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Abstract - Jitendra Mohan has proposed a new first order
all-pass filter with its application in realizing an oscillator.
The fitler consists of one single active device (MO-
DXCCII), and (grounded) 1 resistor and 1 capacitor. In this
paper, we present a systematic procedure to realize a wider
range of functions where the all-pass filter realization is a
special case.
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I. INTRODUCTION

There has been a lot of interest in realizing all-pass
functions since long [1]-[20]. While Rathore [1] deals with
an nth order all-pass functions, others first or second order
only. Some realizations focus on a minimum number of
active and passive components, while some have all
grounded passive elements. Some of them are voltage mode
(VM), while others are current-mode realizations.

Current-mode (CM) circuits are attractive because of
their wider bandwidth, wider dynamic range, and lower
power consumption than VM counterparts [19]. A current
differencing buffered amplifier (CDBA) [14] and a current
operational amplifier (COA) [15] based first-order CM all-
pass filter (APF) configurations have been proposed. Kacar
and Mahmut [19] have presented a CM circuit using one
DVCC for first-order APF only.

Jitendra Mohan [20] has proposed a CM APF
employing one multi-output dual-X second-generation
current conveyor (MO-DXCCII), a grounded resistor and a
grounded capacitor. The symbol for the MO-DXCCII is
shown in Fig. 1. Its termincl characteristics are given as
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Fig. 1 Symbol of MO-DXCCII
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Fig. 2 Circuit configuration

The circuit is ideal for CM cascading due to its low-
input and high-output impedances. The use of grounded
passive components makes the circuit, ideal for IC
implementation. The theoretical results have been validated
through PSPICE simulation program using 0.35um CMOS
process parameters.

In this paper, the same configuration, shown in Fig. 2
with admittances Y; and Y, is exploited to syntheisze a
more general class of CM transfer functions. We present
two synthesis methods.

Il. SYNTHESIS
A. Partial fraction expansion method
Analysis of the circuit shown in Fif. 2 gives
T(s)=1—"=1<£@=£—é
I; D(s) Y"+Y,
where K is a gain constant, N° < D°
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N(s)
-1 _ H;'n=1(s + Zf) - K m (3)
i +Y, T2 (G +y:) B D(s)
Q(s)
where Q(s) is defined in (5) and m < n. In eqgn. (2), let
D(s) N(s)
Y1+Y2—@andY1—Yz—Km. (4)

Since Y1 + Y2, being the sum of two RC DPAs, is also an
RC DPA, it must have poles and zeros on the negative real
axis, interlaced and the lowest (highest) critical frequency a
zero (pole). With these restrictions,

n-1

0@ =] [s+po ©®)

k=1
where Y1 > px >y, k=1,2, ..., n-1.
A factor (s + pn) such that p, > yn could be added in Q(s),
but the above choice is made to have a smaller number of
elements in Y1 and Y2. Equation (4) can be expressed as, by
partial fraction expansions,

n-1

Ays
Aps + 4, + Z
k=1

Y, +Y, =
thE (s +pr)

(6)

and

n-—1

B
KBys + KB, + KZ
k=1

Y, —Y, = kS
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where
0, m<n

A, =1{ D(s)
sQ(s)

0, m<n

B, =4 N(s)

sQ(s)

|s > o0, m=n,

|s >, m=n,

B. =
Q)
_(5+pJD(s)
‘ sQ(s)
g, = CEPING)
‘ sQ(S) g
Ay, being the residues at the poles of an RC DPA, will be
positive real. Thus,

|s = —px

A > 0.
From egns. (6) and (7).
s(Aw + KB,,) + (A, + KB,)

1 n—-1
== A, + KB
v, (2)+ (k+ s ®)
— S T Pk
and
S(AOO_KBOO)+(A0_KBO)
v, =N =@, ks 9
== - S
.= (3) S-r, ©
e ST Pk

For Y1 and Y, to be RC DPAs, the residues at the poles must
be positive real, i.e.,

A+ KB, >0, k=0,1,2,...n—1,00 (10)
and

Ay —KB, =20, k=0,1,2,...n—1,0 (11)
Thus, K must be chosen such that egns. (10) and (11) satisfy
for both Y1and Y, to be RC realizable, that is,

. |Ark Ax
K < min B,:'B,:'
where By is -Bx and B* is Bx. Note from eqn. (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.

