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Abstract

A novel multiple-input, single-output (MISO) Voltage-Mode (VM)
analog filter configuration composed of two plus-type differential
voltage current conveyors (DVCC+) as active components moreover two
capacitors and three resistors as passive elements is proposed in this
paper. By selecting input voltage nodes in different orders, it is able to
provide all five standard second-order filter responses in one topology.
Also, it does not need any passive element matching condition; so the
proposed filter is suitable for integrated circuit (IC) design. Further, it
offers orthogonal control of quality factor (Q) and angular frequency
(wo), can be adjusted electronically. Further, to confirm the theoretical
analysis, simulation results are investigated. TSMC 0.13 um process
parameters is applied to the circuit and voltage sources are selected as
+0.75V and 0.2V for Vs, in this case the power consumption is found as
0.65 mW.

Keywords: DVCC+, Analog filter, Voltage-Mode, Multiple input-single
output filter, Universal biquadratic filter.

Oz

Bu calismada, yalnizca iki arti tipli gerilim farki alan akim tastyici
(DVCC+), iki kapasitér ve li¢ direng kullanarak, tek bir topolojide ikinci
derece filternin standart bes farkli tepkisinin tamamini saglayabilecek
cok girisli, tek cikisl gerilim modlu evrensel biquadratic filtre devresi
onerilmistir. Onerilen devre, pasif eleman egslestirme sartindan
bagimsizdir. Bu nedenle, Entegre Devre Teknolojisi (IC) i¢in uygundur.
Ayrica, kalite faktorii (Q) ve agisal frekansin (wo) dikey olarak kontrol
edilmesi miimkiin olup, elektronik olarak ayarlanabilirdir. Ayrica,
teorik analizleri dogrulamak amaciyla benzetim PSPICE simiilasyon
sonuglart incelenmigtir. Devre, TSMC 0.13 um islem parametreleri
kullanilarak gerceklestirilmis ve gerilim kaynaklari: #0.75 V ile VB icin
0.2 V olarak secilmistir. Bu durumda gli¢ tiiketimi 0.65 mW olarak
bulunmustur

Anahtar Kkelimeler: DVCC+, Analog filtre, Gerilim-Modlu, Cok
girisli- tek cikisl filtre, Evrensel bikuadratik filtre.

1 Introduction

Analog filters are widely utilized for applications like as
continuous-time analog signal processing, communication
systems, signal generators, as well as in measurement
instrumentations, power electronic, and control systems
[1]-[3].

According to the feature of transferring the desired range of
frequency from input to the output, analog filters are
extensively used in signal processing. In a multiple-input,
single-output (MISO) second-order universal filter, several
output responses of the filter can be attained easily by properly
selecting the input voltage source(s). Also, this selection can be
applied digitally to the circuit by employing a microcontroller
or microcomputer. Numerous universal Voltage-Mode (VM)
filter implementations have been presented in [3]-[24].
However, many of them have the following disadvantages:

I.  lack of orthogonally control of central frequency (wo)
and quality factor (Q) [3],[7],[12],[15],[21],[22],

II. All conventional second-order functions, cannot be
obtained in one circuit topology [11],
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III.  Capacitor connection to the X terminal of the active
element, which cause restrictions at high frequencies
[8]-[10],

IV.  Redundant number of active devices
[8],[11],[17],[21].[22],

V.  Employing excessive number of passive components
(81,

VI.  Requirement for floating capacitor(s), these circuits are
not suitable for IC design [9],[10],[20]. According to
using only grounded capacitors in the structure of
proposed LP and BP filters, these topologies are
suitable for IC technology implementations,

VII.  Requirement of matching condition for obtaining All
pass filter [13],[23],[24].

A novel plus-type differential voltage current conveyors
(DVCC+) based MISO universal biquadratic filter is presented in
this work. The recently proposed filter performs all
conventional second-order responses, namely Low-Pass (LP),
High-Pass (HP), Band-Pass (BP), Band-Stop (BS) and All-Pass
(AP) in only one circuit topology. In the structure of the filter
two DVCC+s, two capacitors and three resistors are employed.
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The proposed filter does not require any component matching
condition. Also, the angular frequency (wo) and quality factor
(Q) parameters can be adjusted orthogonally.

