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Universal Biquadratic Filter Using Single A universal biquadratic filter using single universal voltage conveyor (UVC),
Universal Voltage Conveyor. Circuits and  two resistors and two capacitors is presented in this paper. The proposed
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’ structure has three inputs and one output and can realize all the five standard
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biquadratic filters: low-pass (LP), high-pass (HP), band-pass (BP), band-reject
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universal filter offers low active and passive sensitivities. SPICE (Version 16.5)
simulation results using 0.18 um TSMC technology have been included.
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1. Introduction

There is a growing interest in the design of single-input multi-output (SIMO) or
multi-input single-output (MISO) voltage-mode (VM) or current-mode (CM)
universal filter configurations, due to their flexibility and versatility for practical
applications [1]. In literature [2]-[8], filter configurations employing different
active building blocks/devices (such as current differencing transconductance
amplifier (CDTA), current differencing buffered amplifier (CDBA), modified
current feedback operational amplifier (MCFOA), current feedback operational
amplifier (CFOA) and voltage differencing voltage transconductance amplifier
(VDVTA)) have been presented over the past few years. Multifunction filter
structures have been presented in [9], where structures employing three UVCs
could realize only three basic filters (ie. LP, HP, and BP). In [10], authors have
proposed three multi-function filter structures employing: i) Three UVCs which

can realize three basic filters Ze. LP, HP, and BP. ii) Two UVCs which can realize
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four basic filters ie. LP, HP, BP and, AP. iii) Single UVC which can realize four
basic filters i.e. LP, HP, BP and, AP.

Filter structures presented in references [9] [10] are unable to realize all the
basic biquadratic filter functions from single topology (i.e. LP, HP, BP, BR and
AP). Therefore, the purpose of this paper is to propose a new universal VM bi-
quad with three inputs and one output, which can realize all basic standard
second order filter functions, namely: LP, HP, BP, BR and AP without changing
the circuit topology. Workability of the proposed filter has been established by
SPICE (Version 16.5) simulations using 0.18 um TSMC technology.

2. Proposed Filter Configuration

The symbolic representation and equivalent circuit model of the UVC are shown
in Figure 1(a) and Figure 1(b) respectively. The UVC is a 6-port active element
with one voltage input x, two difference current inputs (37, y), two mutually in-
verse voltage outputs (2%, z°), and one auxiliary port w. Using standard notations,
the relationship between port currents and voltages of a six port UVC is given by

the following equations.

l,=1,-1 ,V,=V,=V ,V,=V,V =-V,I,=0 (1)
y y y y z z

X X w

A routine circuit analysis (assuming ideal UVC) of Figure 2 gives the follow-
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Figure 1. (a) Symbolic representation of UVC; (b) Equivalent circuit model of UVC [11].

R, I
V3 X

;=0 |

m)— y z oVo
Vie Y > 1w UVC

&}

Figure 2. The proposed voltage-mode universal biquadratic filter.
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ing expression for the output voltage in terms of input voltages:

Vl{su{clR j}_vzs[clRj+vs{1[s[g+g}ch ]}
V _ 2'%2 2'%2 Rl 1 2 1~2" %2 (2)

R e [ e [
Rl Cl CZ RlRZClCZ

From Equation (2), all standard filter functions (LP, HP, BP, BR and AP) can
be realized (for R, =R, =R and C,=C,=C):
DIf V,=V,, V,=2V, and V, =0 (grounded), then low pass filter can be

in?

realized.
1

D2~2
T(s)|w = RL

D(s)

and V,; =0 (grounded), then high pass filter can be rea-

2)If V, =V, =V,

in

lized
2
S
T(s =——
( )| HP D (S)
3) If V,=V,, and V, =V, =0 (grounded), then band pass filter can be rea-
lized.
Lnc)
“lre
T(s =—=
( )| BP D (S)
4)If V, =V, =V,, and V, =3V, , then band reject filter can be realized.
s?+ —chz
T(s =——=
( )| BR D (S)
5)If V;=V, =V, and V, =5V, , then all pass filter can be realized.
> *lre) Rec?
T(s)w =

D(s)

2 1
where: D(s)=s*+s| — |[+——

The expressions for natural frequency (@,), quality factor (Q) and band-
width (BW) are given by:

&cc

o= | , ( +1j 3)
RRCC C+C c C

From Equation (3), it can be observed that after adjusting BWby R, @, can

independently be controlled through R,. Furthermore, it is seen that no inver-
sion of the input signal(s) is required in any of the five filter realizations.

