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(57) ABSTRACT 

Disclosed is a CMOS variable gain amplifier. The variable 
gain amplifier comprises a first means for first and second 
differential input Voltages, a second means for controlling its 
transconductance to generate an output current according to 
a control voltage, a third means for a bias Voltage to generate 
bias current by current mirror, and to Supply a stabilized bias 
current to the second means using the replica current, and a 
fourth means for generating an output voltage with a vari 
able gain according to control voltage by its output current 
generated in the second means. Therefore, the present inven 
tion provides a function of controlling low distortion and 
high linearity in low Voltage and a high-speed operation by 
the Supply of a stabilized sharing current bias, and can 
control a Voltage gain in a wide range by the control Voltage. 

9 Claims, 2 Drawing Sheets 
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VARIABLE GAIN AMPLIFIER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a CMOS variable gain 

amplifier (VGA), which can provide a function of control 
ling again of input signals with both low distortion and high 
linearity in a low voltage and a high-speed operating range 
by a stabilized sharing current bias. 

2. Background of the Related Art 
Performance parameters of VGA that must be considered 

in designing the CMOS variable gain amplifier may include 
maximum of signal-to-noise ratio (SNR) for a desired signal 
value, a frequency bandwidth, low distortion, the input 
signal level that guarantees desired linearity, noise charac 
terisitcs, gain control range, and the like. Further, its depen 
dence on the temperature variation or supply Voltage can not 
be excluded. In particular, it is not easy to design a CMOS 
VGA circuit having the operating frequency range of over 
100 MHz in view of device technology characteristics. 
Furthermore, due to limitations in reduction of the threshold 
voltage in the MOS device, the input/output signal level is 
limited. It is, thus, difficult to expect a smooth operation of 
VGA for a low power supply because of smaller input signal 
range. 

Therefore, it is difficult to implement the CMOS variable 
gain amplifier with a low power consumption characteristics 
at the low voltage as an integrated circuit. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is contrived to Sub 
stantially obviate one or more problems due to limitations 
and disadvantages of the related art. 
An object of the present invention is to provide a CMOS 

variable gain amplifier that provides a function of variable 
gain a large input signal range according to the control 
voltage at a low supply voltage and has a wideband char 
acteristic by a stabilized sharing current bias. 

Another object of the present invention is to provide a 
CMOS variable gain amplifier with low power consumption, 
which can be implemented as IC. 

Additional advantages, objects, and features of the inven 
tion will be set forth in part in the description which follows 
and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and 
other advantages of the invention may be realized and 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings. 

To achieve these objects and other advantages and in 
accordance with the purpose of the invention, as embodied 
and broadly described herein, a variable gain amplifier 
according to the present invention includes a first means for 
first and second differential input voltages, a second means 
for adjusting the transconductances of MOS transistors for 
generating an output current according to a control Voltage, 
a third means for a bias current by current mirror, and to 
supply a stabilized bias current to the second means using 
the replica current, and a fourth means for generating an 
output voltage with a variable gain according to control 
voltage by its output current generated in the second means. 

In another aspect of the present invention, it is to be 
understood that both the foregoing general description and 
following detailed description of the present invention are 
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2 
exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will be apparent from the following 
detailed description of the preferred embodiments of the 
invention in conjunction with the accompanying drawings, 
in which: 

FIG. 1 is a circuit diagram illustrating the construction of 
a CMOS variable gain amplifier with a stabilized current 
bias according to a preferred embodiment of the present 
invention, and 

FIG. 2 is a circuit diagram illustrating the construction of 
a CMOS variable gain amplifier with both a stabilized 
current bias and an active load according to another pre 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, in which like 
reference numerals are used to identify the same or similar 
parts. 

FIG. 1 is a circuit diagram illustrating the construction of 
a CMOS variable gain amplifier with low distortion, high 
linearity, low voltage operation and high-speed operation by 
the supply of a stabilized current bias according to a pre 
ferred embodiment of the present invention. The construc 
tion of the CMOS variable gain amplifier will be described 
below in detail with reference to FIG. 1. 
A first resistor R101 and a first NMOS transistor N101 are 

