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Abstract— This paper presents a single VDTA based Mixed Mode type Biquad filter. The proposed
Transadmittance Mode (TAM) type Biquad filter configuration employed single voltage differencing
transconductance amplifier (VDTA) as an active building block, three passive element namely one grounded
resistor, one grounded capacitor and one floating capacitor. The proposed transadmittance Mode multifunction
Biquad filter configuration is presenting transadmittance mode type four basic standard filter functions low pass,
high pass, band pass, band reject or band stop or band eliminate filter responses. These four type filter responses
are realizing simultaneously with the selection of single input voltage signal. The proposed Transadmittance
Mode multifunction Biquad filter configuration has more advantageous features such as low active and passive
sensitivities, low power supply voltage, low power consumption, low quality factor, very low power
consumption, more electronic tunability, higher linearity and required small area of the chip. The performance
of the proposed configuration has been verified through PSPICE simulation using 0.18um CMOS Technology
process parameters.
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1. Introduction

Now a day’s in the new field of analog signal processing active building block with wide applications in voltage
as well as digital signal processing and circuit design mode, current mode, transadmittance  mode,
applications such as voice decoding, encoding, control transimpedance mode and mixed signal processing. A
system and image processing in the realization of large number of advantageous future trends can be found
oscillators, continuous time filter and active filters. in the realization of active filters and oscillators with the
These filtering applications have become very popular of these universal active building blocks such as reducing
research areas. Transadmittance Mode is mainly used for power supply voltage , power consumption and physical
realizing analog filters which is required voltage signal size of integrated circuits in the transition to mixed signal
at the input and provides currents at the output. processing.
Transadmittance Mode can be presented as the
interfacing of filter circuits connecting voltage mode to lIal lIB’
current mode in large number of applications namely N 1
receiver base band blocks of modern radio system where v i - -
the conversion of voltage signal into current signal is - P Bm o
needed. In the present age VDTA, VDVTA, VDIBA, VDTA
VDBA, DVCC are considered a most popular universal Ve . | L=

N N 7 X- |—

Figure.1. Symbolical Representation of VDTA
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Figure.2. CMOS Realization of the proposed VDTA
based TAM type Biquad filter configuration
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Figure.3.Proposed TAM Biquad Filter Configuration
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Figure.4. CMOS Simulated Phase and Gain
responses of Band Reject Filter
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Figure.5 CMOS Simulated Gain and Phase
Response of High Pass Filter
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Where P and N are the input terminals presents high
impedance. The terminals X', X and Z are the output
terminals are also having high impedance. The terminal
relationship of an ideal VDTA can be described in
equation (1).

Vv

1**1 [o 0 +g., ] "

|2 = g g 0 Vz @)
ml ml VP

Whered,,,, §,, the transconductance of first stage

and second stages of VDTA which are controlled with
the help of different bias currents Ig; and Ig> of VDTA.

The Mathematical realization of (., and (., can be

described in equations (2a),(2b),(2c) are respectively
of proposed configuration.

gi- (valeiunCox (2a)
W
g, = \/[leBlyHCOX (2b)
W
Ony = (lem,unCOX (2c)

Whereas (4, is the charge carrier mobility of the NMOS

Transistors and Cox is the gate oxide Capacitance per
W

unit area (TJ is the aspect ratio of the NMOS

transistors. CMOS Realization of the proposed VDTA

based TAM type Biquad filter configuration is shown in
figure.2.
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Figure.6. CMOS Simulated Gain and Phase
Response of Low Pass Filter
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Figure.7. CMOS Simulated Gain and
Phase Response of Band Pass Filter
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Figure.8 (a) Transient response for Ix+ and I, at different

VB and IB:130uA

2. Literature Review

In the reported literature the transadmittance mode
Biquad configurations are available to design both multi
input single output or single input multi output on the
basis of input and output signals presents in the circuits.
The reported multi input single output (MISO) type
structure has major drawback over the single input multi
output (SISO) type structure .MISO type structure needs
multiple input signals further required additional
hardware to implement multiple input for realizing
single filter function at a time while single input multi
output (SISO) type structure need only single input
signal and realize more than one filter functions
respectively. In the reported literature some current
mode and transadmittance mode are presented such as
Mohammad Faseehuddin worked on Electronically
Tunable Mixed Mode Universal Filter Employing a
Single Active Block and Minimum number of Passive
Components[1], Data R.Bhaskar presented Mixed
Mode Universal Biquad Filter Using OTAs[2] ,
Ghanshyam. Singh presented VDTA Based
Electronically  tunable  wave active filter[3],
Ghanshyam. Singh worked on VVDTA and OTA
Based fully FElectronically tunable first order all pass
filter[4], Sajai.V.Singh presented A Novel
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3. Analysis of Proposed Tam Type
Biquad Filter Configuration

