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Abstract—An equivalence between a class of (current conveyor) CC II+ and CC II- circuits is established. CC II- 
equivalent circuit uses one extra element. However, under certain condition, the extra element can be eliminated. As 
an illustration of the application of this equivalence, minimal first and second order all-pass filters are derived. In 
certain cases, it is possible to compensate the effect of the input resistor of CC at port X. At the end, an open problem 
of realizing an Nth order (N > 2) minimal all-pass filter is stated. 
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I. INTRODUCTION 

Filters using current conveyors (CC) have become more attractive because of their wider bandwidth, lower 
power consumption and simpler circuitry in contrast to opamp-based filter circuits [1]. Recently, several CC-
based first order all-pass filters have been reported [1-4]. In this paper, we present an equivalence between a 
class of CC II+ and CC II– circuits. From this equivalence, we have derived a set of minimal first and second 
order all-pass filters.  

II. CURRENT CONVEYOR EQUIVALENT CIRCUITS 

Consider the circuits shown in Figs 1(a) and (b) where CC II has the characteristics VX = VY, IY = 0, IZ = IX. 
For equivalence, the terminal behaviour of the two circuits should be identical, i.e., the voltage and the current at 
all the terminals of circuit shown in Fig. 1(a) should be identical to the corresponding terminals of the circuit 
shown in Fig. 1(b). Thus, for the same input voltage V, the input currents I1 in circuit shown in Fig. 1(a) should 
be equal to the input current I2 in circuit shown in Fig. 1(b). It can be seen that 

I1 = IX = VY = I2.                             
       

(1) 

Hence, the two circuits are equivalent.   
 

                    
(a) (b) 

Fig. 1.  Equivalent CC circuits 

Note that the equivalent circuit shown in Fig. 1(b) uses one extra element YA. However, if V happens to be a 
voltage of an ideal voltage source, YA become redundant and, therefore, can be eliminated. It may be noted that 
Y cannot assume a value  because, under this condition, V  0, and from (1), the current IX will be 
indeterminate.  

III. APPLICATION OF THE CC EQUIVALENT CIRCUITS   
Consider the circuit shown in Fig. 2(a) and its equivalent shown in Fig. 2(b) obtained by replacing the dashed 

box. 
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(a) (b)      
                                                                    

Fig. 2.  Equivalent circuits 

Simple analysis of both circuits leads to the following relations. 
 

    IX = I Z = VY2,                                     (2) 
 

IZ = (V–Vo)Y3 + (Vi–Vo)Y4 – VoY5                            

and 
(3) 
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From (2), (3), (4) we get, 
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(5) 

Thus, we see that the two circuits have the same voltage transfer function (VTF).  
All ten possible1 minimal2 first order and one second order filter from (5) are obtained and shown in Fig. 3 

and 4, respectively. Table I gives the elements for the first order all-pass filters given in Fig. 3 and Table II gives 
the elements for the second order filter given in Fig. 4. 

CC II– circuits shown in Fig. 5 are obtained from Figs 3(a)(i, ii, iv, v) and 3(b)(i, ii, iv, v) using the 
equivalence shown in  Fig. 1. Since there is no Y in Figs 3(a)(iii) and  (b)(iii), their CC II– equivalents do not 
exist. CC II– equivalent corresponding to Fig. 4 is shown in Fig. 6. 

 

IV. REMARKS 

1. All the filters are classified into type I and II depending upon the sign of the transfer function, i.e., 
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T  respectively. Thus, the circuits shown in Fig. 3(a) belong to Type I 

and those shown in Fig. 3(b) belong to Type II.  
2. Type I filters can be converted into type II by RC:CR transformation [5]. This is true for any Nth order 

all-pass filter when N is odd. However, for N even, the sign of T remain unchanged. 
3. All the first order filters of Figs 3 and 5 require 3 passive elements except that shown in Fig. 5(a)(iii) 

and 5(b)(i) which require 4 elements because R and C in these figures are not connected directly across 
an ideal voltage source. Only CC II– filters of Figs 5(b)(i, ii, iii) have all the capacitor(s) grounded. 
This situation is especially suitable for integrated circuit technology [6]. 

4. The analysis of the circuit shown in Fig. 4 leads to 

                                                           
1 see Appendix A 
2 In the next section, it will be proved that 1C, 2R (2C, 1R) and one active element constitute a minimal first 
order all-pass realization. 
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(6) 

Thus, the condition for realizing all-pass and notch filters are given in Table III. 

