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Abstract---In this paper wideband CMOS low noise amplifier 

(LNA) is proposed by using the concept of mutual coupling 

technique through a symmetric-tap inductor. In this design of 

LNA intrinsic capacitance within a transistor are considered 

as a part of circuit. The total power consumption using T-coil 

network wideband low noise amplifier from 1.8V power 

supply is 4.5mW with 0.18µm CMOS technology. 
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I. INTRODUCTION  

Many low-noise amplifier (LNA) designs have been reported 

in the CMOS technology [3]–[4]. A wideband LNA should 

provide wideband impedance matching to the antenna, 

adequate gain, good linearity, gain flatness, and low power 

consumption over the band of interest. Among wideband 

designs, distributed and common-gate amplifiers suffer from 

high noise figure. Additionally, cascading several stages, 

which is widely used in the distributed LNAs, automatically 

degrades the linearity of the LNA [1]. 

               Ultra-Wideband (UWB) radio, potentially offers 

higher communication speeds than traditional narrowband 

transceivers. The advantage of the UWB transceiver over 

narrowband systems is low cost, low power, and high data 

rate due to the large bandwidth. A significant difference 

between traditional radio transmission and UWB radio 

transmission is that traditional communications systems 

transmit data by varying the power level, frequency, and/or 

phase of a sinusoidal wave. However, in UWB radio, data is 

transmitted either as impulse radio (IR) or multiband 

orthogonal frequency division multiplex (OFDM). The IR 

UWB transmits data based on the transmission of very short 

pulses. In some cases, impulse transmitters are employed 

where the pulses do not modulate a carrier. This technique 

results in lower data rate and lower design complexity 

compared to the OFDM system. On the other hand, in the 

multiband OFDM technique each band with 528 MHz width 

encodes the data using QPSK modulation. Using this 

technique a data rate of 480 Mb/s can be achieved. However, 

the design of this system is more challenging [2]. One of the 

major challenges in wideband communications systems is the 

design of a wideband low-noise amplifier (LNA). As the first 

active component in the receiver chain, the LNA should offer 

sufficient gain and low noise to keep the overall receiver 

noise figure as low as possible. In most applications, it is 

desirable to obtain wideband on-chip input matching to a 50Ω 

antenna/filter, good linearity, and low power consumption. In 

addition, gain-flatness over the entire frequency range of 

interest is necessary to meet the design specifications. These 

properties are the cornerstones of the wideband LNA design 

which affect the total broadband communication system 

characteristics [2]. The low noise amplifier is an essential 

component in a wideband 

receiver, and its characteristic is closely related to the receiver 

sensitivity and dynamic range. Gain flatness of the LNA is 

often overlooked in many RF applications because of narrow 

allocated bandwidth [3]. 

                   In this paper T-coil network is used to achieve 

wideband input matching and wideband response. The mutual 

inductance of the inductors and parasitic capacitance of the 

transistors are taken as a part of the design. Section 2 gives 

the basic concept of inductive peaking. In section III and IV 

design and simulation results are presented. 

II. CIRCUIT DESCRIPTION 

When the LNA circuit is cascaded to the next stage, the 

interstage parasitic reactance attenuates the desired bandwidth 

of the LNA. In this work of LNA deign parasitic capacitance 

is considered as a part of circuit. Fig 1 shows different 

peaking technique. A inductor L is used in series across R and 

C to create a series peaking in the frequency response. This 

inductor creates a second order RLC resonant circuit. Below 

equation shows the transfer function of series inductive 

peaking circuit. Where L=mR
2
C, m is a dimensionless 

parameter that gives pole location and determine overall 

response of the filter [2].  

 
Fig. 1:  (a) Series inductive peaking circuit, (b) frequency 

response of the circuit (a) with and without L (c) complex 

poles location for maximum gain-flatness response, (d) shunt-

series inductive peaking circuit, (e) frequency response of the 

shunt-series peaking circuit, (f) series-shunt-series peaking 

including a T-coil peaking network, (g) series-shunt-series 

peaking frequency response [2]. 
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For series inductive peaking with value of m=0.25 two equal 

poles are achieved. Fig. 1(b) shows the frequency response of 

the circuit and Fig. 1(c) shows the pole location. The next 

circuit illustrates shunt series inductive peaking circuit and 

frequency response of that circuit as shown in Fig. 1(d) and 

Fig. 1(e). 

