
 
 
 
 
 
 

 

  
Abstract—A new OTA-based logarithmic-control variable gain 

current amplifier (LCCA) is presented. It consists of two Operational 
Transconductance Amplifier (OTA) and two PMOS transistors 
biased in weak inversion region. The circuit operates from 0.6V DC 
power supply and consumes 0.6 µW. The linear-dB controllable 
output range is 43 dB with maximum error less than 0.5dB.  The 
functionality of the proposed design was confirmed using HSPICE in 
0.35µm CMOS process technology. 
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I. INTRODUCTION 

OGARITHMIC amplifier produces an output that is 
proportional to the logarithm of the input. Such circuits 

are used in applications that require compression of analog 
input data, linearization of transducers that have exponential 
outputs, and analog multiplication and division. 

In certain applications, a signal may be too large in 
magnitude for a particular system to handle. The term 
dynamic range is often  used to describe the range of 
voltages/currents contained in signal. In these cases, the signal 
voltage must be scaled down by a process called signal 
compression so that it can be properly handled by the system. 
If linear circuit is used to scale down the amplitude of the 
signal, the lower voltages/currents are reduced by the same 
percentage as the higher voltages/currents. Linear signal 
compression often results in the lower voltages /currents 
becoming obscured by noise and difficult to accurately 
distinguish. To overcome this problem, signal with large 
dynamic range can be compressed using logarithmic circuit. In 
logarithmic signal compression the higher voltages/currents 
are reduced by a greater percentage than the lower voltages, 
thus keeping the lower voltage signals from being lost in noise 
[1]. In addition to that, the circuits that have the gain which is 
logarithmically controlled will be a very useful and very 
attractive in many applications. 

It is well known, the Variable Gain Amplifier (VGA) circuit 
is an important building block for an Automatic Gain Control 
(AGC) applications e.g. in communication and 
instrumentation systems [2-5]. There are many exponential- 
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controls VGA circuits [6-9], however the logarithmic-control 
VGA circuits are very rare to see in recent years [10, 11]. 

Nowadays, the demand for portable operation of electronic 
systems has lead to the trend of designing circuits with low 
voltage and low power consumption. One possible method to 
realize the low-power consumption circuits is to operate 
MOSFETs in the weak inversion region [12-17]. In this paper, 
a new low-power and low-voltage logarithmic-control variable 
gain current amplifier is developed. In section 2, description 
and mathematical analysis of the proposed design is presented. 
Simulation results and discussion are presented in section 3. 
The paper conclusion is presented in section 4. 

II.  PROPOSED LOGARITHMIC-CONTROL VGA CIRCUIT 

The block diagram of the proposed design is shown in Fig. 
1. It consists of two OTAs, current mirror and two PMOS 
transistors biased in weak inversion region used for current to-
voltage conversion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Block diagram of the proposed design 
 

With reference to Fig. 1,   the output current of the OTA is 
given by: 

)( 21 VVgI mout −=                               (1) 

Where
T

D
m nU

I
g = , the transconductance of MOS in weak 

inversion region used in the OTAs, V1 and V2 are the two 
input voltages. The controlled currents 

xI  and 
yI  are 

converted to voltages V1 and V2 in logarithmic form through 
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transistors M5 and M6 respectively according to the following 
equations: 
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Where 
DDV   is the supply voltage and 

sgV  is the source to 

gate voltage, 
q

KT
U T = is the thermal voltage, n is the slope 

factor and 
0DI  is the leakage current of the MOSFET.   

Combining equations (1), (2) and (3), it is easy to show that 
the output currents of OTA1 and OTA2 are given by (4) and 
(5) expressed: 
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 Fig. 2 Complete circuit diagram of proposed design 

 
With reference to Fig. 1 and from (4) and (5) the output 

current is given by: 
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The amplifier gain is given by: 
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According to equation (7) a variable-gain current amplifier 

can be realized and its gain can be logarithmically controlled 
by the currents 

xI  and
yI .    

The complete circuit diagram of the proposed design is 
shown in Fig. 2. Transistors M1-M4 and M7-M10 form OTA1 
and OTA2 respectively. Transistors M11& M12 form the 
current mirror required to mirror Io2 into transistor M12. 

III. SIMULATION RESULTS AND DISCUSSION 

The proposed design was simulated using HSPICE level 49 
in 0.35µm 2p4m CMOS process technology.  The results 
obtained at nAI bias 100= , nAI x 100= , nAI in 100= and 

VDD = -VSS= 0.6V. The output current was measured by 
forcing it through a grounded load resistor Ω= kR L 10  . The 

control current 
yI  was varied from 10 nA to 500 nA and the 

measured gain range is around 43 dB. The simulation result is 
shown in Fig 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It appears from Fig. 3 that the simulated results are in a 

good agreement with the theoretical one, which confirms the 
functionality of the developed design. 

Fig. 4 shows the error between the simulated results and the 
theoretical values. The maximum simulated error is 1.65dB%  

which occurred at normalized  current 98.0=
x

y

I

I and 

nAI in 100= , however most of the simulated errors are less 

than 0.5dB%. The simulated maximum power consumption 
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for the proposed design is around 0.6 µW. 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Simulation results of the proposed VGA ( nAI x 100= , 

nAI in 100= ) 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 Errors between the simulated and the theoretical results (@

nAI in 100= ) 

IV.  CONCLUSION 

In this paper, a new OTA-based logarithmic-control VGCA 
is developed. The design enjoys simplicity and attractive for 
integration. This block can be a very useful block in analog 
signal processing circuits and systems. The design operates 
from low voltage supply and consumes very small amount of 
power. 
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