The proposed VDTA based TAM type Biquad filter
configuration is shown in figure.3. Proposed VDTA
based TAM type Biquad filter configuration employed
single VDTA, one grounded resistor and two capacitors
one of the capacitor is grounded. The transfer function
can be observed through the analysis of the proposed
VDTA based TAM type Biquad filter configuration.
Transfer functions of Transadmittance Mode Biquad
Low Pass Filter and Band Reject filter, High Pass Filter,
Band Pass Filter and All Pass Filter can be presented in
equation (3a),(3b),(3¢),(3d) :

YmIm
H _Ree -
Vin r S2+ i + YmIm
RC, CC,
1(32 +Mmzvin)
H _RTcC )
Vin gF S’ +i+m
RC, CC,
SZ
' R
v | - (3c)
|:Viﬂ:|HPF 32+i+M
RC, CC,
S0
! } RC,
v = (3d)
{Vin BPF 32+i+m
RC, CC,
" I _"'\‘ ‘ /"77—
ona | | [ A
| |
} N[/
: | A
} AN
2 [ %
- | ) -
| R i \’\,‘._

e (R v

Voltage(Vz)

Figure.8 (b) DC Transfer Characteristics for Ix+
and Ix. at different V..
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Figure.9.Transconductance (gm) _
variation at different values of bias El
currents (Ip) % 00
=
electronically tunable universal mixed mode biquad 3
filter[5], S.V.Singh worked on MCCTA based single -50un ;
input three output Electronically tunable current mode % m?eu&s see) 1000
active C Biquad filter[6], Gunjan.Gupta presented Fioure.10.Simulated AC Transient
VDTA Base;d Electronically Tunable YOltage Mod'e and Response ff Input 100mV peak to peak and
Trans admittance Mode Biquad Filter [7], Dinesh Output 400 mV peak to peak at frequency =
Prasad worked on Universal Current Mode Biquad 150MHz
Filter using a VDTA[8], D.Prasad presented trans 200+
admittance type universal current mode Biquad filter £ L‘ﬁm "
using VDTASs[9], J. Satansup presented Electronically £ ﬂ G
Tunable Single Input Five-Output Voltage-Mode ” g
Universal Filter Using VDTASs[10], N. Herencsar Efmnu' ,ﬁm =
worked on four phase oscillator employing only single E g '
Z-copy VDTA[11], J. Satansup presented Single H g
VDTA-based current-mode electronically tunable & L =
multifunction  filter[12], A.Yesil worked on New e 1Kz 1BEKHz  1.BMHz  16MHz  1BEMHZ 1.0
simple CMOS realization of voltage differencing Frequency (Hz) EHz

transconductance amplifier and its RF filter
application[13], S.V.Singh  presented on An
Electronically tunable SIMO Biquad filter using
CCCCTA[14]M.Siripruchyanun worked on CMOS
current-controlled current differencing transconductance

Figure.11.Simulated Spectral Density for Input
Output Noise of TAM type Biquad Low Pass Filter

amplifier and applications to analog signal s

processing[15],S.Maheshwari presented on High of

performance voltage-mode multifunction filter with sof-

minimum component count[16], N.A.Shah worked on 100/~

“CDTA based universal trans admittance filter[17], U. g,.m

Keskin worked on Current-mode KHN filter employing 3 2wl

current differencing trans conductance amplifiers[18], " sl

D. R. Bhaskar worked on New OTA-C universal 300 -

current-mode/trans- admittance biquad[19], 350~

Muhammad.Taher presented A Novel Mixed Mode 00k . . .
CCII Based Filter[20], N.A.Shah presented SISO high ° T cuencytre) s
output impedance trans admittance filter using FTFNs Figure.12.Phase vs Frequency Responses of the
[21], 1 A. Toker worked on High output impedance proposed TAM in mixed mode with All pass
trans-admittance type continuous time multifunction Filter

filter [22].
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Table.1:Aspect Ratios of MOS Transistors