connected in series between the power supply terminal Vdd 
and a first node Q101. A second resistor R102 and a second 
NMOS transistor N102 are connected in series between the 
power supply terminal Vdd and a second node Q102. The 
first and second NMOS transistors N101 and N102 are 
controlled in those transconductance according to the con 
trol voltage (Vc), thus generating variable output currents. 
The output currents generated by the first and second NMOS 
transistors N101 and N102 are converted into output volt 
ages by the first resistor R101 and the second resistor R102 
and are then outputted through a first output terminal Vo 
and a second output terminal Vo+. A third NMOS transistor 
N103 connected between the first node Q101 and the third 
node Q103 and driven by a first input voltage (Vi+), and a 
fourth NMOS transistor N104 connected between the sec 
ond node Q102 and the third node Q103 and driven by a 
second input voltage (Vi-) are constructed in a differential 
pair shape. Fifth and sixth NMOS transistors N105 and 
N106, which are driven by the potential of a fifth node Q105. 
are connected in parallel between the third node Q103 and 
the ground terminal Vss. A seventh NMOS transistor N107 
connected between the first node Q101 and the ground 
terminal Vss and an eighth NMOS transistor N108 con 
nected between the second node Q102 and the ground 
terminal Vss are driven by the potential of a sixth node 
Q106. A current source (Is) is connected between the power 
supply terminal Vdd and a fourth node Q104. A first PMOS 
transistor P101 connected between the fourth node Q104 
and the fifth node Q105 and driven by a bias voltage (Vb) 
and a second PMOS transistor P102 connected between the 
fourth node Q104 and the sixth node Q106 and driven by a 
control voltage (Vc), are constructed in a differential shape. 
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A ninth NMOS transistor N109 connected between the fifth 
node Q105 and the ground terminal Vss and driven by the 
potential of the fifth node Q105 and a tenth NMOS transistor 
N110 connected between the sixth node Q106 and the 
ground terminal Vss and driven by the potential of the sixth 
node Q106 are constructed in a current mirror shape. 
The method of driving the variable gain amplifier con 

structed above will now be described. 
If constant bias Voltage (Vb) and constant control Voltage 

(Vic) are complementally applied from the outside, the 
current from the current source (Is) is supplied to the fifth 
and sixth nodes Q105 or Q106, both constituting the input 
stage in the current mirror shape, through the first and 
second PMOS transistors P101 or P102. The fifth, sixth and 
ninth NMOS transistors N105, N106 and N109, and the 
seventh, eighth and tenth NMOS transistor N107, N108 and 
N110 are each driven by the current supplied to the fifth and 
sixth nodes Q105 and Q106. 

Meanwhile, the transconductances of the first and second 
NMOS transistors N101 and N102 are controlled by the 
control voltage (Vc). The output currents of the first and 
second NMOS transistors N101 and N102 are generated by 
the first input voltage (Vi+) and the second input Voltage 
(Vi-) that differentially drive the third and fourth NMOS 
transistor N103 and N104, respectively. These output cur 
rents are converted into the output voltages by means of the 
first and second resistors R101 and R102 and are then 
outputted as the first and second output voltages (Vo- and 
Vo+). 

In the above, the first and third NMOS transistors N101 
and N103, or the second and fourth NMOS transistors N102 
and N104 maintains a cascode shape to have a high output 
impedance at the first and second output terminals Vo- and 
Vo-, respectively. For this reason, the Voltage gain is made 
high. Also, the first and second NMOS transistors N101 and 
N102 are always operated in a saturation region depending 
on the value of the control voltage (Vic), while the third and 
fourth NMOS transistors N103 and N104 to which the first 
input Voltage (Vi+) and the second input Voltage (Vi-) are 
applied operate in a triode region or the Saturation region. In 
other words, if the value of the control voltage (Vc) is lower 
than a reference voltage (Vb), the first and second NMOS 
transistors N101 and N102, and the third and fourth NMOS 
transistors N103 and N104 both operate in the saturation 
region. On the contrary, if the value of the control voltage 
(Vic) is higher than a reference voltage (Vb), the first and 
second NMOS transistors N101 and N102 operate in the 
saturation region but the third and fourth NMOS transistors 
N103 and N104 operate with moving those operating point 
from in the Saturation region to in the triode region. 

Accordingly, the CMOS variable gain circuit of the 
present invention is made to have a control signal mode that 
makes low the control signal (Vic) when a high differential 
input voltage (Vi--)-(Vi-) is applied, so that both the two 
transistors N101 and N103 or N102 and N104 having a 
cascod connection operate in the Saturation region. The 
CMOS variable gain circuit of the present invention is made 
to have a control signal mode that makes high the control 
signal (Vic) when a low differential input voltage (Vi-)- 
(Vi-) is applied, so that only the two transistors N103 and 
N104 to when the differential input signals are applied 
operate in the triode region. It is thus possible to maximize 
the linearity regardless of the control Voltage. 

