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design a high linear, low sensitive, wideband DC gain range
and low power variable gain amplifier is presented. The
proposed paper is organized as follows: in section II; different
types of differential amplifiers are specified. in section III;
Proposed VGA is presented. Simulation results are conferred
in section IV and finally, section V concludes the paper.

Abstract in this paper a new reliable technique to design a
high linear, low sensitive, wideband DC gain range and low
power variable gain amplifier is presented. Therefore, by
applying the proposed idea on the folded cascode amplifier, it is
possible to achieve a 63dB DC gain, 41MHz (-3dB) bandwidth,
accompanied with high linearity and low sensitivity as well. Also,
the power consumption and unity gain bandwidth of the
proposed VGA are just 1.22mW with the power supply of 1.8
volts and 4.87GHz respectively, and 1pF capacitor load is applied
at the output nodes of the amplifier. Moreover, the proposed
structure is simulated in all process corners and different
temperatures in the region of -45 to +85 ºC. Simulations are
performed for all corner conditions by HSPICE using the BSIM3
model of the 0.18µm CMOS technology and MATLAB software.

II.

Most modern devices such as high-speed analog-to-digital
converters require using high-speed Operational Amplifier (op
amp) [10]. Generally, ooperational amplifiers are used in
analog building blocks and analog-mixed signal systems. The
requirement for high density, low cost, and low power
dissipation of high precision VLSI systems demands highperformance analog circuits [10-12]. Also, they are mainly
classified into single ended output and differential-ended
output operational Amplifiers [11]. The fully differential
operational amplifiers have several advantages over singleended output op-amps, such as stable input common mode
voltage, reduction of harmonic distortion, doubling of output
voltage swing, and suppression of coupled noise due to
substrate and power lines [11, 13]. In order to achieve high
DC gain and proper bandwidth, telescopic cascode and folded
cascode structures are two known examples [16]. The
telescopic architecture is a good candidate for a low noise, low
power, and high gain OTA [13]. The performance of simple
telescopic OTA is limited by its input and output voltage
swing. However, it provides high gain as well as high speed
[13, 14, and 16]. As a result, this structure is not an option for
systems with low supply voltages. On the other hand, in low
voltage CMOS process, folded cascode amplifier is one of the
most favorite architectures for both single stage and the multistage amplifiers due to its high gain and reasonably large
output signal swing. [13,17]. Moreover, in the folded cascode
amplifier, the differential PMOS input pair is chosen over its
NMOS counterpart, due to its higher non-dominant poles,
lower input common mode range and lower flicker noise [1517].
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I.

