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Introduction 

 The current research interest in the field of analog signal 
processing is the design and development of continuous-time log domain 
filters (CTF) which utilize the transistor non-linearity to implement the 
intended function. The idea of filtering in Log-domain introduced by Adams 
in the late 1970s

 
[1] is based on the use of log and anti-log techniques in 

conjunction with the combination of forward biased diodes and a capacitor. 
Some related concepts were employed to develop log domain filters which 
include companding techniques [2-4] state space techniques [5] and 
integrator loops [6]. 
 These filter topologies offer the following potential advantages 
over the conventional continuous-time filters: low-voltage operation, 
superior noise performance, higher frequency applications, larger dynamic 
range, electronic tunability and efficient possible circuit topologies [4,7].  
Moreover these filters use grounded capacitors which are ideal for 
integration [8].  
 The Log-domain approach uses exponential current versus 
voltage characteristics of a transistor in which collector current is related to 
base-emitter voltage by  

Ic = Isexp(Vbe/VT)  
where Is is the saturation current, VT = kT/q = 26mVat room temperature.   
Thus log domain filters use only transistors and grounded capacitors, 
thereby making their implementation simpler and amenable in  
contemporary  IC design techniques.    
In this paper, we present a new LP Log-domain filter.  The filter is based on 
and employs simple and damped integrators, current sources and 
grounded capacitors.  The proposed filter offers independent but sequential 
adjustment of the parameters through separate bias currents.  
Proposed Circuit  

 A log-domain filter is one that uses nonlinear building blocks to 
obtain linear filtering functions and is based on the main concept of the 
exponential relation between the collector current and base-emitter voltage 
of a bipolar junction transistor (BJT).  The transconductance block is 
subject to the following relation  
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Inverting and non-inverting type integrators which are employed to 
construct the proposed filter are respectively shown in Figure 1(a) and 1(b), 
the current through the capacitor is given by 

  Toino

o VVVI
dt

dV
C 2/exp                                                           (2) 

 
 
 
 

Abstract
A novel second order log-domain lowpass (LP) filter based on 

integrator loops and grounded capacitors is presented.  The circuit uses 
nonlinear nature of the transistor, thereby acquiring wider dynamic range 
at low power supply, higher frequency operation, and simpler circuit 
architecture. The circuit enjoys electronic tunability of all the parameters in 
an independent but sequential manner.  PSPICE simulations are 
included. 
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 In order to obtain linear filtering function the 
use of log-in and log-out circuits shown respectively in  
Figure 2 (a) and 2 (b)  are needed. 
 

 
 
 
 
 
 
 
 
 

 
 
 

Figure 2 (a) Log-input and (b) Log-output 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

Fig.3 Proposed Log-domain Low-pass filter 
The proposed filter shown in Figure 3 based on the 
blocks depicted in Figures (1) and (2), yields the 
following current-mode transfer function:  
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where pole frequency (ωo), quality factor (Q)and gain 
(H)are given by 
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From equations (4) to (6) one can see that the filter 
parameters are tunable through the respective biasing 
currents.  The pole frequency  ωo can be adjusted 
through Io2 or Io3 and Q by Io4 without disturbing ωo. 
Moreover, H can be tuned by Io1 without disturbing ωo 
and Q. Thus the circuit has independent 
programmability features. 
Simulation Results 

 PSPICS simulation was performed to check 
the workability of the proposed filter. The circuit was 
designed for a frequency of 6.3 MHz, Q = 1 and H = 
1, leading respectively to the capacitor and current 
values C1= C2 =50 pF and Io1 =Io2 = Io3 = Io4 = 100µA.  
The simulated results are shown in Figure 4 which are 
in good conformity with the theoretical calculations. 
Conclusions 

 In this paper, a new LP Log-domain filter is 
presented.  The filter is based on integrator loops, 
current sources and grounded capacitors. The filter 
parameters ωo, Q and H are electronically tunable as 
these can be independently varied through the 
respective bias currents. The PSPICE simulation 
results confirm the theoretical results. 
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Fig.4 Magnitude response of the LP log-domain 
proposed filter 


