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ABSTRACT  

This paper presents the design of dual-band low noise amplifier (LNA) for WLAN IEEE 802.11b/g/a/n wireless 
applications. A new technique using a cascaded LNA, notch filter and T network impedance matching is proposed. A fully 
integrated dual band LNA was designed using GaAs pHEMT transistors to increase and improve the gain and noise figure 
(NF) effectively. The LNA was matched concurrently at the two frequency bands by matching the input and output 
networks without switching techniques. The post layout simulation shows the power gain |S21| of 33.845 dB and 20.000 dB 
and NF of 0.946 dB and 0.493 dB for center frequency of 2.4 GHz and 5.75 GHz.  The supply voltage for LNA is 2V.  
 
Keywords: concurrent dual-band, low noise amplifier, notch filter, T-network. 
 
INTRODUCTION  

Various telecommunication companies search for 
new frequency band and integrated the multiband into 
single transceivers to save the die area and power 
consumption compare to a single LNA. In fact multiband 
designs also help to minimize the packaging and testing 
costs [1].Some of the wireless gadget in the market such as 
Wi-Fi, WiMAX, LTE and mobile phones offer multiband 
coverage with dual-band, tri-band even quad- band which 
required multiplication of the channel of the receiver. 
Therefore, it is high demand to design for multiband in 
future trend. 

This paper introduces new techniques to improve 
the dual band LNA for wireless telecommunication 
purpose. LNA is an important part in designing the front 
end receiver, especially in the multiple communications 
which have more functions and various frequency bands.  
The sensitivity and the noise performance of the LNA play 
an important role in the quality of the total receiver 
architecture [2]. Thus, front-end RF receivers should be 
the first priority to ensure that the data signal received by 
user equipment (UE) has high gain, consume low power 
and overall low NF conditions.    

The following section addresses the existing state 
of the art works achieved for dual band LNA’s. Next 
section presents our new techniques to improve dual band 
LNA at 2.4 GHz and 5.75 GHz concurrently. Continue 
with an explanation of the mathematical analysis for LNA 
circuitry and lastly the simulation result performance of 
this work. 
 
EXISTING MULTIBAND LNA 

The cascode amplifier is widely used in dual band 
LNA topologies. The cascode amplifier is applied to 
decrease the Miller effect of the input transistor. There are 
many techniques used to design the dual band LNA. 
Among the techniques is a dual band LNA with switches 
(Lian L.L. et al., 2011). The NMOS MOSFET switches 
enable to switch the dual band LNA at different 

frequencies. However, the insertion loss of switch 
transistor is subsisted and cause system noise 
performances to get worse [4]. 

There are also combinations of two different 
LNA schematic with two input antenna into a single front-
end architecture [5].This method is costly and will 
increase the die space area.  

The idea of combining between LNA and band 
pass filter (BPF) has been reported [6]. The research is 
based on combining a single stage amplifier dual band 
matching network with dual band BPF and to produce the 
dual band LNA concurrently.  

According to [7], the dual band CMOS LNA with 
current reuse topology is presented to reduce the power 
consumption and to provide a better reverse isolation of 
the output return signal. Using the technique, a high gain 
can be obtained and a low NF can also be achieved.  
A concurrent LNA able to save die area with almost of 
25% from the layout. It also consumes almost of 40% 
power consumption compared to parallel LNAs technique 
[8]. 

The amplifier should have a NF at less than 3 dB. 
However, according to [9] the NFs for the system of more 
than 3dB has been reported, especially at frequencies from 
1 GHz to 5 GHz. The NF and chain of system components 
must be controlled because it directly controls the NF of 
the overall system. The system sensitivity is easy to be 
estimated from the receiver chain when the NF is already 
being known. 
 
CIRCUIT DESIGN 

Figure-1 shows the proposed schematic of the 
LNA with two stage cascade amplifier (M1 and M2). The 
GaAs pHEMT provide a wide range of performance 
capabilities where it has the best low NFs and high power 
gain [10]. 

