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ABSTRACT

A new current mode low sensitivity first order allpass network using a second generation current
conveyor CC II is proposed. The CC II nonidealities (¢, ,) alter only the phase component (¢,) of the
zero without affecting that of the pole (¢,). This deviation can be precisely corrected by an additional
compensating shunt resistor (r.) for an equidistant pole-zero configuration, thus realising a true allpass

function.

Key Words: allpass filter, current conveyor, analog signal processing

The topic of current mode active circuits using
CC IIs is receiving considerable attention at present.
Several such function circuits have been proposed (Eabre
et al., 1990; Chang et al., 1993; Nandi, 1994,
Higashimura and Fukui, 1990) which exhibit extremely
low sensitivity owing to the relatively accurate port
current/voltage characteristics of the CC II with neg-
ligible transfer errors (€,,<<1). In addition, current
mode circuits are considered to be superior to their
voltage mode versions because of several advantages
described in the literature (Roberts and Sedra, 1989;
Wilson, 1990).

This paper presents the realisation of a first order
allpass current transfer function using a CC II and only
three passive components. With the nonideal CC II
having finite port current and voltage tracking errors
(¢,,#20), only the numerator polynomial is slightly
altered; i.e., the phase component ¢, is changed while
¢, remains unaffected. This functional deviation can
be readily compensated by inserting an additional com-
pensating shunt resistor (r.) of appropriate value, which
yields ¢,=¢, for the desired allpass function.

Comparison of the proposed scheme with that of
Higashimura and Fukui (1990) indicates that four
passive components were required in their scheme,
among which two resistors had to match at an equal
value for realisability with an ideal CC II; however,
when the CC Il became nonideal, ¢, , were affected and
the realisation (Higashimura and Fukui, 1990) was not
amenable to precise single-resistor compensation which
is derivable in the circuit proposed here.

Writing the CC II port characteristics as i,=—(1—

€)iy, i,=0 and v,=(1—¢,)v,, one obtains the current
transfer F(s)éloll,- (assuming r, disconnected) as
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Considering an ideal CC II (¢,,=0), one obtains
the phase shift of the network 92 £ F(jw) as

¢=¢z_¢p’ )
where @,=—arctan (W C Ry)
and ¢p=arctan (W C R)). 3

For an allpass function with an equidistant pole-
zero configuration (¢,=¢,), we select R;=R,=R, which
gives

¢=—2arctan (W C R). “@)

At a given frequency, the network thus introduces
a variable phase shift 0<¢<x with a unity gain current
transmission for 0SRC<e. Equation (1) suggests that
with a nonideal CC1I (¢; ,#0), only ¢, is affected, which
may be compensated by connecting r,. as shown in Fig.
1. The compensation design may be derived by
using

(I-€)(F+E)=F> )
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which yields
re=R(1=€,)/¢,, (6)

where €,=¢€,+¢€,; products of errors are neglected as the
error magnitudes are quite low.

The active sensitivity of ¢, is estimated at a given
frequency (w=w,=1/RC say) by evaluating sfz=[(d¢z/
$)/(d€o/€,)] =, EiVven by

S¢Z 2¢,
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Since €,<<1, the phase response of the network
can be considered as being practically active-insensi-
tive. Also, the gain of the phase shifter is insensitive
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Fig. 1. Current allpass circuit.

to €,

In Fig. 1 a virtual short had been assumed, which
is valid for all practical purposes. The CC II is es-
sentially a current source, and its z-port internal resis-
tance is sufficiently high compared to any load con-
nected across the port. Hence, the load practically takes
the short circuit signal current delivered by the CC
current source, creating a virtual short (Chang et al.,
1993) at the z-port.

In conclusion, a novel current mode first order
allpass function circuit realisation scheme using a CC
II has been proposed in which the effect of the CC II
errors on ¢, can be precisely compensated, and where
the true allpass function can be obtained even with a
nonideal device.
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