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Abstract —A linear-in-dB variable gain amplifier (VGA) 
with temperature and supply-voltage compensations is 
fabricated in a 0.5um SiGe BiCMOS process for IMT-2000 
transmitter. The VGA used as a driver amplifier comprises 
a gain-controlled stage of current steering structure and has 
a variable-gain range of over 30dB. The VGA achieved a 
gain error of less 1.2dB over 30dB gain range from the gain 
at room temperature and 3V supply voltage. An OIP3 of 
25dBm and an output P1dB of 7.5dBm at maximum gain of 
21.8dB under 3V power supply and 30.3mA current 
consumption were obtained. It occupied approximately 
0.5mm2 chip size. 

I. INTRODUCTION

Variable gain amplifiers(VGAs) have become an 
integral part of many mobile communication systems in 
order to improve the signal-handling capability and the 
overall system dynamic range[1]. The VGA is typically 
implemented in a feedback loop to form automatic gain 
control (AGC) where the loop is often realized physically 
over multiple components comprising a mobile system. 
There are two options in realizing the highly linear, wide 
gain control range VGA. One is a digitally controlled 
VGA. The other is an analog linear-in-dB VGA which 
uses a variable transconductance or a variable resistance 
controlled by an electronic gain-control signal. The 
analog linear-in-dB VGA is preferred because it needs 
only one gain-control signal and a variable gain 
characteristic independent of temperature and supply 
voltage is easily implemented. The variable gain range of 
more than 80dB is required in the WCDMA systems. In 
the IF(intermediate frequency) VGA part, a gain control 
range of less than 70dB is generally obtained. Additional 
gain control range of more than 30dB is assigned to the 
RF(radio frequency) VGA part. A highly linear, wide 
gain control range should be realized in the RF VGA part.  

In this work a new monolithic variable gain amplifier, 
which operates with 22dB maximum gain and over 30dB 
of gain control range for IMT-2000 application is 
described. The circuit is extremely stable over supply and 
temperature variation and features a precisely linear gain 
control characteristic. 

II. CIRCUIT CONFIGURATION

The driver amplifier of the transmitter is located 
between the up-conversion mixer and power amplifier. 

The driver amplifier designed as a variable gain amplifier 
satisfies a driver amplifier requirement as well as a VGA 
requirement such as control range, dynamic range, 
temperature/supply voltage independence, and the form 
of the gain-control characteristic. A block diagram of the 
proposed VGA is shown in Fig. 1. It consists of gain-
controlled amplifier block, AGC bias generation block, 
and voltage-to-current converter (VIC) block including 
temperature and supply-voltage compensation. Detailed 
schematics of each block are shown in Fig. 2~4. 

A. Gain-controlled Amplifier Block 

The gain-controlled amplifier block is broken into two 
stages shown Fig. 2. The first stage consists of a current 
steering structure to obtain a gain-controlled function 
[2][3]. The second stage consists of a common-emitter 
amplifier to satisfy the requirement of 22dB maximum 
gain of driver amplifier. The advantage of a current 
steering structure is that it can achieve greater than 30dB 
of gain control range with good broadband gain flatness 
characteristics. Also, it has a highly linear gain control 
range up to maximum gain by an effective control 
voltage biasing. 

A variable gain-control is achieved by applied voltage 
at the base of the cascode pairs. So, the gain of the first 
stage is controlled by changing the amount of the tail 
current passing through the load. Namely, the gain is 
proportional to the ratio of the collector current of Q2 to 
that of Q3. 

Then the gain of VGA expressed as 

Fig. 1. Block diagram of the proposed VGA
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(1)

Where, gm is a transconductance of Q3, VT is the thermal 
voltage, ZL is a load impedance, and VAGC is the voltage 
difference between bases of Q1 and Q2 

The gain doesn’t satisfy the linear-in-dB gain 
characteristic up to maximum gain due to ‘1’ of the 
denominator in equation (1). There remains an unusable 
gain control range of roughly 10dB around the maximum 
gain. Then, the performance of noise, linearity, gain, and 
gain control range is degraded. 

A control voltage should be modified to operate the 
VGA up to maximum gain [3][4][5]. 
This control voltage changing circuit is referred to AGC 
bias generation block shown in Fig. 3. 

B. AGC Bias Generation Block 

The AGC bias generation block shown in Fig. 3 
converts an input current, Iin to the required control 
voltage (VAGC). Input current, Iin generates the voltage 
drop, V between the bases of the transistor Q5 and Q6 
by resistor R. The collector currents of Q5 and Q6 are 

5I and TVVI /exp5  respectively. The currents 

mirrored by PMOS generate a voltage difference between 
the bases of the emitter-coupled pair Q7 and Q8. This 
voltage difference, VAGC is expressed as  
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Using equation (2), the gain of equation (1) is fully 
exponential function expressed as 
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Then, the proposed VGA has highly linear-in-dB gain 
function up to maximum gain.  

