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Current-mode variable current gain first-order allpass filter
employing CFTAs

Abstract. In this study, a current-mode first order allpass filter using current follower transconductance amplifiers (CFTAs) is proposed. The features
of the circuit are that: the pole frequency, phase response and current gain can be electronically controlled via the input bias current: the circuit
description is very simple, consisting of 2 CFTAs, 1 resistor and 1 grounded capacitor, without any component matching requirements.
Consequently, the proposed circuit is very appropriate to further develop into an integrated circuit. Low input and high output impedances of the
proposed configuration enable the circuit to be cascaded in current-mode without additional current buffers. The PSpice simulation results are
depicted. The given results agree well with the theoretical anticipation.

Streszczenie. W artykule przedstawiono przesuwnik fazowy prgdowy pierwszego rzedu, wykorzystujgcy wzmacniacz CFTA. Do wtasciwosci uktadu
nalezy mozliwo$¢ kontroli czestotliwo$ci biegunowej, odpowiedzi fazowej i wzmocnienia prgdowego przy pomocy wejSciowego pradu statego.
Obwdd sktada sie z dwéch uktadéw CFTA, rezystora i uziemionego kondensatora. Przedstawione wyniki symulacyjne z programu PSpice
potwierdzajg skuteczno$¢ dziatania uktadu. (Zastosowanie ukfadu CFTA w przesuwniku fazowym pradowym pierwszego rzedu o zmiennym

wzmocnieniu pradu).
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Introduction

In recent years, a number of papers have been
published dealing with the realization of current-mode
circuits [1-3] due to their certain advantages compared to
voltage-mode circuits. They offer to the designer several
excellent features such as inherently wide bandwidth,
greater linearity, wider dynamic range, simple circuitry and
low power consumption [4]. An analog filter is the main
standard research topics in current-mode circuit designs.
One of most popular analog current-mode filters is a first-
order allpass filter (APF) or phase shifter circuit. This filter is
a very useful function blocks of many analog signal
processing applications. It is frequently used in many active
circuits such as, phase shifters, oscillators and high-Q
band-pass filters [5-9]. Especially, the first order all-pass
filter with gain controllability is very useful for design in
many analog circuits to avoid the use of external amplifiers,
for examples quadarture oscillator [10] and multiphase
sinusoidal oscillator [11] with non-interactive control for
oscillation condition and oscillation frequency.

Several realizations of current-mode first-order allpass
filter using different active building blocks have appeared in
the literature. These include realizations using current
differencing buffered amplifier (CDBA)5, current conveyors
[12-15], current controlled current conveyors (CCCllIs) [16],
OTAs [17-19], differential voltage current conveyor (DVCC)
[20], current operational amplifier (COA) [21] and current
differencing transconductance amplifier (CDTA) [10-11],
[22-26]. However, most of the previous current-mode APFs
are uncontrollability of current gain and require element-
matching conditions.

The aim of this paper is to propose a current-mode gain
controllable first-order allpass filter, emphasizing on the use
of the current follower transconductance amplifiers. The
features of the proposed circuit are that: the current gain
and phase shift can be electronically controlled: the circuit
employs 2 CFTAs, 1 resistor and 1 grounded capacitor,
which is suitable for fabricating in monolithic chip. The
proposed APF also exhibits high-output and low-input
impedances, which is easy cascading in the current-mode
operation. The performances of the proposed circuit are
illustrated by PSpice simulations, they show good
agreement with the calculation.
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Theory and Principle
The Current Follower Transconduce Amplifier

Since the proposed circuit is based on CFTA [27], a
brief review of CFTA is given in this section. The schematic
symbol and the ideal behavioural model of the CFTA are
shown in Fig. 1(a) and (b). It has one low-impedance
current input f port. The current I+ flows from port z. In some
applications, to utilize the current through z terminal, an
auxiliary z; (z-copy) terminal is used. The internal current
mirror provides a copy of the current flowing out of the z
terminal to the z. terminal. The voltage v, on z terminal is
transferred into current using transconductance gm, which
flows into output terminal x. The gm is tuned by Ig. In
general, CFTA can contain an arbitrary number of x
terminals, providing currents Ix of both directions. The
characteristics of the ideal CFTA are represented by the
following hybrid matrix:

) L |=

For CMOS CFTA, the gm is written as

@ gy =Ky,

where k = £4,Cqy (W/L). Here k and IB are the physical

transconductance parameter of the MOS transistor and
input bias current, respectively.
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Fig.1. CFTA (a) Symbol (b) Equivalent circuit
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Table 1. Comparison between various APFs