In the ideal case, the various sensitivities of @, and BW with respect to R, R,
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G, and G, are found to be:

Séi"zSé’;:Séf:Sé’f:—E (4)
1 1
SBW—_ ,SBW _ ,SBW—_l,SBW—O
“ 1+& “ 1+& " " (5)
CZ Cl

3. Non-Ideal Analysis and Sensitivity Performance

Model of UVC including parasitic elements is shown in the Figure 3 [12].
Taking into account, the non-idealities of UVC, the relationship of the ter-
minal voltages and currents in Equation (1) can be rewritten as:

—ayl V=8NV =0V, VL =Y =V, =0 (6)

X1 'w

I, =l
X ly+

where a;=1-¢; and 0;=1-¢,; , 7;=1-¢,; for [j=12 . Here

& (|gij|<<1) and ¢,;,

Ei Eii ( &y J-| < 1) represent the current and vol-

v2j “ij &

vij |

tage tracking errors of the UVC, respectively. The parasitic present on the low
impedance ports (y*, y~, z*, z°) is quite low as compared to the resistances on the
other ports (wand x) [13]. After considering the parasitic of UVC in the pro-
posed structure, shown in Figure 4, the expression for output voltage in terms of

input voltages is given as follows:

c C C,+C 1
AN [52C1C2 + SRi] —a\V, (S Ri] +7Vs [S(lRlz] + Rlej
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Figure 3. Non-ideal model of UVC.

DOI: 10.4236/¢s.2017.89015

230 Circuits and Systems


https://doi.org/10.4236/cs.2017.89015

K. L. Pushkar, K. Gupta
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Figure 4. The proposed biquadratic filter considering the parasitic.

(C1+C2)[F§+1J+CX

BW _ X Rl RZ (9)
~ a,%,CC,+CC, +C,C,
Its active and passive sensitivities can be found as:
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SBW _ _1
R, =
4 ((Cl +C,)R, +CxR1)Rx

(C,+C,)R,R,

Considering the typical values of various parasitic capacitance C, =17.41pF

(16)

and parasitic resistance R, =378.73kQ, o, =a,=6,=0,=y,=-y, =1 [14]

along with C, =C, =100pF, R =R, =100KkQ, the various sensitivities are

found to be SZ® =S =-0.4365, S* =-0.497, S* =-0.375, S =-05,
1 2 X 1 2

Sgy =-0.125 which are all quite low.

4. Simulation Results

To validate its theoretical analysis, the presented biquadratic filter is verified by
SPICE simulations. The voltage and current selected for CMOS implementation
of UVC are £1.9 V and 100 pA, respectively. CMOS implementation of universal
voltage conveyor shown in Figure 5 and the aspect ratios of MOSFETSs used in
Figure 5 are given in Table 1 [15]. The passive elements are chosen as
C,=C,=100pF, R =R, =100kQ. The natural frequency (®,) and band-
width (BW) of the proposed filter for the selected passive elements are 15.99 kHz
and 31.8 kHz respectively. Figure 6 shows the magnitude response of the pro-
posed biquadratic filter. Figure 7 and Figure 8 show the magnitude and phase
responses of all pass filter respectively. A comparison with other previously

known MISO-type biquads using different active building blocks has been given
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Figure 5. CMOS implementation of UVC, Vpp = —Vss = 1.9V, I, = 100 pA.
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Table 1. The aspect ratios (W/L) of MOSFETs used in Figure 5.

PMOS transistors W(pm)/L(pm)
M5 - M8, M10, M15 - M18, M20 14.0/0.7
M3, M4 28/0.7
M25, M26, M34, M35 4.0/0.5
M27, M36 10.0/0.5
M32, M33 2.1/1.0
NMOS transistors MI, M2 W(pm)/L(pm)
M1, M2 14.0/0.7
M9, M11 - M14, M19, M21 - M24 28/0.7
M28, M29, M37, M38 0.8/05
M30, M31, M39, M40 10/0.5
1 J p—
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Figure 6. Frequency response of the proposed biquad filter.
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Figure 7. Frequency response of all-pass filter.

in Table 2. CMOS UVC was implemented using 0.18 pm TSMC CMOS model

parameters [16].

5. Conclusion

A New voltage-mode MISO-type universal biquadratic filter configuration is
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Figure 8. Phase response of all-pass filter.

Table 2. A comparison with other previously known MISO-type biquads using different

active building blocks.
No. of acti No. of passive Requirement of Number of
0. of active
Reference components matching standard filters
components . X
Capacitors  Resistors condition(s) realized
[2] 1 (CDTA) 2 3 Yes Five
[3] 1 (CDBA) 4 4 Yes Five
[4] 1 (CDBA) 2 4 Yes Five
[5] 1 (MCFOA) 2 3 Yes Five
[6] 1 (CFA) 2 2 Yes Five
[71 1 (CFA) 2 3 Yes Five
[8] 1(VDVTA) 1 2 No Four
Three
[9] 3(UVQ) 2 5 No
(LP, HP, BP)
Three
3(UVQC) 2 5 No
(LP, HP, BP)
[10] 2 (UVC) 2 3 N Four
o
(LP, HP, BP, AP)
Four
1 (UvVC 2 2 N
ove) © (LP, HP, BP, AP)
Proposed 1 (UVQ) 2 2 YES Five

proposed. The presented filter circuit employs single UVC with a minimum
number of passive components, two capacitors, and two resistors. By proper se-
lection of input voltages, all the basic second order filters can be realized, which
are LP, HP, BP, BR, and AP without altering the circuit structure. Simulation
results using 0.18 um TSMC CMOS technology have been presented to confirm
the workability of the proposed new universal biquadratic filter. Limitations of
the proposed structure are: i) matching of passive components and ii) reduced

gain of band pass filter. For future scope matching conditions could be removed,
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further unity gain of the band pass filter can be achieved.
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