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Abstract— In this paper, Variable gain amplifier (VGA) has been designed using the gain compensation technique on H-
SPICE platform using 180nm Predictive Technology Model (PTM). VGA with the larger bandwidth, along with lower 
power consumption, dynamic variable gain has been designed. The feedback and feed forward bank of resistors have been 
implemented in order to compensate for the gain. For the better performance and to increase the common mode rejection 
ratio, the common mode feedback technique is used. The gain varies from -1 to 40dB with 0.5dB gain steps with bandwidth 
of 1MHz and the power consumption is 1.98mW. 
 
 
I. INTRODUCTION 
 
Variable gain amplifier is one of the important 
building blocks of the transceiver. Whenever the RF 
signals are received from antenna, it’ll have large 
amplitude variation. In order to make these different 
signal amplitudes get the correct demodulation, RF 
receiver’s usually use VGA to control gain. VGA will 
adjust the amplitudes of received signal so as to keep 
the voltage level constant signal level at ADC input. 
VGA is used to provide a fixed output for different 
and large variations of input in order to improve the 
dynamic range of the transceiver. VGAs are 
continuously tuned by analog control signals. 
 
In order to achieve dB linear characteristics of the 
VGA, the implementation of exponential function is 
required which was done in standard 65nm CMOS 
technology rather than bipolar technology. This 
achieves a variable gain of 76dB with gain error of 
±0.5dB. Due to the square and linear characteristics 
of MOSFET, only the first and second order terms of 
the Taylor’s series of the exponential function is 
realized. Gain error will be the caused by the higher 
order terms and hence those are omitted. Even for 
small gain error and good accuracy, additional 
circuits are needed to be implemented to compensate 
for those higher order terms. This leads to higher 
power consumption and larger bandwidth [1]. 
Wideband exponential gain controlled VGA are 
introduced. This proposed circuit is based on a 
pseudo exponential polynomial. This pseudo 
exponential polynomial gain control function is 
implemented by the source coupled pair with diode 
connected loads. But this is for only low power 
supply and high speed devices. 0.5µm CMOS process 
is used to obtain the bandwidth of 150MHz of the 
proposed amplifier. With the power supply of 3.3V, 
15dB gain control range is obtained along with the 
power consumption 12.5mW [2]. VGA consists of 
two cascade signal summing VGA stages. This 
attains a gain range of 70dB and a gain error less than 

2dB and power dissipation is 36mW. The signal 
summing VGA operates well with respect to low 
power high frequency operation when compared to 
other conventional methods. But the signal summing 
method has narrower gain range for linear in dB 
which increases power dissipation[3]. 
 
A high frequency CMOS VGA implementing a new 
gain stage cell based. This technique enhances the 
operating frequency at 350MHz and the gain control 
range of 84dB. With 1.8V power supply VGA is 
implemented using 180nm technology. This VGA is 
considered to be suitable for an IF amplifier [4]. In 
this paper, to implement VGA and to compensate for 
the gain, array of feedback resistors and feed forward 
resistors are use along with the common mode 
feedback circuit (CMFB) technique. This CMFB 
includes the cascode differential amplifier, current 
mirror in order to steer the current and CS amplifier 
with capacitor in order to compensate for the gain. 
The resistor bank will provide the required gain 
which varies from -1dB to 40dB. 
 
II. VGA ARCHITECTURE 
 
A. Differential feedback VGA architecture 
VGA must convert the single ended to differential 
output for ADC input and the architecture of 
differential feedback VGA architecture is shown 
below with the output voltages. 
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Fig (1) Differential feedback VGA architecture 

 
B. Single ended feedback VGA architecture 
Single ended feedback VGA gives more linearity 
than differential feedback VGA and hence the 
required number of resistors is also less and hence the 
noise that is contributed is less. But the noise that is 
contributed by the transistors in the output stage 
common mode feedback circuit (CMFB) at the single 
ended is more. This increases the overall noise of the 
circuit. But in case of differential amplifier, that noise 
will be cancelled by the differential feedback. Hence 
overall noise of differential feedback circuit will be 
less. Below shown is the architecture of single ended 
feedback circuit. 
 

 
Fig (2) Single ended feedback VGA architecture 

 
III. ARCHITECTURE OF COMMON MODE 
FEEDBACK CIRCUIT 
 
In order to obtain larger output swing giving low 
voltage supply for the small size technology, use of 
fully differential amplifier is necessary. Hence the use 
of common mode feedback (CMFB) circuit is 
compulsory. This common mode feedback circuit 
will increase the common mode rejection ratio to 
yield a better performance. Here, the common mode 
signals are first monitored and then compared it with 
the reference voltage. The corrected signal obtained 
will be fed back to the input of differential amplifier. 
The circuit diagram of CMFB is shown. 
 
 

 
Fig (3) Common mode feedback architecture 

 
The voltage is supplied at the node named Vdd, ac 
input is given at Vin and the bias voltages are given 
to the gate of the transistors. Capacitors are used to 
compensate for the gain. 

IV. COMPLETE VGA ARCHITECTURE 
 
The variable gain amplifier varies from -1dB to 40dB 
in steps of 0.5dB to obtain linear in dB gain steps also 
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with the resistor values increasing linearly, we need 
to consider the gain decrement of 0.5dB from initial 
gain Go to a gain of G. 

 
 
For particular value R10 and R20, the R1 and R2 
values are changed for 0.5dB gain decrement. The 
values are as shown below in the table. 
 

Table(1): R10 and R20 values for different gain. 

 
 

In order to implement the variable gain amplifier 
using the gain compensation method, the feed 
forward resistor bank and feedback resistor bank are 
implemented. Both the banks consist of transistors 
acting as switches. These switches are implemented 
using NMOS transistors. Output of the feed forward 
resistor bank is connected to the input of the OpAmp. 
Input terminal of the feedback is connected to the 
output terminal of the OpAmp and output is 
connected to the input of the OpAmp. Equivalent 
circuit of the OpAmp is the CMFB as shown earlier. 
Below shown is the complete circuit of VGA. 

 

 
Fig (4) Feed forward resistor bank 

 
Fig (5) Feedback resistor bank 

 

 
Fig (6) Overall VGA schematic 

 
Table (2) Performance summary 

 
 

 
Fig (7) Frequency Response of the Variable Gain Amplifier 

 
CONCLUSION 
 
A variable gain amplifier using gain compensation 
technique is presented by this paper. Common mode 
feedback circuit with feed forward and feedback bank 
of resistors are implemented to obtain the required 
higher dynamic range of gain in dB to yield better 
performance with low power consumption in the 
higher bandwidth. 
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