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Abstract: By increasing the transceiver devices within the 3.1 to 10.6 GHz frequency 

band, the interferers and strong blockers from different equipment degraded the main 

received signals, so linearity performance becomes more notable. In this paper, a two-

path low noise amplifier (LNA) is proposed for satisfying the overall efficiency of the 

Ultra-wideband (UWB) radar used in vital sign detection, precise indoor localization, 

and high data rate wireless communications. A novel high linear circuit is recommended 

based on Complementary Derivative Superposition (CDS) and Post Distortion (PD) 

techniques. High pass filter and inductive source degeneration structured input 

impedance matching. Post layout results of the designed UWB-LNA in 180-nm CMOS 

represented the average of third-order Intercept Point (IIP3) is 8.1 dBm, S21 is 11 dB 

and, S11 is below -10 dB. The minimum noise figure (NF) is 3.11 dB. The circuit draws 

12.7 mA at 1.4-V. The chip area is 930 µm × 1090 µm. The proposed design in this 

work exhibits higher FOM compared to similar LNAs, It is clear, high-linearity 

performance in total bandwidth is an advantage compared to recent articles. 
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1   Introduction 

HROUGH-WALL detection radar, high 

data rate communication, 5G 

communication system, and software-defined radio 

(SDR) applications usually operate within the 3.1 to 

10.6 GHz Bandwidth. The interactions of numerous 

types of signals should consider for designing a 

receiver [1]-[5]. Nowadays, the demand for 

connected devices in the industry and smart homes 

has increased dramatically. The operating frequency 

for UWB technology interferes with the devices, and 

signal degradation could concern manufacturers. In 

this regard, increasing the linearity of the receiver is 

a reliable solution to improve the system 

performance [6], [7]. 
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The MOSFETs have low current dissipation, 

high-frequencies operation, support of the high 

speed of service, and the system on chip integration 

which are the most desirable candidate for the Radio 

Frequency (RF) application [8], [9]. The LNA is the 

critical part of the RF front-end receiver adjusting 

the linearity and the noise characteristics. Linearity 

due to the existing strong narrow-band interferes and 

intermodulation distortion is measured by the IIP3 

parameter, used to compare different receivers [10]-

[12]. A two-pass structure is a scheme for modifying 

the LNA to achieve good gain, low NF, and 

wideband impedance matching [13]. It is practically 

impracticable to get a policy to accomplish an utterly 

acceptable efficiency, especially when high linearity 

is more attractive[14].  

The CMOS LNA based on inverter cells was 

analyzed in [15], and tow-pass LNA based on the 

inverter is reported in[16]. This structure works at a 

lower X band and has low IIP3; also, the circuit was 

verified by schematic simulation. A wideband 

CMOS-LNA based on complementary push-pull is 

fabricated in 65-nm with 5.5 dBm of IIP3, but the 
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maximum operation frequency of this LNA is 1.6 

GHz [17]. A LNA based on current-reused CDS is 

fabricated, which operates at 2.5 GHz applications 

with IIP3 of 3.2 dBm [18]. Also, a two-pass CMOS-

LNA is fabricated for sub-11 GHz application [13], 

but IIP3 is -9.1 dBm. In [19], a double Common 

Source (CS) structure (complementary form) is 

designed for sub-12.6 GHz, in which linearity is not 

analyzed, and IIP3 is -4.7 dBm.  

The main drawbacks of the mentioned papers are 

linearity performance, and constraint on the 

bandwidth ordered. Looking for the performance of 

the tow-path LNA, it can be seen that the 

linearization technique has not been applied to this 

structure. Technique CDS has the feature that 

adjustment IIP3 is done by tuning the bias and size 

of NMOS and PMOS[20]. Also, linearization is 

developed by applying the PD method to the output, 

and there are no matching problems [21]. To solve 

the impedance matching problem in wideband 

receivers, the LC filter helps the input matching 

network [22].  

LNA topology based on simultaneous noise and 

distortion cancellation is another unique 

solution[23]. In this regard, a novel UWB-LNA base 

on a two-path structure was proposed to obtain high 

linearity over the desired band. The new design 

combines the CDS stage (plotted in Fig. 1) and CS 

topology, followed by the PD technique. The LNA 

has high IIP3 (maximum is 12.65 dBm), tolerable 

power consumption, and moderate NF from the post-

layout simulation. The paper will be explained as 

follows: The circuit operation is detailed in section 

2. Characteristics such as linearity, gain, impedance 

matching, and noise are analyzed in section 3.  Post-

layout results are discussed in section 4. Eventually, 

the conclusion is studied in section 5. 

