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Abstract 

This paper presents an ultra-wideband (UWB) low noise amplifier 

(LNA) using two stage cascading topology to obtain high gain. 

Inductive degeneration and peaking inductor techniques are used to 

obtain wideband matching and flatness of gain. The proposed UWB 

LNA is implemented by using 180nm based CMOS TSMC technology 

using Advanced Design System (ADS) software.LNA achieves 

maximum gain of 15.5dB, minimum noise figure of 2.88dB, -6dBm of 

IIP3 and wideband input matching in the UWB frequency range of 

3.1GHz to 10.6GHz. The proposed LNA provides group delay of 60ps 

and isolation of less than 25dB under the 1.8V DC power supply. 
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1. INTRODUCTION

In the year 2002, the UWB radio technology (3.1GHz to 

10.6GHz) was approved by Federal Communication 

Commission (FCC) in USA, for short range wireless 

applications. 

Low noise amplifiers are significant block in UWB receivers 

which receive weak signal from the UWB frequency and 

amplify this signal with low noise figure and high gain. LNA in 

wireless receiver is responsible for high and flat gain, low power 

consumption, low noise figure, good input impedance matching 

and linearity. LNA can be broadly divided into three parts: input 

matching network, amplifier network and output matching 

network. Filters are used in input matching part to provide low 

input reflection coefficient (S11) for wideband performance and 

low noise characteristics. The output matching part of LNA is 

responsible for decreasing output reflection coefficient (S22). 

Different kinds of techniques exist for amplifier network of 

CMOS LNA to provide high and flat gain, low power 

consumption and low noise figure. 

The third order Chebyshev filter topology is used for 

wideband input matching. Chebyshev filter requires a number of 

reactive elements in input stage of LNA, which requires large on 

chip area and generates large amount of thermal noise [2]. To 

improve the performance of wideband input matching network, 

RC shunt-shunt feedback topology is used [3], [4]. The 

distributed topology of LNA provides wideband input matching, 

large power consumption, large on chip area and high noise 

figure [5]. To compensate the effect of high power consumption, 

the current reuse topology is used in LNA design which requires 

no external biasing. Current reuse topology is widely used in 

cascoding topology to eliminate the miller effect [8] as well as to 

provide high and flat gain, low power consumption and low 

noise figure, [1], [6]. 

This paper presents a performance of LNA using 0.18m 

CMOS technology for UWB receiver. The analyses and 

designing of proposed circuit is shown in section 2 and section 3 

shows the simulation result of gain, noise figure, reflection 

coefficient, isolation and group delay. Conclusion of LNA is 

given by section 4.  

2. CIRCUIT DESIGNING

Inductive source degeneration topology is used in proposed 

circuit for wide-bandwidth input matching and low power 

consumption shown in Fig.1. 

Fig.1. Inductive source degeneration [7] 

The input impedance of the circuit (Zin) and inductor L is 

selected to obtain desired input resistance (Rin) of 50 in Fig.1. 

The Cgs and gm represents gate to source capacitance and trans-

conductance of the transistor M. 
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The current reuse cascoding topology and two stage 

cascading topology is used in proposed LNA design as shown in 

Fig.2. 

Fig.2. Proposed CMOS LNA circuit diagram 
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The cascaded transistor M1 and M3 improve the isolation and 

reduce the miller capacitive effect. It is difficult to obtain a high 

gain in a very large bandwidth like 3.1GHz to 10.6GHz of UWB 

range, therefore cascading topology is used at the input and 

output stages to enhance the gain in UWB range. The inter stage 

peaking inductor Lg3 provide the input impedance matching for 

the output stage (M3) and output impedance matching for the 

input stage (M2), which provides flatness in gain with extended 

bandwidth for impedance matching. The output stage of LNA 

consists of common source transistors M3 and M4 with cascode 

topology to obtain the maximum gain. The combination of 

inductor (Lout) and capacitor (C4) gives output impedance 

matching for the output stage of CMOS LNA. The DC gain (A0) 

of cascoded transistor M1 and M2 is given below.  

Cascade input stage (M1, M2) and output stage (M3, M4) with 

peaking inductor Lg3 in series with shunt feedback of Lg2 are 

used in proposed circuit. The Input and output stages of 

amplifier circuit work simultaneously by the use of cascoding 

topology. Common source and common gate transistor M1 and 

M2 are connected in form of cascode topology. A degeneration 

inductor Ls, connected to the transistor M1 shows a negative 

feedback effect. It provides a noise impedance matching and 

stability effect. The capacitor C1 block the DC current of 

transistor M1 and extra DC biasing current is not required to 

drive the transistor M2. The inductor Lg1 and Lg2 offer the 

impedance matching for the transistor M1 and M2 which is 

important to obtain the wide-bandwidth response. Inductive load 

(Ld1, Ld2) and current reuse of transistor M2 provide low power 

consumption. Inductive load and Lg1, Lg2 with gate to source 

capacitance of transistor M1, M2 works as resonant circuit for the 

transistor M1 which provide better impedance matching and 

enhanced -3dB bandwidth to cover-up the entire 3.1 to 10.6GHz 

UWB frequency range. The cascaded transistor M1 and M3 

improve the isolation and reduce the miller capacitor effect. It is 

difficult to obtain a high frequency in a very large bandwidth 

like 3.1GHz to 10.6GHz of UWB range, therefore cascading 

topology is used at input and output stage to enhance the gain in 

UWB range. The inter stage peaking inductor Lg3 provide the 

input impedance matching for the output stage (M3) and output 

impedance matching for the input stage (M2), which provides 

flatness in gain with extended bandwidth for impedance 

matching. The output stage of LNA consists of common source 

transistors M3 and M4 with cascode topology to obtain the 

maximum gain. The combination of inductor (Lout) and capacitor 

(C4) gives output impedance matching for the output stage of 

CMOS LNA. The DC gain (A0) of cascoded transistor M1 and 

M2 is given below. 
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where, gm1 and gm2 represents the trans-conductance of transistor 

M1 and M2. Gain with resistive feedback is given by Eq.(3). 
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Input impedance (Zin) of circuit is calculated using input 

equivalent circuit as shown in Fig.3.  

