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Abstract-A low power low noise ultra wideband LNA of 4 -13GHz is presented. It employs a series LC 
sections for input impedance matching, current reuse and noise cancellation technique to reduce the 
power consumption and noise. The designed LNA is implemented in standard 180nm CMOS technology 
using ADS tool. The designed LNA has a transfer gain of 21dB and noise figure of less than 3dB over the 
range of 4 -13 GHz band of frequencies with a power consumption of 18mW. It exhibits an input 
reflection co-efficient (S11) of less than -14dB within the entire band of frequencies and its IIP3 is -6dBm 
at 3GHz. Low power, low noise with high gain over the wide band of 4 – 13 GHz make it suitable for wide 
band RF front end. 
Keywords: Ultra wide band LNA, Input matching network, Cascode stage, Noise figure, Current reuse.  

I. INTRODUCTION 

Rapid growth of wireless market emerges various communication systems capable of supporting multiple 
bands of frequencies, demands wideband RF front end [1] for global roaming. It increases the requirement of 
integrated CMOS products for high performance RF front end circuits.  Using CMOS process, the RF systems 
can be realized with low power consumption, high frequency range (GHz) and high reliability. The block 
diagram of the Wideband RF front end is shown in Fig. 1.  

 
Fig. 1. Block Diagram of RF Front End 

The Receiver RF front end has wideband low noise amplifier followed by band pass filter, mixer, VCO and 
so forth.  The first stage of a receiver is typically a low noise amplifier (LNA), whose main function is to 
provide enough gain to overcome the noise of subsequent stages (such as a mixer) [2]. Main functions of LNA 
in a radiofrequency chain are both increasing signal energy and limiting noise in the receiver as much as  
possible. And also it demands low NF, sufficient gain with flatness over the wide frequency range, low power 
consumption and low cost. [3]. Block diagram of LNA of Fig. 2 has input/output matching networks with core 
amplifier design [4].  

 
Fig. 2. Block Diagram of a LNA 
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Designing of wideband LNA is one of the challenging blocks in multi band receiver, with the designing 
issues of low noise characteristics over the band width, flat frequency response, input/output matching networks 
for maximum power transfer and stability [4] There are number of topologies are available for wide band 
matching [5 – 8], current reused technique [9, 12] and noise cancellation techniques [11] to improve the 
performance of wide band LNA. Common source stage with resistor shunt feedback technique [4], [6] is used to 
achieve broadband input matching, but it is difficult to achieve high power gain and low noise figure 
simultaneously. The common-gate LNA (CGLNA) topology [7] is more suitable for broadband input match; 
however, its noise figure is limited and consumes more power.  

 Cascode UWB LNA with transformer input matching network is discussed in [8]. Current reused two-stage 
LNA [9, 12], achieves low power consumption and sufficient gain with flatness but the noise figure is not 
satisfactory. A two-stage inverter-based LNA with three inductors reported in [10] achieves satisfied gain and 
NF but consumes high power of 18mW. All these approaches could not satisfy the required power gain, power 
consumption, and noise and linearity performance simultaneously.  

This paper proposes ultra wide band LNA with series LC for input matching network with current reuse and 
noise cancellation techniques for low power and low noise. Section 2 and 3, describes the circuit operation and 
design of wideband LNA respectively. Discussion on simulation results and its layout are presented in section 4 
and section 5 briefs the concluding remarks. 

II. CIRCUIT DESCRIPTION ULTRA WIDEBAND LNA 

The circuit schematic of Fig.3 is a two stage cascode wideband LNA with series connected L type LC 
sections for broad band input impedance matching. Cascode stages are preferred for high gain, high input/output 
impedance and large bandwidth with high voltage swing. The first cascode stage comprises M1 common source 
stage with inductive source degeneration (Ls) to exhibit good linearity and stabilize the amplifier for entire 
frequency range. Even though, it simplifies input impedance matching along with gate inductor Lg, it can 
achieve only narrow band matching. Thus, two series connected LC sections (C1& L1 and C2 & L2) have been 
used to match the input impedance of L-degenerated amplifier across a wide bandwidth. First L section (C1& 
L1) provides lower cutoff frequency and the second L section (C2& L2) provides upper cutoff frequency for 
broad band match. M3 act as a common gate stage for cascode configuration to eliminate the miller effect and 
provides better isolation for output return signal.  

