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I. Introduction 
Wireless communications for Industrial, Scientific, and Medical (ISM) and Wireless Medical 

Telemetry Service (WMTS) applications are found to be low cost, require low power, low voltage Transceivers, 

fully integrated on a single chip. The LNA is a Key block in these systems and will be investigated in this paper. 

Wideband LNAs with high gain and low noise figure (NF), using noise and distortion cancelation have been 

proposed, but these circuits have large power dissipation for high gain and low noise figure. 

 In this paper our main goal is to design a very low area and low cost LNA, with very high gain and low 

NF using 1.2V supply. This is obtained by replacing the load resistors by transistors biased close to saturation 

.In a circuit operating at 1.2V with controllable gain was proposed .In an LNA with double feed forward (DFF) 

has been used. In this paper we investigate the possibility of using a double feedback (DFB) technique to boost 

the gain and reduce the noise figure (NF). 

 Equations for gain and noise figure are presented, which can be used to optimize the circuit 

performance .A circuit proto type in a 130nm standard CMOS technology at1.2V has been designed and 

simulated to demonstrate the proposed technique. Simulation results show a gain of 24dB and NF below 2.7dB, 

with power 

Dissipation of only 5.4mW, leading to a FOM of 3.8mW-1, which is, to the authors 'knowledge, the best FOM 

in the literature for LNAs with nominal 1.2V supply. 

 Measurement results for the proposed DFBLNA where it is included in a modern receiver are also 

presented, which prove that the proposed approach leads to a high gain, low NF circuit, when compared with 

other state-of-the-art approaches. 

 

II. Balun LNA with noise reduction 
 In a receiver, the antenna and RF filters are typically single-ended, so it is very desirable to have an 

LNA with single-ended input. A differential signal in the receiver is preferred to reduce harmonic distortion and 

to reject power supply and substrate noise. Traditionally, an external balun is used to convert single-ended 

signals to differential, but it introduces losses and degrades the receiver NF. A balun LNA converts a single-

ended to a differential signal, which simplifies the receiver design, by avoiding the external balun. 

Abstract  
In this paper we present a balun low noise amplifier (LNA) in which the gain is boosted by using a 

double feedback structure. The circuit is based on a conventional balun LNA with noise and 

distortion cancelation. The LNA is based on the combination of a common-gate (CG) stage and 

common-source (CS) stage. We propose to replace the load resistors by active loads, which can be 

used to implement local feedback loops (in the CG and CS stages). This will boost the gain and 

reduce the noise figure (NF). Simulation results, with a 130nm CMOS technology, show that the 

gain is 24dB and the NF is less than 2.7dB. The total power dissipation is only 5.4mW (since no 

extra blocks are required), leading to a figure-of-merit (FOM) of 3.8mW
-1

 using a nominal 1.2V 

supply. Measurement results are presented for the proposed DFBLNA included in a receiver front-

end for biomedical applications (ISM and WMTS). 
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 The circuit proposed in and shown in Fig. 1 is a balun LNA, in which the thermal noise of M1 (main 

source of noise) is cancelled out. The noise produced by M1 appears in phase at the two output terminals, while 

the signals at these terminals are in opposition. Thus, at the differential output the gain is doubled and the noise 

is cancelled. It can be shown that the distortion introduced by M1 is also cancelled. 

 The differential voltage gain of the LNA is obtained from the difference of the common-gate (CG) and 

the common-source (CS) stage gains: 
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( \ \ ) ( \ \ )

V D iff m d s m d s
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where rds is the transistors output resistance and gm is the transconductance. The input impedance is given, 

approximately, by 
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1
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III. Proposed circuit 
The circuit in Fig. 1 cannot operate at low supply voltage with high gain, due to the large voltage drop 

at the resistors. Based on the CG–CS LNA circuit of Fig.1, we investigate a circuit using active loads, in which 

the load resistors are replaced by transistors biased in the triode region, which behave, approximately, as linear 

resistors. 

In a method was proposed to obtain gain boosting in the LNA of Fig. 1, which was referred to as 

double feed-forward (DFF) LNA, since it consisted of the use of two feed-forward loops, as shown in Fig. 2. 

Since the CG stage gain is limited by the input matching, an Inverter based block with gain α is applied 

(this inversion is required, since the CG stage does not change the input signal phase) in the feed forward path. 