 
Fig. 1 Complementary stage. 

2   Circuit Consideration 

The high-performance LNA is a significant 

challenge in UWB IR radar, UWB Indoor Position 

Location Systems (IPLS), frequency-division 

duplex (FDD) mobile communications, 5G, and 

Cognitive Radio (CR) applications [24]-[27]. 

Optimal performance with high linearity can be a 

specific point for designed LNA.  Therefore, in the 

proposed CMOS-LNA, increasing the linearity in 

the whole frequency range is one of the main 

intentions. The circuit schematic of the two-path 

UWB-LNA is shown in Fig. 2.  
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Fig. 2 Proposed two-path UWB LNA. 

The circuit has two paths to overcome the 

nonlinearity and input impedance matching. We 

define the primary path and secondary path for the 

CS and CDS stages, respectively. According to 

Fig.1, CDS stages can eliminate the nonlinearity 

terms of  PMOS and NMOS[11], [22], so the 

secondary path is utilized for improving the 

linearity. This path includes 𝑀𝑛1 and 𝑀𝑝1 transistors 

which made stage one, stage two is made with 𝑀𝑛2 

and 𝑀𝑝2 transistors. However, this path has poor 

impedance matching. In this regard, inductive 

degenerated (𝐿𝑠) CS configuration (𝑀1) based on LC 

filter is applied to the primary path, resulting in 

wideband matching at the LNA.  

The output current of CDS stages and the CS 

structure is still nonlinear. As it is known, the post 

distortion technique is an excellent method to 

enhance linearity. Therefore, in the output node of 

the LNA, the transistor 𝑀PD is employed to promote 

the IIP3 in the whole frequency band. By employing 

the above procedure, enhanced linearity can be 

obtained in a two-path UWB-LNA. Post-layout 
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results validate its effectiveness, which overcomes 

the limitation of the usual linearized LNAs. 

3   Key Performance Analysis 

To better understand the performance of the 

proposed LNA, several key parameters, including 

linearity, gain, input patching, and noise, will be 

theoretically investigated. By accessing the 

theoretical relationship between the output 

parameters and the parts of the proposed structure, it 

is possible to predict the impact of each part on the 

overall performance of the structure. As a result, we 

can design the desired structure. 

3.1   Linearity Performance 

Interferers and intermodulation degraded the 

performance of an LNA in wideband systems. So 

highly linear transceivers have sparked work on 

linearizing LNAs. One of the linear LNA topologies 

that have been widely reviewed is the Derivative 

Superposition (DS) method. Modified DS (MDS) 

and Complementary DS (CDS) are other art to 

increase the IIP3[20], [28], [29]. In the present study, 

the UWB structure realizes considerable IIP3 by 

having a two-path strategy based on CDS 

configuration. N-type and P-type MOSFET pairs are 

connected for partial distortion cancellation in the 

second path. For high linearity LNA, a novel CDS 

configuration based on the PD method was 

proposed. The small-signal relation of the current of 

the MOSFET and 𝑣𝑔𝑠 as the non-linear element is 

stated as the following [30]: 
32

...
2! 3!

gsgs mm

ds m gs

gg
i g





= + + +  (1) 

In Eq. (1) amount of 𝑔𝑚
′  is the second derivation 

of DC current, 𝑔𝑚
′′  is second-order derivatives of the 

transconductance (𝑔𝑚). Further higher order 

distortions are neglected because they can be easily 

filtered out. For high linearity LNA, 𝑔𝑚
′′  should be 

minimized. In the UWB receivers, achieving high-

order IIP3 is still a challenge because of the wide 

operation frequency. Based on Fig.1, The output 

current of the first CDS is given as:  

1

1 1

2 3

1 1 1 1

( )

( ) ( )

CDS dsn dsp

n p i

n p i n p i

i i i

g g V

g g V g g V
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   + − + +

 
(2) 

According to Eq. (2), 𝑉𝑔𝑠 of the secondary CDS 

is equal to 𝑉𝑔𝑠(𝑠𝑡𝑎𝑔𝑒2) = 𝑍𝑜𝑖𝐶𝐷𝑆1 , where 𝑍𝑜 is 𝑟𝑜3 ∥

𝑟𝑜4 ∥ (𝑆𝐶𝑔𝑠5)−1 ∥ (𝑆𝐶𝑔𝑠6)−1. The output current of 

the stage2 is similar to Eq. (2) and can be defined 

based on  𝑉𝑔𝑠(𝑠𝑡𝑎𝑔𝑒2) and is given by: 