The intermediate stage M2 along with R1, C3 and L5 forms a current reuse network where C3 offers low 
impedance path and L5 offers high impedance path for ac signal. Thus it reuses the charge stored across the 
capacitance C3. The inductance L5 increases the transconductance of common source stage (M1) and also it 
provides good matching to feed the signal from M1 to common gate stage (M3). Further this design is robust 
against temperature and process variations [15].  

The second cascode stage (CS stage (M5) & CG stage (M4)) is used to boost the gain and extend the band 
width with flatness. R2 and R5 are used for biasing the common source stages. For the purpose of shunt peaking 
at the high frequencies, the inductor loads L3 and L4 are used for the cascode stages. The inductive loads along 
with the drain parasitic capacitances of M3 and M4, provides gain roll at the high cut off frequencies of the band. 
Peaking inductor also features constant power gain over the entire bandwidth by compensating the decreasing 
impedance of capacitance with the increase of frequency [16]. 

Output buffer is a source follower which provides 50Ω wideband output matching for maximum power 
transfer. The major noise has been contributed by the common source stage of cascode networks. The noise at 
the drain of the common source stage M7 is 180◦ out of phase with the noise at the source of common drain M6. 
Thus the noise figure of the LNA has been reduced due the noise cancellation by M7. As this design uses LC 
section wideband impedance matching networks with current reuse and noise cancellation techniques improve 
the performance of wideband LNA and make it more suitable for low power, low noise, and high gain wideband 
amplifier for RF front end. 
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Fig. 3. Circuit Schematic of Proposed Wideband LNA 

A. Design of Wideband LNA 
1) Input wideband matching circuit 

 
Fig. 4. Input Matching Network 

For maximum power transfer, the input impedance of the amplifier has to be matched with the source 
impedance. Fig.4 shows the input matching network for the wideband LNA. Rs is the source resistance which is 
50Ω has to matched with Rin of the amplifier for the entire band of frequencies. C1L1 and C2L2 are the two L 
sections used for wideband matching. The equivalent impedance Zeq is calculated from the following Equation 
(1), 
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Fig. 5. Input impedance of LNA 

The value of Rin is the real part of the input impedance of the LNA with degenerative inductance Ls and gate 
inductance Lg. The input impedance is calculated from the first stage of the LNA as in Figure 5 and is expressed 
as, 
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The real part of the input impedance is given as, 
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By adjusting the values of L1& L2 of matching network and Ls, Cgs & gm of M1, the input impedance of 
wideband LNA can be matched with source resistance of 50Ω.  

2) Gain of Wide band LNA 

 
Fig. 6. Small Equivalent Circuit of Proposed Wideband LNA 

The small equivalent circuit of wide band LNA (excluding  input matching network) is shown in Fig.6. The 
voltage gain of the circuit is calculated using the equation (5) as given below. 
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Where gm and gds are the transconductances of the stages. It is seen that the gain of the wideband LNA is 
proportional to the product of (gm1+ gm2), gm3, gm4 and gm5, hence the designed UWB LNA can attain high gain. 

