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Abstract 
 

In this paper, a new active element called voltage 

differencing inverting buffered amplifier (VDIBA) is 

presented. Using single VDIBA and capacitor a new 

resistorless voltage-mode first-order all-pass filter is 

proposed, which provides both inverting and non-inverting 

outputs at the same configuration simultaneously. The pole 

frequency of the filter can be easily controlled by means of 

internal transconductance. No component-matching 

conditions are required and it has low sensitivity. The 

theoretical results are verified by SPICE simulations using 

commercially available integrated circuit models. 

 

1. Introduction 
 

All-pass filters are used to correct the phase shifts caused by 

analog filtering operations without changing the amplitude of 

the applied signal. In the literature, although many first-order 

voltage-mode (VM) all-pass filters were proposed (e.g. [1–8] 

and references cited therein), only circuits in [3–8] are 

resistorless i.e. no external resistor is required and electronically 

tunable. In general, the tunability feature of circuits is solved in 

three different ways. After the current-controlled conveyor 

(CCCII) was introduced [9], a new period has been opened with 

respect to electronic tunability in the analog filter design. Here 

the intrinsic X-input resistance of the CCCII is controlled via an 

external current, as shown in [3] and [4]. Another technique is 

given in [5] and [6], where the appropriate resistor is replaced 

by MOSFET-based voltage-controlled resistor. In recently 

presented voltage differencing-differential input buffered 

amplifier (VD-DIBA)-based VM all-pass filter [7] the tunability 

property of the operational transconductance amplifier (OTA) 

[10] is used to shift the phase response of the circuit. In fact, 

although the active element VD-DIBA, which belongs to the 

group of ‘voltage differencing’ elements [11], is new, it is 

composed of an OTA and a unity gain differential amplifier, an 

interconnection that is done in [8] separately. This paper reports 

another ‘voltage differencing’ element, namely the voltage 

differencing inverting buffered amplifier (VDIBA), which has 

simpler active structure than VD-DIBA [7], because there is no 

v terminal. Moreover, the proposed resistorless first-order VM 

all-pass filter using single VDIBA and capacitor provides both 

inverting and non-inverting all-pass responses simultaneously at 

two different output nodes. It is worth mention that only circuits 

in [5] and [6] have such exclusive advantage. SPICE simulation 

results are included to support the theory. 

2. Circuit description 
 

The voltage differencing inverting buffered amplifier 

(VDIBA) is a new four-terminal active device with electronic 

tuning, which circuit symbol and behavioral model are shown in 

Fig. 1. From the model it can be seen that the VDIBA has a pair 

of high-impedance voltage inputs v+ and v–, a high-impedance 

current output z, and low-impedance voltage output w–. The 

input stage of VDIBA can be easily implemented by a 

differential-input single-output OTA, which converts the input 

voltage to output current that flows out at the z terminal. The 

output stage can be formed by unity-gain inverting voltage 

buffer (IVB). Since both stages can be implemented by 

commercially available integrated circuits (ICs), and moreover it 

contains OTA, the introduced active element is attractive for 

resistorless and electronically controllable circuit applications.  

Using standard notation, the relationship between port 

currents and voltages of a VDIBA can be described by the 

following hybrid matrix: 
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where gm and β represent transconductance and non-ideal 

voltage gain of VDIBA, respectively. The value of β in an ideal 

VDIBA is equal to unity. 
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Fig. 1. (a) Circuit symbol, (b) behavioral model of VDIBA 
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Fig. 2. Proposed resistorless dual-output VM all-pass filter with 

electronic tuning 

 

The proposed novel first-order VM all-pass filter using single 

active element and capacitor is shown in Fig. 2. Considering an 

ideal VDIBA (β = 1), routine analysis of the circuit gives the 

following transfer functions (TFs): 
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The phase responses of the TFs are calculated as: 
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Hence, from the above equations it can be seen that the 

proposed configuration can simultaneously provide phase 

shifting both between ! (at ! = 0) to 0 (at ! = ∞) and 0 (at 

! = 0) to –! (at ! = ∞), at output terminals Vo1 and Vo2, 

respectively. 

From (2), the pole frequency f0 is expressed as: 
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Note that the f0 can be easily tuned by adjusting the 

transconductance of VDIBA. The pole sensitivities of the 

proposed circuit are given as: 
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which are not higher than unity in magnitude. 

