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CMOS CDBA-Based Inverse Filter Structure

Ram Bhagat, D. R. Bhaskar, Pragati Kumar

Abstract: This paper presents a voltage-mode(VM) tunable
multifunction inverse filter configuration employing current
differencing buffered amplifiers (CDBA). The presented structure
utilizes two CDBAs, two/three capacitors and four/five resistorsto
realize inverse low pass filter (ILPF), inverse high pass filter
(IHPF), inverse band pass filter (IBPF), and inverse band reject
filter(IBRF) from the same circuit topology by suitable
selection(s) of the branch admittances(s). PSPICE simulations
have been performed with 0.18um TSMC CMOS technology to
validate the theory. Some sample experimental results have also
been provided using off-the-shelf |C AD844 based CDBA.

Keywords. Analog Filters, Inverse Active Filters, Analog
Signal Processing, CDBA

. INTRODUCTION

CDBA isan useful active building block (ABBs), which has

been used widely in the field of analog signal processing and
signal generation applicationsasit providesideally zero input
impedance at its input terminals and  low output
impedance(ideally zero at its output terminal).

Likefiltering, inverse filtering is a frequency domain concept
used in signal processing. It can be implemented in analog or
in digital form. The transfer function of an analog active
inverse filter is reciprocal to its conventional analog active
filter. The inverse active filters are useful in removing the
undesirable gain/phase alterations introduced in the signa
whileit is being processed by a system.

In past, several inverse active filters were reported using
various active building blocks (ABBs) [1]-[11]. The notable
features of these reported inverse active filters are shown in
Table |. From Table I, it has been observed that there are
limited number of CDBA-based inverse activefilters[9]-[11].
In references [9] and [10], the intrinsic property of the
CDBASs has not been fully utilized as n-terminals of both the
CDBAs have been left open. In[11], conventional low
pass filter, high pass filter, and band pass filter as well as
ILPF, IHPF and IBPF have been reported from the same
circuit topology.
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This communication present a new multifunction inverse
filter structure using two CDBASs, three/four resistors and
two/three capacitors to realize second-order tunable ILPF,
IHPF, IBPF and IBRF.

Table! An overview of inverse activefilter structures

Ref. | Noof ABBs Ri:{;”s Ca‘:;;"rs Tunability
[1 1NULLOR 4 2 No
[2] 3 CFOA 4 2 No
[3] 3 CFOA 35 2 Yes
(4] 3 CFOA 3 3 No
[5] 3 CFOA 2-3 34 Yes
(6] 2 CFOA 4-6 2 No
(7 20TRA 4 2i3 Yes
(8] 2 OTRA 45 34 Yes
[9] 2 CDBA 3 3 No

[10] 2 CDBA 2-4 2-4 No

[11] 2 CDBA 4 2 No

Proposed 2 CDBA 3/4 2/3 Yes

[I. PRESENTED CIRCUIT TOPOLOGY

The symbolic representation of CDBA is presented in
Fig.1. The termina voltage/current relationships are given in
equation (1).
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Fig. 1 CDBA symboal

Y1
1
|
Y7 Ys
p w —| n w Ve
v CDBA1 S CDBA2
o i _
Y, Y, Ys
Ye
[ |
L
Fig. 2 The presented inver sefilter topology
Published By:

Blue Eyes Intelligence Engineering



mailto:drbhaskar@dtu.ac.in
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.C8976.019320&domain=www.ijitee.org

CMOS CDBA-Based Inverse Filter Structure

Vpo=0=V, I,=(p-1p),and V,, =V, (1) The proper choice(s) of admittance(s) yields ILPF, IHPF,
IBPF and IBRF which has been shown in Table II. Table I11
shows the performance parameters g , BW and Q for the

realized inverse active filters.

The circuit topology for the realization of ILPF, IHPF, IBPF
and IBRF with seven branch admittances is shown in Fig.2

Assuming ideal CDBA, the ratio of output voltage to input
voltage (TF) yields for the configuration shown in Fig. 2 can

be obtained as:
Vo  YaYg+Y4Ys+Y7Y
TF=—0 _ Y476 Yal6 T 1773 ¢y, _ oy, )
Vin Y4Y6 + Y1Y3
Tablell Realization of variousinversefilter functions from the proposed configuration
Type of Choice of admittances
filter TF
realized Y1 Y2 Y3 Ya Ys Y \Z:
1
1
1 1 1 1 T —
ILPF 0 2Cs | —+Cys | — | = — Css CiCoR4Rg
Rj R4 Rs Re
1 2
P+ S+
CR3  CGCR4Rg
1
2 1 1 1 2
w0l R | R | R R, S
2 E 5 2 S+ S+
CoRs  GCoRyR3
1
S
2 1 1 1
IBPF 0 e —_— C]_S CzS —_— —_— CZRG
R, R3 Re Ry 1 1
P+ S+
CoRg  GCoR;R3
1
IBRF L 2 = Css ! C,s 1 s2+C101RR
el il il X il el
R, | R, R3 Rs ? R, R
4 s+
CoRs  GCoR5R3

Tablelll Performance parameters of inversefiltersof Tablell

Type of Filter realized Cut-off frequency (wo) Bandwidth (BW)/Quality factor (Q)
2 2C
o GICoR4Re Q=Rs \ C1R42R6
1 C,
i VGICRR3 o RSV CiR2R3
IBPF ; BW= 1
VGICR2R3 C2oRe
1 1
IBRF —'—QCZRzRg BW= CRe

inverse activefiltershave been tabulated in Table [ V. It may
be observed from the Table IV that the sensitivities with
respect to all passive components are low.

