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Abstract
Here, CMOS RF low noise amplifier (LNA) is analyzed using 
0.35µm and 0.50µm process technology. In this amplifier 
a high-Q active inductor is connected to common gate 
configuration with differential output to operate in four different 
frequency bands. Low noise RF amplifier has been simulated 
in SPICE. The measured output noise is -158 dB/Hz in 0.35µm 
and -155 dB/Hz in 0.5µm technology. Results show the amplifier 
operates at 2400 MHz, 1900 MHz, 1800 MHz and 900 MHz 
Power dissipation of the circuit varies from 0.361- 3.053 mW 
in 0.35µm technology with voltage variation of [1.5 - 3.3] V. 
Power dissipation in 0.5µm technology varies from 1.324 to 
3.444 mw with supply voltage variation from [3.3- 5.0] V. Circuit 
shows a variable gain of 30.436dB to 39.552dB with power 
supply variation from 1.5 V to 3.3 V in 0.35µm technology. 
Further circuit shows a variable gain of 46.375dB to 54.507dB 
with power supply variations from 3.3 V to 5.0 V in 0.50µm 
technology.
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I. Introduction
In recent years communication technology is developing at 
very rapid rate. The explosive growth of the wireless industry, 
global access to the internet, and the ever increasing demand 
for high speed data communication is awaken us toward 
rapid developments in communication technology. Wireless 
communication plays an essential role in this transformation 
to the next generation of communication systems [1]. Cellular 
phones, pagers, wireless local area networks (WLAN), global 
positioning system (GPS) handhelds, and short-range data 
communication devices employing bluetooth and ultra 
wideband (UWB) technologies are all examples of portable 
wireless communication devices. Nowadays, driven by the ever 
increasing demand for low-cost and low-power multi-standard 
portable devices, RF designers are urged to develop new 
methodologies that allow the design of these devices.  Low-
noise amplifier (LNA) is proper wireless communication systems 
use electromagnetic signals with frequencies in the range of 
hundred of kilohertz to several gigahertz, for the transmission 
and reception of information.
Traditional wireless communication systems are designed 
for only one communication standard. However, converge 
of wireless services demand for the development of multi-
standard and multi-band transceivers [2,3]. The LNA is used 
to amplify the signal in the band selected from wide range of 
frequencies. In this paper a RF low noise amplifier (LNA) with 
band selector topology and differential output is studied and 
analyzed. Gain, power dissipation, output noise obtained in 
0.35µm and 0.5µm technology. Rest of paper is organized 
as:  In section II the circuit operation of active inductor & band 
selector has been explained. In section III low noise amplifier 
has been explained. In section IV the simulation results have 
been obtained. In section V conclusions have been drawn.  

II. System description

A. Active inductor 
Recently, various circuit techniques have been proposed 
by employing switched passive spiral inductors or switched 
capacitors for the load and the matching networking of the 
amplifiers. Nevertheless, most of these techniques demand 
additional passive components for the load and the input/
output matching networks, leading to a significant increase in 
chip size and the implementation cost. An alternative method 
called active inductor uses the CMOS active devices as an 
inductor. The disadvantages of passive spiral inductors can 
be overcome by using an active inductor. The quality-factor 
and the inductance value are high enough to overcome the 
value exhibited by conventional spiral inductors. Most of the 
active inductor circuits were applied in low noise amplifier and 
voltage controlled oscillator shows significant improvement 
[4-6]. Conventional design objectives for LNAs are to minimize 
the amplifier’s noise, reasonable gain, and input matching 
to the antenna or the RF filter. LNA’s can be classified into 
common gate or cascaded common source architectures. To 
achieve high gain at RF, a large inductor load with high quality 
factor is desired. This also helps to reject out-of–band signals 
and noise. CMOS active inductor and its equivalent circuit is 
shown in Fig.1.

Fig. 1. High Q active inductor and equivalent circuit [7]

Each MOS device is modeled by the equivalent device 
component including , ,  and . Assumed that 

>>  and >>  are established and equivalent input 
impedance ( ) of this inductor can be derived as equation 
(1). The component values of the inductor are expressed from 
equation (2) to equation (5). The Q value and the resonant 
frequency w0 are shown in equation (6) and equation (7).

      (1)

                                     (2)
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           (6)

               (7)
The ,  and  are the transconductance, the output 
conductance and the gate-source capacitance of correspondence 
transistors. The circuit of active inductor consists of common- 
source transistor M4, common –drain transistor M3, feedback 
resistor RF and two biasing current sources  and  . Feedback 
resistor and transistor M4 construct a gain network. This network 
produces a gain factor to reduce the parallel conductance (G) 
loss. Hence the equivalent internal loss of the inductor will 
be decreased and then the Q value will be increased. The 
inductance (L) is also increased due to feedback resistor. The 
Q value is calculated from equation (6).In Fig. 2. The feedback 
resistance is replaced by band selector circuit. The feedback 
resistances in the band selector are selected by using digital 
code to form a band selector. The band selector can choose 
all kinds of resistance using different binary code, and then 
the inductance, the Q-value, and the resonating frequency Wo 
of the inductor will be changed.