This modification provides gain boosting and an additional degree of free domain the design. At the same time 

the input signal is also applied at CS stage through a feed forward loop, but in this case there is no need of an 

inverter, and the CS gain can be adjusted through Vb2. Despite the significant gain boosting this circuit 

provides, its linearity and bandwidth are degraded. Here we propose an alternative method of gain boosting, 

which uses two local feedback loops as shown in Fig.3. This circuit will be referred to here as double feedback 

(DFB) LNA. A DFB LNA is a simpler circuit than DFF LNA (hence, with Lower area and power), and 

produces a higher gain increase and more NF reduction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Balun LNA with cancelling of the noise of the CG-transistor M1 

 

 
 

Fig.2. LNA using double feedforward (DFF) 
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In the DFB LNA (Fig.3), Vin after amplification in the CG stage (M1) is applied to the gate of M4, being further 

amplified and added to Vout2. The resulting signal is amplified trough M3, and added to Vout1. With this structure 

there is a significant gain increase, without using extra circuitry. 

 

 
 

Fig.3. Proposed LNA using double feedback (DFB). 

 

In the proposed circuit the main drawback is the reduction of the bandwidth due to the parasitic 

capacitances of M3 and M4, but the main goal is achieved: high gain and low NF. 

The PMOS loads could be biased under saturation, which would lead to a higher gain due to the 

increase of the channel resistance. However, the circuit would be sensitive to DC variations, requiring a 

common-mode feedback (CMFB) type regulation circuit to compensate these variations, and consequently, 

adding more complexity to the circuit. Moreover, in the presence of miss-matches, noise cancelation is still 

partially cancelled, but distortion cancelation will be severely degraded. 

 

The gain of the CG and CS stages is 
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Using (3) and (4), we obtain the LNA differential gain: 
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The input impedance is 1 2 3 4
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Using Eqs. (5) and (6), we can optimize the circuit performance in order to increase the gain, while 

minimizing the impact on the input matching. 

If it is assumed that gm1 = gm2 = gm, the noise factor is 
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where k is Boltzmann's constant, cox is the oxide gate capacitance per unit area, W1 and L1 are the 

transistor dimensions, T is the absolute temperature, γ is the excess noise factor, kf and αf are intrinsic process 

parameters, which depend on the size of the transistors. The main noise sources in this type of LNAs are those 

of M1 (the thermal noise is cancelled) and those of M2, while the noise introduced by the loads can be neglected. 

From [6], to improve the noise figure, gm2 should be higher than gm1, while gds4 is increased to keep the 

output signals balanced: 
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The optimal value of α is obtained by simulation and it was found to be approximately 1.5. 

 

IV. Simulation results 
4.1. Comparison of DFB LNA with related circuits 

The proposed circuit was designed using Cadence Spectre RF Simulator (SP, PSS, and PNOISE), using 

BSIM v3.3 models from standard CMOS 130nm technology with 1.2V supply. The circuit parameters are given 

in Table1. The transistors have minimum length to maximize speed, and Vbias is 795mV. 

In Table 2 we compare the theoretical and simulation results for the optimized voltage gain. We use 

Eq. (1) for the LNA of Fig. 1 with resistors and for the circuit using active loads with MOS transistors biased in 

triode , Eq. (3) from  is used for DFF LNA, and Eq. (5) for the proposed DFB circuit. 

In order to investigate the influence of DFB on the LNA key parameters: gain, noise figure, linearity, 

and frequency band, several simulation results are presented in Table3. The circuits were designed for gain 

optimization and under the same conditions, with ideal biasing circuitry and with an ideal current source biased 

with 2mA, to highlight the advantages and trade-off of each circuit. For a convenient comparison of the results 

obtained, the following figure of merit is used  
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The results in Table3 show that the DFB leads to the highest gain and the lowest NF, leading to the highest 

FOM. The dis-advantages are the increase of the circuit non-linearity and the reduction of the bandwidth. 

 

Table1 : LNA circuit parameters using DFB. 

 
 

4.2. Proposed DFB prototype 

In order to have a complete LNA prototype, we have included the biasing circuitry in simulations, 

which has lead to some degradation in the noise figure, mainly due to the current source. In Figs. 4–6, the 

simulation results for the input matching (S11), gain, and NF, for the proposed DFB circuit prototype are 

presented. 

 Comparing these results with state-of-the-art inductor less LNAs (Table4), we observe that 

our circuit is very good in terms of gain and NF, and has very low power, which leads to the best FOM1 (it 

should be noted that while some of the results in the references in Table4 are from measurements, our results are 

obtained by simulation, and some degradation is to be expected in the fabricated circuit). However, in order to 

have a fair comparison, we also present the extrapolated results for the DFB LNA from the measured data of the 

RF front-end and we have attributed all the losses to the LNA to assure that the real results are in fact better than 

the extrapolated ones. Since the LNAs have many performance parameters we have also included a second 

FOM (9) in Table4 that includes IIP3 and bandwidth. 
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This FOM was originally used for narrow band LNAs since the frequency of operation is considered 

instead of the bandwidth, which we have replaced here for a proper comparison of wideband LNAs. 

The proposed circuit approach is especially interesting in low power and low voltage biomedical 

applications, since in these applications low power is a key requirement and some non-linearity can be tolerated. 