                        
(i) (ii) 

 

                         
(iii)                                                                        (iv) 

 
(v) 

 
(a)     Type I 

 

                              
(i)                                                                     (ii) 

                               
(iii)                                                                               (iv) 

 
(v) 

 
(b)    Type II 

 
Fig. 3. First order all-pass filters, G = 1/R 
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Fig. 4.  Second order filter circuit using CC II+, G = 1/R 

 

                              
                                                                  (i)                                                                             (ii) 

 

                                    
(iii)                                                              (iv) 

 
(a)      Type I 

 

                               
 

(i)                                                                       (ii) 

 

                                
 

(iii)                                                                                   (iv) 
 

(b)      Type II 
 

Fig. 5.  CC II– equivalent first order all-pass filters 
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TABLE I  
Elements for First Order All-Pass Filters given in Fig. 3  

 

 
 
 

TABLE II  
Elements for Second Order Filter given in Fig. 4 

           

 
 

 
 

Fig. 6.  CC II– equivalent second order filter 

TABLE III  
Conditions for Realizing All-Pass and Notch 

 

 
 

The all-pass filter, for n=1/2, i.e., when m = R1/R = , or when R1 =  (R = 0 ), reduces to first order 
all-pass filter shown in Fig. 3(a)(v) (Fig. 3(b)(v)). Similalry, for n = 1, i.e., when m =  or when R1 =  
(R = 0 ) the notch filter reduces to a first order high (low) pass filter. 

5. The effect of resistor rX of CCs in Figs 3(a)(i, ii, iv, v), 3(b)(ii), 5(a)(i - iv), 5(b)(ii), and Figs 4 and 6 
can be compensated by reducing the value of the resistor R connected at terminal X by rX [2]. 

6. Since VX = VY in all the circuits, complementary transformation is applicable [7]. Hence, by 
interchanging the input and ground terminals, another VTF  

T1 = ( 1 – T ) (7) 

can be obtained. Thus, by interchanging input and ground terminals of the type I (II) first order filters 
shown in Fig. 3  we get low (high) pass filters whereas, the second order all pass and notch filters 
shown in Figs 4 and 6 get converted into band-pass filters. 
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V. MINIMAL NTH ORDER ALL-PASS REALIZATIONS 

First order all-pass filter can be considered as a special case of 
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(8) 

when 1 = 2. Since T’ has a positive real zero, it can not be realized with only passive elements [8]. Thus, at 
least one active element is required. Further, since T’ is of first order, at least one capacitor is required. Finally, 
since 1,2   have the dimensions of time, they must represent two different RC products, and therefore, at least 
one capacitor (resistor) and two resistors (capacitors) are required to give 1,2 = CR1,2 (C1,2R). Thus, 1C, 2R (2C, 
1R) and one active element constitute the minimal realization of T’. Since, 1=2 in (8) does not reduce the 
number of internal critical frequencies of T’, the same number of passive and active elements also constitute the 
minimal realization of T. Therefore, all the first order all-pass filters shown in Figs 3 and 5, except that shown in 
Figs 5(a)(iii) and 5(b)(i), are minimal. Similarly, it can be shown that N capacitors, 2 resistors and one active 
element will constitute an Nth order minimal realization. Hence, the second order filters shown in Figs 4 and 6 
are also minimal. However, higher order minimal all-pass filters are perhaps not known and need to be searched.  
 

VI. CONCLUSIONS 

The equivalence between the current conveyor circuits shown in Fig. 1 has been established. From these 
equivalent circuits as many as 8 minimal first order single capacitor all-pass filters and 2 minimal second order 
all-pass and notch filters have been derived. It has been shown that NC, 2R and 1 active element constitute a 
minimal Nth order realization. Such realizations for    N > 2 are not known and need to be searched. 
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APPENDIX A 

It has been shown that three elements are required for minimal realization of a first order all-pass filter. Thus, 3 
out of 5 elements in Fig. 2 are to be chosen as passive elements and the remaining two could be any one of the 
four combinations (0, 0), (0, ), (, 0), (, ). There will be in all 5C3 = 10 combinations of 3 passive elements. 
However, it is found that 3 combinations give trivial circuits which are not all-pass in nature. Further, out of the 
4 combinations of the other 2 elements, only 1 gives the non-trivial circuit in each of the above 7 combinations. 
Thus, there are only 7 combinations of 3 element circuits. These 3 elements may be either 1C and 2R or 2C and 
1R for minimal realization, thus giving a total of 6 circuits in each of the 7 combinations. However, out of 42 
cases, only 18 yield the non-trivial all-pass filters. Out of these, only 10 possible distinct topologies result. These 
are listed in Table I and shown in Fig. 3. 
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