 

Fig.3. Input equivalent circuit 
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where, Cgs, Rs and Rin are gate to source capacitance of 

transistor, source resistance and input resistance respectively. 

The input resistance, calculated using the miller’s theorem is 

given by Eq.(5). 

 
01

02

2

1

1

A

R
A

RR

R

n
gd

in


















  (5) 

A01, A02 represent the open circuit gain of M1, M2. When the 

value of (sLg1+sCgs) satisfies the resonance condition then Zin = 

Rin and Rin = Rs = 50, thus input matching is obtain. Bandwidth 

of the circuit in term of its quality factor (Qin) is given by 0/Qin, 

where Qin is given by Eq.(6). 
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Therefore by decreasing the value of Qin input bandwidth can 

be increase [9]. The expression of noise factor, given Su Limei 

[9] can be used to obtain the noise factor expression for 

proposed LNA as shown by Eq.(7). 
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where,  is a constant and the value of  = 2 for short – channel 

MOS-FETs [10]. Combination of Rg2║Rn is a main parameter to 

obtain tradeoff between impedance matching, noise factor and 

gain. 

The noise factor is optimized by choosing the width of 

transistor M1 = 168m. Optimized value of the components are 

Lg1 = 0.897pH, Lg2 = 1.29nH, Ls = 0.236nH, Rg1 = 2.27k and 

optimized value of shunt feedback RC components are Rn = 

684, Cn= 951fF. The parasitic capacitances are reduced by 

choosing cascode device as small as possible. The value of the 

transistor M2 of 98.8m is selected by optimizing noise 

improvement. All the transistors M1, M2, M3 and M4 are taken as 

minimum length devices (0.18m). The value of inductive load 

are Ld1 = 8.23nH, Ld2= 1.01nH and load resistance Rd = 27.3, 

Rg2 = 2.27k with capacitances C1 = 2.85pF, C2 = 8.56pF and C3 

= 9.51pF. The width of cascade transistor M3 and M4 are chooses 

98m with the inductor value of L3 = 5nH. The output matching 

stage component value are Lout = 9pH and C4 = 951fF. 
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3. SIMULATION AND MEASURED RESULTS 

In 0.18m TSMC CMOS technology is used for simulation 

of proposed LNA. Simulated result of gain S21 is shown in 

Fig.4. Result shows the maximum and flat gain (S21) of 15.5dB 

from 3.1GHz to 6GHz frequency range. 

 

Fig.4. Result of gain S21 in dB versus frequency in GHz 

The simulated result of noise figure is shown in Fig.5. The 

optimized noise figure is 2.88dB at 3.1GHz frequency. 

 

Fig.5. Result of noise figure in dB versus frequency in GHz 

The simulated result of input return loss (S11) versus 

frequency is less than -9 dB as shown in Fig.6.  

 

Fig.6. The result of input return loss S11 in dB vs frequency in 

GHz 

The simulated result of output return loss (S22) versus 

frequency is shown in Fig.7. The output return loss decreases 

upto -13dB at 6GHz frequency. 

 

Fig.7. Result of output return loss S22 in dB vesus frequency in 

GHz 

The simulated result of isolation (S12) is lesser than -25dB 

due to cascading of input stage M2 and output stage M3 shown in 

Fig.8. 

 

Fig.8. Result of isolation in dB versus frequency in GHz 

The simulated result of group delay variation is 160ps to 

60ps over the frequency range 3.1 to 10.6GHz as shown in Fig.9. 

The obtained IIP3 is -6dBm under the 1.8V DC supply. 

 

Fig.9. Result of group delay in ps versus frequency in GHz 

Comparision of the simulated results of praposed LNA with 

other works are shown in Table.1. 

Table.1. Summary of Simulated CMOS UWB LNA and 

Comparison 

 
This work 

0.18µm 

CMOS 

[1], 

0.18µm 

CMOS 

[3], 

90nm 

CMOS 

[4], 

0.18µm 

CMOS 

Frequency (GHz) 3.1 – 10.6 3.1–10.6 3 – 10 1.2 – 11.9 
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S11 (dB) < - 9 < - 10 < - 9 < - 12 

S21max (dB) 15.5 12.52 11 8.73 

S12 (dB) < - 25 < - 26.1 < - 40 < - 33 

Group Delay (ps) 160-60 100-60 120-90 NA 

NFmin (dB) 2.8 4 3 4.8 

IIP3 (dBm) -6 -6.5 NA - 6.2 

4. CONCLUSION 

A 0.18m TSMC CMOS ultra-wideband low noise amplifier 

is proposed using cascading topology to improve the gain. RC 

shunt-shunt feedback topology and an inductive degeneration 

technique are used to obtain wideband input matching to a 50 

source resistance. A peaking inductor is used for two stage 

cascading topology to improve the flatness of gain with 

minimum noise figure. The simulated results show flat and high 

gain of 15.5dB, flat and minimum noise figure of 2.8dB, output 

return loss of -13dB, input return loss less than -9dB, and 

isolation less than -25dB in the UWB frequency range of 

3.1GHz to 10.6GHz with 1.8V DC power supply. 
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