],k=0,1,2,...n—1,oo (12)

Realization of biquadratic functions
Consider
K[s? + a;s + a,]
T(s) = 13
() [s2 + bys + b,] (13
where as and bs are constants. Choosing as per egn. (5),
Q(s) = (s*+a), pr<a<py,

we identify
2 2
v, v, K rasea) ([ a faa—e’-ab
(s+a) a a(s+a)
0, ov,) Erbsen] [ b fba-a’-bk
12 (s+a) o a(s+a)
From these relations,
1A
(1+K) b,—Ka,
= s
14
2 " 2a L (14)
N [(bia — a® —b,) + K(aja — a* — a,)]s
2a(s + a)
Y,
(1-K) b, +Ka,
= s
2 2a (15)
N [(bya —a?—b,) — K(aya — a? —a,)]s
2a(s + a)

Both Y, to be RCDPAs, all the terms in Y1, > 0. Hence
bja —a?*—-b, ba—a?-b,

K<1 — , >
a’t+a,—aq,a° ax—a*—a, (16)
] bja —a? - b,
-><minyl, ———. (17)
ac+a, —a,a

Since, there are several possible locations of two zeros, to
demonstrate the method, we take the case of an APF for

which a; = -by, @, = bo. Then egns. (14) and (15) become,
respectively,

4

_(1+K +(1+K)bo

= s 2a (18)

N [(byja —a? —b,) — K(a? + b, + bya)]s
2a(s + a)
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Y.

2
_a-K_ A=K,
-T2 ¢ 2a (19)
N [(bya — a® = b,) + K(bya + a? + b,)]s
2a(s + a)
Example 1

Realize the APF
s-1D(-3)

T =K DG+
Let a = 2. Then from eqgn. (16), we get

(20)

1
K<(51)
Choosing K = 1/15, we get from eqns. (18) and (19),
8 4

Vi=—s+-

and
Yz = E s + ? + m

Although the method yields a realization that uses only one

active device, and all the capacitors grounded, no matching
of the componenets; it requires too many components.

Realiation of bilinear functions
Let the function be expressed as

T(s) = K (s—2)

S) = .
(s+p)

Choosing Q(s) = 1 (there is only one pole on the negative
real axis, we don’t need Q(s) at all), we

(21)

—

T Z1+ J
> X

Z2+ ITout
MO-DXCCIT }v—
72

X+ -

T -

L

Fig. 3 Realization of 'I_'(s) given by egn. (20)
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Fig. 4 Realization of function given in (20).

Y, -Y,)=K(—2), and (Y;+Y,)
= (s +p). 2
Solving we get
Y, = %[(1 +K)s+ (p — K2)], (23)
Y, =1[(1 —K)s+ (p +K2)]. (24)

2
In general, 2C and 2R elements will be required. The

number can be reduced by choosing suitable value for K.
Casel:z>p

Obviously, for Y1, to be RCDPAs, K < 1. Chooswing
K =1 (this redeuces 1C in Y2). Equation (23)-(24) give

p—z p+z
= . 25
2 ) YZ 2 ( )

Y, =s+

Case2:z<p
Obviously, for Y1, to be RCDPAs, K < p/z. Choosing
K = p/z (this redeuces 1R in Y1), (23)-(24) give.

1 p 1 p
Y1=§(1+E)S, Y2 =E(1—;)S+p (26)
Case3:z=p
Equation (25) or (26) give
Y1 =S, Y2 =Dp.

It is interesting to note that, in this case, we require only 1C
and 1R. The complete realization of T(s) of egn. (21) for this
case is shown in Fig. 4.

B. ZY method
Equation (2) can be expressed as
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Fig. 5 Admissible pole-zero patterns

N(S) _ 1 - Z1Y2
D(s) 1+Z.Y, @7)
Solving, we get
D(s) — KN
7.y, = (s) (s) (28)

" D(s) + KN(s)'
If poles and zeros of Z, Y, follows any of the patterns shown
in Fig. 5, Z; and Z, can be identified as RC DPIs.

Example 3

Consider the transfer function given by eqgn. (20).
In this case,
(1-K)s?+4s(1+K)+3(1—-K)

1+K)s2+4s(1—K)+3(1+K) (29)

Z:Y, =

To fit into any one pole-zero pattern of Fig. 5, both the
zeros and poles must be negative real. This requires
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<1
K{16(1 + K)? > 12(1 — K)? (30)
16(1 — K)? > 12(1 + K)?
These relations require (considering the positive value)
1—a l1—a

<K <—=10.0718.
1+a” "~ 1+4a (31)

3
where a = g

Choosing
K =0.0718,
we get from (28)
{s + 1.73}2

LY == 7 078) + (s 4 388 (32)

Thus, the poles and zeros satisfy the pattern (d) in Fig. 5.
Identifying
s+ 1.73 s+ 1.73
1= sro78 M2 = aes
The dcomplete realization of trtanfer function is shown in
Fig. 6. Minimum 6 elements (2C, 4R) are required.