2

2 2

2 3

2 2 2 2
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CDS dsn dsp

n p gs

n p gs n p gs

i i i

g g V

g g V g g V

= −

= +

   + − + +

 
(3) 

Based on Fig. 2, the output current can be written 

in terms of CDS stages, CS, and PD as 𝑖𝑃𝐷 −

𝑖𝑝𝑎𝑡ℎ2 + 𝑖𝐶𝑆. An auxiliary transistor is applied as the 

PD technique for raising the linearity performance at 

the output node with the current of 𝑖𝑃𝐷 =

𝑔𝑚𝑃𝐷𝑣𝑜𝑢𝑡 + 𝑔𝑚𝑃𝐷
′ 𝑣𝑜𝑢𝑡

2 + 𝑔𝑚𝑃𝐷
′′ 𝑣𝑜𝑢𝑡

3 . Eventually, we 

represent the output current iout in terms of first, 

secondary, and thirdly coefficients as:  

2 3

1 2 3out in in ini v v v  = + +  (4) 

Where in Eq. (4), the parameter can be defined 

according to Eq. (5), Eq. (6), and Eq. (7) as:

 

1

1 1 1 1 2 2( )( )cs o n p n p mPD Vg K Z g g g g g A −= − + + +  (5) 

2 2

2 1 1 1 2 2 1 1 1 2 2( )( ) ( )( )cs o n p n p o n p n p mPD Vg K Z g g g g Z g g g g g A −     = − − + − + − +  (6) 

3

3 1 1 1 2 2 1 1 1 2 2

2 3

1 1 1 1 1 2 2

( )( ) ( )( )

2 ( )( )( )

cs o n p n p o n p n p

o n p n p n p mPD V

g K Z g g g g Z g g g g

Z g g g g g g g A

 −    = − + + − + +

    − + − − +

 (7) 

Base on in Eq.  (4), 𝛼2 and 𝛼3 are a nonlinear 

component. The second and third items in Eq. (6) 

and Eq. (7) are adjustable distortions due to the 

modified linearizer technique of the second path. 

IIP3 is defined in Eq. (8) in terms of 𝛼1 and 𝛼3 as: 

1

3

4
3

3
IIP




=  (8) 

Based on Eq. (8) for high-linearity LNA, the 

expression of 𝛼3 should be minimized. According to 

Eq. (7), the reduction of the gain leads to improved 

IIP3. In the proposed structure, the second path is 

designed for linearity performance, and Eq. (7) 

confirms this approach by controlling the 2nd and 

3rd nonlinear coefficients of the CDS stages. 
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3.2   Input Matching Network, Noise, and Gain  

In the proposed circuit, the LC filter assists in 

impedance matching progress in the first path to 

achieve wideband matching. Transistor 𝑀1 is the 

decisive element of the input stage and 𝐿𝑔 and 𝐿𝑠 

compensate the parasitic capacitance. Considering 

the transistors connected to the input, such as 𝑀1, 

𝑀2 and 𝑀3, the input impedance is derived as: 

 

( )

1

( ) ( ) 1 ( 1) ( 1)

1 1 1 1
( )

s m cs

i g s

gs cs gs cs gs n gs p

L g
Z S L L SL

C SC SC SC SC

         = + + + +                    

 (9) 

According to Eq. (9), The active and passive 

devices used in the first path determine the input 

impedance, and the second path has a more 

negligible effect on the input matching. The gain of 

the proposed LNA can be calculated out as Eq. (10): 

1 1 2( )

(1 )

cs o
V out

out mPD

g KZ G G
A Z

K Z g

−
=

−
 (10) 

Where 𝐺1 and 𝐺2 are  (𝑔𝑛1 + 𝑔𝑝1) and 

(𝑔𝑛2 + 𝑔𝑝2), respectively. K is equal to 𝑆2(𝐿𝑔 +

𝐿𝑠)𝐶𝑔𝑠(𝑠𝑐) + 𝑆𝐿𝑠𝑔𝑚(𝑐𝑠) + 1. Amount of 𝑍𝑜1 and 

𝑍𝑂𝑈𝑇  are (𝑟𝑛1 ∥ 𝑟𝑝1 ∥ (𝑆𝐶𝑛2)−1 ∥ (𝑆𝐶𝑝2)−1) and 

(𝑟𝑜𝑃𝐷 ∥ 𝑆𝐿𝑜2), respectively. Reducing the noise of 

LNA is an attractive part of receiver design. Since 

the operation frequency of the proposed circuit is 

above 3GHz, we can ignore the flicker noise. For 

simplicity, the loading influences of the output 

resistor are ignored. The noise of biasing resistor is 

dismissed because of the significant value of the 

chosen resistor. The NF is calculated by taking a 

short circuit in the output node and is approximately 

determined as: 

