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ABSTRACT 

 

 A novel circuit consists of a Dual-band Low Noise Amplifier (LNA) operates in the 3.5 

GHz and 5 GHz frequency bands WiMax and WiFi respectively. It can be used in many 

applications of wireless communication (GSM, WI-Fi, Bluetooth, Zigbee, WiMax, 

HiperLAN, UWB, etc ...) for 3G and 4G networks. The proposed circuit is based on parallel 

amplifier LNAs with a single transistor ATF 10136, and band-pass filter (BPF) networks are 

usually used match both the input and output ports at two different bands, are matched to 50Ω 

without external elements, but with transistor "FET" that has a better performance, successful 

integration of feasibility and a low price compared with other technologies. Simulation results 

indicate a Noise Figure below 0.7dB and S21 above 10 dB in all frequency bands and also 

input and output return loss are below -10 dB for all desired frequency band while drawing 

2.5mA current from a 5V power supply. Simulations of the operation of the amplifier were 

performed with two software’s Ansoft Designer and ADS is used to simulate the circuit and 

performance of the amplifier were recorded and analyzed.  

  
Key words: System Radio Frequency (RF), wireless communication, 3G and 4G Networks,  Low 

Noise Amplifiers (LNA), dual band amplifiers, Advanced Design System (ADS). 
 

 

INTRODUCTION 

In recent years, there has been a growing market for dual band transceivers for various 

wireless standards. WLANs (wireless local-area networks) have been deployed all over the 

world as office and home communication infrastructures. The frequency bands used in the 

telecommunications sector have been increasing due to the saturation of the traditional bands, 

leading always to explore the frequency bands of higher and higher and not used. As a result, 

techniques and architectures currently used in radio frequency will be improved to adapt to 

new bands and new features of telecommunications. Wireless telephony uses different frequency 

bands (900 MHz, 1800 MHz, 1900 MHz, 2200MHz …), hence most mobile phones on the 

market nowadays offer to cover these bands with multi-band mobile phones, which requires the 

multiplication of channels of receive and transmit radio frequency to treat each of these 
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frequencies. This increases costs and causes usability issues since you need more space to 

perform the multitude of channels [1, 2].  

In order to address these problems, we propose to develop circuits capable of operating over 

a frequency band or another, depending on the choice of the user. Indeed, the realization of this 

concept can be used to design a single RF receiver chain can process according to the choice of 

the user number of telecommunications norms. The microwave devices should be more rapid 

and must cover wide frequency bands in order to monitor progress in the field of mobile 

telephony with its multitude of protocols (GSM, CDMA, CDMA2000 etc ....), As well 

as evolution and development of local networks. The list of standards for the dual-band LNA in 

this work is shown in Table I [3]. The standards are grouped into bands based on their carrier 

frequencies to determine the number of notches required and their corresponding inter-band 

notch frequencies.  

Table 1: Frequency bands 

 

 
 

 

As the wireless communication system becomes mature and widespread, the requirement of a 

low noise amplifier (LNA) for the system has become a lot more sophisticated. However, low 

noise amplifier is one of the most critical building blocks in modern integrated radio frequency 

(RF) transceivers for wireless communications. For low cost and high integration consideration, 

the transistor "FET" process has become one of the most popular technologies to provide 

excellent integration with other baseband blocks. Besides, modern wireless applications 

necessitate communication systems with more functionality and flexibility. Therefore, multi-

standard RF transceivers integrated using transistor "FET" processes are predicted to play a 

critical role in the future wireless communication system. If we can combine two or more RF 

standards into one transceiver, it will reduce cost and improve integration in advanced. However, 

a suitable LNA must be designed and realized before implementing a multi-standard receiver. 

