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ABSTRACT: 

This paper presents a broadband low-power CMOS low noise amplifier (LNA) in 130 nm technology for sub-GHz 

Internet of Things (IoT) applications. The proposed circuit consists of a current reuse common source amplifier (CSA) 

in the forward path, and a positive simple transconductance amplifier (PSTA) in the feedback path. Theoretical 

calculation of the input admittance shows a positive part that presents a parallel inductance. This equivalent parallel 

inductance in the input can cancel out the input capacitance of CSA and electrostatic discharge (ESD) pad, enhancing 

the frequency bandwidth in the sub-GHz frequency band. Post-layout was simulated including ESD pads and package 

model in 130 nm CMOS technology, LNA achieves a voltage gain of 16.5 dB in a frequency bandwidth of 50 MHz to 

1.1 GHz, noise figure (NF) of less than 2.4 dB, input return loss (S11) of -11 dB, input third order intercept point (IIP3) 

of -11 dBm and 1 mW power consumption from a 1 V power supply, showing a good figure of merit compared to other 

works. The occupied core area is less than 0.002 mm2. 
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 1. INTRODUCTION 

The number of low power wide area network 

(LPWAN) connections will increase with an annual 

growth rate of more than 100% till 2023 [1]. Also, sub-

GHz LPWAN technologies are the main section of many 

internet of things (IoT) applications [2], [3]. Fig. 1 

demonstrates the position of the proposed LNA on a 

typical IoT device. As shown in figure, LNA plays an 

important role in improving the overall system 

performance. In terms of power consumption, the 

special issues should be considered to receivers designed 

for LPWAN technologies as they need to sustain long 

battery life. On the other hand, low power LNAs as the 

most power-hungry section of IoT receivers are 

considered by researchers to be worthy of study, in 

recent years [4]-[8]. Designing of an LNA mainly 

consists of a trade-off between power gain, bandwidth, 

power consumption, noise figure (NF), linearity and 

impedance matching while considering the required 

stability.  

Various techniques have been proposed for 

broadband LNA design: a) Distributed amplifier (DA), 

which absorbs the input/output parasitic capacitance of 

the input/output transistor as part of the transmission 

line, thereby leading to a broadband operating 

performance [9] b) Feedback configuration which 

achieves the wideband performance due to the inherent 

property of feedback [10], [11] c) Common gate (CG) 

configuration in which the input impedance equals 

approximately to 1/gm for a wideband frequency [12], 

and d) Common source (CS) configuration with 

broadband impedance matching network [13]. 

Authors in [14] have achieved a good impedance 

matching in 6 GHz bandwidth using the resistive 

feedback technique, but the circuit suffers from high 

power consumption and a large area due to the on-chip 

inductors. By combining current reuse, resistor 

feedback, inductor feedback, mirror bias, inductor 

peaking and source inductive degeneration techniques in 

[15], Lin et al. proposed a broadband low-voltage LNA 

in 100 MHz to 2.5 GHz frequency range but large power 

consumption and occupied area. In [16], -11 dB S11 is 

achieved in a frequency bandwidth of 1.3 GHz by using 

the CG structure and gm-boosting, but the power 

consumption is as large as 5.7 mW.  

In this paper, a sub-GHz LNA in 50 MHz to 1.1 GHz 

frequency range and power gain of 16.5 dB is proposed. 

The LNA provides simulated NF of less than 2.4 dB, 1 
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dB compression point (P1dB) of -20.5 dBm, S11 of less 

than -11 dB, input third order Intercept Point (AIP3) of 

-11.5 dBm, and consumes only 1 mW power from a 1 V 

power supply. The circuit is composed of a current reuse 

common source amplifier in forward path and a positive 

simple transconductance amplifier in voltage-shunt 

feedback path, using 130 nm CMOS technology. To the 

author's knowledge, this is the lowest power 

consumption in this frequency bandwidth in 130 nm 

CMOS LNA design reported to date. Combining of 

current-reuse circuit and feedback techniques makes an 

active inductor at the input that can cancel out the input 

capacitance due to RF electrostatic discharge (ESD) pad 

capacitance and input capacitance of CSA. To reduce the 

noise generated by feedback circuit, the transistors used 

in feedback are biased at a very low current. 

The rest of the paper is organized as follows: Section 

2 analyses the proposed circuit, whereas Section 3 

presents the results of the post-layout simulation with a 

comparison with several recent similar works. Finally, 

the conclusion is presented. 

