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Abstract- This manuscript deals the RF Front-End Design of 

Inductorless CMOS LNA Circuit with Noise Cancellation method 

for IoT Applications. A reconfigurable, Inductorless, wideband, 

LNA for multi-standard wireless applications among a less-area, 

single-chip, and RF front-end are presented in this manuscript. 

In this context the proposed LNA approaches two paths in 

parallel: CS (common-source) path and CG (common-gate) path. 

Here CS path is liable for providing adequate gain, at the same 

time the CG path achieved as the matching of input impedance. 

In this CG path the noise involvement can be removed by noise 

cancellation technique consequently, on the whole Noise Figure 

is enhanced. The mismatch of phase among the 2 different paths 

is moreover quantitatively investigated with analyze to its effect 

on NF and gain. The methodical values agreed to fit with their 

simulation values. The considered LNA designed in a CMOS 

45nm technology process. The simulated result with the 

frequency range of 1.04GHz with bandwidth of 3dB gain has 

achieved 22 dB gain and a low NF of 1.9 dB. The obtained 1dB 

compression point (IP1dB) is -22.4dBm and also LNA consumes 

only 6.5mA with 1.2V power supply. 

 

Keywords: Low Noise Amplifier, CMOS Technology, 

Inductorless, noise cancellation method, Noise Figure, IoT, 

WSN, common gate path and common source path. 

I. INTRODUCTION 

The speedy expansion of wireless sensors in favor of 

Internet of Things [8] led to massive enhance by 

compression of chip area and less consumption of power 

[1]. The emerging standard of the Internet of Things (IoT) 

[2] and the rising interest for wireless sensor networks 

(WSN) [6] push towards the implementation of large 

networks of wireless systems and sensors. The 

representation of Internet of Things [8] is as an international 

network of things/objects interconnecting. In an IoT area the 

technologies of wireless were important due to the suitable 

and less cost wireless connections among IoT nodes. 

Wireless technologies are frequently deployed in 

inaccessible locations or remote area.  [8]. Wireless Sensor 

Network standards like family of IEEE 802.15.4 [4,18] 

entail significantly low power consumption (Pdc) for 

inaccessible locations or remote applications by way of long 

lifetime battery. 
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The particular case of WSN standards [16] the 1.04 GHz 

industrial, scientific and medical (ISM) band typically leads 

to RFICs [13] using LNA’s circuit design with multiple 

inductors. For that reason these bulky spiral inductors result 

in costly RFIC [10]. So avoiding them is absolutely a cost 

effectual approach. On the contrary, low Pdc inductor less 

CMOS LNAs can’t offer the less NF of those inductor 

components based counterparts. Such less cost Receiver 

circuits are very challenging to Designing. To be significant 

for a WSN application, an inductorless CMOS LNAs should 

offer a high voltage gain, as well as significantly reduced 

silicon chip area [4]. Moreover, RFIC SoC structures should 

handle the amplified NF and Inductorless LNA for inherent 

wideband nature [9]. 

An Inductorless device of RF front-end circuits been 

broadly studied in modern days in both educational and 

engineering fields [1].The intention behind is to meet these 

necessities. An Inductorless circuit resides in very smaller 

area chip [4], [5] when compared with the long-established 

RF circuits, with regards to having inductive devices on-

chip [1].  

The Design of Inductorless CMOS LNA Circuit with 

Noise Cancellation method for IoT Applications is 

highlighted in this paper. The proposed LNA includes a CS 

& CG path [7,19] [Fig. 1-3 follows]. To stability the 

parameters such as linearity, gain and the consumption of 

power, the CS topology is used to offer sufficient power 

gain, although the CG is functional to matching I/P 

impedance. The method of noise cancelling technique is 

adopted to decrease the noise involvement of the path CG 

Fig.2 shows. Compared with CS, in the interim, the power 

gain & the total NF performances are also improved further. 