NMOS Transistors W(um) L(um)
M1,M2,M5,M6 8.24 0.36
M3,M4,M7,M8 4.33 0.36

M9 — M18 7.0 0.36

4. Non Ideal Effect and Sensitivity

Performance

In this stage non ideal effect and sensitivity performance
of VDTA based TAM type Biquad filter configuration
has been tested through PSPICE simulation using
CMOS 0.18um Technology process parameters. The
non ideal effect of VDTA occurs due to mismatching of
MOS Transistors in the CMOS realization on the
performance of the proposed VDTA based TAM type
Biquad filter configuration is considered. We considered
non ideal errors of VDTA.The current and voltage
relationship between input & output Port of VDTA
based TAM type Biquad Filter Configuration can be
realized by equation (4):

VZ
|Xi _ 0 0 iﬂ2gm2 V

lz ﬂlgm _ﬂlgml 0 VN

P

Transfer function of the high pass and low pass filter

due to tracking errors of the VDTA based TAM Biquad

filter configuration can be employed as by equation (4a)
and (4b):

(4)
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From the transfer function of the proposed VDTA based
TAM type Biquad is presented TAM type low pass filter,
high pass filter, band pass filter and band reject filter
responses. The characteristic parameters for the proposed

configuration in terms of pole frequency( @, ), Electronic
tunability Conditions for the proposed VDTA based TAM
type Biquad Configuration ¢, =0, =0, and Ci= C;
-C. Quality factor (Qo) can be tuned independently with the
help of {,,, without changing Pole Frequency.

O Where R= L and
C g ml

Pole Frequency (@, ) =

Quality factor (Qo) = L .

mi
The pole frequency and Quality factor of the proposed

configuration are described as in equation(3e) and (3f) :

}gmlgmz
= =mi=mz 3e
(@) cC, (3e)

C
=R_[gmgm,| =
Q gm,g {Cj

2

Gf)

Therefore it is clear from the pole frequency (@, ) can

be tuned electronically and independent of Quality
factor (Qo) with the proper selection of

1
transconductance gm, gm, :E tuned independently

with the help of  (, without changing Pole

Frequency. Therefore it is clear from the theoretical
analysis of the characteristic parameters for the

proposed configuration the of pole frequency (@, ) can

be tuned electronically and independent of Quality
factor (Qo) with the proper selection of

transconductance gm,gm, =— .

R
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g’ From the analysis of the tracking errors of the
| — VDTA based TAM Biquad filter configuration to
{] = R (4a) observe characteristic parameters.
Vi wr §? +i+m Pole frequency (@,) due tracking errors of the
RC, GG, VDTA based TAM Biquad filter configuration can
8 be employed Pole frequency (a)o),Quality factor
| 1R2gnggmz (Qo) and Bandwidth (BW ) as by equation (Sa),
{] = 172 (4b) (5b) and (5c¢) respectively
Vio Jior Sz+i+ﬂ1ﬂzgmlgmz
RCI C]CZ . ((0 )_ ﬂ1ﬂ2gmlgm2 (Sa)
Transfer function of the band pass and band reject filter (A CC
due to tracking errors of the VDTA based TAM Biquad =2
filter configuration can be employed by equation (4c)
and (4d) : Q,)=R APy mGn nglgmz (5b)
RaL ?
I RC
{] " : (o) 1
Viloe 1, S, ABGnOn (BW) = RC. (5¢)
RC, CC,
l Sz+ﬂ1ﬂzgmlgmz
I R CC
Vi BRF G2 +i+m
RC,  CC,
Table.2: Comparative Analysis of TAM type Biquad Filter Configuration
Ref No No of No of Passive Realizable Filter No of Electronic Input Voltage
Active Components Structures floating Tunability at High
Components Components Impedance
Terminals
3 1 MCCTA 2C LP,HP.BP,BR, NIL Yes No
AP
4 2 VDTA 2C LP,HP.BP,BR, 2C Yes Yes
AP
5 1 VDTA 2C LP,HP.BP, BR, NIL Yes Yes
AP
6 2 VDTA 2C,1R LP,HP.BP,BR, NIL Yes Yes
AP
11 2 CCCCTA 3C LP,HP.BP NIL Yes No
12 5 CCII 2C,7R LP,HP.BP,BR,AP 7R No No
13 4 OTA 2C LP,HP.BP NIL Yes Yes
18 3 PFTFN 3R,2C LP,HP.BP 2R,2C No No
19 3CCII 3R,2C LP,HP.BP 2C,2R No No
Proposed 1 VDTA 1R,2C LP,HP.BP,BR 1C Yes Yes
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Table 3: Simulated Parameters of Proposed VDTA based TAM Biquad Filter
at Bias Current Igias = 60 pA