 

 

 
Fig. 1. Position of the proposed LNA on a typical IoT device. 

 

2. ANALYSIS OF PROPOSED CIRCUIT 

Fig. 2 shows the proposed circuit. As shown in 

figure, the circuit is composed of two main sections: a 

main amplifier, and feedback section. M5 and M6 form 

the current-reuse common source amplifier. M2 to M4 is 

a positive simple transconductance amplifier [17] and 

build voltage-shunt feedback. M1 plays as a current 

source to provide DC bias of feedback network. Also, 

M1 to M4 are biased in a very low currents to reduce the 

noise injected into the input. Using the feedback 

network, the input impedance of the proposed circuit 

behaves inductively that can be used to impedance 

matching in sub-GHz by absorbing the input capacitor 

including ESD pad, while the power dissipation is still 

low. ESD pads are often not used in high frequency pads 

due to its high parasitic capacitor, but here they can be 

used in the input pad due to cancellation with equivalent 

inductor seen from the input. ESD has always been an 

important issue in the semiconductor manufactures as 

the source of unexpected destruction  of  integrated  

circuits and the proposed circuit has been protected in 

this regard. 
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Fig. 2. The proposed circuit. 

Fig. 3 illustrates the proposed AC equivalent circuit. 

The CL includes load and all parasitic capacitors at the 

output and Cin represents the all input parasitic 

capacitances including ESD pad. The transconductances 

of R1 and M1 are small; therefore, they are ignored in the 

figure. Equations (1) to (4) show the input impedance, 

voltage gain, noise figure, and input AIP3 of the circuit, 

respectively. Based on (1), the input impedance consists 

of a series resistor and inductor in parallel with Cin. It is 

evident that Cin can be tuned to cancel out the imaginary 

part of the first term in (1) over a wide frequency range 

by adjusting the size of input ESD pad, especially in sub-

GHz. Also, according to (2) which shows the circuit’s 

gain, increasing the feedback coefficients (i.e., gm2 and 

gm3) decreases gain. Equation (3) indicates the circuit 

noise figure. According to the equation, the 

transconductance of M5 and M6 plays an important role 

in the noise figure. 
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The relationship between the output and input 

voltages can be obtained by linear assumption of 

feedback network. The third derivation of this relation, 

the value of input AIP3 will be calculated as following 

[18]: 
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Fig. 3. AC equvalent circuit.
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Where K is 
1

2
OX

W
C

L
  

Fig. 4 shows the equivalent circuit of input 

impedance. Analytical and simulated S11 for the 

proposed circuit has been depicted in Fig. 5 that shows 

the equivalent circuit agrees well with the simulation 

results. 

 

 
Fig. 4. The equivalent circuit of input impedance. 

 
Fig. 5. Analytical and simulated S11 for the proposed 

circuit. 

3. SIMULATION RESULTS 

The proposed LNA has been simulated by of 

Cadence SpectreRF IC design software. All ESD 

parasitic capacitor and wire bonding effects has been 

also considered in the simulation as depicted in Fig .6. 

As shown in Fig. 7, simulated S11 is less than -11 dB up 

to 1.1 GHz. Also, Fig. 8 illustrates the noise figure and 

power gain, which are less than 2.4 dB and more than 

16.5 dB in the desired band, respectively. Based on Fig. 

9, P1dB and input AIP3 in the proposed LNA are -20.5 

dBm and -11 dBm, respectively. Fig. 10 demonstrates 

the performance variation, relative to the typical corner 

(TT) at 500 MHz. The S11 is the most sensitive 

parameter, as it varies 3 dB from SS to FF corners, but 

in the worst case it is still better than -16 dB. In general, 

the corner variations have acceptable effects on the LNA 

parameters. 
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Fig. 6. The bond-wire and load capacitance in LNA. 

In the SS corner, the NF increases and the gain 

declines due to a lower DC current, while in FF the gain 

goes up and NF decreases because of the increase in DC 

current. Also, Fig. 11 shows layout of the proposed 

circuit, which only occupies an area of 0.002 mm2. The 

corners simulation in different temperatures has also 

been carried out, that are summarized in Table 1. 

According to the table, the sensitivity of the circuit 

parameters to the process is acceptable. MOS sizes and 

other element values are summarized in Table 2. Also, 

in Table 3 this work is compared with other recent 

similar works where the Figure of Merit (FOM) is 

calculated from (5) [19]. As shown in the table, FOM for 

the proposed circuit is significantly improved compared 

to other works due to the very low power consumption. 
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 (5) 

 

 
Fig. 7. Post-layout simulation result of input return 

losses. 

