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ABSTRACT

A new voltage mode first order multifunction filteonfiguration using current controlled
current conveyor transconductance amplifier is gumted. In addition the proposed filter
circuit employs one active element, three resistord one grounded capacitor which
makes it suitable for IC implementation. The citdaicilitates electronic control of the
pole frequency with the help of bias current. S study and the non idealities of the
proposed circuit have been included. The circujpys low sensitivity figures. The

performances of the proposed circuit are verifisithgt PSpice simulations with attractive
results.

Keywords: All pass filter, voltage mode, current controllecurrent conveyor
transconductance amplifier, pole frequency

1. Introduction

The analog filter circuits are an essential componi& electrical and electronic
engineering. These circuits have been widely usemimmunication systems, measuring
tool systems, control systems and signal procedsingnstance [1-3]. Voltage mode
active filters with high input impedance are ofaraterest due to the fact that they can
be directly connected in cascade to implement highder filters [4]. The all pass filters
can offer a reliable and telling method for shiftithe phase of an electronic signal
without affecting the amplitude over the frequereycontrolling and communicating
applications. For the above reason all pass fittarsot be replaced by any others filters
[5]. All pass filters have been used in the rediliraof dual element frequency controlled
oscillator with certain benefits in harmonic rejeatand quadrature property, multiphase
oscillators and high quality frequency selectiveefs [6]. For these reasons many first
and high order filters have been researched andrtezb since 1966. Of particular
concern here is the first order multifunction filtérom literature survey, it is found that
several implementations of first order filter havseen reported [4-5, 7-11].
Unfortunately, a close observation of these strestueveals that the reported circuits
suffer from one or more of the following weaknessElse pole frequency cannot be
controlled electronically by adjusting the biasreut [4-5, 7-8, 10-11]. The proposed
circuits use floating capacitor [8] which is notngenient for further fabrication in
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integrated circuits as unlike grounded capacitarthey cannot compensate for stray
capacitances at these nodes. The proposed cimnsists of large number (more than
four components) of passive components [9]. Alseesd circuits use multiple active
blocks [7, 9, 11] which are not convenient for lfignt fabrication in integrated circuits.
Recently, a first order filter using current cofied current conveyor
transconductance amplifier have been published H2jvever, the configuration uses
two active blocks. This limitation makes the citcunappropriate for monolithic
implementation as they occupy more chip area. pajger presents a voltage mode first
order multifunction filter based on the current wolled current conveyor
transconductance amplifier. The proposed multifionctfilter enjoys the following
advantageous features (i) use of only one actieeneht, (i) use of only grounded
capacitor, (iii) the angular pole frequency of thmulti function filter can be tuned
electronically by input bias current and (iv) loatime and passive sensitivities.

2. Proposed cir cuit

2.1. Basic concept of the CCCCTA

The current conveyor transconductance amplifier T8 a new active building block
has been introduced in 2005 for analog signal msing [13]. This is suitable for a class
of analog signal processing for voltage mode ad alcurrent mode technique. The
current controlled current conveyor transconduataramplifier (CCCCTA) is a
modified-version of the CCTA. This consists of twoncipal building blocks, a second
generation translinear current controlled curremveyor at the front end and operational
transconductance amplifiers at the rear end [L4E Properties of the CCCCTA are
similar to the conventional CCTA, except that tHeGIZTA has finite input resistancg R
at the x input terminal. The schematic symbol d&lequivalent circuit of the CCCCTA
are depicted in figure 1. The port relationshipgtted CCCCTA can be characterized by
the following equations

ly) (0 0 0O
Vi| [Re 10|
| 10 0 X
4= Vy 1)
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lo, 0 0 +gp
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where g, is the transconductance of the CCCCTA. For bipotgslementation of the
CCCCTA as shown in figure 2, the parasitic resistaR, can be controlled by the bias
current k; and transconductancg, gan be controlled by the bias curreptds shown in
the following equations

V-
Ry = # (2)
B
9 = 'ey (3)
m Ny

where 4 is the thermal voltage whose value is 26mV at 27°C
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Figurel: The CCCCTA (a) schematic symbol (b) equivalentustrc
law [as | QuL sz)j QzaJ Qrﬂ ij ve
s TR KN K

01-| O2-| Os3-

— +—

Qe Q17 L

+— — | Q27| Q28| Q2
] Jox i rF ¥ v
NN KN

|/st
kj VEE

Figure 2: Internal structure of the CCCCTA using bipolansistors.

2.2. Proposed first order multifunction filter
The proposed first order voltage mode multifunctitter circuit is shown in figure 3. It

consists of single CCCCTA, three resistors andgmoended capacitor. The circuit can
provide low-pass, high-pass and all-pass respordes. routine circuit analysis for
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R1=2R;, R=Rs=R vields the following voltage transfer functions fal-pass, high-pass
and low-pass responses as follows

Vap _ C~gm (4)
Vi SC+gm
Vﬂ: sC (5)
Vi SC+gm
Vio o Om (6)
Vin sC+0n

The pole frequency of the proposed multifunctidtefiand the phase response of the all-
pass function can be expressed as follows

oy = )
p=180" - 2arctarEg£J (8)

Substituting the value of the transconductanceegicted in (3) the pole frequency and
phase response can be modified as

I g2
= 9
Wo N C 9)
p=180" - 2arctar{MJ (10)
e,
Ri1
Vin Yy o1~ Vap
CCCCTA
Z1 02— Z2 03— O+ Vip

Rx ‘—_T_—' Vhp R3
i C_I_ R2

Figure 3: The proposed voltage mode first order multifunctitter.

