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1 Introduction

In recent time, a wide variety of active elements with different characteristics is
enriched in the scientific literature based on fundamental active block [1]. These
designs are based on the modification of the basic elements like Voltage Feedback
Amplifier (VFA) [2], Current Feedback Amplifier (CFA) [3], Operational Transcon-
ductance Amplifier (OTA) [4], and Current-Conveyors (CC) [5] which fulfils the
modern circuit design speciality like low power consumption, high slew rate, few
more [6, 7]. A very popular active element “VDTA” [8] exhibits a simple design
approach for the generation of integrators, bi-quad filters, oscillator, inductance, and
frequency dependent negative resistor (FDNR) simulator using a single active block
with a few passive elements. This design can be compared to the active elements like
second generation Current Conveyor (CC-II) [9], third generation Current Conveyor
(CC-IID) [10], Differential Difference Current Conveyor (DDCC) [11], Differential
Voltage Current Conveyor (DVCC) [12], Current Differencing Buffered Amplifier
(CDBA) [13], second generation Dual X Current Conveyor (DXCC-II) [14], and
offers a better results in comparison to the [9—14]. In addition to this, this VDTA can
also be used for transconductance mode applications as its input ports is voltage and
output is current. Moreover, integrator design [ 15—18] and Wave Active Filter (WAF)
[19-21] are also available. By keeping in line of the features of VDTA, the authors
have made an attempt to design an advance version of VDTA with addition differen-
tial difference property and collectively called as “DD-VDTA”. This research paper
contributes a design for DD-VDTA which enables an extra features of differential
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difference property and owes all the good characteristics of VDTA block with its
circuit description in Sect. 2. The proposed DD-VDTA design is translated for the
active integrator for lossy, lossy subtraction and lossless in Sect. 3. The workability
test of DD-VDTA is examined in both DC and AC conditions in Sect. 4. In addi-
tion, simulation results of integrator are also verified and ends with a comparative
table. Moreover, this proposed block can be used to synthesize integrators having
two outputs, i.e. inverting and non-inverting output through the same design and to
design WAF with lower number of active and passive elements.

2 Circuit Description of DD-VDTA

The proposed new active element DD-VDTA is a combination of DDA [22] and
VDTA [23] which offers the features of DDCC and an OTA in a single circuit design.
The CMOS structure of DD-VDTA is shown in Fig. 1.

The characteristics equation of DD-VDTA can be characterized as:

I, = gml(vp - Vn)a (D
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Fig.1 DD-VDTA a CMOS structure b block diagram
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I, =1, 3)

Vi = yl — Vy27 (4)

First stage consists of VDTA having transistors M to Mg, where the output and
input stages are made up of floating current sources. It has two input (V,, V,,) and
two output (V,, I,,) ports of high impedances. Equation 1, indicates the difference of
the input voltages of ports p and n with transconductance gain g,,; which produces
current at port z. The voltage drop at port z with transconductance parameter (g,,2) is
transformed into output current at port x,,. The first stage of the proposed DD-VDTA
block comprises two Arbel-Goldminz transconductance-based OTAs [23] and their
transconductance (g,,; and g,,») can be mathematically obtained as:

_ 83t g

ml — 2 9 (5)
+
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where g; can be defined as the transconductance value of the ith transistor as a function
of MOSFET fundamental electrical parameters (u;, C,x, W/L) and bias current ({;).
Second stage is DDA that consists of transistors Mo to M». It consists of two high
impedance input port (Y, Y») and one low impedance output port (V,,). There are
two differential stages (M 14, M15) and (M 1, M 13) with a PMOS (p-type metal oxide
semiconductor) current mirror employing Mg and M 9. This current mirror converts
the differential current to output voltage (V,,) at the drain terminal of M ;. This part
gives the difference of input voltages present at ports y; and y, through the output
port z. The transistors M 9 and M,y makes a current mirror pair in which the current
flowing through w port and z port are same (Eq. 3). The block diagram of DD-VDTA
is given in Fig. 1b.

3 Applications of DD-VDTA

The proposed DD-VDTA is useful for the design of lossy integrator, lossy integration
subtraction, and lossless integrator circuit as shown in Fig. 2a—c, respectively. The
property of DD-VDTA block supports the differential difference of two voltage inputs
with characteristics of a VDTA circuit. Hence, it can be easily used to synthesize
integrators with two outputs, i.e. inverting and non-inverting output through the same
design. These designs are purely resistor-less and require only one passive capacitor.
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Fig. 2 Integrator designs using DD-VDTA a lossy integrator b lossy subtraction integrator
¢ lossless ntegrator

For lossy integrator circuit, the ports, V5, z, and x, are shorted to each other and
a grounded capacitor is connected across it. In this circuit, input is given at only
one port (V). The inverted and non-inverted outputs are taken from w and z ports
respectively and it yields;

Up

- P 8
Vg 1 TsC/g, (3
and,
Up
= 9
Uy T+sC/g, )

