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Abstract 
This paper presents the design of a 3.1-10.6GHz ultra-wideand (UWB) low noise amplifier (LNA) using 
resistive feedback and current reuse technique for Ultra-Wideand receiver. Low noise amplifier is the foremost, 
challenging and indispensable building block to build a receiver. The current reuse technique is addressed to 
optimize noise performance and power efficiency while maintaining a good power gain and input/output 
matching. The LNA was designed and implemented using IBM 0.13μm CMOS technology. Simulation results 
show a power gain (S21) of 12.5dB, a good noise figure (NF) of 3.05dB and an input return loss (S11) of less 
than -16.5dB. The LNA occupies an area of 0.11mm2 and consumes 11.08mW of power for the 1.4V power 
supply. Thus this LNA should be readily useful for ultra-wideand receiver systems. 
__________________________________________________________________________________________ 
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INTRODUCTION 
The UWB technology features are low-power and 
high data rate, it brings more challenges due to the 
very low transmitting power and severe channel 
loss. Hence, a UWB receiver requires a LNA with 
a high power gain to provide an acceptable level of 
the received signal for the next stages as shown in 
Figure 1. The LNA must have a good input 
matching, a low noise figure, and a high gain 
across the entire frequency band of interest. A 
number of UWB LNAs in CMOS processes have 
been reported (A. Bevilacqu et al., 2006; Hui-I. Wu 
et al., 2007; Md. Mahbub Reja et al., 2008; 
Nackgyun Seong et al., 2011; Shila Shamsadini et 
al., 2011; T. Taris et al., 2008; Vitaliy Zhurbenko, 
2010; Yi-Jing Lin et al., 2007). However, there are 
still some limitations among these designs such as 
high noise figure (T. Taris et al., 2008), high power 
consumption (A. Bevilacqu et al., 2006; Md. 
Mahbub Reja et al., 2008) low power gain (A. 
Bevilacqu et al., 2006), and large silicon area due 
to a large number of inductors used in the LNA (T. 
Taris et al., 2008; Yi-Jing Lin et al., 2007). 
In this paper, we proposed an UWB LNA design 
using  resistive feedback current reuse technique. 
The design was implemented in the IBM 0.13μm 
CMOS technology with appropriate impedance 
matching and noise/power optimiza-tions. The 
LNA achieves up to 12.5dB power gain with a 

noise figure (NF) of 3.05dB over the UWB 3.1-
10.6GHz frequency range. 
 

 
Figure 1. UWB receiver 
 
LNA DESIGN AND ANALYSIS 
In the main architectures used in CMOS LNA design, 
the resistive feedback input matching is considered to 
provide low noise figure, high gain, low power 
dissipation and large band-width.  
 
LNA Circuit Analysis 
Figure 2 shows the schematic of a resistive 
feedback input matching. This is a single stage 
wide band amplifier. A simple way to imple-ment a 
feedback amplifier is to insert a resistor between 
the input and the output of a voltage amplifier as 
shown. 
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Figure 2. Resistive feedback input matching 

 
Figure 3 shows a small signal equivalent model of 
the resistive feedback in which the parameters of 
the NMOS transistor Min include:  
 gmMin   : transconductor 
 CgdMin  : gate to drain capacitor 
 CgsMin  : gate to source capacitor 
In addition, RF and RL are the feedback and load 
resistances.  

 
Figure 3. Small signal equivalent model of the 
amplifier 

 
From this model, the analytic expressions can be 
derived as follows (Vitaliy Zhurbenko, 2010): 
- The voltage gain Av :  
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- The input impedence (Zin): 
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where fTMin is the cutoff frequency of Min.  
and the a -3dB bandwidth (BW-3dB) is: 

3

1 v
dB

F gsMin

A
BW

R C


                                           (4)  

In expression (1), to increase the voltage gain, a 
large transconductor gmMin and/or a large load 

resistor RL is required. However, the resistor RL is 
limited by the biasing conditions since it must keep 
Min in the saturation region. In addition, the square 
law of the current drain in CMOS transistors 
implies an expensive DC current to significantly 
increase the transconductance. As discussed, there 
is a limit in the gain improve-ment through gmMin. 
In expression (3), lowering the noise figure 
requires a larger feedback resistor RF. However, RF 
is limited in expression (2) for a fixed input 
impedance, typically 50Ohm and contributes to the 
bandwidth tuning as shown in expression (4).  
 
LNA Circuit Design 
As shown in the above analysis, the resistive 
feedback circuit also limits the noise and gain 
optimizations. The proposed   current reuse 
technique brings the advantages in improving the 
gain, noise figure and reducing power 
consumption. Figure 4 shows the schematic of the 
resistive feedback current reuse. 

