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Abstract—  The object of this paper is to observe the S-parameters of  Ultra Wide band(UWB) low noise amplifier by utilizing inductively 
degenerated LNA with resistive feedback into the differential topology. The proposed LNA is  implemented in 0.18µm RF CMOS technology 
considering BSIM3 model and  simulated by using HSPICE. By scrupulous optimization this proposed LNA is obtained at flat gain 5.5dB, 
bandwidth of 5Ghz which having a low level noise figure of an amplifier. This design  has a measured power gain of 14.7dB, return loss( 
output) of -15db at 8.4 GHz and noise figure is lower than 3db, while consuming 27 mW of D.C dissipation at 1.8 v supply voltage. This 
specifications adopts the ultra wide band characterizations and noise margin. 

Index Terms—LNA,S-parameters, UWB, Noise figure, Noise Margin ,Bandwidth,HSPICE.   

——————————      —————————— 

1 INTRODUCTION                                                                     
ltra-wide band (UWB) technology is considered as  

transmitting large  amounts  of  digital  data (about 450 
Mbps)  over  a  wide  spectrum  of frequency  bands( 3.1-

10.6 GHz)  with  very  low  power for a short distance. UWB  
technology  can  enable  a  wide  variety  of  applications  in  
wireless  communications, networking,  radar  imaging,  and  
localizing  systems. To fulfil the requirements of 802.15.3a 
specifications of maximum total power consumptions, a pow-
er saving concept is vital for designing an UWB transrecever. 
The design of low noise amplifier is the most challenging tasks 
in RF receivers which needs to provide low noise figure and 
reduce the gain of noise figure and broads the input matching 
and amplification of extremely low signal without adding 
noise and reasonable efficiency for low power consumption. 
Different kinds of topology are implemented for UWB LNA. 
Also there are different types of LNA topologies. The two 
well-known topology structure found are Common Source 
(CS) topology and Common Gate (CG) topology. There are 
various other possible topologies are; cascade topology, Dif-
ferential topology [1]. 
 
In this paper the proposed LNA architecture used for better 
i/p matching where two simple inductively degenerated LNA 
with resistive shunt feedback is paired to make a differential 
LNA to get higher linearity, better input matching, higher 
power gain and fewer noise figure for wide band application. 
 

2 LNA CONCEPT 
Low Noise Amplifier (LNA) is an electronic amplifier, located 
close to the detection device which can reduce the losses in the 
feed line.  To design a perfect UWB LNA over a specified 
range it must have a high gain with good gain flatness. Also 
low noise figure, and the return loss in the feed line should 
also be minimized. Finally a good linearity over a range of 
2Ghz is also important. Fig 1 shows the block diagram of a 
LNA in a system block. It is the first gain stage after antenna in 
the receive path, so the LNA noise figure is critical since it di-
rectly 
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Fig 1: Block Diagram of LNA 

 
 
The inductive source degeneration(IDS) method is most effec-
tive method for the architecture of  LNA. It helps to increases 
the voltage gain of the LNA &  also the output impedance. 
Also improve  voltage gain at high frequency by cascading 
more devices. So with the advantage of high gain, low noise, 
high linearity over a wide frequency range IDS is an effective 
method for integrating one part of a complete low-voltage 
transceiver.  The shunt series feedback concept can also be 
used for the design of an effective LNA. It helps to match in-
put and output impedances of  the  system. The bias point of 
the  input is  fixed with the  output voltage.  Hence it   can  
increase the power dissipation compared to other different 
topology  with similar noise performance.  
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Fig 2: Common LNA architectures: (a) Shunt-series feed-

back (b) Inductive degeneration  
 
For this UWB LNA paper, an inductively degenerated  LNA 
with resistive shunt feedback is adopted with active balun 
circuit.  
 

2.1 Proposed Architecture of LNA : 
 
Fig 3 shows the simplified block diagram of the proposed 
LNA architecture, where two where two simple inductively 
degenerated LNA with resistive shunt feedback is paired to 
make a Differential LNA. High gain is good for LNA. as it 
suppress  the noise effect to the subsequent stage in a system. 
However, usually high gain results in high nonlinearity which 
is not desirable. Active balun circuit helps to convert unbal-
anced impedance to balanced one and hence more voltage 
gain is possible which leads to  more strong circuit against 
noise factor before down-converting to IF frequency. Also the 
active balun gives two type signals which has1800 phase dif-
ference each other without a passive transformer [2].The pro-
posed design uses the balun circuit for creating differential 
input and achieve differential output.    

 
 

 
Fig 3: Simplified block diagram for proposed LNA. 
 