III. SIMULATION RESULTS AND DISCUSSION 

The proposed wideband LNA has been designed and simulated in TSMC 0.18 μm CMOS technology using 
ADS tool. The performance of an amplifier is characterized by S parameters in terms of I/O reflection co-
efficient (S11 and S22), forward transfer gain (S21) and reverse isolation (S12) and noise figure. 
A.  Input / Output Reflection Co-efficient (S11 and S22) and Reverse Isolation (S12) 

For the proper impedance matching, the input and output reflection coefficients should be less than 10dB for 
the required band of frequencies. And also for the better reverse isolation S12 should be less than 50dB. The 
simulated results of Figures 7 & 8   have shown that S11 and S22 are less than -14dB and S12 ranges from 100dB 
to 80dB over the entire band of frequencies 4 -13GHz respectively.   
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Fig.7  Input/Output Reflection Co-efficients (S11 and S22) dB 

 
Fig.8 Reverse Isolation Loss (S12)dB 

B.  Forward Transfer gain (S21)  

Two stages of cascode amplifier with wide band impedance matching have been used to achieve high gain 
over the wide band of frequencies 4 – 13 GHz. The simulation result of the Fig.9 has proved that the designed 
wide band LNA has a gain of more than 20dB for wide band. And also the use of current reused network 
reduces the power consumption to 18dB. Source inductive degeneration has made the circuit more stable with 
stability factor greater than or equal to one as shown in Fig.10. 
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Fig.9  Frequency Response of Forward Transfer Gain (S21) dB 

 
Fig.10 Stability Measure of LNA 

C.   Noise Figure 

One of the design considerations of the wide band LNA is to maintain a low noise figure of less than 5dB for 
the entire band of frequencies. The noise contributed by M7 is out of phase with the noise contributed by M1, 
thus it reduces the noise figure over the designed band of frequencies. Fig. 11 shows the noise figure of the 
designed wide band LNA with and without noise cancellation techniques. The LNA with noise cancellation 
technique has reduced noise figure ranges from 1dB to 5dB for the designed wide band of 4 – 13GHz. 
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Fig.11 Noise Figure of LNA with and without Noise cancellation techniques 

D.  Linearity  

The 1dB compression point of Fig.12 is obtained at the input power of -23dBm and the third order intercept 
point (IIP3) is -6dBm at 6GHz as shown in Fig.13. This is seen to be, the designed wide band LNA has better 
linear characteristics over the inter-modulation distortion. 

 
Fig.12  1dB Compression Point (P1dB) 
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Fig.13 Third order Intercept point (IIP3) 

E.  Layout  

     The layout of the wideband LNA obtained from ADS layout tool is shown in Fig. 14. 

 
Fig. 14. Layout of Wideband LNA 

F.  Figure of Merit 

To evaluate the performance of wideband LNA, a figure of merit (FOM) [14] is defined as equation (6). It is 
calculated to be 11.66.   
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IV. PERFORMANCE COMPARISON 

Table 1 summarizes the performance comparison of the proposed wide band LNA with results of the 
references [10,15and17].  The comparison results prove that the designed LNA has high gain, low noise with 
good input impedance matching over the entire band of frequencies 4 – 13GHz. 

TABLE 1 
Performance Comparison of Wideband LNAs 

Parameters Ref [10] Ref [15] Ref [17] This work 
Technology 180nm 180nm  180nm  180nm  
Band width (GHz) 3 - 10 3.1–10.6 1~5 4– 13 
Gain (S21) dB 13.7±1.5 15.6 12.5~13 21 
Input Return Loss (S11) 
dB 

<-10.7 < –10 <-8 < -14 

Power Consumption (mW) 18 14.1 18 18 

Noise Figure (dB) 2.3±0.1 2.8–4.7 3.8 2 
IIP3 (dBm) -0.2 –7.1 @ 6GHz -1 @ 

3GHz 
-6@ 3GHz 

FOM(GHz/mW) 4.43 - - 11.66 

V. CONCLUSION 

The design and performance analysis of 4 -13GHz ultra wide band LNA is demonstrated. It is simulated and 
implemented in 180nm CMOS technology using ADS tool. It has achieved high gain, low power and low noise 
with good input impedance matching over the entire band of frequencies which makes it suitable for wideband 
RF front end. 
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