 
Fig. 8. The simulated NF and power gain. 

 
Fig. 9. P1dBC and AIP3 in 500 MHz. 
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Fig. 10. Performance variation relative to typical corner (TT) at 500 MHz. 

 

 
Fig. 11. Layout of proposed LNA Core. 

 

Table 1. Simulated performance summary of the 

proposed LNA in different process corner cases. 
Corner 

Process 

BW 

(GHz) 

Power 

(mW) 

S11 

(dB) 

Gain 

(dB) 

NF 

(dB) 

TT@ 

27˚C 
0.05-

1.1 
1 

<-

11 

16.

5 
<2.4 

SS@ 

80˚C 
0.05-
1.1 

0.7 
<-
9 

15 <2.6 

FF@ 

-20˚C 
0.05-

1.1 
1.2 

<-
11.

5 

17.

5 
<2.2 

 

Table 2. MOS sizes and component values of the 

proposed circuit. 
Transistors 
W(µm) / L(µm) 

Resistance 

(KΩ) 

Capacitors 

(PF) 

M1    8 / 0.13 R1       10 Cin   1.6 

M2    6 / 0.13 R2         3  

M3    3 / 0.13   

M4    4 / 0.13   

M5  45 / 0.13   

M6  75 / 0.13   
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Table 3. Broadband-LNA performance summary in CMOS technology. 

References 
BW 

(GHz) 

S11 

(dB)  

Gain 

(dB) 

NF 

(dB) 

IIP3 

(dBm) 

VDD 

(V) 

Pdc 

 (mW) 

FOM 
(GHz/mW) 

CMOS 

Tech(nm) 

[13] 0.1–6.1 < -11 19 2.3 -16 1.2 7.35 9.92 180 

[14] 0.1–2.5 < -11 10.2-12.4 <2.8 -2 1 5.5 1.48 180 

[15] 0.05–1.3 < -11 24-27.5 2.3-3 -2.2 1 5.7 4.69 65 

[20] 0.05-1 < -10 24-30 2.2-3.3 -4 1.2 19.8 1.02 130 

[18] 0.9-2.3 < -15 22 2.3 -5.5 0.6 5.2 4.87 90 

[19] 0.1–3.4 < -10 16 3.4 -1.46 1 3.3 5.33 130 

This Work 0.05–1.1 <-10.5 16.5 <2.4 -11.5 1 1 10.4 130 

4. CONCLUSION 

In this paper, a broadband low noise amplifier by 

using 130 nm CMOS technology is presented for sub-

GHz IoT applications. The large input capacitance of 

amplifiers decreases the frequency bandwidth. The 

proposed feedback network has enhanced the frequency 

bandwidth by absorbing the input capacitor, including 

the input capacitance of ESD pad and input capacitance 

of main amplifier. The post-layout simulation results 

showed a gain of 16.5 dB, S11 less than -10.5 dB, NF 

below 2.4 dB with 1 GHz bandwidth and just 1 mW 

power consumption that indicates a good agreement 

with analytical results. The circuit core occupies only 

0.002 mm2. 

 

REFERENCES 
[1] O’Dea. (2021,Sep.). Global LPWAN Connections 

2017–2023, by Technology. [Online]. Available: 

https://www.statista.com/statistics/88 0822/lpwan-

ic-market-share-by-technology/ 

[2] W. Ayoub, A. E. Samhat, F. Nouvel, M. Mroue, and 

J.-C. Prévotet, “Internet of mobile things: 

Overview of lorawan, dash7, and nb-iot in lpwans 

standards and supported mobility,” IEEE 

Communications Surveys & Tutorials, Vol. 21, No. 

2, pp. 1561-1581, 2018. 

[3] R. Herrero, Fundamentals of IoT Communication 

Technologies. Springer, 2022. 

[4] J. Wu, B. Guo, H. Wang, H. Liu, L. Li, and W. Zhou, 

“A 2.4 GHz 87 μ W low-noise amplifier in 65 nm 

CMOS for IoT applications,” Modern Physics 

Letters B, Vol. 35, No. 32, p. 2150485, 2021. 

[5]  S. Y. Hojat, H. F. Baghtash, and E. N. Aghdam, “A 

350μW Low Noise Amplifier for IOT 

Applications,” in 2021 Iranian International 

Conference on Microelectronics (IICM), pp. 1-4.  