In other words, if the control voltage (Vc) is lower than 
the reference bias voltage (Vb), the current is supplied to the 
sixth node Q106 along the current bias supply path. The 
tenth NMOS transistor N110 and the seventh and eighth 
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4 
NMOS transistors N107 and N108 are thus driven. There 
fore, a lower Voltage gain with a sharing constant bias 
regardless of control voltage (Vc) is acquired and the 
Voltage gain, whereby the first output terminal Vo- and the 
second output terminal Vo-- are always stabilized. On the 
contrary, if the control voltage (Vc) is higher than the bias 
voltage (Vb), the current is applied to the fifth node Q105 
along the current bias supply path. The ninth NMOS tran 
sistor N109 and the fifth and sixth NMOS transistors N105 
and N106 are thus driven. Therefore, as the higher variable 
Voltage gain can be obtained. Furthermore, as a constant and 
stabilized sharing current bias is maintained by the fifth and 
sixth NMOS transistors N105 and N106 or the Seventh and 
eighth NMOS transistors N107 and N108, which have the 
same value, good linearity and frequency characteristic can 
be accomplished. 

FIG. 2 is a circuit diagram illustrating the construction of 
a variable gain amplifier in which the active load is used as 
the output load in lieu of the resistor in order to improve the 
frequency characteristic according to another preferred 
embodiment of the present invention. 
A first active load 21 and a first NMOS transistor N2O1 

are serially connected between the power Supply terminal 
Vdd and a first node Q201. A second active load 22 and a 
second NMOS transistor N202 are serially connected 
between the power supply terminal Vdd and a second node 
Q202. In the above, the first and second NMOS transistors 
N201 and N202 are controlled in transconductance accord 
ing to a control Voltage (Vc), thus generating output cur 
rentS. 

In the above, the first active load 21 includes a third 
PMOS transistor P203 connected between the power supply 
terminal Vdd and a seventh node Q207 and driven by the 
potential of an eighth node Q208, an eleventh NMOS 
transistor N211 connected between the power supply termi 
nal Vdd and the eighth node Q208 and driven by the 
potential of the seventh node Q207, and a second current 
source (Is2) and a first capacitor C201, which are connected 
in parallel between the eighth node Q208 and the ground 
terminal Vss. 

Furthermore, the second active load 22 includes a fourth 
PMOS transistor P204 connected between the power supply 
terminal Vdd and a ninth node Q209 and driven by the 
potential of a tenth node Q210, a twelfth NMOS transistor 
N212 connected between the power supply terminal Vdd 
and the tenth node Q210 and driven by the potential of the 
ninth node Q209, and a third current source (Is3) and a 
second capacitor C202, which are connected in parallel 
between the tenth node Q210 and the ground terminal Vss. 

Meanwhile, the output currents generated by the first and 
Second NMOS transistors N201 and N202 are converted into 
the output voltages by the first and second active loads R201 
and R202, and are then outputted through a first output 
terminal Vo- and a second output terminal Vo--. A third 
NMOS transistor N2O3 connected between the first node 
Q201 and the third node Q203 and driven by a first input 
voltage (Vi-), and a fourth NMOS transistor N204 con 
nected between the second node Q202 and the third node 
Q203 and driven by a second input voltage (Vi-), are 
constructed in a differential pair shape. Fifth and sixth 
NMOS transistors N205 and N206, which are driven by the 
potential of a fifth node Q205, are connected in parallel 
between the third node Q203 and the ground terminal Vss. 
A seventh NMOS transistor N207 connected between the 
first node Q201 and the ground terminal Vss and an eighth 
NMOS transistor N208 connected between the second node 
Q202 and the ground terminal Vss are driven by the poten 
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tial of a sixth node Q206. A current source (Is) is connected 
between the power supply terminal Vdd and a fourth node 
Q204. A first PMOS transistor P201 connected between the 
fourth node Q204 and the fifth node Q205 and driven by a 
bias voltage (Vb) and a second PMOS transistor P202 
connected between the fourth node Q204 and the sixth node 
Q206 and driven by a control voltage (Vic), are constructed 
in the differential shape. A ninth NMOS transistor N209 
connected between the fifth node Q205 and the ground 
terminal Vss and driven by the potential of the fifth node 
Q205 and a tenth NMOS transistor N210 connected between 
the sixth node Q206 and the ground terminal Vss and driven 
by the potential of the sixth node Q206, are constructed in 
a current mirror shape. 
The variable gain amplifier constructed above according 

to the present invention operates in the same manner to those 
described with reference to FIG.1. In FIG. 2, the active load 
is used in lieu of the resistor for implementing the output 
Voltage in order to Supply a stabilized bias and improve a 
frequency characteristic. Due to this, the variable gain 
amplifier in FIG. 2 can operate in a wideband than the load 
constructed using the resistor. Further, there is an advantage 
that the variable gain amplifier can operate in a high fre 
quency region by the use of the frequency compensation 
capacitors (C201 and C202). The frequency characteristic of 
the above circuit is dependent on parasitic capacitance at the 
drain stages of the third and fourth PMOS transistors P203 
and P204 in the active load. Accordingly, a good frequency 
characteristic is accomplished by optimizing the size of the 
constitutional device. 

