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Abstract :- A novel circuit topology for a CMOS low-noise amplifier (LNA) is proposed in this paper. By 

employing a positive feedback technique at the common-source transistor of the cascade stage, the voltage gain 

can be enhanced. In addition, with the MOS transistors biased in the moderate inversion region, the proposed 

LNA circuit is well suited to operate at reduced power consumption and supply voltage conditions. Utilizing a 

standard CMOS process, the CMOS LNA has been demonstrated for 5-GHz frequency band applications. 
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1.INTRODUCTION 
 

The low-noise amplifier is used in RF frontend of a wireless communication receiver system. It generally 

decreases the total noise of the receiver. However, it takes the cost of requiring more power for the high-gain 

LNA. It is more difficult to make tradeoffs between the performance of gain, noise figure, and linearity of the 

LNA when transistors operate at low power consumption and low supply voltage. To overcome the limitations 

imposed by ultra-low supply voltage and ultra-low power dissipation, a cascade LNA topology is proposed in 

this paper. By incorporating a positive feedback technique in the proposed topology, enhanced gain can be 

achieved at the frequency band of interest. Using a standard CMOS process, the proposed CMOS LNA is 

implemented for the 5-GHz band applications. 

 

2. RELATED WORK 
 

With the cascode amplifier topology, high gain can be achieved with relatively low current consumption [1]. 
Source inductive degeneration technique is suitable to match the input of the LNA to 50Ω in a narrow frequency 

band. But, it degrades the power gain of the LNA, hence more dc current is required to compensate for the loss 

of gain. However, the circuit suffers from the drawback of high-voltage headroom. In order to reduce the supply 

voltage, current-reuse topology has been proposed [2]. Instead of using the traditional stack-on current-reusing 

scheme that compresses the voltage headroom, the front end employs a lateral current-shunt branch to share 

most of the dc bias current of the transconductance transistors in an LNA and a mixer. To prevent the signal 

interaction between the two modules, an LC tank is inserted into the current-reusing path to cut off the radio-

frequency signal path between the LNA and the mixer. In order to meet the requirement of ultra low voltage 

applications, a two-stage common-source configuration is employed. By using forward-body-biased MOSFETs, 

the LNA can operate at 0.4 V supply voltage, successfully demonstrating the application potential of dynamic 

threshold voltage technology in the radio frequency region[3]. By adopting a positive-feedback network at the 

common-gate transistor of the input cascode stage, the small-signal gain can be effectively boosted, facilitating 

circuit operations at the higher frequency bands. In addition, LC adders are utilized as the inter-stage matching 

for the cascaded amplifiers such that an enhanced bandwidth can be achieved[4]. 
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3. DESIGN 
 

3.1 BLOCK DIAGRAM OF SYSTEM 

Under the small-signal condition, the proposed circuit topology is basically a two-stage cascaded amplifier that 

includes the input and output matching network. Block diagram of the proposed model is shown in Fig. 1. Each 

module in the block diagram is explained as follow: 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

      Fig. 1. Block Diagram of Proposed Model 

 

3.1.1 INPUT MATCHING NETWORK 

Since the LNA is the first component in the receiver chain, the input must be matched to be driven by 50Ω. 

Many methods for matching the input using passive circuit elements are possible with varying bandwidths and 

degrees of complexity. Proposed LNA requires an inductor to provide the power and noise match. It is simple 

and in series with the input of the transistor. It achieves simultaneous noise and power matching of the 

transistor. 

 
3.1.2 FIRST STAGE 

For CMOS circuit implementations, the most widely used circuit schematic is a common-source amplifier with 

source degeneration for ultra-low-supply voltage. In order to effectively enhance the voltage gain at ultra-low-

supply voltage, positive feedback can be incorporated in the common-source amplifier with source 

degeneration. Based on a simple concept, it can be accomplished by inserting a transconductance stage. With the 

proposed technique, the voltage gain of the source-degenerated common-source amplifier can be determined by 

the second stage. 

 

3.1.3 SECOND STAGE 

The second stage of the proposed LNA with a positive feedback, where current source and inductor are the 

Norton’s equivalent circuit of the first stage. For better understanding of the gain-enhancement technique, the 

loop gain of the positive feedback is derived. 
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The most common form of biasing in RF circuits is the current mirror. This basic stage is used everywhere and 

it acts like a current source. Normally, it takes a current as an input and this current is usually generated, along 

with all other references on the chip, by a circuit called a bandgap reference generator. A bandgap reference 

generator is a temperature-independent bias generating circuit. The bandgap reference generator balances the 

VBE dependence on temperature, with the temperature dependence of vT  to result in a voltage or current nearly 

independent of temperature. 

 

3.1.5 POSITIVE FEEDBACK NETWORK 

By employing a positive feedback technique at the common-source transistor of the cascade stage, the voltage 

gain can be enhanced. 

 

 

3.1.6 OUTPUT MATCHING NETWORK 

Impedance matching is the practice of designing the input impedance of an electrical load or designing 

the output impedance of its corresponding signal source to maximize the power transfer or minimize signal 

reflection from the load. In the case of a complex source impedance ZS and load impedance ZL, maximum 

power transfer is obtained when , where ZS represents the characteristic impedance of 

a transmission line, minimum reflection is obtained when . Impedance matching to minimize 

reflections is achieved by making the load impedance equal to the source impedance. If the source impedance, 

load impedance and transmission line characteristic impedance are purely resistive, then reflection-less 

matching is the same as maximum power transfer matching. If the source has a reactive component, but 

the load is purely resistive then matching can be achieved by adding a reactance of the opposite sign to the load. 

This simple matching network consisting of a single element will usually only achieve a perfect match at a 

single frequency. This is because the added element will either be a capacitor or an inductor, both of which are 

frequency dependent and will not follow the frequency dependence of the source impedance. Combinations of 

transformers, resistors, inductors, capacitors and transmission lines are used to match electrical impedances. 

 

4.CONCLUSION 

Using a standard CMOS process, a 5GHz CMOS LNA has been designed for industrial–scientific–medical 

(ISM) band applications in this study. Employing a positive feedback technique in the circuit topology, 

enhanced gain can be effectively achieved for two-stage cascaded LNA design even at reduced supply voltage 

and power consumption. The proposed technique demonstrates the feasibility to realize a CMOS LNA for low-

voltage and low-power RF applications. 
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