Synthesis of bilinear functions
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Fig. 6 . Realization of transfer function given by
eqgn. (12).
Let the function be expressed as
(s —2)
T(s) =K : (33)
=K+
From egn. (28)
(s+p)—K(s—2)
112 = (34)
(s+p)+K(s—2)
1-K)s+(p+K
_(-K)s+@+K2) 5)
(1+K)s+(p—K=z)
For pole and zero to be negativfe real,
1
K < {B
Z
Casel:z<p
In this case, choose K =1. Then
(p+2)
=— "7 =1, 36
Zl 25+(p—Z)' YZ 1 ( )
Case2:z>p

In this case, choose K = p/z. Then

(z—p)s+2p
Iiy=—F——— Y, =1 37
1 (Z + p)s 2 ( )
Casel:z=p
In this case, choose K =1. Then
Z, = g Y, = 1. (38)

Complete realization of transfer function is the same as
given in Fig. 4. Thus, the APF requires (i) only one active
device, (ii) 1C and 1R, (iii) both R and C are grounded, (iv)
gain constant K = 1, (v) no matchg of compoenets, by both
the methods. Therefore, this realization is the best amonst
all those reported in the past, except that given by Jitedra
Mohan.

I1l. CONCLUSION

The circuit configuration suggested by Jitendra Mohan has
been exploited to realize a wider range of functions. Two
synthesis methods are given. Both yield the same relaizaiton
for the first order APF. This filter is novel in the sense that
it uses only one active device and minimum number of
passive elements (1C and 1R) and both are grounded. No
matching of components is required. Moreover, the gain
constant is also 1. To the best of author’s knowledge, this
was not reported earlier except the one by Jitendra Mohan
which has been systematicfally derived in this paper.

REFERENCES

[1] T. S. Rathore, Passive and active realizations of RC all-pass
voltage transfer functions, Inst Engrs(l). 54 (TE-3)(1974)128-130.

[2] T. S. Rathore, New all-pass phase shifter configura-tions, IEEE
Trans. Instru. Meas. 24(1)(1975) 83-84.

[3] T. S. Rathore, Comments on 'Realization of an all-pass transfer
function using the second-generation current conveyor.' IEEE
Proc, 69(3)(1981)395.

[4 T. S. Rathore, Minimal realizations of first-order all-pass
functions, Inst Engrs(l). TE 29(3)(1983)124-125.

[5] T. S. Rathore, '‘Comments 3on 'Realization of current conveyor
allpass networks, Int. J. Electron. 55(3)(1984)501-502.

[6] T. S. Rathore, Digitally-controlled all-pass and notch filters, Inst
Engrs(l). 11(TE 31)(1985)28-29.

[71 T. S. Rathore, Realizations of voltage transfer functions using
DVCCs Int J. Circuits and Syst. 9(2018)141-147.

[8] T. S. Rathore, & S M Dasgupta, A simple design for an all-pass
filter, Int J Electron. 39(11)(1975)93-96.

[9] C. M. Chang, Current-mode pass/notch and band-pass filter using
single CCII, Electron. Letters. 27(1991)1614-1617.

[10] S. Lui, C. S. Hwang, Realization of current-mode filters using
single FTFN Int. J. Electronics. 82(1997)499-502.

[11] M. Higashimura and Y. Fukai, Realization of all-pass and notch
filters using a single current conveyor, Int. J.. Electronics.
65(1988)823-828.

[12] M. Higashimura, Current-mode all-pass filter using FTFN with a
grounded capacitor, Electron. Letters 27(1991)1182-1183.

[13] U. Cam, O. Cicekoglu, M. Gulsoy and H. Kuntman, New voltage
and current mode first-order all-pass filters using single FTFN,
Frequenz. 7-8(2000)177-179.

[14] A. Toker, S. Ozoguz, O. Cicekoglu, and C. Acar, Current mode
allpass filters using a current differencing buffered amplifier and
new high-Q band-pass filter configuration, IEEE Trans. Circuits
and Systems-11. 47(2000)949-954.

[15] S. Kilinc and U. Cam, Current-mode first-order allpass filter
employing single current operational amplifier, Analog Integrated
Circuits and Signal Processing. 41(2004)47-53.



[16]

[17]

[18]

T. S. Rathore / IJECE, 8(3), 3-7, 2021

S. Maheshwari, High Input Impedance VM-APSs with Grounded
Passive Elements. IET Circuits, Devices, and Systems. 1(2004)72-
78

Rathore, T. S., and Khot, U. P., Single FTFN realization of current
transfer functions, 2005, IETE J. Research, 51(3) (2005)193-199.
Pal, K., Realization of current conveyor all-pass network, Int. J.
Electron. 50(2)(1981)165-168.

[19]

[20]

F. Kacar and U. Mahmut, DVCC Based Current-Mode First-Order
All-Pass Filter and Quadrature Oscillator, Trakya Univ. J. Sci.
8(1)(2007)01-05.
Jitendra Mohan, Single Active Element based Current-Mode All-
Pass Filter, Int. J. Computer Applications (0975 — 8887)
82(1)(2013)23-27.