This article proceeds in the following order: a brief introduction
is given in Section 1, the newly designed second-order VM
universal filter with its mathematical descriptions, calculated
wo and Q and passive component sensitivity analysis are given
in Section 2. In Section 3, the effects of non-idealities on transfer
functions are investigated. In Section 4, to verify the
performance of proposed filter some simulation outcomes are
given. Finally, Section 5 brings the paper to a close.

2 Proposed voltage mode filter

The schematic block diagram and the non-ideal ports definition
of DVCC+ are given in Figure 1 and (1) respectively,
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Figure 1. The schematic block diagram of DVCC+.
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In (1), @, y and f are the non-ideal current and voltage gains.
The non-ideal current and voltage gains are expressed in (2-4),

Qo

a(s) = 2
1+ wia (2)
_ Bo
P& =15 3)
wp
Y
y(S) = 1 +wiy (4)

wa, wp and wy parameters are ideally infinity. ao, S0 and yo are
DC gains and ideally are equal to unity.

In non-ideal cases DC gains are expressed in (5-7),

ap=1+¢, (5)
ﬁ0=1+8ﬁ (6)
Yo=1+¢g, (7N

£a, €p and &y are tracking errors which are defined as le,l<<1,
legl<<1 and lg,I<<1. So in ideal case the a, § and y coefficients
are equal to unity and the ideal definition of DVCC+ becomes as,

]l 0 0 Oy
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The newly recommended MISO voltage mode biquadratic
universal filter configuration is depicted in Figure 2.
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Figure 2. Proposed DVCC+ based MISO universal biquadratic
filter.

The output voltage (Vour) in terms of input voltages Vsi, Vsz, and

Vs is,

52C1C,R RyR3Vs1 + sC,R3R, Vs, + Ry Vs
526162R1R2R3 + SCZR3R2 + R1

Vout (s) = %)
As shown in Table 1, by properly selection of different voltage
source(s), various filter functions will be achieved. The
realization of five conventional filter functions can be
expressed as demonstrated in Table 2.

Table 1. Filter types according to the selection of source (s).

Realization Vsq Vs Vs3 Filter Type
#1 Vin 0 0 High-Pass
#11 0 0 Vin Low-Pass
#111 0 Vin 0 Band-Pass
#1V Vi 0 V; Band-Stop
#V Vi —Vin V; All-Pass
Table 2. Transfer functions of different filter types.

Transfer Function of Filter Filter Type

s2C1C,R{RR4
52C;CyR RyR3 + SC,R,R3 + Ry High-Pass
R,
s2C,C,RyRyR5 + SCyR,R5 + Ry Low-Pass
sCyR3R,
52C;CyR RyR3 + SC,R,R3 + R Band-Pass
s%C,C,R1R,R3 + Ry
52C;CyR1RyR3 + SC,R,R3 + R, Band-Stop
s2C,C,R RyR; — sC,R,R3 + Ry
All-Pass

52C1C2R1R2R3 + SC2R2R3 + R1

According to (9), filter parameters wo and Q are found as
(10-11).
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1

wy = ———— 10
®" [CiCRRs (10)

G
= _— 11
Q=R ,C2R2R3 (11

The Band-Width (BW) of the filters is calculated as,

BIW = ([Oh) _ 1
Q RiG

(12)

From (10) and (11) it can be easily understanding that the Q can
be set, through resistor R1, without influencing wo. So, Q and wo
parameters are orthogonal and the filters are biquadratic
filters. In the special case, C; = C, = C, Ry = R, = R; =R the
Wy = % and Q=1.

