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Abstract: An improvement voltage mode first order all-pass filter configuration is proposed. The presented circuit
uses a single fully differential current feedback operational amplifier (FDCFOA), resistors and a grounded
capacitor. High input impedance of the proposed filter enables the circuit to be cascaded without additional
buffers. It does not impose any component matching constraint in analog signal processing circuits. Also higher
order all-pass filter could be achieved by cascading the proposed all-pass sections. In order to demostrate the
performance of the proposed filter a new voltage mode oscillator is introduced as an application example.
Furthermore the theoretical results are verified with SPICE simulations using a CMOS realization of FDCFOA.
Key words: All-pass filter, fully differential current feedback operational amplifier, analog integrated circuits,
quadrature oscillator.

Ozet: Gerilim modunda birinci dereceden tiim gegiren yeni bir siizge¢ devresi dnerilmistir. Onerilen devrede bir
tam diferansiyel akim geribeslemeli islemsel kuvvetlendirici, direngler ve toprakli bir kapasite bulunmaktadir.
Onerilen devrenin yiiksek giris direnci, ek tampon kullanilmadan devrenin kaskad baglanabilmesini saglamaktadir.
Analog isaret isleme devrelerinde herhangi bir eleman denklestirme kosuluna gerek duyulmamaktadwr. Aym
zamanda daha yiiksek dereceden tiim gegiren siizgegler onerilen birinci dereceden siizgegler kaskad baglanarak
elde edilebilmektedir. Onerilen siizgecin basarimim gostermek amaciyla, bir uygulama 6rnegi olarak gerilim
modunda yeni bir osilator tamtilmistir. Bundan baska teorik sonuglar, FDCFOA elemaninin CMOS gergeklenmesi
kullanilarak SPICE benzetimleriyle dogrulanmistir.

Anahtar Kelimeler: Tiim gegiren siizge¢, tam farksal akim geribeslemeli islemsel kuvvetlendirci, analog
tiimdevreler, quadrature osilator

Introduction

All-pass filters are one of the most important building block of many analog signal processing applications and therefore
have recieved much attention. They are generally used for introducing a frequency dependent delay while keeping the
amplitude of the input signal constant over the desired frequency range. Other type of the active circuits such as oscillators
and high-Q band-pass filters are also realized by using all-pass filters [1-6]. The active devices that have been used for the
realizations of first order all-pass circuits include operational amplifiers (OP-AMP), second generation current conveyor
(CCID), current feedback op-amps (CFOA), operational transconductance amplifier (OTA) and four terminal floating nullor
(FTFN). Several voltage and current mode first order all-pass filters are available in the literature [2-10]. A literature survey
shows that there are only a few transadmittance mode filters. Since the introduction of FDCFOA by Soliman, a few
applications have appeared in the literature [10-12]. The FDCFOA has the advantages of the single ended CFOA beside the
advantages of the fully differential signal processing. The FDCFOA has many useful applications like the single ended
CFOA [3-12]. The main purpose of these paper is to propose a new application of FDCFOA as a voltage mode first and
higher order all-pass filter. The all-pass filters can be also used to synthesize multiphase oscillators and second-order band-
pass filters.

The paper is organized as follows, in Section 2, the proposed of the all-pass filter FDCFOA is presented. In Section 3,
FDCFOA-based voltage mode first order allpass filter configuration is proposed and also a sinusoidal oscillator is
implemented to show the usefulness of the proposed configuration as an illustrating example. In Section 4, To verify the
theoritical study the first order all-pass filter was constructed and simulated with PSPICE program. PSpice simulations of the
proposed FDCFOA and its applications using CMOS 0.35 um technology are also given.

The Proposed All-Pass Filter Circuit

The FDCFOA is basicly a fully differential device as shown in Figure 1. The Y, and Y, terminals are high impedance
terminals while X; and X, terminals are low impedance ones. The differential input voltage Vv, applied across Y; and Y,
terminals is conveyed to differential voltage across the X; and X, termianls; i.e., (Vxi2 =Vyi2). The input currents applied to
the X; and X, are conveyed to the Z; and Z, terminals are high ipmedance output nodes suitable for current outputs. The
differential voltage developed across the Z; and Z, terminals are buffered by a unity gain fully differential voltage buffer to
the output terminals O; and O,, i.e., (Vo12= Vz12).
The port relations at an ideal FDCFOA, shown in Figure la. can be given by
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Figure 1: a) The Symbol of the FDCFOA b) The CMOS circuit of the FDCFOA
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Figure 2: The proposed voltage mode first order all-pass filter configuration

The proposed configuration is shown in Figure 2. Routine analysis yields the voltage mode transfer function as follows