It has been experiential that the proposed LNA’s linearity 

has little effect on the CG path [3]. Consequently, the bias 

voltage of the circuit and power consumption is optimized to 

reduce in the CG path. The different noise cancellation of 

paths for CMOS LNAs goes during bring in a phase 

mismatch among the 2 parallel paths. This phase mismatch 

harmfully impacts the system noise cancellation & gain 

[20]. For that reason, its cause on performance of NF and 

gain is furthermore quantitatively with analyzed in this 

paper [1].  
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Fig. 1 Simplified CS and CG amplifier 

 

Fig. 2 Simplified circuit of noise cancellation CMOS 

LNA 

 

Fig. 3 The CS & CG path LNA 

The remainder of the paper is organized as follows: 

Section II presents the literature of inductorless CMOS 

LNA; Section III presents the design of LNA with parallel 

path approach with allowing for the phase mismatch; and 

also section IV deals the achievement and measurement 

values; Finally, Section V concludes the work. 

II. LITERATURE OF INDUCTORLESS  

CMOS LNA 

An Inductorless CMOS LNA structure is essentially based 

on circuit techniques for low impedance of input even as 

maintaining excellent performance of gain and noise. The 

generation of primarily real input impedance whilst a 

CMOS exhibits usually capacitive large input impedance is 

difficult to occur [17]. A clear-cut solution might be discrete 

matching using 50Ω input impedance bounding the NF to 

less than 2 dB in argument with low noise goals shown in 

Fig.2. A more sensitive approach key points to circuits 

whichever based on common source (CS) and/or common 

gate (CG) amplifiers [9]. Schematics circuit diagram of 

these architectures are shown (Fig. 1-3)[4].  

The signal received at the antenna terminal of the receiver 

is reasonably weak so good gain and noise performances are 

essential requirements for LNA. Its most important function 

is to offer adequate gain to beat the noise of the subsequent 

stages. LNA design involves the tradeoff between gain, 

linearity, NF and power consumption [11,12]. The LNA 

design optimization technique is used to build tradeoff 

between gain and linearity [4].  

 

Fig. 4 Tradeoff between parameters 

III. DESIGN OF LNA WITH PARALLEL 

APPROACH 

1. CS PATH 

The path of CS is realized by a 2 stage amplifier as shown 

in Fig. 5. The 1
st
 stage consist a transistor M1 & resistor R1. 

The 2
nd

 stage, consisting of transistors M2 and M3 resp., to 

drive 50Ω load of measurement, then the component size of 

M3 has so optimized as to attain nearly 20mS gm3. The 

equivalent small ac signal model is exposed in Fig. 6. 

Ignoring the components of parasitic capacitors i.e.,    , 

   , etc. of the MOS transistors and presumptuous the input 

impedance (   ) is matched with   , then the voltage gain of 

CS path's is given by [1] 

  
   

 

 
     

   

   
    (1) 

 Where     denotes the transconductance of transistor Mi. 

 

2. CG PATH 

The CG amplifier which consists of transistor M4, resistor 

R2, and a current (dc source) I1 is adopted to schematic 

design circuit with CG path in favor of achieving the perfect 

matching input impedance as depicted in Fig. 7. The input 

impedance of the LNA design is conquered generally by the 

transconductance [1,14] of transistor M4 (gm4) thus, gm4 of 

roughly 20mS has elected to match with RS. According to 

the equivalent small signal ac model as Fig. 5 shows, so the 

voltage gain of the selected CG among the adder is 

described as [1]: 
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Where β is the small signal transfer function starting the 

gate of M3 to the source of M3 and is specified by 

  
    

         

      
         

                             (3) 

Where     refers the drain output side impedance of Mi 

transistor. In fact                 for the advanced 

CMOS technology [15] and β value is approx taken as 1[1]. 

 

Fig. 5 an Equivalent small signal model of the CMOS 

LNA 

 

Fig. 6 noise cancellation technique 

Unlike the input impedance matching N/W’s associated 

with inductors or/and transmission lines, and the component 

of active components generate plenty of noise power. 