The ideal passive component sensitivities of wo, Q and BW are
found as,

1
S;:z?R3 = S(glofcz = _E (13)
Q _1¢0  __co __1 14
SR1 - 1'SR2'R3'CZ - _SC1 - _E ( )
SEW = SEW = -1 (15)

By performing a simple inspection in (13-15) it can be
concluded that as magnitude of sensitivities are less than one,
the proposed topology has suitable performance in term of
passive component changing.

3 Effect of non-ideal DVCC+

According to (1) with regard to the non-ideal gains of the
DVCC+s in proposed filter, the general transfer function in (9)
turns to,

Voue (S)
_ $2C1CoR Ry R3Vsy + SCoRyR3Vsy + a1 Bry1V2R1Vss (16)
52C1C3R1RyRs + SCyRR3 + a1 8172 Ry

In non-ideal case the wo and Q are calculated as,

a182Y1Y2
— 17
o JQQ&& (a7
182717201
=R, |—="1— 18
0= 7GRk, (19)

The transfer functions of all types of filters in non-ideal case are
demonstrated in Table 3.

According to Table 3, it can be easily seen that non-ideal gains
are shaped as multiplier for only one of the coefficients of the
transfer functions.

In this case the passive component sensitivities can be found as,

1
wo — _qWo —
ayyuya.Bz SC1'C2'R2'R3 - 2 (19)
s¢ =1,82 = -5 -1 (20)
Ry ’ Yay,Pay1,¥2.C1 C2R2R3 9

Table 3. Transfer functions of different filter types in non-ideal

case.

Transfer Function of Filter Filter Type
SZC162R1R2R3
52C1C2R1RoRs + SC2R3R3 + a1 Boy1v2Ry High-Pass
a1B2v1V2R1
52C1C3R RyRs + SC3R,Rs + a1 oY1 Y2Ry Low-Pass
SC2R2R3
52C1CoR RyR3 + SCoRyR3 + a1 Bov1V2Ry Band-Pass
s2C1CR1RyR; + a1 Bay1¥2 Ry

52C1C3R1RyRs + SCoRyR3 + a1 21172 Ry Band-Stop

52C1C,R1RyRs — sCR,R; + a1 Boy1Y2Ry

52C1C3R1RyRs + SCyRyR3 + a1 oY1 ¥2Ry All-Pass

4 Simulation results of the universal filter

In this part the simulation outcomes of the recommended VM
biquadratic universal filter are exposed. The simulations are
done by applying an AC voltage source with amplitude of 1V to
all inputs of the filters according to Table 3. Capacitors and
resistors are chosen as ; = C, = 100 pFand Ry =R, = R; =
4004. In this situation, the center frequency (f,) and Q of filters
are calculated as f = % = 3.98 MHz and Q=1.

For DVCC+s, the transistor-based circuit is given in Figure 3
with 0.13 um CMOS technology and aspect ratio values given in
Table 4. is being used. The input stage of DVCC+ is realized with
two differential stages (Ms-Ms and M7-Ms) with active load Mo-
Mio. The second stage applying negative feedback from the
output node (drain of M7) to the terminal X is composed of M11.
The current through the terminal X is conveyed to the Z
terminal with the help of transistors M3-M4, and M11-M12. It can
be easily seen that Ix and Iz flow in the same direction towards
or away from the DVCC+. The applied voltage sources are
selected as £0.75 V and the Vg is chosen as 0.2 V.

f + * © VDD
M# M: ’_J Ms}‘j M
VB | | | |

I | — |

Vi TMs MoV AT F—t—ox  $—oz-

I
M;;}—L{li[\m Mt |——{H.\-m
Vss

Figure 3. CMOS realization of DVCC+ [19].

Table 4. Aspect ratio of transistors in Figure 3.