 
Figure 4. Schematic of the resistive feedback 
current reuse 
 
In Figure 4, by stacking the PMOS (M2) on top of 
the NMOS(M1), the overall transconductance is 
increased as 

mMin mN mPg g g                           (5) 
where gmN and gmP  are the transconductances of M1 
and M2, respectively. In addition, the gate to source 
and gate to drain capacitors are:   
CgsMin = CgsN  + CgsP                               (6) 
CgdMin = CgdN  + CgdP                           (7) 
where CgsN, CgdN and CgsP, CgdP are the parasitic 
capacitances of the M1 and M2 transistors, 
respectively. The load resistor RL becomes: 
RL = RF // rdsN // rdsP // Rin-buffer                    (8) 
where Rin-buffer is the input impedance of the second 
stage. 
 
The proposed UWB LNA was designed using 
resistive feedback current reuse technique in the 
first stage and combined with the resistive 
feedback buffer in the second stage (output buffer) 
as shown in Figure 5. In this circuit, the feedback 
resistance RF is remained large to improve NF 
performance (lower NF) as described in expression 
(3). In expression (1), the increase in 
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transconductance gmMin will provide a high voltage 
gain (Av) for a reasonable current consumption. 
The high Av will mitigate the increase of parasitic 
capacitor value to keep a wide -3dB bandwidth in 
expression (4).  

 
Figure 5. UWB resistive feedback current reuse 
LNA. 
 
The input inductor L1 is added to compensate for 
the parasitic capacitors of M1 and M2 transistors at 
high frequencies. A resistive feedback buffer with 
peaking inductor load is coupled with the reuse 
UWB stage through capacitor C3 to drive the 
50Ohm output load. Besides, in the resistive 
feedback current reuse configuration (the first 
stage), loading the NMOS transistor with the PMOS 
transistor allows the circuit to operate under lower 
supply voltage than resistive load configuration. 
 
SIMULATION RESULTS 
The UWB resistive feedback current reuse (FB-
CR) LNA was designed and simulated using 
Cadence tool with IBM0.13μm CMOS techno-logy 
from the schematic (Figure 5) with the parameters 
as shown in Table 1. 

Table 1. Parameters of the UWB FB-CR LNA 
Parameters Values Parameters Values 

C1 5.0pF L1 700pH 
C2 1.0pF L2 1.2nH 
C3 5.0pF M1 50/0.13μm 
R1 1.2KΩ  M2 100/0.13μm 
R2 50Ω M3 50/0.13μm 
RF In table 2 Vdd 1.4 V 

 
Simulation results exhibit a change in RF with S-
para-meters and NF of the UWB current reuse 
LNA as shown in Fig. 6, 7, 8 and Table 2. 

 
Table 2.S-parameters and NF as RF changes  

RF   

(Ohm) 
S11 
(dB) 

S21 
(dB) 

NF 
(dB) 

300 < -15.5 11.0 3.6 
350 < -16.0 11.8 3.3 
400 < -16.5 12.5 3.05 
450 < -15.5 13.0 2.8 

 

 
Figure 6. S11 
 

 
Figure 7. S21 

 

 
Figure 8. NF 
 
Through these simulation results, when RF 
increases, S21 increases while NF and S11 
decreases. When RF equal to 450Ω, S11 will begin 
to increase, NF has a slight decrease and S21 is 
slightly increased at low frequencies and decreased 
rapidly at high frequencies. Therefore,  
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RF equal to 400Ω was chosen for the 
implementation. Figure 9 shows the layout view of 
the UWB FB-CR LNA. The area of the UWB FB-
CR LNA is very small (0.11mm2). Since this 
circuit uses only two inductors. Table 3 shows a 
comparisonwith previous published works. 
 

 
Figure 9. Layout of the UWB FB-CR LNA 

 
CONCLUSION 
In this paper, a LNA for the entire bandwidth of 
UWB was designed and implemented using 
resistive feedback current reuse technique. The 
design satisfies the requirements of low noise 
figure (3.05dB), high gain (12.5dB), low power 
(11.08mW), and the input matching over the 3.1-
10.6GHzUWB. The IBM 0.13μm CMOS 
technology was used for implementation the UWB 
FB-CR LNA. The core area of the designed LNA 
is 0.11mm2. 
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Table 3. Comparison between the proposed LNA with previous published works 
Reference This work T. Taris 

2008 

A. Bevilacqu 
2006 

Mahbub 
Reja, 2008 

Shila  
2011 

Nackgyun 
2011 

Yi-Jing Lin 
2007 

  Technology 0.13μm CM OS 0.13μm 
CMOS 

0.13μm CMOS 0.13μm 
CMOS 

0.18um CMOS 0.18um CMOS 0.18um  
CMOS 

  Bandwidth (GHz) 3.1-10.6 5.6-8.8 2.0-4.6 2.0-11.2 3.1-10.6 1-8 3.1-10.6 

  S11 (dB) < -16.5 < -10 <-10 <-10 -14 < -10 < -8 

  Gain Max(dB) 12.5 12 9.5 11.2 26 15.5 13.5-16 

  NF (dB) 3.05 4.5-7.3 3.2-6.0 2.0-4.0 2.9 3.3-4.5 3.1-6 

  Power (mW) 11.08 4.8 16.5 13.5 10 10.4 11.9 

  Chip Area (mm2) 0.11 1.2 1.08 0.09 - 0.4 1.2 