Therefore, the CMOS variable gain amplifier according to 
the present invention has advantages that it has low distor 
tion and high frequency bandwidth characteristics by the 
supply of the stabilized current bias and can be embedded 
into the MOS integrated circuit. 
As described above, the present invention has new effects 

that it provides a variable gain amplifier having low distor 
tion and high frequency bandwidth characteristics by the 
Supply of a stabilized sharing current bias in low control 
range, which operates at high speed and allows the variable 
gain amplifier to be embedded into the integrated circuit. 
Further, the present invention has advantageous effects that 
it can minimize the area due to simple construction and 
allows a low Supply Voltage or an operation mode control 
setting if necessary. 
The forgoing embodiments are merely exemplary and are 

not to be construed as limiting the present invention. The 
present teachings can be readily applied to other types of 
apparatuses. The description of the present invention is 
intended to be illustrative, and not to limit the scope of the 
claims. Many alternatives, modifications, and variations will 
be apparent to those skilled in the art. 

What is claimed are: 
1. A variable gain amplifier, comprising: 
a first means for first and second differential input volt 

ageS. 
a second means for generating an output current, accord 

ing to a control Voltage that controls transconductance 
of the second means; 

a third means for maintaining a stabilized bias current by 
current mirror and for Supplying the Stabilized bias 
current to the second means; and 

a fourth means for generating an output voltage with a 
variable gain according to the control Voltage by the 
output current generated in the second means, 
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6 
wherein the third means further comprises: 

a current source for Supplying a given current, 
a first PMOS transistor driven by a bias voltage, for 

Supplying the current from the current source, and 
a second PMOS transistor driven by the control volt 

age, for Supplying the current from the current 
SOUC. 

2. The variable gain amplifier as claimed in claim 1, 
wherein the first means comprises: 

a first NMOS transistor driven by the first input voltage; 
and 

a second NMOS transistor driven by the second input 
Voltage, wherein source terminals of the first and sec 
ond NMOS transistors are interconnected. 

3. The variable gain amplifier as claimed in claim 1, 
wherein the second means comprises first and second 
NMOS transistors connected between the first means and the 
fourth means, and the transconductance of each of the first 
and second NMOS transistors is controlled by the control 
Voltage. 

4. The variable gain amplifier as claimed in claim 1, 
wherein the third means further comprises: 

first and second NMOS transistors each connected 
between the second means and the ground terminal and 
driven by the current supplied through the second 
PMOS transistor; and third and fourth NMOS transis 
tors connected in parallel between the first means and 
the ground terminal and driven by the current Supplied 
through the first PMOS transistor. 

5. The variable gain amplifier as claimed in claim 1, 
wherein the fourth means is a resistor. 

6. The variable gain amplifier as claimed in claim 1, 
wherein the fourth means comprises: 

a third PMOS transistor connected between a power 
Supply terminal and an output terminal and driven by 
the potential of a first node: 

a NMOS transistor connected between the output terminal 
and the first node and driven by the output terminal; and 

a capacitor and a current source each connected in parallel 
between the first node and the ground terminal. 

7. A variable gain amplifier, comprising: 
first and second NMOS transistors driven by first and 

second input voltages, respectively, wherein one ter 
minal of each of the first and second NMOS transistors 
is commonly connected; 

third and fourth NMOS transistors connected to the first 
and second NMOS transistor, respectively, wherein a 
transconductance of each of the third and fourth NMOS 
transistors is controlled by a control Voltage to generate 
various output currents; 
first and second loads for generating output voltages 

having variable gains depending on the currents 
outputted through the third and fourth NMOS tran 
sistors; 

a current source for Supplying a given current; 
a first PMOS transistor driven by a bias voltage, for 

Supplying the current from the current source; 
a second PMOS transistor driven by the control volt 

age, for Supplying the current from the current 
Source: 

fifth and sixth NMOS transistors connected between a 
connecting point of the second and third NMOS 
transistors and a ground terminal and between a 
connecting point of the first and fourth NMOS 
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transistors and the ground terminal, respectively, and 9. The variable gain amplifier as claimed in claim 7. 
driven by the current supplied through the first wherein each of the first and second loads comprises: 
PMOS transistor; and a PMOS transistor connected between a power supply 

terminal and an output terminal and driven by the 
seventh and eighth NMOS transistors connected in 5 potential of a first node: 

parallel between the connecting point of the first and a NMOS transistor connected between the output terminal 
second NMOS transistors and the ground terminal and the first node and driven by the potential of the 
and driven by the current supplied through the sec- output terminal; and 
ond PMOS transistor. a capacitor and a current source each connected in parallel 

10 between the first node and the ground terminal. 8. The variable gain amplifier as claimed in claim 7. 
wherein each of the first and second loads is a resistor. k . . . . 