INTRODUCTION

One of the most significant building blocks of analog ICs
is a variable gain amplifier (VGA), which is utilized in many
applications in order to stabilize the voltage amplitude of a
signal at its output [1]. Therefore, the VGA is usually
employed in an automatic gain control (AGC) circuit to
maximize the dynamic range of systems such as medical
hearing aid equipment, wireless transceiver designs and
communication systems, etc.[2,3]. Moreover, Gain of the
VGA can be controlled either digitally or continuously [1-4].
The disadvantage of the digital approach lies in a discrete gain
variation that causes a non-continuous control of the output
signal [3, 6]. Also, the digital approach can have a relatively
larger gain range with smaller gain error but it is difficult to
achieve small gain steps due to the limited number of control
bits. Inversely, VGAs based on the analog control can control
gain continuously, although the gain error may be larger than
digital approach counterpart, but it represents a better choice
for AGC circuits [2, 5, 6, and 8]. Though the specifications of
a VGA can differ significantly in terms of power
consumption, bandwidth, linearity, noise and for different
applications, common specifications of the VGA are to
provide a reasonable gain range with an accurate dB-linear
characteristic [6-9]. In this paper a new reliable method to
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The proposed variable gain amplifier circuit is depicted in
Fig.6. In the proposed circuitry the differential pairs of M1M2 and M11-M12 are the Transconductance stage (input
stage) where M3-M6 and M7-M10 are the cascode transistors
of the folded cascode amplifier. The main purpose of the
proposed structure is to achieve a wideband dynamic DC gain
range and proper -3dB bandwidth with low power
consumption and high linearity. Equation (1), shows the DC
gain of the amplifier conventionally, where Av, Gm and Rout
are the DC gain, transconductanse and output resistance of the
amplifier respectively. In this circuit by varying the output
resistance and transconductance consequently, the DC gain of
the amplifier will be changed. Therefore, the output resistance
and transconductance of the amplifier are controlled by
external voltage (Vc) which is applied to the current source
transistors Ma1and Ma2. As a result, by changing the Vc, the
DC gain will be changed too. On the other hand, by adjusting
the Vc to the lowest and highest voltage, the minimum and
maximum DC gain is attained respectively. Meanwhile, for
improving the linearity of the amplifier, the resistance of the
Rs is applied to the source terminals of the input differential
pair transistors simply. As discussed above, by adding the
resistor into source terminals of the input differential pair, the
linearity and susceptibility of the circuit is increased and
decreased respectively. Owing to that, the DC gain is not
dependent on the bandwidth and Vc extremely. It is
noteworthy that, as simulation results show in the section IV,
by applying the temperature and process corner variation, and
Monte-Carlo simulation, the operation of the proposed VGA is
almost constant in most condition. Thus, its lower sensitivity
makes it a reliable choice for the most applications.
Consequently, the proposed circuit provides features like the
wide gain range with high linearity, suitable bandwidth, and
possibility to reach both positive and negative gain altogether.
Av=Gm*Rout

IV.

SIMULATION RESULTS

In this section, simulation results of the proposed variable
gain amplifier are presented. Fig. 2 and fig. 3 indicate the ac
simulation of the proposed VGA structure for getting
maximum and minimum DC Gain respectively. In the
meantime, in the fig. 2, -3dB Bandwidth (MHz) is presented in
all process corners too. Unity gain bandwidth of the amplifier
is shown in fig. 4. Also, the diagrams of the fig. 5 and fig. 6
demonstrate the relation of DC gain (Av) versus Vc and
temperature which are drawn by using MATLAB software
separately. The Monte Carlo simulation results are applied to
the DC gain of the proposed VGA for 2% variation of the
transistors threshold voltage which is shown in fig. 7. As it is
clear in the fig. 7, by applying the Monte Carlo simulation on
the circuit, the DC gain will be achieved almost 60dB as well.
Meanwhile, the output FFT spectrum of the proposed VGA is
depicted in fig. 8. By applying a 49.9MHz sinusoidal input
with the amplitude of 1mV, the output THD will be less than 71dB. The layout of the suggested VGA circuit is shown in
fig. 9. The circuit has been designed in a typical 0.18 CMOS
process with a power supply of 1.8V and simulated by
HSPICE software using level 49 parameters and MATLAB
software.

(1)

Fig.2 Ac simulation for maximum gain in all corners

Fig.1 The proposed VGA circuit
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Fig.3 Ac simulation for minimum gain in all corners
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Fig.6 DC gain vs. Temperature in all corners

Fig.4 Unity gain bandwidth of the amplifier in TT corner
Fig.7 DC gain of the proposed VGA by applying 2%varation of
the transistors threshold voltage

Fig.8 Output FFT spectrum of the proposed VGA

Fig.5 DC gain vs. the Control voltage (Vc) in all corners
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CONCLOUSION

A new simple and reliable method to design a linear, low
sensitive, wideband DC gain range and low power variable
gain amplifier is presented. Therefore, by applying a proposed
idea on the folded cascode amplifier, it is possible to achieve a
63dB DC gain, 41MHz (-3dB) bandwidth, accompanied with
high linearity and low sensitivity as well. Also, the power
consumption of the proposed VGA is just 1.22mW with the
power supply of 1.8 volts, and 1pF capacitor load is applied at
the output nodes of the amplifier. Finally, the table I compares
this work with similar previous ones. The circuit has been
designed in a typical 0.18 CMOS process with a power supply
of 1.8V and simulated by HSPICE using level 49 parameters
and MATLAB software.
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