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Abstract
With the increasing need for the Internet of things (IoT), wireless communication has become a popular technology for the network. This
explosion of IoT wireless applications makes the power consumption a key metric in the design of wireless sensor nodes. The major
constraint of the wireless sensors nodes is battery energy, which is the mainly challenging problem in designing IoT network. these constraints have imposed new yet stringent specs to the design of RF front-ends. The design of adaptive radio-frequency circuits, in order to
reduce power consumption, is of interest. In a RF receiver chain, the Low Noise Amplifier (LNA) stand as critical elements on the power
consumption.
To address this purpose, this paper proposes a design strategy for an adaptive Low Noise Amplifier as the first element of the receiver
chain. Hence the proposed LNA achieves the correct QoS for various scenario of communications. Using the proposed LNA, a significant trade-off between a conversion gain, noise figure and energy consumption is presented.
Keywords: Internet of Things; Low Noise Amplifier; Energy Consumption.

1. Introduction
Recently, the internet of things (IoT) is attracting lot of interest among researchers, since it can be expected to be widely used in a vast
variety of applications, as illustrated in Fig.1. Using the evolution of wireless communications, traditional homes and workplaces can be
transformed to smart homes or smart workplaces. Intelligence can be broadened to a whole city becoming a smart city. In the medical
domain the IoT is also providing solutions to reduce medical errors [1].
The massive IoT applications need wireless sensor nodes with small form factor for an easy distribution in the environment, reduced
power consumption for an extended lifetime and limited impact on the environment. This strategy of the IoT produces major challenges
in the design of autonomous WSNs. The principal characteristic of such networks is nodes with limited resources and sensor nodes are
typically battery powered. Under such an energy restraint condition, sensor nodes can only transmit a finite number of packages in their
lifetime. Consequently, the power consumption is always considered in internet of things applications.

Fig. 1: Application Domains of the Internet of Things (Iot).

The power consumption of a sensor node is shared between the radio communication part for wireless data communication, the MicroController Unit (MCU) and sensing unit which contains of one or more sensors and analog-to-digital converters (ADCs) for data acquisition [2]. For IoT applications, the radio part is one of the critical blocks in wireless sensor nodes and consumes the majority of battery
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energy as depicted in Fig.2. By optimizing power consumption of this block, performance and energy requirements of the entire RF unit
can be significantly improved.

Fig. 2: Repartition of the Power Consumption in A Wireless Sensor Node.

Since, the low noise amplifier (LNA) has an important role as the first active element of the RF receiver. In this paper, we will describe
the design and implementation of low-power CMOS RF LNA for 2.4- GHz-band IEEE 802.15.4 standard. There are several topologies
for narrow band single ended LNA design; an appropriate topology should be selected for low power and low voltage optimized LNA
design.
This paper is structured as follows: In the next two sections we summarize related work and describes the proposed LNA. Experimental
results and discussions are shown in Section 4. Performances evaluation of the modified LNA is proposed in Section 5. Finally, Section 6
concludes this work.

2. Related work
In the receiver chain, the RF signal received is often very small and surrounded by interferers so the Signal to Noise Ratio is easily degraded impacting negatively in the receiver performance. Hence, the first block of an RF receiver should amplify the received weak signal with minimal noise added to the system in order to increase the sensitivity of the receiver. Therefore, the Low noise amplifier (LNA)
is a part of the most important building blocks for displaying receiver chain. In the literature, a lot of effort has been focused on low
power consumption LNAs design. Some researches combine the LNA and the mixer, supplied by the same DC current, to save power
consumption [3], [4].
LNAs are key components in the front-end receiver system, which amplify the received Radio Frequency (RF) signal from antenna.
LNAs are used in diverse applications, such as, Global Positioning System (GPS) receivers, wireless data systems, satellite communication, cellular handsets and radio systems. In [5], a significant tradeoff between gain, noise figure (NF), stability, linearity, input impedance matching and power consumption has presented. In the receive chain, the noise is reduced by the gain of the LNA. Therefore, the
function is primarily to boost the signal power while adding minimum noise and distortion to the signal [6]. LNAs can adopt various
design topologies and structures, but the input and output impedance must be matched [7].
In [8], the authors have proposed an adaptive LNA for intelligent IoT sensor node applications. The proposed LNA is based on reconfigurability methods that use power supply, bias current, bias voltage and passive bank adjustments. Authors in [9] introduced the nonlinear
prediction model using successive learning process based on MARS algorithm and Monte-Carlo samples.
In this paper, to achieve the low power consumption it uses a CS-LNA architecture which consists on connecting MOSFETs M1 and M2
by a Linear Resistor then a Non-Linear Resistor, to reduce the voltage of M1 and M2, with an input and output impedance matching of
50 Ω. In this study, we aim to optimize our LNA design in two directions. One is for low NF and low power, and the other is for high
gain.

