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Abstract 
 

This paper deals with the application possibility of the 
digitally programmable current follower in analogue signal 
processing. In connection with conventional double- and 
multiple-output current followers a current-mode low-pass 
filter is proposed. Using digitally programmable current 
followers the natural frequency of the proposed filter can be 
electronically adjusted. The advantage of the proposed 
structure is that to all nodes functional grounded capacitors 
are connected or they are at low impedance and virtually 
grounded. Hence, any parasitic capacitance will cause poles 
or zeroes at very high frequencies. The behaviour of the 
designed biquad has been verified by Spice simulations and, 
furthermore, by experimental measurements. 

 
1. Introduction 

 
The requirement of smaller chip area of integrated circuits 

processing analog signals leads to the usage of submicron 
technologies. Because of the specific dielectric strength of the 
material used it is necessary to decrease the supply voltage, 
which significantly affects the dynamic range and signal to noise 
ratio. It has been found that it is more suitable to design the 
circuits working in the current-mode where the information (or 
at least the information in the feedbacks) is transferred via 
currents [1], because even with low supply voltage sufficient 
value of the signal to noise ratio can be preserved. 

The more frequent usage of current-controlled current 
sources signalizes the trend of transition to the current-mode. 
These elements are either simple current followers [2, 3] or they 
are current amplifiers [4] or followers with single input and 
differential output [5-8] or elements with differential input and 
single output [9] that might be suitable for high-frequency 
applications. 

In this paper, using digitally programmable current follower 
(DP-CF) [6], together with conventional multiple-output current 
followers [10], a current-mode second-order low-pass frequency 
filter is presented. Using DP-CFs the natural or cut-off 
frequency, respectively, of the proposed biquad can be easily 
adjusted. Both Spice simulations and experimental 
measurements are presented that verify the feasibility of the 
filter designed, which is one of the main contributions of this 
paper. 

 
2. Current Followers 

 
A current follower (CF) is a device that transfers current 

signal from a low impedance virtually grounded input terminal 
to a high impedance output terminals. 

Recently, the digitally programmable current follower has 
 

been presented that is realized through cascade connection of 
current division cells (CDC) [6]. It is a three-port active element 
with single input and differential output (Fig. 1a). The output 
currents can be expressed as 

 
 2 1i iα= ⋅ , 3 1i iα= − ⋅ , (1a,b) 

 
where 
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while n represents the length of the digital word, and ªi is the 
digital control bit of the CDCi [6]. 

To create required current feedbacks in the filter topology 
double- (Fig. 1b) and multiple-output (Fig. 1c) current followers 
are used [10]. The relation between the input and output currents 
of the DO-CF are 

 
 2 1i i= , 3 1i i= − , (3a,b) 

 
while of the MO-CF 
 

 2 3 1i i i= = , 4 5 1i i i= = − . (4a,b) 
 
The usage of these active elements leads to the design of the 

current-mode filter, sometimes called as pure current-mode, i.e. 
not only the input and output signal is represented by current 
but, furthermore, all active elements used have only current 
input and output ports [11]. The advantage of such solution is 
that all nodes are at low impedance or grounded capacitors are 
connected to them. Hence, all parasitic poles and zeros are 
expected to be at very high frequencies. 
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Fig. 1. Schematic symbol of a) DP-CF, b) DO-CF, c) MO-CF 
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3. Proposed Frequency Filter 
 
The designed biquad using four passive and five active 

elements is shown in Fig. 2. The relation between the currents i1, 
i4, and i5 from Fig. 2. can be expressed as 

 
 4 1i i= − , 5 1 1i iα=  (5a,b) 
 

and hence for the three nodes, marked in the Fig. 2., it can be 
written 

 
 3 IN 1 2i I i i= + + , (6a) 
 2 1 1 C2 0i i iα+ + = , (6b) 
 3 1 2 1 1 2 C1i i i i iα α+ = + + . (6c) 
 

Solving (6) the obtained current transfer function of the filter is 
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IN 1 2 1 1 1 1 2 1 2
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,  (7) 

 
since C1 2 2 1i G i sC= , C2 1 1 2i G i sC= , and OUT 1 2 1I iα α= . 

From (7) for 1 2C C C= = , and 1 2α α α= =  the natural 
angular frequency �0 and quality factor Q can be expressed as 
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Comparing (8) and (9) it can be seen that the natural angular 

frequency can be adjusted by α  independently of the quality 
factor. 

Comparing the proposed structure in Fig. 2 with the ones in 
[2], [6], [7] it is not universal and provides only a low-pass 
response. It enables to control the natural frequency 
independently of the quality factor, which is the most required 
 

 
 

Fig. 2. Proposed frequency filter 

feature of low-pass filter [7]. However, adding another DP-CF 
between the negative output of the DP-CF1 and the node 2 of the 
filter, the quality factor would be also independently adjustable. 

Using the MO-CF1, appropriate feedbacks are created that 
replace the voltage followers and reduce the number of floating 
passive elements in [2] and [7].  

 
4. Simulations and Experimental Measurements 

 
The behavior of the proposed filter has been first verified by 

Spice simulations. The double- and multiple-output current 
followers have been simulated using the 3rd level model of the 
second-generation current conveyor and universal current 
conveyor respectively [12], those voltage ports Y are grounded 
(Fig. 3a,b). Both active elements are implemented in the UCC-
N1B element that, based on the proposal of our workplace [13], 
has been produced in cooperation with AMI Semiconductor. 

Similarly, by interconnection of the current amplifier EL2082 
[14] and the second-generation current conveyor, the DP-CF is 
realized (Fig. 3c). The current gain of the EL2082 is controlled 
via analog voltage input, however it can be used to substitute the 
behavior of the DP-CF very well. The advantage of the EL2082 
is that the values of the VSET are the same as of �, i.e. if for 
example ª = 1, then VSET = 1 V. However, the value of VSET is 
limited and it is recommended to be in range zero to 2 V [14], 
but according to practical usage up to 5 V. 

