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Abstract- A Low noise, Low power, variable gain amplifier is designed using TSMC 0.13µM CMOS technology. In this 
design four stages of attenuators are used and the output of two stage amplifier is applied to it. Attenuators are used for 
obtaining variation in gain while amplifiers are used for high gain, high linearity and low noise figure. The design operates on 
frequency range of 40MHz to 950MHz. The power consumption achieved is less than 10mW and dynamic gain range is about 
55dB. The variable gain obtained is -24 to 30 dB at 40MHz and -27 to 26 dB at 950 MHz. The noise figures of this design is 2 
dB and the third order Intercept point (IIP3) is 6.2 dBm at maximum gain of 30dB. 
 
Index Terms- Variable Gain Amplifier, Attenuator, Power Consumption, Noise Figure. 
 
I. INTRODUCTION 
 
Variable gain amplifier (VGA), is an important 
building block which are used in many applications 
and it is  also used to maximize the dynamic range of 
systems like disk drives, medical equipment, wired 
and other wireless communication links [1]-[12]. The 
VGA must have certain characteristics like low power 
consumption, continuous gain tuning, small chip area, 
good input and output matching and high linearity. 
The output linearity of the VGA can be improved by 
applying load degeneration technique [1]. In disk 
drive, VGA plays an important role to supply a 
constant amplitude signal to filter section of the read 
channel [2]. There is a need to increase the bandwidth 
as well as reducing the power consumption 
simultaneously. The variation of gain can be obtained 
either by digitally controlled VGA [3], [7], [8] or by 
analog controlled VGA [1], [2], [4].  
VGA is typically employed in the feedback loop to 
realize the automatic gain control (AGC). The VGA of 
an AGC loop is used to control the transmission signal 
power and to adjust the received signal amplitude [5]. 
A digitally controlled variable gain amplifier can be 
obtained by dc offset cancellation method. By 
canceling the effect of the thermal voltages (VT) across 
the transistor’s base emitter junction, a temperature 
compensated DVGA can be obtained [7].  
 
One of the performance parameter of VGA is linearity. 
The linearity of the VGA decreases with increase in 
signal strength. This is due to current dissipation and 
stacking of transistor configuration [8]. VGA is 
implemented for high speed receiver system, in this 
dual feedback and dc cancellation method is used [9]. 
For variation in gain, adjustable gain amplifier is used. 
This design method improves the performance of 
system and reduces manufacturing cost [10]. An 
attenuator is also used to control signal level at 
receiver [11]. A linear dB gain VGA can be obtained 
by continuous gain tuning [12]. The paper is organized  

 
as follows: first described the block diagram of design 
in section 2. Then schematics of variable gain 
amplifier in section 3. Stimulations results are 
provided in section 4. Finally the paper concludes with 
a brief summary in section 5.  
 
II. BLOCK DIAGRAM 
 
In this paper, a different technique for attenuation is 
presented. Here, a number of attenuators are placed 
after two stages of amplifiers. Each attenuator is used 
to obtain variation in gain. 
 

 
Fig. 1: Block diagram of design. 

 
The block diagram of design is shown in Fig. 1. The 
implemented VGA consists of cascaded amplifier and 
attenuator topology. Control voltage is used to control 
the bits of attenuators. By controlling the bits of 
attenuators variable gain amplifier can be obtained. 
The first two stages are of amplifier followed by four 
stages of attenuators. 
 
III. DESIGN SCHEMATICS 
 
Variable gain amplifier is designed using Agilent’s 
ADS 2009 software.  The cascaded design consists of 
two stages of amplifier followed by four stages of 
attenuators. Fig, 2 shows a prototype of implemented 
Variable gain amplifier. A numbers of attenuator can 
be increased or decreased depending upon the 
dynamic gain range requirement of system. 
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Fig. 2: Basic Schematic of Variable gain amplifier. 

