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Abstract: A systematic synthesis procedure is given for realizing current transfer functions using only one 

active device: four terminal floating nullor (FTFN) or current differencing transconductance amplifier (CDTA), 

and voltage transfer functions using only one active device: operational transresistance amplifier (OTRA), 

Current conveyor (CC) II, or operational amplifier (OA). Realizations of second order current transfer 

functions using CDTA require one less passive element for LP and BP filters, and equal number of passive 

elements for HP and BR filters, and 1 more passive element for AP filter, compared to corresponding FTFN 

realizations. Realizations of voltage transfer functions using OTRA, CCII or OA use the same number of total 

passive elements. Illustrative examples are given. 
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I. Introduction 
Circuit realizations with several FTFNs [1][2] have been proposed for filters with specific orders. 

Cicekoglu Biquad [1] requires 3 FTFNs. It realizes second order low-pass/high-pass and band-pass filters 

simultaneously. The filter proposed by Liu and Lee [2] realizes second order low-pass and band-pass filters with 

2 FTFNs.  

There are first order all-pass realizations [15][16] where all the passive components are grounded but 

require two active devices. 

Higashimura [3], Abuelma’atti
 
[4], Liu and Hwang [5] proposed filters circuits using a single FTFN 

for specific orders; while Rathore and Khot [6] proposed a systematic method for realizing a wide class of 

functions. 

Salama and Soliman [7], Clinc and Cam [8], Cakir et al [9], and Rathore and Khot [10] have proposed 

filters using single OTRA.  

Toker et al
 
[11] and Rathore

 
[12] have proposed filters using a single current differencing amplifier. 

Rathore
 
[13] has given a systematic synthesis procedure for realizing filters using a single current conveyor II 

which can be extended to the circuit that has the same voltage transfer function using OA [14].  

Here, we introduce a systematic procedure for realizing current and voltage transfer functions of any 

order with distinct negative real poles using minimum number of passive elements and only one active device. 

  

II. Realizations 
 

2.1  Current transfer functions  

(a) using FTFN 

 Consider the circuit shown in Fig. 1, where Y1, Y2, Y3 and Y4 are the 2-terminal RC driving point 

admittances (DPAs) and FTFN has the following terminal characteristics. 
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The + and - signs of the Iz denote plus- and minus-type FTFNs. 

Analysis of the circuit leads to   
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where K is a gain constant, N
o  D

o
 and  

μ = Y3/Y4. (3)  

It is interesting to note that scaling of Y1 and Y2 by one factor and Y3 and Y4 by another factor do not change the 

T(s). 

Let 
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where Q(s) is defined in (6) and nm . From (4), let us identify 
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Since Y1 + Y2, being the sum of two RC DPAs, is also an RC DPA, it must have poles and zeros on the negative 

 
Fig. 1 Circuit for realizing current transfer function using FTFN 

 

real axis, interlaced and the lowest (highest) critical frequency a zero (pole). With these restrictions, 
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A factor (s + pn) such that pn > yn could be added in Q(s), but the above choice is made to have less number of 

elements in Y1 and Y2.  Equation (5) can be expressed as  
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Ak, being the residues at the poles of an RC DPA, will be positive real. Thus,  

.Ak 0  (9)  

From (7) and (8), 
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For Y1 and Y2 to be RC DPAs, the residues at the poles must be positive real, i.e., 

  ,1 . . . 2, 1, ,0    ,0 nkKBA kk  (12)  

and 

  ,1 . . . 2, 1, ,0    ,0 nkKBA kk  (13)  

Thus, K must be chosen such that (10) and (11) satisfy for both Y1 and Y2 to be RC realizable, that is, 
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Where Bk
- 
is Bk with negative sign and Bk

+ 
is Bk with positive sign. Thus, there are many possible realizations 

depending upon the choice of K and μ. It may be noted from (2) that the poles of T(s) are the zeros of the RC 

DPA (Y1 + Y2). Hence, the method can realize the current transfer functions with distinct negative real poles 

only.  

 

Total number of elements: If K and μ are chosen such that the equality condition in (14) holds then the number 

of elements can be reduced. For keeping the number of circuit elements low, admittances Y3 and Y4 can be 

selected as single conductances. Therefore, the maximum number of elements required is 
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The minimum number of elements will lie 4N + 2 – the number of elements reduced due to the choice of K and 

μ. 
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(b) Using CDTA 

 Consider the circuit shown in Fig. 2 which uses current differencing transconductance amplifier 

(CDTA). The symbol of CDTA is shown in Fig. 3, and its terminal characteristics are  
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The current transfer function of the circuit is  
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Ignoring the scaling factor gm, and letting  

 13 Y  (18)  

the current transfer function reduces to the same as given by (1) when μ = 1. Hence the same method can be 

 

 
Fig. 2: Circuit for realizing current transfer function using CDTA 

 

 
(a) 

 
(b) 

Fig. 3 Current differential transconductance amplifier 

(a) Symbol, (b) Ideal model of CDTA 

 

applied here. However, the flexibility of choosing μ, in order to get many possible realizations with minimum 

elements is missing here. Nonetheless, it uses only 3 two- terminal admittances instead of 4.  
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2.2 Realization of voltage transfer functions 

 

 It is interesting to note that the circuits in Fig. 4(a) [12], 4(b) [13] and 4(c) [14] have the voltage 

transfer function   
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the same as the current transfer function given by (1). OTRA in Fig. 4(a) has the following terminal 

characteristics.  
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The current conveyor CCII in Fig. 4(b) has the following characteristic.  
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. 

Therefore, the above method, can be used for realizing voltage transfer function by these circuits. 