V. -1+RCs

—o (k)# (2)
1+RCs

V.
This transfer function allows the designer both inverting and noninverting types of first order voltage mode all-pass filters
by exchanging C; and R; using only a single FDCFOA. Thus both inverting and noninverting types of first order voltage
mode all-pass filters are realized using only a single FDCOA, resistors and a grounded capacitor.without imposing any
passive element condition. Furthermore transfer function analysis of the proposed all-pass filter can be made for the nonideal
FDCFOA by following the same procedure gives for the ideal case.
Quadrature Oscillator As An All-Pass Filter Application
It is well-known fact that a sinusoidal oscillator can be realized using an all-pass filter and an integrator [13] as shown in
Figure 3.
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Figure 3: FDCFOA-based sinusoidal oscillator circuit
In this circuit, the proposed allpass filter and a voltage mode integrator employing a FDCFOA with two matched resistors
and capacitors are used. For providing a sinusoidal oscillation the loop gain of the circuit is set the unity at s=jw, i. e

k| s-l/RCG| 1 - 3)
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From Eq. (3) oscillation condition and frequency can be found respectively as
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For simplicity, if we choose R; =R, = R and C; = C, = C, oscillation condition is satisfied and oscillation frequency
becomes
0, =L ©)

RC
Also oscillator condition and frequency can be calculated in terms of nonideality parameters of FDCFOA for the nonideal
FDCFOA. It is assumed that all FDCFOAs are ideal for all transfer function analysis given above.

Simulation Results

The performance of the proposed FDCFOA circuit was verified by performing PSpice simulations with supply voltages
+1.5 V and using 0.35 um CMOS technology parameters. The aspect ratios of the transistors are given in Table 1. To verify
the theoritical study the first order all-pass filter was constructed and simulated with PSPICE program. For this purpose,
passive components were chosen as R=10kQ, R;=10kQ nd C=1pF, which results in 1.59MHz center frequency. Since there is
no any commerical implementation of the FDCFOA, the SPICE simulations were performed using a CMOS realization of
FDCFOA [12]. Simulated magnitude and phase responses of the filter are given in Figure 4. Actually, the parasitic resistance
and capacitances of CMOS-FDCFOA, that is not mentioned in the limited space avaliable here, causes the deviations in the
frequency and phase response of the filter from theoretical values. For either discrete or integrated implementation of the
filter circuit, the designers should pay much attention to reduce the parasitics of FDCFOA. Furthermore, sinusoidal input-
output waveforms of allpass filter is presented in Figure 5 for the component values given above. Oscillator employing the
proposed allpass filter has also been simulated using PSPICE. In this simulation, k=2, all resistances and capacitances were
taken as 10kQ and 10pF respectively which results in a 1.59 MHz oscillation frequency. The output waveforms of the
oscillator are shown in Figure 6. Because of the parasitic effects of the FDCFOAs some deformations are observed in the
output waveforms of the filter and oscillator.

Table 1. Transistors aspect ratios for the circuit shown in Figure la

Transistors W (um) L (um)
M;-Mg 0.7 5.6
M;g-M¢ 0.7 0.7
M;7-Myo, M3; 14 0.7
M,o, M35 17.5 0.7
M, -M3q 35 0.7
My,, Mag, Myg, M3z, M35 70 0.7
M,3, Mag, M3, M3y, M3 35 0.7
My, 1.4 0.7
M,s, My, M3, M3, 1.4 0.7
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Figure 5: Simulated output waveforms of the All-pass filter (Input:m  Output: A)
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Figure 6: Simulated output waveforms of the Quadrature oscillator (Input:m Output: A)
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Figure 4: PSPICE simulation result of the proposed voltage-mode first-order allpass filter (Gain:—, Phase :---- )
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Conclusion

A voltage mode first order all-pass filter configuration is presented. The proposed circuit uses only a single FDCFOA,
resistors and capacitors. The output of the filter exhibits low output impedance so that the synthesized filter can be cascaded
without additional buffers. The proposed circuit uses grounded capacitor and resistors which simplifies integrated circuit
implementation. Higher order all-pass filter could be achieved by cascading the proposed all-pass section since filter sections
have high input and low output impedance. As an application of the filter, a new quadrature oscillator was realized. SPICE
simulations were performed by using a fully differential CMOS-CFOA. PSPICE simulation results of the filter response are
in good agreement with the predicted theory. It also provides an alternative solution to the realization of phase equalizer for
analog signal processing applications. It is supposed that all FDCFOAs used in the proposed circuits analyzed in the paper
are ideal. Anaysis of the effects of tracking error parameters of FDCFOA on the proposed circuits are cosidered for the
another studies.
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