And two ways can approach this goal, wideband or multi-band structure [3, 4]. 
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Recently, many researches about dual-band LNA have been studied and reported. However, 

the concurrent dual band LNA is rarely cited and studied. In this work, a new fully integrated 

concurrent dual-band  LNA is first proposed that is capable of simultaneous operation at all two 

different frequency band (3.5GHz and 5GHz) without dissipating dual as much power or a 

significant increase in cost and footprint. Our study focuses on the design and implementation of 

dual band LNA based on two amplifiers a single transistor "FET" that offers good 

performance and high integration feasibility, to obtain good return loss, low noise and high gain 

simultaneously. To provide some background, section II reviews concurrent dual-band LNA 

architecture. In section III, we present our analysis and concepts of designing a fully integrated 

concurrent dual-band LNA in advanced and we show its post simulation performance. In Section 

IV, we conclude for this paper. 

 

DUAL-BAND LNA ARCHITECTURE 

In this section, we will develop a concurrent dual-band receiver architecture that can be fully 

integrated. The  objective  is  to  devise  a  receiver  that  can  simultaneously  receive the signal 

at two different frequency bands with maximum reuse of power. While the input and output of a 

stand-alone LNA usually needs to be matched to 50Ω. 

Similar to the single-band LNA, being the first active element of the receiver chain, the noise 

figure (NF) of a dual-band LNA also plays a significant role in the overall NF of the dual-band 

receiver.  

 

The proposed circuit was implemented using ATF 10136 technology that is a high 

performance gallium arsenide Schottky-barriergate field (GaAs FET) effect transistor housed in 

a cost effective microstrip package and its premium noise figure makes this device appropriate 

for use in the first stage of low noise amplifiers operating in the 3-5.5 GHz frequency range and 

it operates under a 5V supply. We will show its post simulation results to demonstrate this good 

performance.  

 

The structure of concurrent dual-band LNA is shown in Figure.1. 

Fig.1:  Concurrent dual-band LNA with only one transistor for Mobile Applications 
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Fig. 1 is concurrent dual-band LNA architecture. In the input, there are parallel two filters 

BPF, the proposed low-noise amplifier consists the input matching network which is 

implemented by the Filter BPF where are L1, C1, L2, C2 and Ls; the main amplifier is 

containing M1, the Cdc1, Cdc2 are DC blocking capacitors.  

The Amplifier LNA consisted of only one transistor M1 is similar to dual-band LNA 

architecture, which adopted a source inductive degeneration cascade configuration.  Based on the 

characteristics of LC (Inductor-Capacitor) series resonance (short circuit) and parallel resonance 

(open circuit), we can simultaneously design and realize input and output matched to about 50Ω. 

In particular, we introduce some feedback and coupling capacitors to adjust bandwidth of desired 

bands and spacing between each band. [5] 

The circuit is designed on the substrate FR4 with a relative dielectric constant of 4.4 and a 

thickness of 1.5 mm and two software’s Ansoft Designer and ADS is used to simulate the circuit. 

As shown in Fig.1, the simulated fractional bandwidth, Ga and NF after design are 12.01 dB and 

0.46 dB at 3.5 GHz, 10.01 dB and 0.62 dB at 5 GHz, respectively. [6] 

In input matching, for simultaneous power and noise matching at dual frequencies, the real 

part of Zin has matched to 50Ω and the imaginary part of Zin will be zero. The first active 

element in the receiver chain, the noise figure (NF) of an LNA plays a significant role in the 

overall NF of the receiver, which controls its sensitivity and output signal-to-noise ratio (SNR). 

Inductive source degeneration is used for input matching. This also increases the stability of the 

LNA through negative feedback at the expense of lower gain. Cascade configuration can be used 

to enhance stability, reverse isolation of the amplifier and reduce Miller effect [3-7]. 

An important design parameter in receiver design, which is the measure of receiver noise, is 

the noise factor F (also known as NF, when expressed in decibels). The definition of the noise 

factor of any transducer (e.g., LNA, mixer, filter, etc.) given by [8] is: 

 

 

The value of the noise figure NF characterized by: 

  

If the noise factor is too large, this is stabilizing resistance placed in input (the thermal noise 

is amplified by the transistor which degrades the high NF). We can then use resonant circuits in 

the sensitive circuit of frequency stabilizing resistances. 