The schematic has two bias circuits where both 
are used for drain voltage at M1 and M2. R1, C3 and LC1 
form the gate bias circuitry for M1. While R2, C7 and LC3 
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form another gate bias circuitry for M2. The resistors R1 
and R2 are set at the current for the bias circuitry, which 
generates the gate bias voltage at M1 and M2. The choke 
inductors  LC1, LC, LC3 and LC4 is to provide a low DC 
resistance for biasing, and provides high impedance at RF 
frequencies which isolates the signal from the bias supply 
[11].  

The capacitors C3, C4, C7 and C10 are bypass 
capacitors. The value of the capacitors should be large as 
possible to provide an ideal AC ground. The capacitors 
bypass AC noise and allow pure DC signals to pass 
through the circuits. It also prevents the unwanted 
communication between devices sharing the same power 
source. The value of the capacitors CA1 and CA2 was 
fixed and used as DC blocking capacitor, where to block 
the DC signal from the input and output lines while 
allowing passage of RF signals.  While capacitors CB1 
and CB2 are coupling capacitor which is used to couple 
only the AC signals from one stage circuit to another stage 
circuit. 
 

 
 

Figure-1. Schematic of the proposed Dual Band LNA. 
 

The input and inter-stage matching network 
between M1 and M2 was proposed using T network 
impedance matching. The C1, C2 and L1 were chosen to 
ensure that the input impedance of 50Ω and resonance at 
2.4 GHz and 5.75 GHz were provided. Most of the T 
network provides dynamic stability which optimized the 
harmonic rejection ability and reflection coefficient [13].  

Two notched frequency bands are obtained by 
embedding a series of L6C9 branch in parallel with the 
parallel L5C8 (LC tank). Series LC gives a minimum 
impedance at resonant, while LC tank gives a maximum 
impedance at their resonant frequency. In other words, 
ZOUT and ZL can be matched as much as possible by tuning 
the L6C9 and L5C8. 

In the LNA, we cascade the amplifier M1 and M2 
to enhance the power gain output. By applying the 
inductor degenerated topology at source transistor, it will 
achieve a better NF reduction [14]. The result for the NF, 
gain, stability factor, input and output reflection 
coefficient and reverse isolation are shown by the 
simulation output in Section 5. 
 
CIRCUIT ANALYSIS 

The S-parameter for the linear transistor was 
implemented in this circuit analysis. The single stage LNA 
is constructed using inductor degenerated topology. This 
topology reduces the interaction between output and input 
stage; and can be separately optimized to improve the 
reverse isolation [2]. Additionally, it gives the best 
performance to meet gain, NF, stability and impedance 
matching goal with minimum power consumption.   
Figure-2 shows the small signal AC model of inductor 
degenerated topology for input impedance applied to the 
LNA circuit. The Vb1 of M1 transistor gate is essentially 
zero because of elements in the small signal AC model. 
 

 
 

Figure-2. The input impedance for a small signal AC 
model of inductor degenerated with LS at common-source 

stage. 
 

Now, let’s determine the value of each element in 
the input impedance which contains C1, C2, L1 and Ls. 
According to Equation (1), the input voltage, vin for small 
signal AC model can be derived. The output current, io1 to 
M1 is given as Equation (2): 

 
where                    
 

                     (1) 

 

                                   (2) 

 
By substituting Equation (2) in (1), the input 

impedance, Zin can be obtained as Equation (3) with the 
Im(Zin) and Re(Zin)  at input impedance as below: 
 
where 
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           (3) 

and           

  (4) 

and 
                                                  (5) 

 
The real part of input impedance, Re(Zin) must be 

equal to 50Ω in order to have impedance matching for 
maximum power transfer to transistor M1. The imaginary 
part of input impedance, Im(Zin) gives the frequency of 
interest which can be set according to L1, LS, C1, C2 and 
CGS parameters. 

To obtain the maximum power transfer to the 
transistors, the input and output matching networks must 
be considered. For this design we proposed T network 
impedance matching at the input and inter-stage circuit. 
The T network gives the best performance to optimize the 
gain, NF with minimum power consumption [12].  