Fig. 2: High-Q active inductor circuit with band selector

B. Band Selector Circuit
The characteristic of inductor in high Q active inductor can 
be changed by selecting a different feedback resistance. The 
different value of resistance can be obtained by using two bits 
binary code to obtained band selector conFig.. Fig. 3 shows 
the band selector circuit. The band selector circuit is design 
with four resistors and a 4 to 1 multiplexer with two bits binary 
controlled codes (S0, S1). As input binary code (S0, S1) of the 
multiplex apply with individual 00, 01, 10, and 11, and then 
the feedback resistance of R2400, R1900, R1800, R900 will 
be selected, respectively. As a result, the characteristics of the 
inductor will be selected, hence it can be achieved the function 
of bands selecting.

Fig. 3:  Band selector
     

Fig. 4:  Band selector circuit

Fig.4 shows the band selector design with 6 transmission 
gates and two invertors. The active inductor, due to the DC 
bias current does not pass through the band selector; the 
voltage drop of the band selector is zero. Hence, the DC voltage 
drop of the band selector will not be affected the bias of the 
inductor while the feedback resistor is changed. Consequently, 
the characteristics of the active inductor can be changed, but 
the power consumption will retain constant. Therefore, based 
on the selected feedback resistance and the constant power 
dissipation can be applied to design multi-band and constant 
power consumption.

3. CMOS Multiband RF Low Noise Amplifier
In the RF multiband amplifier design, an inductance load is 
required to obtain the enough gain at frequency interest. Mostly 
the inductance load is applied with a passive spiral inductor. 
Passive spiral inductor has low Q-factors and occupied large 
chip area which affects gain and the cost performance of 
the amplifier. A matching network is also required to reduce 
reflection coefficient at the operating frequency in the RF 
amplifier. The circuit of low noise amplifier (LNA) consists of one 
input and differential output. The common gate configuration 
is employed for the input stage. The circuit is divided into two 
stages. Each stage is composed of common source stage, a 
high Q active inductor load and output buffer stage. A RF signal 
is given to transistor M1 and M2, common gate configuration 
which is divided into two paths; one is from common source 
transistor M4 and other path act as input of transistor M13. The 
common source transistor M4 inverts the phase of RF signal 
and signal arrives at output of the buffer M6 which is inverse 
of input signal denoted as . The operation of other path 
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is that signal from transistor M2 act as input of transistor M13 
which is common source and the signal phase is reversed 180o. 
The reversed signal is fed to input of M11, common source 
and then the signal is reversed again. The phase of signal is 
changed 360o at the drain of transistor M9. The final output 

 of the drain of transistor M9 is in phase with the original 
input. A large gain of differential output is obtained from  
and . Fig.5 shows the low noise amplifier.        

Fig. 5: Low noise amplifier

IV. Simulation Results
The RF low noise amplifier has been simulated with 0.35µm 
CMOS process technology. Fig. 6 shows the output waveform 
of low noise amplifier circuit. The bands of the frequency can 
be selected from 900MHz to 2400MHz which includes 2400 
MHz, 1900 MHz, 1800 MHz, 900 MHz The forward gain had 
shown in Fig. 7 and 8. 

Fig. 6: Output waveform of low noise amplifier (LNA)

(a)

(b)

(c)

(d)
Fig. 7: Gain of amplifier at frequency (a) 2.4GHz (b) 1.9 GHz 
(c) 1.8 GHz (d) 0.9 GHz of 0.35µm technology.
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(d)
Fig. 8: Gain of amplifier at frequency (a) 2.4GHz (b) 1.9 GHz 
(c) 1.8 GHz (d) 0.9 GHz of 0.5µm technology.

Fig. 9: Power dissipation at 0.35µm technology. 

Fig. 10:  Power dissipation at 0.5µm technology.
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(b)

(c)

(d)
Fig. 11: Output noise at frequency (a) 2.4GHz (b) 1.9 GHz (c) 
1.8 GHz (d) 0.9 GHz of 0.35µm technology.
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(d)
Fig. 12: Output noise at frequency (a) 2.4GHz (b) 1.9 GHz (c) 
1.8 GHz (d) 0.9 GHz of 0.5µm technology.

IV. Conclusion
In this paper, low noise RF amplifier with high quality factor 
active inductor is analysed in two different technologies. The 
amplifier operates at four different frequency bands which uses 
two bits binary controlled codes. Simulation results are based 
on 0.35µm and 0.5µm CMOS technology with supply voltage 
variations from [3.3-1.5] V & [3.3 to 5.0] V respectively. . Power 
dissipation of the circuit varies from 0.361mW to 3.053mW in 
0.35µm with supply voltage [1.5-3.3] V. Power consumption in 
0.5µm varies from 1.324mW to 3.444 mw with supply voltage 
variations from 3.3 V to 5.0 V. Simulation results shows that 
gain of the circuit found 30.436dB to 39.552dB with power 
supply 1.5 V to 3.3 V in 0.35µm technology. Further circuit 
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shows a variable gain of 46.375dB to 54.507dB with power 
supply 3.3V to 5.0V in 0.50µm technology. It has been found 
that gain of circuit increase with the rise in supply voltage. The 
measured output noise is -158 dB/Hz and -155 dB/Hz in 0.35 
and 0.5µm technology. 
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