Taking into account the non-ideal voltage gain β of the 

VDIBA, TFs in (2) convert to: 
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and non-ideal phase responses from TFs (6) are given as: 
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Consequently, the pole frequency of the presented filter is 

found as f0 = βgm/2!C. It can be realized that the single non-

ideality of the VDIBA slightly affects the filter parameters; 

however, this influence can be easily compensated by the 

transconductance of the VDIBA. 

d GV R

 
 

Fig. 3. VDIBA implementation by two ICs OPA860 
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Fig. 4. DC analysis of VDIBA in Fig. 3: Iz versus Vv+ and Vv–, 

Vw– versus Vz 

 

3. Simulation results 
 

To verify the theoretical study, the behavior of the proposed 

VM all-pass filter in Fig. 2 has been further analyzed in SPICE 

software. Fig. 3 shows the implementation of the VDIBA using 

commercially available ICs OPA860 [12] by Texas Instruments 

and the DC power supply voltages were equal to ±5 V. The 

OPA860 contains the so-called ‘diamond’ transistor (DT) and 

fast voltage buffer (VB). In the input stage, in order to increase 

the linearity of collector current versus input voltage, the DT1 is 

complemented with degeneration resistor RG » 1/gmT, added in 

series to the emitter, where the gmT is the DT transconductance. 

Then the total transconductance decreases to the approximate 

value 1/RG [7]. In the structure shown in Fig. 3 the VB2 is used 

to separate two stages of the VDIBA and the DT2 is used as 

IVB, where the gain of the amplifier is calculated as β ≅ – RC/RE 

[7]. In all simulations the values of the resistors RE and RC have 

been chosen as 154 " and 169 ", respectively, and the value of 

the capacitor C in the proposed filter has been selected as 

150 pF.  

The performance of the VDIBA was tested by DC and AC 

analyses. In the simulations, the value of the degeneration 

resistor RG was set to 1 k". The DC simulation results are 

shown in Fig. 4. From the AC simulations, the obtained gm (for 

both transfers Iz/Vv+ and Iz/Vv–) of the VDIBA is approximately 

0.97 mA/V with the f–3dB frequency 259.8 MHz. Subsequently, 

the obtained gain (β) of the voltage transfer Vw–/Vz is equal to 

1.002 and its f–3dB frequency is found to be 216.4 MHz. 

Fig. 5 shows the ideal and simulated phase and gain 

responses illustrating the electronic tunability of the proposed 

filter. The pole frequency is varied for f0 ≅ {0.3; 1; 3} MHz via 
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the degeneration resistor RG = {3.6; 1; 0.36} k", respectively. 

To illustrate the time-domain performance, transient analysis is 

performed to evaluate the voltage swing capability and phase 

errors of the filter as shown in Fig. 6. A sine-wave input of 3 V 

amplitude and frequency of 1 MHz was applied to the filter 

while keeping the RG = 1 k" and C = 150 pF. Note that the 

output waveforms are very close to the input one. The total 

harmonic distortion at this frequency are found as 0.25% and 

0.48% for the first and second output of the proposed filter, 

respectively. The total power dissipation of the circuit is found 

to be 246 µW.  

 

Ideal for RG = 1 kΩ 
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Ideal for RG = 1 kΩ 

RG = 3.6 kΩ 

RG = 1 kΩ 

RG = 360 Ω 

 
 

(b) 
 

Fig. 5. Electronical tunability of the pole frequency by the 

degenerating resistor RG: (a) inverting, (b) non-inverting VM 

first-order all-pass filter responses 
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Fig. 6. Time-domain response of the proposed all-pass filter at 

1 MHz 

4. Conclusions 
 

This paper presents new active element from the group of 

‘voltage differencing’ devices, namely voltage differencing 

inverting buffered amplifier (VDIBA). The input part of the 

VDIBA is formed by the OTA, which is followed by the IVB 

with a gain of –1 that makes the introduced element attractive 

for resistorless and electronically controllable linear circuit 

design. As an application example a novel resistorless dual-

output VM all-pass filter is proposed. SPICE simulation results 

confirm the feasibility of the proposed circuit. 
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