3. The proposed LNA
In this paper, the CS-LNA in 0.18μm technology is presented as shown in Fig.3. MOSFETs M1 and M2 represent the core of the proposed LNA [10]. Capacitance C1 is connected to terminals of M1 in edict to reduce value of input matching inductor. The highest value
of transconductance (gm) is divided by a drain current (id) in the MOSFETs M2 [11]. In the architecture, the basic topology of NMOS
transistors is used. The proposed LNA provides an input matching and output matching to be matched with 50 Ω impedance. This LNA
uses a resistive load. The optimum value of the quality factor Q, of the LNA is defined by:
Q(w0 ) =

w0 W(w0 )

(1)

P(w0 )

Where, w0 is the resonance pulse, W(w0 ) is the electromagnetic energy and P(w0 ) is the dissipated power.
The theoretical value of Q would be 4. To keep the value of Q, and additional capacitor is used. Therefore, the capacitor C1 is part of
input matching. The input impedance of the proposed LNA is given by:
Zin =

Vin
iin

=

(R3 ig +vc +jwL3 I3 )

ig

iin

jwct

⇒ Zin = R 3 +

1
jwct
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, i3 = ig + g m vc andct = (c1 + cgs )

⇒ Zin = R 3 +

1
jw(cgs+c1 )

+ jwL3 +

(2)

gm L3
(cgs +c1 )

Where, Cgs is a gate-source capacitor of the MOSFET M2.
If the input impedance 𝑍𝑖𝑛 of the LNA is not matched to the antenna, or antenna filter, the signal may bounce back to the antenna to be
reradiated. Impedance matching is characterized by the S-parameter 𝑆11 expressed in Equation (3).
S11 =

Zin−Z0
Zin+Z0

(3)
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Where 𝑍0 is the impedance of the source delivering the signal, typically 50 Ω. The 𝑆11 parameter is directly related to the input signal
power and the power
absorbed by the LNA as detailed in Equation (4).
1-S112=

Input power of the LNA

(4)

Available power from the source

A 𝑆11 < -10 dB corresponds to a signal absorption of more than 90 %.
As shown in Fig.2, the proposed CS-LNA is based on Linear Resistors. The adopted topology is called Linear Resistors Common Source
LNA (LRCS-LNA).

Fig. 3: The LRCS-LNA architecture.

4. Results and discussion
The proposed circuit is simulated with ADS simulation tools in 0.18-μm CMOS. The circuit is designed for 2.4- GHz ISM frequency
band using the 2.4-2.48 GHz bandwidth. The proposed LNA dissipates 7.2-mA from a 1.8-V supply. The S-parameters simulation results
are shown in Fig.3. The input return loss (S11) is -20 dB and output return loss (S22) is -5 dB at 2.4 GHz. Using the proposed LNA an
gain (S21) of 10.2 dB is obtained.

Fig. 4: S-Parameters of the LRCS-LNA.

From Fig.4, it can be seen that the isolation is well acceptable in the entire band. This gain meets the specifications of the Zigbee standard. The matching at the input ensures an NFmin is about 1.4 dB at operating frequency of 2.4 GHz as illustrated in Fig. 5.

Fig. 5: Noise Figure Simulation Result.
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When designing an LNA, we should consider many factors. First of all, the added noise must be minimized, then we should have acceptable gain with input adaptation. The first aspect is very important in order to avoid that part of the incoming signal is reflected back
to the antenna and so reducing the signal gain. To address the above-mentioned concerns, the proposed LNA manipulates transistor construction. Therefore, R2 and R4 which are used as the LNA output load are replaced by a MOSFET, who’s the grid is connected to the
drain, as depicted in Fig. 6. The proposed method is called Non-Linear Resistors CS-LNA (NLRCS-LNA). Replacing R2 and R4 nonlinear improves isolation and increases the gain and as a consequence Noise Figure and linearity get deteriorated.