 
In this low noise amplifier (LNA) is designed in two 
stages. The first stage removes the noise from the 
circuit; hence it is used for high gain and low noise 
figure. Second stage provides the gain and linearity. 
The transistor M1 and M2 forms a CMOS inverter 
with a negative feedback resistor. M2 transistor adapts 
the same voltage level of M1 transistor. Hence the 
same amount of current flows in M1 as well M2 and is 
called as self biasing. The same LNA topology is used 
for the second stage. So we obtained a high gain, low 
noise figure and high linearity.  Attenuators are placed 
after the amplifiers to obtain variable gain. In these 
implemented design a T-pad attenuator topology is 
used. MOS is used as a switch, so by controlling the on 
or off state of switch variable gain can be obtained. 
When V1 is on and V2 is off, then attenuator is off. 
When V1 is off and V2 is on, then attenuator is on. 
Hence by controlling the bits of attenuator variable 
gain is obtained. To obtained a dynamic gain range of 
55 dB four stages of attenuator are used in these 
implemented. 
 
IV. SIMULATION RESULTS 
 
The implemented VGA is designed in a TSMC 0.13 
µM CMOS technology. Fig. 3 shows the higher 
frequency response of VGA. Fig. 4 shows the lower 
frequency response of VGA. The implemented design 
achieved the gain of -24 db to 30 db at 40 MHz and -27 
db to 26 db at 950 MHz  
 
The noise figure of implemented design is shown in 
fig. 5. Noise figure of VGA at maximum gain is 2dB. 
This design is working at the supply voltage of 1.2V 
drawing the current of about 8.04 mA and the power 
consumption is less than 10 mW. An amplifier is 
called linear when the output power increases linearly 
with input power. The ratio of these two powers is the 
power gain G, as input power increases, the amplifier 
transfer function becomes nonlinear, that is the output 
power is less than small signal gain. This nonlinear 
behavior in amplifiers introduces distortion in the 
amplified signal. The output power at which the gain 

has dropped by 1 dB below the linear gain is called the 
1 dB compression point.  
 

Fig. 3: Frequency response of VGA. 
 

 
Fig. 4: Lower frequency response of VGA. 

 

 
Fig. 5: Noise figure of VGA. 

 
The input and output return loss of design is shown in 
Fig. 6. The S11 and S22 parameter is plotted over the 
frequency. These know as input and output return loss. 
Any system should have return loss as low as possible. 
When some amount of power is given to the input it 
should drives to output but practically some amount of 
input power comes out of input. This is called as input 
return loss. It should be as low as possible. In this 
design the input and output return loss is less than -10 
db at high gain. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-11, Nov.-2015 

A Low Noise-Low Power-Variable Gain Amplifier Using 0.13mm CMOS Technology 
 
9 

 
Fig. 6: Input Output return loss. 

 

 
 

 
                 Fig. 7: P1 dB compression point. 
 
P1 dB compression point of design is shown in Fig. 7. 
The P1 dB for implemented design is -4.3 dB at high 
gain. The third order intercept point (IIP3) is P1 dB + 
10.5 = 6.2 dB at high gain. 
The layout of implemented VGA is shown in Fig. 
8.The Layout is designed using Microwind software. 
It consists of 18 pads out of which 9 pads are use for 
the voltage control. The dimension of layout is 150µM 
X 170µM including all the pads.  
 
CONCLUSION 
 
A low noise, low power variable gain amplifier is 
presented. The implemented VGA was designed using 
TSMC 0.13µM CMOS technology. This design is 
proposed to work at frequency of 40 MHz to 950 MHz 

The implemented design has a supply voltage of 1.2V 
drawing a current of 8 mA. The power consumption of 
design is less than 10mW. An experimental result 
shows that, this implemented VGA can cover a 
dynamic gain range of about 55dB and the noise figure 
is about 2dB at higher gain. The P1 dB is -4.36 dB and 
IIP3  is  6.2 dB. The results achieved are stimulated 
results obtain on Agilent’s ADS 2009. The layout of 
the design is implemented in microwind. 
 

 
 Fig. 7 Layout of implemented VGA 

 
Table 1 

Performance Comparison of the implemented and 
previously reported VGAs 
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