Therefore the pole frequency of the proposed fitedt the phase of the proposed
filter can be tuned electronically by simultaneawdfustment of the transconductange g

and therefore by the bias curregt |
By taking into account the following non idealitie§ the proposed CCCCTA,

the relationship of the terminal behavior can heritten as

122



Voltage Mode First Order Filter Based on Current@alled Current Conveyor
Transconductance Amplifier

ly 0 O 0

Vy R £ 0

lzl [24] 0 0 |X

|22 as 0 0

lo. | | O 0O + Vy (11)
01+ Y19m Vv,

lo, 0 0 -)o0m

|02_ 0 0 ~¥39m

log- 0 0 —)49n

wherep is the voltage transfer gaini, ay, v1, V2, vz andy, are the current transfer gains.
They depend on the transistor parameters, frequehoperation and temperature. In
practical, le_gl, a1=1_82, a2=1_83, ’Y1=1_84, ’Y2=l_85, ’Y3=l_86 and ’Y4=l_87. The
parametek; (le1/((1) denotes the voltage tracking error of the vataryerting stage and
€2, €3, €4, €5, &6 ANAe7 ([e2|, k3|, Eal: sl Eel, E7[((1) are the current tracking error of the current
inverting stage of the CCCCTA. These gains arelligesual to unity. Taking into
account the following non idealities the transfandtions become

Vap _ SCRy + y39mRy — 218Y29mR
—= (12)
Vi RX(SC + y3gm)
with ay8y,R; = 2y3R,, it reduces to the form as
Vﬂ - sC - Y39m (13)
Vi sC+ )30m
with R, = R, andayy, = a,y5 the high-pass filter transfer function becomes
V,
Yhp __apfC (14)
\% SC+ )30m
with R; = R, the low-pass filter transfer function becomes
V,
Ylp - a18/19m (15)
Vi SC+ )30m
The pole frequency is modified as
V39
Wy = —3Cm (16)

The sensitivity study forms an important index o performance of any active network.
The sensitivity of any active network is given as

Sg :EO_F

F oe

whereF represents a network function aadepresents the element of variation of the

filter. Based on the sensitivity expression, thiévacand passive sensitivities of the pole

frequency ¢,) are given as
W g -
S =sb =1 (18)

(17)
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Sb=-1 (19)
Therefore it is evident that the sensitivitiestd taictive and passive components for pole
frequency are less than 1 in relative amplituds.axi

3. Smulation results

The proposed first order multifunction filter ofgtire 3 has been simulated using the
PSpice circuit simulation program with bipolar s&tors Q2n2907 (pnp) and Q2n2222
(npn). The bias currents were chosen as50uA (R=26QQ) and k,=50uA
(gm=0.96mS). The filter circuit was designed by usthg following set of passive
elements: C= 1nF, R5202 and R=2602 and R=2602. The circuit was biased with
+1.5V supply voltages. This vyields the pole frequerof 147.91 kHz, where the
calculated value of this parameter from (7) yiel#8.03 kHz (deviated by 3.346%). In
this case, the value of the parameter changes detlae BJT implementation used in the
circuit deviates from the ideal properties andeffect of parasitic elements. The results
shown in figure 4 are the magnitude and phase nsgsoof the proposed first order multi
function filter. This clearly shows that the propdscircuit can provide low-pass, high-
pass and all-pass responses. The variation ofgelgain with frequency for the high-
pass and low-pass function for different valuethefbias current} are shown in figure

5 and figure 6 respectively. Figure 7 shows thetsdaic tunability of the pole frequency
of the low-pass filter. This graph confirms thagr is a direct proportionality between
the pole frequency and the bias curregt MTherefore the pole frequency can be
electronically controlled by the bias current.
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Figure 4: Gain and phase responses of the first order {iteall-pass, (b) high-pass and
(c) low-pass.
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Figure5: Magnitude response of the high pass filter fofedént values of bias current
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Figure 6: Magnitude response of the low pass filter foratiit values of bias current
||32.
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Figure 7: Electronic tunability of the pole frequency.
4. Conclusion

A new first order voltage-mode filter has been prded. It can provide low-pass, high-
pass and all-pass functions. The proposed configar@mploys single CCCCTA, one
grounded capacitor and three resistors. It offeesadvantages of electronic control of the
pole frequency and the phase of the all-pass regpoFhe circuit also possesses low
sensitivity performance. The PSpice simulationsewgrried out to ascertain the working
of the proposed filters and the results are fownmatch with the theoretical results.
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