Ref Design No. of Grounded C No. of R+C Electronic Gain Matching High
technique Active only Tune Controllability | Condition Output
Element Impedance
[5] CDBA 1 No 1+1 No No No Yes
[12] CCll 1 No 3+1 No No Yes Yes
[13] CcClil 1 No 1+1 No No No No
[14] CCll 2 Yes 1+2 No No Yes Yes
[15] CClll 1 No 3+1 No No Yes Yes
[16] CCCll 2 Yes 0+1 Yes No No Yes
[17] OTA 2 Yes 1+1 Yes No Yes Yes
[18] OTA 2 Yes 2+1 Yes No Yes Yes
[19] OTA 1 No 0+1 Yes No No No
1 No (cir. 1, 3, 4, .
[20] pvce 6) f:; gg:; ; 3' g; No No Yes Yes
Yes (cir. 2, 5) T
[21] COA 1 No 1+1 No No No Yes
[10] CDTA 1 No 2+1 Yes Yes No Yes
[11] CCCDTA 1 Yes 1+1 Yes Yes No Yes
[22] CDTA 1 No 1+1 Yes No No Yes
[23] CDTA 1 No 2+1 Yes Yes No Yes
[24] CDTA 1 No 0+1 Yes No No Yes
[25] CDTA 1 Yes 0+1 Yes No No Yes
[26] CDTA 1 Yes 0+1 Yes No No Yes
Proposed CFTA 2 Yes 1+1 Yes Yes No Yes

* No use of external capacitor

Proposed Current-mode First-order Allpass Filter

The proposed current-mode APF is illustrated in Fig. 2.
It consists of 2 CFTASs, 1 resistor and 1 grounded capacitor.
The sign = in the first CFTA shows plus or minus polarity of
the current output. It also seen that low input and high
output impedances are achieved. It is should be note that
the proposed APF can avoid the use of external resistor by
using current-controlled CFTA proposed by Norbert
Herencsar et. al. [28]. Considering the circuit in Fig. 2 and
using CFTA properties in section 2.1, the current transfer
function can be rewritten as

(3) Iout(s) — igmlR SC - ng .
1, () SC+0,,
IIBI
—Xlo—1_,
l,o—> f CFTA
ZC Z _>°|out
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Fig.2. Proposed variable current gain firs_t-order allpass filter

From Eq. (3), the natural frequency, current gain and
phase responses of the proposed circuit are

(4)

—9m

C

Wy

®) G(w) == =0gnR,

in

(6) ¢(o), =180—2tan1(;oc),
m2

and
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G

(7) ¢(a))7 =-2 tanl(

If gm1 and gm2 can be controlled by input bias current as
shown in Eq. (2), the current gain can be electronically
adjusted by lgs without affecting the natural frequency and
phase responses. It is also seen that the natural frequency
and phase responses can be electronically and
independently tuned from the current gain by Igy.

Comparison with Previous Works

Besides the inherent advantages of the proposed APF
over other previous works, the proposed circuit in Fig. 2 is
compared with several previous current-mode APFs. These
APFs are based on current differencing buffered amplifier
(CDBA) [5], current conveyors [12-15], current controlled
current conveyors (CCCllIs) [16], OTAs [17-19], differential
voltage current conveyor (DVCC) [20], current operational
amplifier (COA) [21] and current differencing trans-
conductance amplifier (CDTA) [10-11], [22-26]. The results

are shown in Table 1.

Simulation Results

To prove the performances of the proposed filter, the
PSPICE simulation program was used for the examination.
Internal construction of CFTA used in simulation is shown in
Fig. 3. The PMOS and NMOS transistors have been
simulated by respectively using the parameters of a 0.25um
TSMC CMOS technology29. The aspect ratios of PMOS
and NMOS transistor are listed in Table 2. The circuit was
biased with £1.25V supply voltages, Vgg=-0.55V, C=0.1nF,
Ig1=lg2=100pA and R=0.75kQ. Simulated gain and phase
responses of the non-inverting APF are given in Fig. 4.
Phase response for different Ig, is shown in Fig. 5. This
result confirms that the angle natural frequency can be
electronically controlled by setting ls2 as shown in Eq. (6).
The time-domain response of the proposed filter is shown in
Fig. 6 where a sine wave of 25uA amplitude and 1.5MHz is
applied as the input to the filter and the output is about 90
phase-shifted. The output currents for different values of Ig1
are shown in Fig. 7. It is seen that the current gain can be
electronically/independently adjusted from the natural
frequency and its phase shift as expressed in Eq. (5).
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Table 2. Dimensions of the MOS Transistors

Transistor W (um) L (um)
M1, M2 1 0.25
M16, M17 15 0.25
M22 4.7 0.25
Another PMOS 5 0.25
Another NMOS 3 0.25
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Fig.3. Internal construction of CFTA
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Fig.4. Gain and phase responses of the proposed allpass filter.
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Fig.5. Simulated phase responses of the proposed allpass filter
when lgy is varied.
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Fig.6. Filter response to a 1.5MHz sinusoidal input signal.
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Fig.7. Output currents for different values of Ig1.
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Conclusions

This paper proposes an electronically tunable current-
mode first-order allpass filter with gain controllability. It
consists of 2 CFTAs, 1 resistor and 1 grounded capacitor.
So it is easy to fabricate in IC form to use in battery-
powered or portable electronic equipments such as wireless
communication devices. The PSpice simulation results were
depicted, and agree well with the theoretical anticipation.
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