For lossy subtraction integration circuit, the circuit design is similar to the lossy
integrator circuit. The only difference is inputs at both the ports V', and V,, and the
output is differential difference integration output as:

v, — Uy
= 10
= T4 5C/n (10
and,
Up — Up
- 11
R poyp (11

For lossless integrator, V, and z port are shorted together and a grounded capacitor
is connected across it. The input is given at port V,, and output is taken from V. It
results the following voltage expression for V, and V, respectively as:

Up
sC/gm

(12)

UV, =

and,
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sC/gm

(13)

Vy =

4 Simulation Results

To check the working behaviour of DD-VDTA, the CMOS structure of DD-VDTA is
simulated in the PSPICE simulator using 0.18 pum technology parameter. The aspect
ratios of the transistors are given in Table 1 with supply voltages 4+ 0.9 V and the
bias current (I, Iv2, Iv3, and Ips are chosen 150 pA). The transconductance values
of g1 and g, are 627 WA/V.

The DC characteristic of the proposed DD-VDTA is shown in Fig. 3. To plot
(IZ = gml(Vp — V,,)), a resistor is connected across the z port and the respective
voltages of ports p, n, and z are plotted in Fig. 3a and b. In similar manner Eq. 2 is
also plotted and given in Fig. 4c. Equation 3, is represented in Fig. 4d by giving an
input current at port z. and in the similar way Eq. 4 is shown in Fig. 4e and f, which
are simply plotted by giving an input voltage at y; and y, port.

In addition to DC characteristics, the AC transfer characteristic of DD-VDTA is
also observed in Fig. 4. The frequency response of transconductance gain g,, from
port z to vp, from port z to v,, and from z to v, is given in Fig. 4a—c respectively
followed by V,,/V,, and V,/V,, is shown in Fig. 4d and e, respectively. The points
X and Y in the graphs shows the parasitic gain and the bandwidth of the block.

The performance parameters and their numerical value of the proposed block
DD-VDTA is also well observed in Table 2.

Finally, the simulated output of the proposed integrator circuits Fig. 2a—c is shown
in Fig. Sa—c, respectively. The capacitor values taken for lossy integrator simulation
C1, Cy is 250 nF and for lossless integrator simulation C3 is 180 nF. For the lossy
integrator circuit, one square shape input of 200 mV amplitude is applied at the input
port and an integrated triangular shape output of 200 mV amplitude is obtained. On
the other side, lossy subtractor integrator, uses two square signals of amplitude 300
and 200 mV at two input ports (V, and V) which results subtraction integration
output of 1 mV output is at V, and V, ports.

Table 1 Aspect ratios (W/L)

for DD-VDTA 5. no. MOSFETs WIL (in jum)
1 My, My, Ms, Mg 3.6/0.36
2 M3, My, M7, Mg 16.64/0.36
3 Mo, Mo, M1, M9 3.6/0.18
4 My, M3, M4, M5 0.72/1.08
5 Mg, Mi7, M13, M2 2.16/1.08
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Fig. 3 DC voltage variation behaviour of DD-VDTA at different port a voltage z to p b voltage
zto n ¢ voltage x to z d current w to z e voltage w to y; f voltage w to y
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Fig. 4 AC characteristics of DD-VDTA a frequency response of g;, from port z to v}, b frequency

response of g, from port z to v, ¢ frequency response of g,, from z to v, d frequency response of
Vy1/V, e frequency response of Vy5/V,,

Table 2 Performance parameters of DD-VDTA

S. no. Parameter Value

1 Dynamic range of input currents (/) —80 n to 250 pA

2 Dynamic range of input voltage (Vy1, Vy2) —250 m to 250 m V

3 Parasitic gain (Vy1/Vy, Vy2/Vy) 0.77,0.54

4 Voltage tracking error 0.23,0.46

5 Transconductance gain (g,,) 627 WA/V

6 Bandwidth (V1/Vy), (Vy2/Vy) 100 and 103.63 MHz

7 Bandwidth (1/V}), U2/V ), (x/V ) 1.44,1.57, and 12.82 GHz
8 Power dissipation 2.81 mW
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Fig. 5 Output response of integrator circuits a lossy integrator b lossy subtractor integrator
c lossless integrator
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5 Conclusion

A new active block named Differential Difference VDTA (DD-VDTA, an extension
VDTA is proposed. The DC and AC characteristics of this block is done and found
that this block can operate for higher frequency range applications. The applications
of this block is shown for the lossy integrator, lossy subtractor integrator, and lossless
integrator. It is designed using only one DD-VDTA block and one capacitor, having
two outputs, viz., inverted and non-inverted at a time. The proposed configurations
enjoys advantageous feature like less components are used, dual output at a time, low
power dissipation and can be electronically tuned by changing its bias currents and
easy design. These applications of proposed block has been proposed and verified.
All the mathematical results have been verified by SPICE simulations with TSMC
0.18 pm CMOS process parameters.
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