2 2
, ,

2 2
, 1, 1, 2, 2

2
1 1 , ,( ) ( )

n out n out

CS n p n pV m

v i

NF n out MA G
i= + = +   

(11) 

The CS transistor plays a considerable 

component in overall noise performance. In contrast, 

the noise contribution of other auxiliary transistors is 

small. So, the output noise current due to 𝑀𝑐𝑠 and 

second CDS stage are given by: 

 2

( , 2, 2) 2 2

2
1

2 2 ( ) 2

2 2 ( )

4
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i g g g

r r r g
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
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 
 
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(12) 
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1 22

( 1, 1) 1 1 1 2 1

4
nout n p p n O

KT
i g g G G Z





−

= +  (13) 

By accurately designing auxiliary transistors, the 

main transistors' noise will be minimized Fig. 3 

shows the noise contribution of essential elements. 

 
Fig. 3 Noise contribution of important element. 

4   Simulation Results and Discussions 

To confirm the performance of LNA, the circuit 

is designed in 180-nm standard CMOS and is 

simulated by the Cadence Spectre RF. Fig. 4 shows 

the circuit's layout. The size of the devices is listed 

in Table. 1. The high IIP3 LNA has a unique 

superiority in the application where strong jamming 

signals exist. To this end, using the PD method based 

on CDS configuration, the average of IIP3 was 

obtained 8.1 dBm in the whole frequency range, and 

the IIP3 characteristics of the proposed LNA at 

different frequency points are plotted in Fig.5. The 

maximum of the IIP3 is 11.65 dBm, depicted in Fig. 

6. A two-tone signal at 5 GHz with 40 MHz 

separations provides the linearity simulation. The 

proposed LNA consumes 12.7 mA from a 1.4 V 

supply voltage. 

 
Fig. 4 The layout of the proposed high linear LNA. 

 

Table 1 The value of important devices in UWB-LNA. 
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device Size (µm) device size 

𝑴𝒄𝒔 200 Lg 583 pH 

𝑴𝒏𝟏 16 Ls 253 pH 

𝑴𝒑𝟏 20 Lb 1.44 nH 

𝑴𝒏𝟐 16 𝑴𝑷𝑫 12 µm 

𝑴𝒑𝟐 24 𝑴𝒃 200 µm 

 
Fig. 5 IIP3 of LNA in the whole frequency band. 

 
Fig. 6 The linearity of the suggested LNA. 

The post-layout simulated results of the S-

parameters versus frequency are shown in Fig. 7. 𝑆11 

is lower than -10 in the frequency range of 3.1 to 

10.6 GHz. According to Fig. 7, the gain is between 

10.08 dB and 13.45 dB over 3.1 to 10.6 GHz. Fig. 8 

shows the NF of the proposed LNA versus the 

frequency. It is below 4 dB at most operating 

frequencies. To check the stability of the circuit, the 

parameter of K and ∆= 𝑆22𝑆11 − 𝑆12𝑆21 is drowned 

in Fig. 9 over the wanted frequency. Stern stability 

coefficient defined as Eq. (14):  
2 2 2

11 22

12 21

1

2

S S
K

S S

− − + 
=  (14) 

Fig. 9 shows that K>1 and ∆<1 and the proposed 

LNA are unconditionally stable. 

The proposed structure is investigated under 

different corners of process, voltage, and 

temperature (PVT) to confirm the condition of the 

design. For a change of 10% in supply voltage, the 

gain and NF were simulated. According to Fig. 10, 

the circuit has a good response for the lower voltage, 

but in this case, the amount of IIP3 is degraded, as 

shown in Fig. 11. The linearity performance is 

acceptable for all-state because the IIP3 is above -4 

dBm in the worst case. In the proposed LNA, the NF 

and 𝑆21versus frequency spectrum from 3 to 11 GHz 

for different corners and temperatures are 

investigated as shown in Fig. 12. As it is evident, the 

highest amount of the NF has occurred in the state of 

SS and 80 ºC; The range of variations in NF is 

between 3.6 dB to 5.5 dB. The lowest amount of the 

NF was obtained in the (FF, - 40ºC) corner, in which 

variation is between 2.6 dB to 3.8 dB. Post-layout 

simulation of the IIP3 in different corners at 8GHz is 

done. Based on the data obtained, in (FF, -40°C) 

corner, IIP3 is destroyed and (TT, 27°C) corner has 

minimum variation. 