Fig. 6: The NLRCS-LNA Architecture.

5. Performances evaluation of the NLRCS-LNA
In our LNA design, noise and power matching is the most preferred technique to evaluate the radio performance of communication system. The performances of the NLRCS-LNA architecture have been depicted in Fig. 7 and Fig. 8. Fig. 7 depicts a minimum value of S11
of -24dB. From this figure, we can see that the input and output impedance of the proposed LNA are well adopted at 2.4-GHz which is a
goal in the study. The good matching ensures a maximum power gain of 8 dB. The modified LNA dissipates 4.8-mA from a 1.8-V supply.

Fig. 7: S-Parameters of the NLRCS-LNA Topology.

Noise figure (NF2) and minimum noise figure (NFmin) have been shown in Fig. 8. This figure shows that at the center frequency NF has
the smallest difference from minimum noise figure. Note that NFmin is achieved if the optimum noise matching is satisfied in the input,
that is contradictory with power matching and hence scarify the gain.

Fig. 8: Noise Figure of the NLRCS-LNA Topology.
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In this paper, the common-source LNA (CS-LNA) is presented. Two architectures of the proposed LNA are considered. The first is based
on Linear Resistors (LRCS-LNA) whereas the second uses Non-Linear Resistors (NLRCS-LNA). For the both architectures, the CSLNA achieves high gain, low noise figure and low power consumption which are critical LNA performance parameters. The proposed
architectures involve tradeoffs among input matching, power dissipation, gain, and noise. The CS-LNA architecture achieves a lower
noise figure and consumes less DC power with good matching at the input. Furthermore, The NLRCS-LNA architecture achieves a good
gain. Despite the NLRCS-LNA architecture exhibits superior performance, the LRCS-LNA topology is currently popular in LNA design
for the wireless sensor network applications.
The performance of the CS-LNAs are summarized and compared with the state of the art LNAs in Table 1. As can be seen in table 1, the
NLRCS-LNA architecture achieves a very low power and a low noise consumption with comparable state of the art LNAs performance.

Technology (nm)
Freq (Ghz)
Power dissipation [mW]
Gain (dB)
NF (max) (dB)
S11 (dB)
VDD (V)

[12]

[13]

130
3
0.4
9.1
4.7
-17
0.6

130
5.1
1.03
10.3
5.3
-17.7
0.4

Table 1: Performances Comparison
[142]
[15]
[16]
[17]
180
2.4
1.13
21.4
5.2
-19
1.8

130

130

180

This work
LRCS-LNA
180

5.6
13
3.6
-14
1.2

17
10
3.7
-25
1.2

7.2
17
0.01
-15
1.8

7.2
10.2
3.1
-20
1.8

NLRCS-LNA

4.8
8
0.6
-24

6. Conclusion
The power, gain and low noise figure are the major constraints in designing a receiver unit for WSN. Therefore, choosing an ultra-power
energy-efficient receiver is a challenging process. Since a low-noise amplifier is the first active stage of a CMOS RF receiver, an adaptive Low-Power CMOS LNA seems necessary. The CS-LNA is currently popular because it achieves high gain and low noise figure for
the wireless applications. In this paper, a 2.4 GHz common-source LNA was designed in a standard 0.18 µm CMOS technology.
In this paper, the NLRCS-LNA and the LRCS-LNA architectures have been proposed. The NLRCS-LNA architecture can be used effectively using IoT as the protocol delivers a better result for homogeneous networks in comparison to LRCS-LNA architecture. Simulation
result shows improved network performance for metrics such as power dissipation, gain and Noise figure.