[6] S. C. Gladson, A. H. Narayana, V. Thenmozhi, and 

M. Bhaskar, “A 219-µW ultra-low power low-noise 

amplifier for IEEE 802.15. 4 based battery 

powered, portable, wearable IoT applications,” 

SN Applied Sciences, Vol. 3, No. 4, pp. 1-18, 2021. 

[7]  K. S. Yi, S. A. Z. Murad, and S. Mohyar, “A study 

and analysis of high efficiency CMOS power 

amplifier for IoT applications,” Journal of Physics, 

Vol. 1755, No. 1, p. 012020, 2021. 

[8] S. Nejadhasan, F. Zaheri, E. Abiri, and M. R. Salehi, 

“PVT‐ compensated low‐ voltage and low‐
power CMOS LNA for IoT applications,” 

International Journal of RF and Microwave 

Computer‐ Aided Engineering, Vol. 30, No. 11, p. 

22419, 2020. 

[9] E. Hanae, A. T. Naima, and E. Taj-eddin, “2.3–21 

GHz broadband and high linearity distributed 

low noise amplifier,” Integration, Vol. 76, pp. 61-

68, 2021. 

[10]  Y. Qian, S. Wang, and S. Diao, “A Low Power 

Inductorless Wideband Low Noise Amplifier,” in 

2019 12th International Congress on Image and 

Signal Processing, BioMedical Engineering and 

Informatics (CISP-BMEI), pp. 1-5, 2019. 

[11] Z. Li, S. Wang, Z. Li, H. Tang, and Y. Zhuang, “A 

0.5 to 6 GHz wideband cascode LNA with 

enhanced linearity by employing resistive shunt‐
shuntfeedback and derivative superposition,” 

Microwave and Optical Technology Letters, Vol. 62, 

No. 10, pp. 3157-3162, 2020. 

[12] V. Singh, S. K. Arya, and M. Kumar, “A Common-

Gate Current-Reuse UWB LNA for Wireless 

Applications in 90 nm CMOS,” Wireless Personal 

Communications, Springer, Vol. 119, No. 2, pp. 

1405-1423, 2021. 

[13] F. S. Bidabadi and S. V. Mir-Moghtadaei, “An 

Ultra-Wideband 0.1–6.1 GHz Low Noise 

Amplifier in 180 nm CMOS Technology,” Journal 

of Circuits, Systems and Computers, Vol. 30, No. 06, 

p. 2150104, 2021. 

[14]  S.-C. Lin, C.-L. Tai, S.-F. Wang, Y. Ku, Z.-W. 

Wang, and S.-C. Liu, “A broadband low noise 

amplifier for high performance wireless 

microphones,” International Symposium on 

Intelligent Signal Processing and Communication 

Systems (ISPACS), 2019: IEEE, pp. 1-2, 2019. 

[15] S. Kim and K. Kwon, “Broadband Balun-LNA 

Employing Local Feedback g m-Boosting 

Technique and Balanced Loads for Low-Power 

Low-Voltage Applications,” IEEE Transactions on 

Circuits and Systems I: Regular Papers, Vol. 67, No. 

12, pp. 4631-4640, 2020. 

[16] C.-H. Chang and M. Onabajo, “Analysis and 

demonstration of an IIP3 improvement technique 

for low-power RF low-noise amplifiers,” IEEE 



Majlesi Journal of Electrical Engineering                                                                    Vol. 16, No. 4, December 2022 

 

158 

 

Transactions on Circuits and Systems I: Regular 

Papers, Vol. 65, No. 3, pp. 859-869, 2018. 

[17] A. Aydoğdu, D. Tomar, O. Z. Batur, and G. Dündar, 

“A 2.55-mW on-chip passive balun-LNA in 180-

nm CMOS,” Analog Integrated Circuits and Signal 

Processing, Vol. 111, No. 2, pp. 223-234, 2022. 

[18] A. A. Roobert and D. G. N. Rani, “Design and 

analysis of 0.9 and 2.3‐ GHz concurrent dual‐

band CMOS LNA for mobile communication,” 

International Journal of Circuit Theory and 

Applications, Vol. 48, No. 1, pp. 1-14, 2020. 

[19]  J. Shi, X. Yan, H. Zhang, W. Zhao, X. Xia, and F. 

Lin, “A 0.1-3.4 GHz LNA with Multiple Feedback 

and Current-Reuse Technique based on 0.13-μm 

SOI CMOS,” in 2019 IEEE MTT-S International 

Wireless Symposium (IWS), pp. 1-3, 2019. 

 