C. Voltage-to-current Converter Block 

Using the voltage-to-current converter(VIC) block 
shown as Fig. 4 converts external control voltage to the 
input current, Iin of AGC bias generation block. Equation 
(3) includes the thermal voltage, VT. This implies that the 
gain of the VGA varies with temperature. The current, Iin

should be PTAT(proportional to absolute temperature) 
current to compensate gain variation. Also tail currents in 
the gain-controlled block should be PTAT currents. 
Temperature dependence of equation (3) is canceled by 
PTAT current biasing. 

External control voltage, VCNT is so constant 
independent of temperature and supply-voltage that VIC 
block needs an absolute voltage circuit to compare the 
absolute control voltage. A constant current, IT and 
constant voltages, Vref and Vmax are obtained using the 
bandgap reference voltage circuit and OTA(operational 
transconductance amplifier) circuit. Currents, IT and ICNT

are constant currents at a fixed external voltage 
independent of supply voltage and temperature in Fig. 4, 
while the current, IPTAT is linearly dependent on 
temperature. The output current, Iin is expressed as  
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Fig. 3. AGC bias generation circuit block 

Fig. 2. Gain-controlled amplifier block 

Fig. 4. VIC converter block including compensation circuit 
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Iin is linearly dependent on temperature and 
independent of supply-voltage. Temperature and supply 
voltage compensation can be achieved by making Iin of 
equation (4).  

Then overall voltage gain is independent of 
temperature and supply-voltage. 

III. MEASURED RESULTS

A driver amplifier with gain control function is 
fabricated in a 0.5um SiGe BiCMOS process. It is 
packaged as MLF20-type together with an up-conversion 
mixer. Fig. 5 shows a chip layout and chip photograph of 
the fabricated driver amplifier. The chip occupies 1.0 × 
0.5 mm2, uses a single 3V supply, and consumes a 
30.3mA current. 

Amplifier linearity performance also plays a roll in 
determining dynamic range. Fig. 6 shows the 2-tone test 
results of the proposed VGA using 1950MHz and 
1951MHz RF two input signals at maximum gain 
condition. From the figure the output IP3 of 25dBm is 
obtained. Also the maximum gain of 22dB, the output 
P1dB of 7.5dBm is measured by 1-tone test. 

Fig. 7 shows the variable gain response from 
1800MHz to 2100MHz. The control voltage is stepped in 
0.1V from 0V to 2.2V. Maximum gain of 22dB is 
obtained at 2.2V control voltage and minimum gain of -
9dB is obtained at 0V control voltage. The plot illustrates 
over 30dB of gain control in the frequency range of 
1920-1980MHz. 

Fig. 8 shows the measured gains versus external gain 
control voltage at 25 , and 80 , when input frequency 
is 1950MHz. As shown in Fig. 7, a gain control range of 

Fig. 8. Gain characteristic @25 , and 80  temperature

Fig. 9. Gain characteristic @2.7V, 3V, and 3.3V supply 
voltage

(a)

(b)

Fig. 5. (a) Chip layout and (b) Chip photograph 

Fig. 7. Gain response from 1800-2100MHz. Control voltage 
step is 0.1V 

Fig. 6. 2-tone test @1950, 1951MHz RF input signals
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more than 30dB is measured and gain deviation from the 
gain of room temperature is within 1.2dB. This figure 
indicates that the proposed VGA successfully operates in 
a linear-in-dB fashion up to maximum gain and the 
temperature compensation circuit is properly operated. 

Fig. 9 shows the measured gains versus external gain 
control voltage at 2.7V, 3V, and 3.3V. Gain deviation 
from the gain of normal 3V supply voltage is within 
1.2dB. The supply voltage compensation circuit is 
properly operated. 

IV. CONCLUSION

This work demonstrates a SiGe BiCMOS variable gain 
amplifier(VGA) as driver amplifier for IMT2000 
application. The proposed VGA is achieved greater than 
30dB of gain control range using a current steering 
structure for IMT2000 application. The design obtains 
22dB maximum gain, -10dB minimum gain, a gain 
control range of 32dB, an output IP3 of 25dBm, and an 
output P1dB of 7.5dBm. The proposed VGA successfully 
operates in an accurate linear-in-dB fashion up to 
maximum gain using the AGC bias generation block. The 
VGA including temperature and supply voltage 
compensation techniques for gain variation achieves a 
gain error of less 1.2dB over 25  ~ 80  and 2.7V ~ 
3.3V supply voltage. 
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