S.No Specifications Simulated
1 CMOS Technology 0.18 um
2 Bias Voltage (V) +0.50V
3 Power Supply Voltage (V) Vpp =- Vss £0.60 V
4 Transconductances (LA/V) Emi=gm=492.50 pA /V at 54pA
Igi= Ig= 54 pAs
5 Bias current (nA) 10 pA, 20 pA,30 pA,60 pA,130 pA
6 % Total Harmonic Distortion 2.68 —3.03 % for sinusoidal signal at 400-500 KHz
7 Power Consumption ( mW) 0.896 - 0.998 mW
8 Maximum output noise (nV) 20.97 —22.65nV /VHz
9 Phase Margin 50 deg
10 Offset Voltage (mV) 5mV
11 Slew Rate ( V/ ps) 64.33 V/us - 77 V/ us
12 DC Gain (dB) 98 dB
13 Common Mode Rejection Ratio 65-90dB
14 Electronic Tunable Range for Simulated 3.98MHz, 4.31MHz,6.28MHz ,10.397MHz- 11.98MHz
Pole Frequencies at Proper Selection of Resistance values 1.32 KQ -2.2KQ
and with the selection capacitance values of 10 pf - 0.001
nf

5. PSPICE Simulation Results

PSPICE simulations of the proposed VDTA based TAM
type Biquad filter configuration are performed using
CMOS realization of VDTA in 0.18um CMOS
technology parameters. Power supply voltage and
different biasing currents are taken as VDD = -VSS =+
0.6V, Vg = 0,5V and Iz =10 pA, 20 pA, 30pA, 60pA,
130 pA. To achieve Iz = Ig, =54pA and gmi= gm =
492.50pnA/V with selection of the passive component
values are as R = 1.32 KQ, 2.2KQ, C1 = C2 = 10pF,
0.00Inf. The aspect ratios of various MOS transistors
are given in Table. 1. The CMOS simulated phase and
gain responses of the Band Reject filter , High pass
filter, Low pass and band pass filters for the proposed
TAM type VDVTA based Biquad filter configuration is
shown respectively in the figure 4,figure.5,figure.6 and
simulated phase and gain response of band pass filter in
figure.7.
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5.1 Observe Transient Responses

The transient response for Ix+ and I, of the proposed
Transadmittance Mode type VDTA based Biquad filter
are shown in figure .8(a) at different Vg  and Ig
=130pA. Ve=0.5V  and Iz=130pA and DC transfer
characteristics in figure.8 (b) for Ix+ and Ix. At different
V,.The transconductance (gm) variation at different
values of bias currents (Ig) with bias voltage + 0.5V is
shown in figure.9.The simulated AC transient response
is shown in figure.10. The simulated transient response
of the proposed configuration is employed by applying
input signal peak to peak 100mV-400mV. The
simulated transient response at 130 MHz - 150MHz for
input and the output stage of VDTA is presented with
2.2 KQ load resistor which is connected across the low
pass filter. The aspect ratios of various MOS transistors
are given in Table. 1. The electronic tuning capability
range of the proposed circuit in term of pole frequency
(FO) variation 3.98 MHz , 4.31MHz, 6.28MHz is shown
in figure.11, phase - frequency of proposed TAM
Biquad filter in mixed mode with all pass signals is
presented in figure.12, From the simulated and ideal
responses of the proposed TAM Biquad filter is verified
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the simulated value of the pole frequency is obtained as
11.98 MHz which is nearly same as the calculated value
of 12.02 MHz with the proper selection of the values of
the passive component C;= C, = 0.00Inf and R = 1.32
KQ to achieve DC transfer characteristics is the same at
the input and output stages of the VDTA.The electronic
tuning capability range of the proposed TAM Biquad
filter in term of pole frequency (F0) variation 3.98
MHz, 4.31MHz, 6.28MHz, 10.397MHz and 11.98MHz
also presented which is independent of quality factor

(Qo).