Consequently, a scheme of noise cancellation technique is 

implemented to diminish the noise of        
        which is the 

primary noise generator within the path of CG. As 

illustrated in Fig. 6,     
       causes two immediate voltage 

responses, one each at node A & B, by opposite signs, 

exposed as shown beneath [1]: 

                      
 

    
   (4) 

                          (5) 

At node A the noise voltage       is amplified by using 

CS path. By the side of the output node ‘C’, having noise 

voltage ( ) transferred by        is given by  

     
     

             
                      (6) 

In view of the phase mismatch between the CG & CS 

paths is (Δθ), the output of the noise voltage ( ) transferred 

by       is revised thus: 

     
         

 Δθ                     
 Δθ (7) 

By the side of output node ‘C’, the total noise voltage 

accumulated by M4 is calculated thus: 

           
       

  

     
  
  

   
    

     

 
     

 Δθ   (8) 

To reduce the noise contribution of M4, the circuit needs 

to be satisfied thus: 

   
     

 
        Δθ  

 

   
  
           (9) 

As already mentioned,         . Substituting (9) for 

(2), the relationship between   
   and   

   for the best noise 

cancelation is obtained by 

   
    

 

    Δθ 
   

       (10) 

Taking into consideration the phase mismatch among CS 

& CG paths have been aggregated in adder. Then on the 

whole voltage gain is revised as: 

  
    

     
       

 

 
      

   

   
        

 Δθ  (11) 

To attain optimally revoke the noise power of M4, the 

ratio 

of   
         

      can be calculated thus: 

  
  
  

  
          Δθ      (12) 

IV. SIMULATION RESULTS 

In the design of proposed inductorless LNA, the generated 

simulations were carried out using Spectre RF from 

Cadence design suite. These selected LNA structure 

working at the frequency of 1.04 GHz and design was using 

CMOS 45nm technology process. Fig. 8-13 shows simulated 

results and S-parameters result of CMOS LNA [22]. The 

LNA achieved to acquire a voltage gain (S21) of 22dB and 

Fig.9 shows the NF 1.9 dB. The input return loss, Sl1 is - 

12.5 dB & output return loss S22 is -11.3 dB. The attained 

value of NF is supposed to be good as it exceeds the 

constraint which is normally less than 2 dB without having 

to tradeoff the power gain which also satisfies the 

prerequisite and, also obtained Simulated 1dB compression 

point (IP1dB)=-22.9dBm shown in Fig.13 [22]. 
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Fig. 7 The Schematic of the proposed LNA 

 

Fig. 8 Input (red signal) and amplified output (green signal) 
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Fig. 9 Simulated voltage gain S21=21.66dB @ 1.04GHz center frequency 

 

Fig. 10 Simulated Noise Figure (NF) =1.9dB @ 1.04GHz center frequency 

 

Fig. 11 Simulated input return loss S11= -12.5dB @ 1.04GHz center frequency 
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Fig. 12 Simulated output return loss S22= -11.3dB @ 1.16GHz center frequency 

 

Fig. 13 Simulated 1dB compression point (IP1dB)=-22.9dBm 

 

Fig. 14 Simulated S12= -58.15dB @ 1.01GHz center frequency 
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V. CONCLUSION 

This manuscript concludes the proposed LNA approaches 

two paths in parallel: CS path and CG path. Here CS path is 

liable for provided adequate gain of 22.5dB, and due to the 

CG path the perfect input and output impedance matching is 

50Ω achieved. In the CG path, the noise involvement can be 

removed by noise cancellation technique; consequently, on 

the whole noise figure of 1.9dB is enhanced. The mismatch 

of phase among the 2 different paths is moreover 

quantitatively investigated with analyze to its effect on NF 

and gain. The methodical values agreed to fit with simulated 

results. Also this LNA provided the 1-dB compression point 

(IP1dB) as -22.9dBm and the 3
rd

-order input intercept point 

(IIP3) as -4.48dBm and the LNA consumes 6.7mW power 

with 1.2V power supply. 
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