The values of the passive elements are R1 = 1/G1 = 374 	, 
R2 = 1/G2 = 750 	, and C = 470 pF for maximally flat 
magnitude (Q = 0.707). From (8a) for chosen values of the 
natural frequency f0 (f0 = �0/2æ) 300 kHz, 1 MHz, and 3 MHz 
the required values of the current gain α  were determined to be 
0.47, 1.57, and 4.70.  
Since all active elements are available, experimental 
measurements were performed and compared with the 
simulations (Fig. 4). The filter responses were measured with 
the network analyzer 4395A, which has only voltage RF output 
and voltage inputs, hence appropriate V/I and I/V converters 
have been used (Fig. 5). 

From the experimental measurements it can be seen that the 
real behavior of the proposed current-mode frequency filter 
 

 
 

Fig. 3. Realization of a) DO-CF, b) MO-CF, c) DP-CF using 
UCC-N1B and EL2082 
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Fig. 4. Simulation and experimental measurement results 
 

 
 

Fig. 5. a) V/I, b) I/V converter using OPA861 [15] and  
OPA860 [16] 

 
largely agrees with the simulation results and is very 

satisfactory. At frequencies above 10 MHz the magnitude does 
not reach the values presumed by simulations. This is caused by 
the parasitic capacitance coupling between passive elements and 
also by parasitic capacitances between the outputs of the active 
elements used. However, the attenuation in this frequency area 
is always 20 dB or more. 
 

5. Conclusions 
 
In this paper current-mode low-pass filter has been presented, 

that employs current active elements only. Using the digitally 
programmable current follower the natural frequency of the 
filter can be electronically adjusted. The advantage of this 
solution is that to all nodes of the structure functional grounded 
capacitors are connected or they are at low impedance and 
virtually grounded. Hence, any parasitic capacitance will cause 
poles or zeroes at very high frequencies. The behavior of the 
proposed filter has been verified by Spice simulations. By 
proper replacement of the active elements used with the current 
amplifier EL2082 and universal current conveyor UCC-N1B 
experimental measurements were performed that furthermore 

support the feasibility of the structure and also are one of the 
contributions of this paper. 

 
6. Acknowledgement 

 
This work was supported in part by The Ministry of 

Education of the Czech Republic research project No. 
MSM0021630513 and by The Czech Science Foundation, 
project No. 102/09/1681. 

 
7. References 

 
[1] C. Toumazou, F.J. Lidgey, D.G. Haigh, “Analogue IC 

design: the current-mode approach”, Peter Peregrinus Ltd, 
1990. 

[2] H.A. Alzaher, M. Ismail, “Current-mode universal filter 
using unity gain cells”, El. Letters, vol. 35, no. 25, 
pp.2198-2200, 1999. 

[3] R.M. Weng, J.R. Lai, M.H. Lee, “New universal biquad 
filters using only two unity gain cells”, Int. J. Electronics, 
vol. 87, no.1, pp. 57-61, 2000. 

[4] B. Sedighi, M.S. Bakhtiar, “Variable gain current mirror 
for high-speed applications”, IEICE Electron. Express, 
vol. 4, no. 8, pp. 227-281, 2007. 

[5] G.D. Cataldo, R. Mita, S. Pennisi, “High-speed CMOS 
unity-gain current amplifier”, Microelectronics Journal, 
vol. 37, no. 10, pp.1086-1091, 2006. 

[6] W. Tangsrirat, T. Pukkalanun, “Digitally programmable 
current follower and its applications”, Int. J. Electron. 
Commun. (AEÜ), vol. 63, no. 5, pp.416-422, 2009. 

[7] H.A. Alzaher, “A CMOS Digitally Programmable 
Universal Current-Mode Filter”, IEEE Trans. Circuits 
Systems II, vol. 55, no. 8, pp.758-762, 2008 

[8] J. Koton, K. Vrba, N. Herencsar, “Tuneable filter using 
voltage conveyors and current active elements”, Int. J. 
Electronics, vol. 96, no. 8, 2009, 
DOI: 10.1080/00207210902838594. 

[9] C. Psychalinos, A. Spanidou, “Current amplifier based 
grounded and floating inductance simulators”, Int. J. 
Electron. Commun. (AEÜ), vol. 60, no. 2, pp.168-171, 
2006. 

[10] R. Senani, S.S. Gupta, “Novel sinusoidal oscillators using 
only unity-gain voltage followers and current followers”, 
IEICE Electron. Express, vol. 1, no. 13, pp.404-409, 2004. 

[11] Lattenberg, I., Vrba, K., Kubanek, D.: “Signal processing 
for high-speed data communication using pure current 
mode filters,” Lecture Notes in Computer Science 3421 
(II), pp. 410-412, 2005. 

[12] R. Sponar, K. Vrba, “Measurements and behavioral 
modelling of modern conveyors,” Int. J. Computer Science 
and Network Security, vol. 6, no. 3A, pp. 57-65, 2006. 

[13] D. Becvar, K. Vrba, “Novel Generations of Inverting 
Current Conveyor Using Universal Current Conveyor“, 
Electronic J. Engineering Technology, vol. 3, no. 4, 2000. 

[14] Datasheet EL2082, Rev. D, 1996, 
http://www.intersil.com/data/fn/fn7152.pdf. 

[15] Datasheet OPA861, Rev. E, 2008, 
http://www.ti.com/lit/gpn/opa861. 

[16] Datasheet OPA860, Rev. C, 2008, 
http://www.ti.com/lit/gpn/opa860. 

II-262