Figure-3 shows the small signal AC model for 
output impedance which contains of a notch filter, Cgs2 and 
C10. The notch filter is placed after the gain stage to avoid 
the decline in NF due to the loss of this filter [16]. The 
filter used at the output matching network due to suppress 
the interfering frequency at 2.4 GHz and 5.75 GHz 
without affecting the NF of the LNA. 
 

 
 

Figure-3. The output impedance for small signal AC 
model with notch filter. 

 
The output voltage, vo for small signal AC model 

can be derive as Eqn. (6):  
 

      (6)                                                                                                     

 
The output impedance, Zo can be derived at 

output impedance as Equation (7): 
 

              (7)                         

 

From imaginary part of output impedance Im(Zo) 
gives matching frequency which to be set to frequency of 
interest according to L5, L6, L7, Cgs2, C8, and C9 

parameters.  
Figure-4 shows a notch filter structure to 

attenuate the interferences. The relationship between the 
notch frequency and the resonator can be expressed as 
Equation (8).  
 

                                                                        (8) 

 

 
 

Figure-4. Output matching network with notch filter. 
 
SIMULATION RESULTS 

The proposed dual band LNA was simulated via 
ADS 2008 software using GaAs pHEMT transistor. The 
simulation of dual band LNA was carried out for NF, gain, 
input and output reflections coefficient, reverse isolation 
coefficient and stability factor (Mu1). Figure-5 shows the 
NF of 0.946 dB at 2.4 GHz and 0.493 dB at 5.75 GHz 
respectively.  
 

 
 

Figure-5. Simulated NF. 
 

The input and output reflections coefficient |S11| 
and |S22| parameters are depicted in Figure-6. The 
measured |S11| at 2.4 GHz and 5.75 GHz is -11.375 dB and 
-17.416 dB respectively. The |S22| at 2.4 GHz and 5.75 
GHz is -24.616 dB and -11.184 dB. 
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Figure-6. Simulated |S11| & |S22| parameters. 
 

  The simulated of power gain |S21| and isolation 
coefficient |S12| can be shows in Figure-7. The simulation 
results show that the gain of LNA at 2.4 GHz and 5.75 
GHz is 33.845 dB and 20.000 dB, respectively. The |S12| 
of -48.772 dB at 2.4 GHz and -35.772 dB at 5.75 GHz. 

 

 
 

Figure-7. Simulated |S21| & |S12| parameters. 
 

Figure-8 shows the Mu1of LNA at 2.4 GHz and 
5.75 GHz is 3.287 dB and 2.377 dB. In order to maintain 
the LNA in unconditionally stable and to avoid the 
interference from the input signal, the value of stability 
factor should keep for Mu1 > 1. Figure-9 shows the 
layout of the proposed dual band gain with two stage 
amplifier. 
 

 
 

Figure-8. Simulated mu1. 
 

 
 

Figure-9. Layout of the concurrent dual band LNA. 
 

Table-1 summarizes the comparison of 
performance of previous work for dual band LNA with 
this present work. It proves that this work achieved the 
highest gain with lowest NF reduction of less than 1dB. 
The input and output reflection coefficient target is less 
than -10 dB to maintain the minimum standard of input 
sensitivity of front-end receiver. The gain and noise offer 
the best performance output compare with others. 
 
CONCLUSIONS 

In this paper, a low noise for Dual Band 
concurrent LNA using cascading and notch filter 
optimization were proposed. The designs also include T 
network impedance matching at the input and inter-stage 
of the LNA. The notch filter will optimize and obtain the 
maximum power transfer to the LNA at the output stage. 
The LNA has two pass bands and can be used for 
WLAN IEEE 802.11b/g/a/n application at 2.4 GHz and 
5.75 GHz. The advantage of dual band is suited for areas 
that require more accessibility. The result shows that the 
NF is less than 1dB and achieved the highest power 
gain. The proposed techniques suited for low power RF 
application at high frequency band.   
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Table-1. Performance summary and comparison of previously reported dual band LNA. 
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