5.1.1. Simulated Output Noise

The simulated output noise of the proposed TAM
Biquad filter is shown in figure.13 and PSPICE
simulation of TAM type Biquad filter gain responses of
low pass, high pass, band pass and band reject or band
stop filter responses of the proposed VDTA based TAM
type Biquad filter is presented in figure.14. Comparative
Analysis of TAM type Biquad Filter Configuration are
given in table 2 and the Simulated Parameters of
Proposed VDTA based TAM Biquad Filter at Bias
Current Igias = 54 pA- 60 pA are given in table 3.

5.1.2. Active and Passive Sensitivity Analysis
The active and passive sensitivity is the important
parameters of the filter configuration The active and

passive sensitivities of @, and Qo for the proposed

configuration are characterized as :

1 1 o 1
Sglo:E , Sg::_z ,Sgozl, SCIOCZZ_E
o _1 qa 1
’ Sﬁlﬂz :E ’ nglgmz = 3
1 1 o 1
SCQIOZE , SCQ::_E ,Sgozl, Sclczz_z
g _1 ga _1

BB 2 gmgm, — 5

>

From the active and passive sensitivity analysis @, and

Qo are less than unity for the proposed VDTA based
TAM Biquad filter configuration. It yields sensitivity
performance is excellent. The filter parameters such as
pass band gain, quality factor and pole frequency may
slightly altered due to the effects of tracking errors

B, B, Where [, and [, are the tracking errors of

the first stage and second stage of the VDTA From the
analysis of the tracking errors of the VDTA based TAM
Biquad filter configuration to observe various transfer
function and characteristic parameters.
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6. Performance Evaluation

The performance evaluation of the proposed VDTA
based TAM Biquad filter is taken from TMSC 0.18um
CMOS technology parameters. Proposed VDTA based
mixed mode configuration can be used as analog active
audio filter in audio system , loudspeakers, modern
biomedical devices and speech processing. It also plays
major role for the measuring Frequency and phase
response of the in the all field of the
Telecommunication at the desirable pole frequency
ranges.

7. Conclusion

VDTA based TAM type Biquad filter configuration
realized in this paper employs single VDTA, one
grounded resistor and two capacitors one of the
capacitor is grounded to realize standard second order
four filter responses. PSPICE simulations confirm the
functionality and workability of the Proposed TAM type
Biquad filter configuration with the selection the values

ofR = gi . For the simulating various TAM type
m

Biquad filter band pass filter at constant (Qo) = 1. In this
paper we have made an effort in designing biquad filter
using VDTA that can be helpful in getting accurate
response for realizing all five standard filters in mixed
biquad filter. VDTA based TAM type Biquad filter
configuration presents some of the following
advantageous features:

[1] Awvailability of Transadmittance filter output
responses yields high output impedance.

[2] Realizations of all five standard filters are easily
using only two MOS transistors with the use of
grounded resistor.

[3] Active and passive sensitivities are less than unity.

[4] Two input peak to peak voltages provide the high
impedances at the input port.

[5] It offers electronic tunability of pole frequency (o)
and independent of quality factor (Qo) with the
simultaneous variations in the transconductance of
the VDTA.

[6] It yields very low power consumption of 0.986mW
- 0.998mW.

[71 VDTA as a single active element, one grounded
resistor and two capacitors one of the capacitor is
grounded.

[8] Operating at low power supply £ 0.6V.

[91 The proposed configuration does not required
component matching conditions.

[10]In Future the proposed configuration can be in
mixed mode analog signal processing at very low
operating voltage.

[11] Ability to operate in all four modes for realizing all
five filtering responses.

[12]The proposed mixed configuration yields low
output impedance in voltage mode.

[13]The proposed mixed configuration yields high
output impedance in current mode and
transadmittance mode..
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