There are ISM bands at 450MHz and 900MHz and a WMTS band at 600MHz, for which the circuit proposed 

here can be a good alternative to the conventional solutions 
 

Table2 : Optimized voltage gain(dB) for different topologies. 
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Table3: Circuit simulations for different topologies with1.2Vsupply 

 

 
 

 
Fig. 4. Simulated S11 parameter for the DFB LNA (Fig. 3). 

 

V. Measurement results 
Since the objective of the improved LNA proposed here is to obtain a low area and low power receiver, 

to demonstrate that this objective can be obtained, we have designed a receiver, which is a modern discrete-time 

down converter [21,22] for ISM and WMTS bands with the block diagram represented in Fig. 7. Two RF 

receivers front-end 

 

 
 

Fig. 5. Simulated gain for the DFB LNA        (Fig. 3). 

 

 
Fig. 6. Simulated noise figure for the DFB LNA (Fig. 3). 
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circuits were designed and fabricated in the UMC CMOS 130nm technology. For comparison purposes we have 

implemented two versions of the receiver, one with the DFB LNA (receiver B), and the other with the basic 

LNA circuit of Fig. 1 using active loads (receiver A). All the remaining blocks are the same in the two receivers. 

 

Table4 

Comparison with state-of-the art LNAs. Bold values indicate highlight of the proposed work in comparison with 

the state-of-the-art 

 
a Measurement results. 

b Simulation results. 

c Extrapolated results from measurements at 450MHz. 

 

The overall area for each front-end is about 800 x 550 μm
2
. The layout and die photo are shown in Fig. 8, where 

the main blocks and signal pads are highlighted. It is worth mentioning that although the DFB LNA has more 

area due to the cross-coupled capacitors, this does not affect the overall area, and the full RF front-end circuits 

have the same area. The other pads are for supply and voltage references as well for external biasing circuits. 

 All the measurements were done with a spectrum analyzer with a software option for noise figure 

measurements and a network analyzer for input matching verification (s11). The test board developed for the 

measurements are shown in Fig.9. The circuits were measured with an RF signal ranging from 250 to 900MHz, 

which was limited by the internal VCO in terms of frequency. The LNAs performance can be inferred from the 

relative measurement results; however we can estimate the bandwidth through the 1-port measurement of s11 as 

shown in Fig.10. For each measurement step, the Internal VCO has to be tuned to convert the RF signal to allow 

IF of 10MHz. This tuning is performed by adjusting an external trimmer. 

We were not able to measure the LNA standalone performance, and therefore, we extrapolate the LNA 

results, by assuming that the difference from simulation and measurements is at the LNA. This is a worse case 

assumption that guaranties that the actual performance cannot be worse than the extrapolated result. From the 

measurements of the proto type with the proposed circuit we have a gain loss of 3.5dB with respect to 

simulation, which we assume that was only due to the LNA. Thus, the LNA gain is higher than 19.5dB, as 

indicated in Table4. As for the NF, it has a degradation of 2.7dB, which we attribute to the LNA, since the 

overall NF is dominated by the first stage, and therefore, we have assumed that the LNA NF is lower than 5dB. 

Regarding the IIP3, considering the cascaded IIP3, we assume that the IIP3 is dominated by the second stage 

(i.e., mixer), and therefore we extrapolate a IIP3 above 0dBm for the LNA. 

Comparing the two receiver designs, we can observe that the gain increases and the NF decrease for 

receiver B with the proposed DFB LNA, as shown in Figs. 11and12. The results in terms of linearity are similar 

(the IP3 of receiver A is 4.9 dB mat 450 MHz, and the IP3 of receiver B is 0.3dBm). However, for biomedical 

applications the linearity is not a major concern. 

 

VI. Conclusions 
In this paper we present a low voltage and low power wide-band balun LNA with DFB for high gain and low 

NF. A circuit prototype with 1.2V supply is presented in a 130nm CMOS technology, which validates the 

proposed methodology. The pro-posed circuit is especially useful for low power and low voltage operation in 

biomedical applications (ISM and WMTS bands). A receiver for these bands was designed as a demonstrator. 
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Fig. 7. Block diagram of the implemented receiver. 

 

 
 

 
Fig. 9. Prototype board. 
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 Fig. 10. Measured s11 of DFB NA(receiverB). 

 

        
 Fig. 11. Front-end gain (receivers A and B) 

 

     
  Fig. 12. Front-end NF (receivers A and B). 

 

Measurement results are presented for the receiver using the DFB LNA proposed here and are 

compared with the results for a receiver using a more basic LNA circuit, with active loads, but without gain 

boosting. In the band of interest the DFB LNA leads to an improvement of more than 3 dB in the gain, and the 

NF is reduced by 2 dB for a power consumption of 5.4 mW, when compared with an LNA with active loads, but 

without feedback. 
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