The stability of an LNA amplifier circuit can also be studied with the help of the Rolett factor. 

This is more useful when viewing larger frequency spectra. 

 

Where: 
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To design an unconditionally stable LNA amplifier circuit, which implies that the amplifier 

remains stable within the entire domain of the Smith Chart at the selected frequency and the 

given bias conditions, the following conditions must be met. 

As well as 

This LNA circuit was the adaptation input and output by the Smith chart, and to lock the 

frequency, we used the band-pass filter (BPF) to filter the signal. This amplifier is biased with a 

voltage Vds = 5V, and a current Ids = 2.5 mA. Simulations of the operation of the amplifier were 

performed with the ADS software and the performance of the amplifier were recorded and 

analyzed. In next section, through ADS software and Ansoft Designer software   post simulation 

results we will demonstrate that this newly proposed circuit topology will meet our desired 

specification using these design consideration. 
 

 

RESULTS AND DISCUSSION 

This section presents the measurement results of a concurrent dual-band LNA operating at 3.5 

GHz and 5GHz frequency bands for wireless communications. The design is based on the 

topology of Fig. 1 the measure S-parameters as a function of frequency in a linear scale are 

shown in Fig. 3-6. 

Fig 2 to Fig 6 below details the measured S-parameters and NF data respectively for the 

LNAs. At 3.5 GHz, a NF of 0.46 dB is achieved with 12.01 dB gain. At 4.9 GHz, the NF is 0.62 

dB with 10.01 dB.  
 

 

 
 

Fig. 2:  Noise figure of the LNA 
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Fig. 3:  Gain of the LNA. 
 

 

 

Fig. 4: Input reflection coefficient of the LNA. 
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Fig. 5:  Reverse isolation of the LNA. 

 

 

 

 
 

 

 

Fig. 6: Output reflection coefficient of the LNA. 

Table II summarizes the performance of the current design. 
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Table 2:  Performance Summary of the Concurrent Dual Band LNA 
 

 

The ADS software post simulation performance including all layouts extracted parasitic are 

shown in Fig 2-6. The results of these simulations have shown that the S-parameters have 

two peaks, 3.5 GHz and 5 GHz. 

Fig. 2 shows the noise figure (NF). Fig. 3 shows the power gain (S21). Fig. 4 shows the input 

matching (S11). Fig. 5 shows the reverses isolation (S12). Fig. 6 shows the output matching 

(S22). The LNA exhibits input matching to 50Ω with S11 of -26.06 dB at 3.5 GHz and -30.41 

dB at 5 GHz, as well as output matching to 50Ω with S22 of -18.32 dB and -13.37 dB 

respectively. And it provides forward gain (S21) of 12.01dB and 10.01 dB with noise figure of 

0.46 dB and 0.62 dB respectively. The LNA circuit draws a DC current of 2.5mA from a 5V 

supply voltage. All the simulated results agree well because of the accuracy in device modeling 

and full-wave electromagnetic simulations. 

 

CONCLUSION 

This work investigates a novel circuit topology of dual-band low noise amplifier (LNA) for 

mobile radio applications 3G and 4G. It has been implemented using only one 

transistors "FET"ATF 10136 technology. The proposed LNA has been used to simultaneously 

achieve high gain and good matching without large amount of power consumption at all two 

desired band 3.5 GHz and 5 GHz. It also achieves similar good performance at these three 

different frequencies. 

The LNA exhibits input matching to 50Ω with S11 of -26.06 dB at 3.5 GHz and -30.41 dB at 

5 GHz as well as output matching to 50Ω with S22 of -18.32 dB and -13.37 dB, respectively. 

And it provides forward gain (S21) of 12.01 dB and 10.01 dB with noise figure of 0.46 dB and 

0.62 dB respectively while drawing 39mW from a 5V supply voltage.  And we have 

demonstrated its good performance through other software Ansoft Designer post simulation 

results. 

Such design for Radio mobile applications is the first of its kind and the state-of-the-art 

performances distinguish the LNA in future multi-band applications. 
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