 Note that Cakir et al. [9] used the same configuration shown in Fig. 4(a) for realizing only all-pass 

filters of first and second orders.  

Example 1: Realize the current and voltage transfer functions given by 

 
(a) 

 
(b) 

 
(c) 

Fig. 4: Realization of voltage transfer functions using  

(a) OTRA, (b) CCII, (c) OA 
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(a) Current transfer function Using FTFN 

Choosing Q(s) = 1, and using (10) and (11), we get 
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Obviously, for Y1,2 to be RCDPAs,  
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Thus there are many possible realizations depending upon the values of K and μ. However, larger μ means 

larger spread in the values of Y3 and Y4. Choosing μ = 1, p ≥ z and choosing K =1, 
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The complete realization of T(s) of equation (21) is shown in Fig. 5(a) when p = z, i.e., when T(s) is a first order 

all-pass function. Thus we require 1C and 3R passive elements, and 1 active element for a first order all–pass 

filter. These numbers, obtained systematically, are the same as obtained intuitively by Cikar et al [9].  

 

(b) Current transfer function using CDTA 

In this case μ = 1. Choosing Y3 = 1 and Q(s) = 1, from (10) and (11) 
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By solving  
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Now, the restriction is 
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Assuming p = z and choosing K =1, the realization is as shown in Fig, 5(b). Here we require 1C and 2R and one 

active element. Unlike FTFN realization, in this case there is only one possible realization, but requires less 

number of elements.   

 

(c) voltage trtanfer function realization  

Following the above procedure, the realizations are shown in Fig. 6 using OTRA,  CCII and OA.   

 

Example 2: Realize the all-pass current and voltage  

functions given by 
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(a) Current transfer function using FTFN  

Let Q(s) = (s + 2). Then 



A Systematic Current and Voltage Transfer Function Realizations with a Single Active Element 

DOI: 10.9790/1676-1406017989                                   www.iosrjournals.org                                           85 | Page 

 

)2(22

3

)2(2

15

2

3

2

)34(

2

)34(

2

2





































s

s
s

K
s

s
Ks

s

ss

s

ssK

sT
 

 

Here, A∞ = B∞ = 1, Ao = Bo = (3/2), A1 = 1/2, B1 = -(15/2). From (10) and (11) 
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(a) 

 
(b) 

Fig. 5: Realization of first order current transfer function of (21) using when z = p using 

(a) FTFN, (b) CDTA 

 
(a) 
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(b) 

 
(c) 

Fig. 6 Realization of voltage transfer function of (21) using 

(a) OTRA, (b) CCII, (c) OA 
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From (14),  
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Choosing μ = 15 and K = 1, we get from (28) and (29), 
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The complete realization of T(s) is given in Fig. 7(a). Here we require 2C + 4R realizations derived 

systematically, while in [9], the same number of elements was obtained intuitively.  

 

(b) Current transfer function using CDTA 

In this case, substituting μ = 1, (28) and (29) reduce to  
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Now the restriction becomes 

 
(a) 

 
(b) 

Fig. 7: Realizations of current transfer function of (28) using 

(a) FTFN, (b) CDTA 

 
(a) 

 
(b) 
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(c) 

Fig. 8. Realizations of voltage transfer function of (28) using 

(a) OTRA, (b) CCII, (c) OA 

 

Table 1: Number of elements required for second order filters with a single active device 

Filter 

Type 

FTFN (current) 

OTRA/CCII/OA (voltage) 
CDTA (current) 

μ K N K N 

LP 1 1 3C+4R=7 6 3C+3R=6 

BP Arb, 1 1/2 3C+5R=8 1/2 3C+4R=7 

HP 4 1 2C+5R=7 ¼ 3C+4R=7 

BR 5 1 2C+5R=7 1/5 3C+4R=7 

AP 15 1 2C+4R=6 1/15 3C+4R=7 
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Now choosing K = 1/15, the realization obtained is as shown in Fig. 7(b).  

 

(c) Voltage transfer function using OTRA, CCII and OA  

 

Following the similar procedure, realizations of the voltage transfer function given by (27) and obtained using 

OTRA, CCII and OA are shown in Fig. 8(a), (b) and (c), respectively. 

Following the above method, the realization of current/voltage transfer function of (27) with the same 

denominator, but different numerators (1 for LP, s for BP, s
2
 for HP and s

2
 + 1 for BR) and Q(s) = s+2 were 

realized and the results are given in Table 1. The following remarks are in order from the table.   

 

1. Realizations of second order current transfer functions using CDTA require one less passive element 

for LP and BP filters, and equal number of passive elements for HP and BR filters, and 1 more passive element 

for AP filter, compared to corresponding FTFN realizations. 

2. FTFN (current) realizations require one less capacitor for HP, BR and AP filter realizations, and equal 

number of capacitors for LP and BP filters compared to corresponding CDTA (current) realizations.  

3. For all types of voltage filters realizations, OTRA, CCII and OA require the same number of total 

passive elements. 

 

III. Conclusion 
A systematic realization procedure for both the current and voltage transfer functions using a single 

active device have been derived. It is found for current transfer functions that CDTA realizations require equal 

number of passive elements for HP and BR filters, one less for LP and HP filters, and 1 more for AP filter as 

compared to corresponding FTFN realizations. Further, CDTA realizations require equal number of capacitors 

for LP and BP filters, and one more capacitor for HP, BR and AP filters compared to those of FTFN 

realizations. The total number of passive elements, for all types of voltage transfer functions using OTRA, CCII 

or OA, is the same. The method has been illustrated with two examples. No attempt is made to produce 

simulation and practical results as they are available in various references given.  
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