PMOS transistors W (um)/L(um)
M, — Mg 39 /0.39
NMOS transistors W (um)/L(um)
Moy — My, 13 /0.39
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For examining the functionality of the proposed filter all of the
realizations in Table 1 are applied to the proposed circuit.
Realizations #1, #2 and #3 are applied to the proposed circuit
and the obtained gain characteristics of HP, LP and BP in terms
of frequency are shown in Figure 4.

/ (3.B5MHz)

Gain of Low-Fas Filter
Gain of Band-Pass Filter

Gain (48]
]

Gain of High-Pass Filter
SOk 100K ™ 10M 160M saom
Frequency [Hz]

Figure 4. Gain characteristics of HP, LP and BP filters versus
frequency.

Realization #4 is applied to the proposed circuit and the
obtained AC response of BS filter with respect to frequency is
demonstrated in Figure 5.
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Figure 5. Characteristics of BS filter versus frequency.

Realization #5 is applied to the proposed circuit and the
obtained AC response of AP filter with respect to frequency is
demonstrated in Figure 6, in this case the obtained gain for all
frequencies is approximately equal to 0 dB.
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Figure 6. Characteristics of AP filter versus frequency.

The process, voltage, and temperature (PVT) analysis is also
applied to AP filter. The variation of fo for gain characteristic
with respect to different values of Vpp and Vss are given in
Figure 7. By investigating the fo and gain variation of AP filter
with respect to Vpp and Vss, one can understand that the
voltages between 0.5V and 1.5V are acceptable voltage ranges
for good operation of newly proposed VM filter.
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Figure 7. Variation of fy for gain characteristic with respect to
different values of Vpp and Vss.

The temperature analysis applied to AP filter. The variation of
fo for gain characteristics with respect to temperature are given
in Figure 8.

-
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Figure 8. Gain characteristic variation of all-pass filter with
respect to temperature.

By investigating the variation in gain characteristic of AP filter
with respect to temperature, one can understand that the newly
designed circuit is durable to temperature changing and
exhibits negligible deviation in results. The newly designed
filter is compared with previously DVCC based universal filters
in Table 5.

5 Conclusion

A newly designed inductor-less MISO-VM universal biquadratic
filter configuration, using two DVCC+s, two capacitors, and
three resistors is introduced in this article. The advantages of
designed filter are as following:

e Isable to provide simultaneously all conventional VM
filter responses by applying the appropriate input(s)
to the proposed circuit without requiring any passive
element matching conditions,

e [sable to adjust Q from wo independently by selecting
different values for R: only, which is valuable
superiority due to tuning flexibility in different
applications,

e In cases of LP and BP it consists of only grounded
capacitors; therefore, it is appropriate for IC
technology implementation,

e The designed filter very low sensitivity to all active
and passive components.

Table 5. A comparison between DVCC+ based universal filters.

Features Proposed [22] [21] [21] [23] [24] [24]
Fig. 4 Fig. 2 Fig. 3 Fig. 2 Fig. 3
Number of DVCC(s) 2 3 3 3 3 2 2
CMOS Realization (um) 0.13 0.18 0.13 0.13 0.25 0.13 0.13
Number of passive devices 2C, 3R 2C, 4R 2C, 2R 2C, 2R 2C, 3R 2C, 4R 2C, 4R
Type of filter MISO SIMO SIMO SIMO SIMO SIMO SIMO
Orthogonal control of we and Q Yes No No No Yes Yes Yes
All passive devices grounded No Yes Yes No No No No
Matching condition (s) No No No No Yes Yes Yes
Power supply (V) +0.75 +1.25 +0.75 +0.75 +1.25 +0.75 +0.75
Power dissipation (mW) 0.65 8.47 4.36 4.36 NA 1.25 1.26
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The feasibility of the recommended filter has been examined by
applying PSPICE simulations and found that, the simulation and
theoretical results match well. Also, applying PVT and
temperature analysis proved that the proposed VM filter has a
good performance with respect to voltage sources and
temperature variation.
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