2.2 Single Ended LNA 
Fig 4(a)  shows the circuit diagram for a  UWB single ended 
LNA. Here cascode transistors help to avoid the amplification 
of the effect of capacitance between the input and output ter-
minals known as miller effect and therefore improves the gain. 
Two inductors (Ls and Lg ) helps for impedance matching be-

tween source resistance(Rs) and input of the LNA. The varia-
ble gain feature is realized by including an additional n-type  
MOSFET (Ms1). It helps to bypass the signal in lower gain 
mode. In fig 3(b) Small-signal equivalent circuit of the input of 
LNA is drawn .  The cutoff frequency of M1 transistor (ωt) is 
propotional to the Q-factor of RLC resonance circuit. Hence 
with the help of shunt feedback resistor(Rf) the bandwidth can 
be widened as well as gain can be varied within a wide range 
of frequencies.  The q-factor can be determined by the follow-
ing equation:[2]. 
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Fig 4: (a)LNA topology for UWB single ended LNA.(b) 
Small-signal equivalent circuit of the input of LNA [2]. 

3. DIFFERENTIAL LNA: 
With higher immunity to environmental noise, ample amount 
of the noise and less interfering signals makes differential 
LNA adventurous over single one. The proposed differential 
LNA  with different specifications works with different gain 
mode.  Fig 5 shows the full-differential LNA is designed based 
on the single-ended LNA in previous section. 
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Fig 5: Differential LNA  

 

3.1 Design Procedure:  
LNA in the paper is similar specification as in ref [2]. However 
the analyzing parameters are different. The following table 
specifies the parameters:  
 

 
Table 1. 

 
Parameters Value 
Load Inductor(Lload) 2.664nH 
Output resonant frequency ≈ 4GHz 
Source degeneration inductor (Ls) 0.17nH 
The gate inductance(Lg) 2.223nH 
Source Capacitance(Cgs) ≈ 300fF 
Feedback resistance(Rf) 1.14kΩ 
Feedback capacitance(Cf) 2pF 
Bias resistance (Rbias) 1.417kΩ 

 

2.3 Simulation results:  
 
The design was simulated with BSIM3 model provided for 
0.18µm RF CMOS process. Some of the important parameters 
for LNA such as input reflection coefficient with the output 
matched for forward transmission gain or loss(S21),reverse 
transmission or isolation(S12), output reflection coefficient 
with the input matched( S22), power gain and noise figure are 
simulated in HSpice. Figures 6 to 15 show the corner simula-
tions for each of these parameters. 

 
 

 
Fig 6: S21 (dB) of Differential LNA 

 

 
Fig 7: S11 (dB) of Differential LNA 

 
Gain and input matching parameters (S21 and S11) are plotted 
in Fig 4.1 to Fig 4.3 S21 of the proposed LNA is plotted in Fig 
4.1. S21 is around 5.5 dB from 5 GHz to 8.7 GHz.  Fig 4.2 shows 
S11 of the Differential LNA, which has a value of -15 dB at 
8.4GHz.  So, S21 and S11 of Fig 4.3 assure good input matching 
of the network.  
 

 
Fig 8: AC output Noise figure of Differential LNA 

 

 
Fig 9: Minimum AC output noise figure of Differential 

LNA 
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Fig 8 shows the AC output noise figure and Fig 9 shows the 
stability factor of the proposed LNA. AC output noise figure is 
2.5dB. 
 
 

 
Fig 10: S22 of Differential LNA 

 
Fig 11: Comparison between S11 and S22 of Differential 

LAN 

 
Fig 12: S12 of Differential LNA 

 
Fig 13: Output Noise of Differential LNA 

 
Fig 12 shows the S12 of the LNA of this work. The output noise 
is shown in Fig 13. 
 

 

 
Fig 14: : Input Noise (dB) of Differential LNA 

 
The input Noise is shown in Fig 4.10.. 
 

 
Fig 15: Maximum Power Gain of Differential LNA 

 
Maximum power gain of the proposed LNA is shown in Fig 
4.12. At 10 GHz we get the maximum power gain with a value 
of 14.7 dB. At center Frequency 8.4 GHz and Power Gain is 
more than 14dB. 
Comparison of performance between Single ended LNA and 
Differential LNA in this paper is given in table below. 
 

Table 2: 
The performance of the proposed Differential LNA is summa-
rized in the table below: 
 

Parameters Value 
Frequency 8.4GHz 
Power Supply Voltage 1.8v 
Power Consumption 27mW 
S21 5.5 dB 
S11 -15dB 
Noise Figure 2.5dB 
BW-3dB 7.5-10.1 GHz 

 
Comparison with other works in the reference is given in the 
table below 
. 

Table 3: 
 

Comparison with other LNA from the bibliography. 
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3 CONCLUSION: 
the proposed design improves the gain, bandwidth and noise 
margin by using inductively degenerated LNA. To match the 
input-output impedance a shunt series feedback circuit has 
been opted in the design. Also all the important parameters 
such as input and output reflection coefficient with output 
matched are observed for this designed LNA. This LNA can  
be operate successfully of different type of UMB band groups 
by placing different type of inductances and capacitances or 
different matching circuitry for each band in parallel. Corre-
sponding   the circuit application and enhancing the integrat-
ing CMOS differential LNA is designed, and it can be utilize 
in wireless RF receiver. 
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