References
[1] M. Angira, K. Rangra, “A novel design for low insertion loss, multi-band RF-MEMS switch with low pull-in voltage”, International Journal of Engineering Science and Technology, Vol. 9, pp. 171-177, 2016. https://doi.org/10.1016/j.jestch.2015.07.001.
[2] Anastasi G, Conti M, Francesco MD, Passarella A, “Energy conservation in wireless sensor networks: a survey”, Elsevier ad hoc networks journal,
vol. 7(2), pp. 537-68, 2009. https://doi.org/10.1016/j.adhoc.2008.06.003.
[3] M. Javinen, J. Kaukovuori, J. Ryynanen, J. Jussila, K. Kivekas, M. Honkane and K. A. I. Halonen, “2.4-GHz receiver for sensor applications”,
IEEE Journal of Solid-State Circuits, vol. 7, pp. 1426-1433, 2005. https://doi.org/10.1109/JSSC.2005.847273.
[4] T. Song, H. Oh, E. Yoon, and S. Hong, “A low power 2.4GHz current reused receiver front-end and frequency source for wireless sensor network”,
IEEE Journal of Solid-State Circuits, Vol. 5, pp. 1012-1022, 2007. https://doi.org/10.1109/JSSC.2007.894338.
[5] Baoyong Chi, Bingxue Shi and Zhihua Wang, “A CMOS down-conversion micromixer for IEEE802.11b WLAN transceivers”, IEEE International
Symposium ISCAS’, pp. 3762-3765, 2006.
[6] Bo-Shih H and Ming-Dou K, “New Matching Methodology of Low-Noise Amplifier with ESD Protection”, IEEE International Symposium on
Circuits and Systems, pp. 4891-4894, 2006.
[7] S. Joo, T. Choi, and B. Jung, “A 2.4 GHz Resistive Feedback LNA in 0.13um CMOS”, IEEE J. Solid-State Circuits, vol. 44, pp. 3019-3029, 2009.
https://doi.org/10.1109/JSSC.2009.2031912.
[8] C.-T.Fu, et al, “A 2.4-5.4 GHz wide tuning-range CMOS reconfigurable low noise amplifier”, IEEE Trans. On Microwave Theory and Techniques,
vol.566, no.12, 2008.
[9] A.Goyal, “A new self-healing methodology for RF amplifiers circuits based on oscillation principles”, IEEE Trans. on VLSI, vol.20, no.10, 2012.
https://doi.org/10.1109/TVLSI.2011.2163953.
[10] Azizan, S. A. Z. Murad, R. C. Ismail and M. N. M. Yasin, “A review of LNA topologies for wireless applications”, 2 nd International Conference on
Electronic Design (ICED), pp. 320-324, 2014. https://doi.org/10.1109/ICED.2014.7015822.
[11] T.Taris, JB. Begueret and Y. Deval, “A 60uW LNA for 2.4GHz Wireless Sensors Network”, IEEE Radio Frequency Integrated Circuit Symposiom
(RFIC), pp. 1-4. 2011. https://doi.org/10.1109/RFIC.2011.5940633.
[12] H. Lee and S. Mohammadi, “A 3 GHz sub threshold CMOS low noise amplifier”, Radio Freq. Integrated Circuits (RFIC), 2006.
[13] D. Wu, R. Huang, W. Wong, and Y. Wang, “A 0.4-V Low Noise Amplifier Using Forward Body Bias Technology for 5 GHz Application”, IEEE
Microwave and Wireless Components Letters, vol. 17, pp. 543-545, 2007. https://doi.org/10.1109/LMWC.2007.899323.
[14] A. V. Do, C. C. Boon, M. A. Do, K. S. Yeo, and A. Cabuk, “A subthreshold low-noise amplifier optimized for ultra-low-power applications in the
ISM band”, IEEE Transactions on Microwave Theory and Techniques, vol. 56, pp. 286-292, 2008. https://doi.org/10.1109/TMTT.2007.913366.
[15] M. E. Kaamouchi, M. S. Moussa, P. Delatte, G. Wybo, A. Bens, J. P. Raskin, and J. V. Vanhoenacker, “A 2.4-GHz Fully Integrated ESD-Protected
Low-Noise Amplifier in 130-nm PD SOI CMOS Technolog”, IEEE Transaction on Microwave Theory and Techniques, vol. 55, pp. 2822-2831,
2007. https://doi.org/10.1109/TMTT.2007.909148.
[16] M. El-Nozahi, E. Sanchez-Sinencio, and K. Entesari, “A CMOS Low-Noise Amplifier with Reconfigurable Input Matching Network”, IEEE
Transactions on Microwave Theory and Techniques, vol. 57, pp. 1054-1062, 2009. https://doi.org/10.1109/TMTT.2009.2017249.
[17] Chihoon Choi, Joonwoo Choi and Ilku Nam, “A low noise and highly linear 2.4-GHz RF front-end circuit for wireless sensor networks”, International Conference on ASIC (ASICON), pp.1050-1053, 2011. https://doi.org/10.1109/ASICON.2011.6157388.