 
Fig. 7 Post-layout simulated S-parameter at different 

frequencies. 

 
Fig. 8 The noise performance in the total frequency band.  

 
Fig. 9 Simulated stability factor of LNA. 
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Fig. 10 NF and 𝑆21dependence on VDD at varying 

frequencies. 

 
Fig. 11 IIP3 dependence on VDD at varying frequencies. 

 
Fig. 12 𝑆21and NF performance at different corner. 

Statistical analysis (Monte Carlo) was set to 

investigate the effect of process and device 

mismatch. In this work, the statistical behavior of the 

linearity, gain, and NF was done. Fig. 13 displays the 

Monte Carlo results for IIP3 base on two tones signal 

by space frequency of 40 MHz at 5 GHz, 

representing an IIP3 above 0 dBm. The mean and 

standard deviation of NF are 3.75 and 0.113 dB, 

respectively, displayed in Fig. 14. The LNA has 

mean 𝑆21 of 12.8 dB with a variation of 0.32 dB, 

shown in Fig. 15.  

The output efficiency of the simulated LNA was 

summarized in Table 2. Figure-of-merit (FOM) is 

used to compare the performance between this work 

and the other published work. The FOM is defined 

as Eq. (15). 

 

 
   

3

( 1) average

IIP mWaverage
FOM

P mW Fdc average
Gain abs BW GHz=

 −
   

(15) 

where BW is the bandwidth of the structure. Pdc 

is the power dissipation in mW. Faverage is the average 

of the NF. As can be seen in the Table.2, each LNA 

focuses on one of the output parameters and is 

designed for a specific application. For example, in 

the structure of [35], the goal is to improve the gain 

but, power consumption has increased. 

 
Fig. 13 Monte Carlo simulation for IIP3. 

 
Fig. 14 Monte Carlo simulation for S21. 

 
Fig. 15 Monte Carlo simulation for NF.
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Table 2 Performance comparison of UWB-LNA with other recently published structures. 

References [31]* [32]* [33]** [34]* [35]* [36]** [37]* This work* 

Tech (nm) 130 130 180 180 180 180 180 180 

BW (GHz) 3.1~10.6 3.5~5 3.1~10.6 3~12 3~12 3.1-10.6 0.3~3.5 3.1~10.6 
Gain (dB) 11~12.6 10~15 13.2(max) 19.2~20.2 12.75 7-12 14.6 10.08~13.45 

NF (dB) 2.9~5.4 3.5~3.9 4.5~6.2 1.72–1.99 4 5.27~7 2.9~3.5 3.1~4.3 

S11(dB) <-10 <-15 <-9.5 <-10 <-10.6 <-10 <-10 <-10 

IIP3 (dBm) -4.6 4 -1.4 -5.5 -3.3 -2.23 1.2~4.7 3.95~11.65 

Power(mW) 15.2 21 23 23.23 9.29 4.5 14.8 17.7 
FOM 0.55 0.92 0.68 2.21 1.45 1.77 2.49 5.14 

*Simulation    ** Implementation

 In the structure of ref [36], the gain value 

obtained is similar to the presented paper, but in that 

structure, the focus was on reducing power 

consumption, in this article, despite the increase in 

power consumption compared to that structure, the 

level of linearity has improved significantly. In 

present LNA, CDS configuration is the 

distinguishing feature for enhancing linearity. As 

seen in Table 2, an acceptable FOM has been 

obtained compared to recent articles. 

5   Conclusion 

High linearity diminishes the intermodulation 

signal and enhances the inviolability of the blocker 

signal. In the RF front-end UWB receiver, the high 

linear LNA design has gained considerable interest 

in modern wireless communications systems. The 

present LNA covers frequency bands of 3.1 to 10.6 

GHz. In the proposed structure, the two-path was 

defined. The CDS architecture was used in the 

secondary path to modify the linearity. In the 

primary path, a source inductive degeneration 

topology was designed for improving impedance 

matching. Linearity performance is also improved 

using the PD method at the output node. Post-layout 

simulation results of the suggested LNA, designed 

using 180-nm CMOS technology, present a gain of 

11 dB. Also, the average of IIP3 is 8.61 dBm. The 

LNA consumes 17.7 mW from a 1.4V supply 

voltage. 
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