I11. SENSITIVITY ANALYSIS

Using the conventional definition of sensitivity of afunction
F(x) with respect to a parameter of interest x i.e,
SE(X) __ X oF(x)

, the sensitivities of wy, Q and BW of
F(x) ox
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TablelV Inversefilterssensitivity analysis

Filter Sensitivity
o o 1 o " 1
SRS :SRO =—E, SR =0, SR =S2% =—
ILPF 1
R4 Sg = ng = 1883 =1
() (D) 1 0 (0] 0! 1
Sk2 =Sk, __Ev Spg =0, S =S¢5 =——
IHPF
SSIZSSBZSSZ -5 cz Sgs
S5 -89 - -2, SR -0.§9 -3 -2
IBPF 2
Se, =Sk =18 =S¢, =
SpS =SR2 =-——— LS =0,S0 =S = EE
IBRF 2
R

IV. SIMULATIONRESULTS

The realized inverse filters have been simulated using
CMOS CDBA [12] (which is reproduced here in Fig. 3) in
PSPICE employing 0.18um technology. The various aspect
ratios of the MOSFET s have been taken from [12]. The bias
voltages and bias currents used are 2.5V and 40pA
respectively. The proposed inverse active filters are
designed for the wg of 159 kHz and Q-factor of 0.707 by
appropriate selection of the passive elements as.

ILPF: C,=C,=100pF.Rs=1kQ. Rs =R~=14kQ. R; =7kQ
IHPF: Cl = C; =100pF R_w, =5k Q, R1 = R3 =R5 =R7 =10kQ
IBPF:C;=C,=100pF.R,=3k Q. R, =R,=10kQ

C,=100pF. R,

=R;=R;

IBRF: C;= =R;=R;s=10kQ

Frequency (AC) responses of the inverse active filters
are presented in Fig. 4, which establish the validity of the
proposed circuit topology. The tunability for the cut-off
frequency of proposed inverse active filtersis shown in Fig.
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Fig. 3. CDBA realization using CMOS[12]
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Fig 4. AC responsesof (a) ILPF (b) IHPF (c) IBPF and
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Fig. 5 Tunability of cut-off frequency (a) ILPF (b) IHPF

(c) IBPF and (d) IBRF

Fig. 6 presents variation in cut-off frequency and gain for
the realized inverse active filters usng Monte-Carlo
simulations, for 5% variation in capacitor and resistor

values.
. 40
20 iii ==
P e — T !3 : H'I_L::
1.3 1.4 1. 1.6
Min (V(9) /V(3))
n sanples = 300 10th %1le = 1.4197
n divisions = 10 median = 1.45202
mean = 1.45532 S0th %ile = 1.4958
sioma = 0.0299609 maximm = 1.52407
minimm = 1.37077 Itzigma = 0.0898827
40 I
1.0 10KHz 1.0MEz 10MHz
O¢Vae+xAY s ... (W9 /V(3))
Frequency
Published By:

Blue Eyes Intelligence Engineering
2229 & Sciences Publication

Exploring Innovation'




OPEN aﬂCCESS

o 40
] [
i e T U P
'-j_ 1 | 1
F60m 800m 840m 880m
Min(V(9) /V(3))
n samples = 100 10th %ile = 0.805473
n divisions = 10 median = 0.829164
mean = 0.830667 S90th %ils = 0.86041¢
sigma = 0.0220862 maximm = (.075493
minimm = (0.780407 Itsioma = 0.0662603
400
200
5 _
10KHz 100KHZ 1.0MHzZ
Do vAS+xXAhY & ...V /V(3)
Frequency
(b)
40

120K 14K 1e0R 180K

Fig.

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
| SSN: 2278-3075 (Online), Volume-9 I ssue-3, January 2020

7 represents the implementation of CDBA using

ADB844 ff-the shelf IC. Some sample experimental results
e.g. frequency response, transient response and frequency
spectrum of IBRF are demonsrated in Fig 8 for 100 mV
sinusoid input signal. The percentage total harmonic
distortion (THD) obtained is 0.23 which is quite low.

Y1

Fig. 7 AD844 based implementation of CDBA
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Fig. 8 Experimental results of IBRF

V. CONCLUDING REMARKS

A voltage-mode tunable inverse activefilter circuit utilizing
two CDBAs along with six/seven passive elements has been
described. The presented configuration is capable of
realising ILPF, IHPF, IBPF and | BRF from the same circuit
configuration by proper selection(s) of admittance(s). The
sengitivities of various performance parameters of al the
inverse active filters have been cal culated, from whereit has
been observed that the passive sensitivities are low. The
robustness of the inverse filters has been checked through
Monte-Carlo simulations. Some sample experimental
results have also been incorporated to validate the
workability of the presented structure.
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