/etd_theses/4802

UNIVERSITAS

Design and Analysis of a Low-Power 45 nm CMOS LNA for 2.4 GHz BLE Receivers Using Inductive
Degeneration and PCSNIM Technique
Cornelia Zefanya, Dzuhri Radityo Utomo, S.T., M.S., Ph.D.;Ir. Prapto Nugroho, S.T., M.Eng., D.Eng., IPM.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

CGADJAHIYAPAC. Gomez, J. Oller, and J. Paradells, “Overview and evaluation of bluetooth low

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

energy: An emerging low-power wireless technology,” Sensors, vol. 12, no. 9, pp.
11734-11753, 2012.

A. Henley, “Bluetooth 5: More speeds, more range, new RF tests,” https://www.edn.
com/bluetooth-5-more-speeds-more-range-new-rf-tests/, 2017, accessed: 1 May
2026.

C. A. Balanis, Antenna Theory: Analysis and Design, 3rd ed. Hoboken, NJ: John
Wiley & Sons, 2005.

M. Nasrollahpour, R. Sreekumar, F. Hajilou, M. Aldacher, and S. Hamedi-Hagh,
“Bluetooth Low Energy (BLE) direct down conversion receiver front end in 65-nm
CMOS technology,” in 2017 First New Generation of CAS (NGCAS). 1EEE, 2017,
pp. 141-144.

H. T. Friis, “Noise figures of radio receivers,” Proceedings of the IL.R.E., vol. 32,
no. 7, pp. 419422, Jul. 1944.

D. M. Pozar, Microwave and RF Design of Wireless Systems. New York: John
Wiley & Sons, 2001.

D. K. Shaeffer and T. H. Lee, “A 1.5-V, 1.5-GHz CMOS low noise amplifier,” I[EEE
Journal of Solid-State Circuits, vol. 32, no. 5, pp. 745-759, May 1997.

J.-S. Goo, H.-T. Ahn, D. J. Ladwig, Z. Yu, T. H. Lee, and R. W. Dutton, “A noise
optimization technique for integrated low-noise amplifiers,” IEEE Journal of Solid-
State Circuits, vol. 37, no. 8, pp. 994-1002, 2002.

H. Kavousi Ghafi, “Interference simulation of Bluetooth Low Energy,” Institute
of Electrodynamics, Microwave and Circuit Engineering, Technische Universitét
Wien, Technical Report ATCZ175 Interop Project, Version 1.1, Mar. 2018.

B. Razavi, Design of Analog CMOS Integrated Circuits, 1st ed. = New York:
McGraw-Hill, 2001.

60


https://www.edn.com/bluetooth-5-more-speeds-more-range-new-rf-tests/
https://www.edn.com/bluetooth-5-more-speeds-more-range-new-rf-tests/

	REFERENCES