When the LNA circuit is cascaded to the next stage, 

the interstage parasitic reactance attenuates the desired 

bandwidth of the LNA. In this work of LNA deign parasitic 

capacitance is considered as a part of circuit. Fig 1 shows 

different peaking technique. A inductor L is used in series 

across R and C to create a series peaking in the frequency 

response. This inductor creates a second order RLC resonant 

circuit. Below equation shows the transfer function of series 

inductive peaking circuit. Where L=mR
2
C, m is a 

dimensionless parameter that gives pole location and 

determine overall response of the filter [2]. For series 

inductive peaking with value of m=0.25 two equal poles are 

achieved. Fig. 1(b) shows the frequency response of the 

circuit and Fig. 1(c) shows the pole location. The next circuit 

illustrates shunt series inductive peaking circuit and frequency 

response of that circuit as shown in Fig. 1(d) and Fig. 1(e). 

  ( )  
 

     

 

            ⁄⁄   
                                     (1) 

In this paper series shunt series peaking circuit is 

used to get wideband input and output matching. Using series 

shunt series peaking wideband response is achieved. 

III. WIDEBAND AMPLIFIER DESIGN  

Output peaking network is designed using center-tap CT 

inductor as shown in Fig. 2(a). It shows common source 

amplifier with magnetic coupling coefficient k between L1 

and L2.. Fig. 2(b) illustrates simplified small signal equivalent 

circuit of T-coil peaking. With negative mutual coupling 

improvement is achieved.     

The Quality factor of T-coil network is given by the 

following equation  

 

Fig. 2:  (a) Common-source amplifier with symmetric T-coil 

peaking network, (b) simplified small-signal equivalent 

circuit of the T-coil peaking [2] 
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Where   resonance frequency and RP is is given by equation 

3. Av is the open loop gain of amplifier and QLZ is the quality 

factor of the inductor. 

              The input matching network is also implemented 

using T-coil network similar to output peaking network. T-

coil network minimize the number of inductor at the input 

stage. Fig. 3 shows schematic of wideband low noise 

amplifier using T-coil network. M3 is added for the purpose of 

gain boosting. LL is added at the output peaking network to 

prevent gain roll-off and to improve gain flatness. A resistor 

R is added to reduce the quality factor of LL. Due to presence 

of R peaking in the gain response occurs. To prevent this 

drawback the feedback network is provided. 

              The major contributors are input impedance 

matching network, feedback resistor, biasing circuitry, and 

drain current noise of MOS device M1. The mismatch 

between components degrades gain and high frequency 

performance of LNA. With the higher voltage gain better 

noise figure performance can be measured. On the other hand 

high gain LNA reduces the linearity of the whole design so 

LNA should meet the trade of between all the design 

characteristics [2].   

IV. SIMULATION RESULTS  

From the above discussion of wideband LNA using T-coil 

network with mutual coupling inductor 21.9dB gain is 

achieved. The size of M1 is properly selected to achieve low 

power consumption. This design of LNA achieve 4.5mW 

power consumption and 4 to 8dB noise figure with 1.8V 

power supply as shown in Fig. 4 and Fig. 5 respectively. 

Increase in the gain is achieved through a transistor M3. Here 

the structure of LNA circuit is composed only single stage. 

Table 1 presents comparison of performance parameter. 

 
               Fig. 3:  Schematic of Wide band LNA. 



Design and Analysis of Wideband LNA using CMOS Technology  

(IJSRD/Vol. 2/Issue 02/2014/132) 

 

 All rights reserved by www.ijsrd.com 497 

 
Fig. 4:  Simulated gain of the LNA versus frequency. 

 
Fig. 5:  Simulated power versus time. 

0 

Fig. 6:  Noise measurement result. 

Ref. 

Technolo

gy 

 

BW 

(GHz) 

Gain 

(dB) 

NF 

(dB) 

Powe

r 

(mW) 

This 

work 
0.18µm 0-7.0 21.9 4-8 4.5 

[9] 0.13 µm 1.9-2.4 14 3.2-3.7 17 

[8] 0.18 µm 3-10 15.1 3-4.3 8.2 

[6] 0.18 µm 0.04-1.2 16.4 2.1-3.4 14.4 

[7] 0.13 µm 2.1 5.2 3 12.6 

[5] 0.18 µm 0.4-10 12.4 4.4-6.5 12 

Table. 1: Wideband LNA Performance Summary and 

Comparison 

CONCLUSION 

In this paper wideband low noise amplifier is presented using 

0.18µm CMOS technology. In this technique parasitic 

capacitance of the transistor is considered over a wide 

bandwidth. Using T-coil network the number of inductors are 

minimized to reduce loss associated with them. 
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