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TUNABLE UNIVERSAL FILTER WITH CURRENT
FOLLOWER AND TRANSCONDUCTANCE AMPLIFIERS
AND STUDY OF PARASITIC INFLUENCES

Jan JE RABEK | Roman SOTNER | Kamil VRBA

A universal Iter with dual-output current follower (DO-CF), two transconductance ampli ers (OTAs) and two passive
elements is presented in this paper. The lter is tunable, of the single-input multiple-output (SIMO) type, and operates in the
current mode. Our solution utilizes a low-impedance input node and high-impedance outputs. All types of the active elements
used can be realized using our UCC-N1B 0520 integrated circuit and therefore the paper contains not only simulation results
that were obtained with the help of behavioral model of the UCC-N1B 0520 element, but also the characteristics that were
gained by measurement with the mentioned circuit. The presented simulation and measurement results prove the quality of
designed lter. Similar multi-loop structures are very-well known, but there are some drawbacks that are not discussed in
similar papers. This paper also contains detailed study of parasitic in uences on the lIter performance.
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1 INTRODUCTION the utilization of the above elements. Some recent works
are compared in Tab. 1.
The development of analog frequency Iters in the cur- Table 1 could be summarized into the several conclu-

rent mode [1] with various types of active elements still at-  sions. Some recently proposed conceptions contain too
tracts many researchers’ attention. Many di erent types many passive elements [2, 15, 16, 21, 22, 26], or maybe un-
of active elements are used in ltering circuitries, start- reasonably many active elements [20, 26] but in several
ing from the simple current followers (CF) [2, 3], through cases, it is necessary for the independent ¢ and Q
dual- or multiple-output current followers (DO-CF, MO-  control. However there are simpler solutions, for exam-
CF) [4,5], OTA ampliers, mostly in the form of the ple [19,27] with ! ¢ and Q control included. Electronic
OTA-C lter [6,7], current conveyors (CC) of dierent  adjusting and tuning is one of the today’s most impor-
generations [8, 9] up to more complex active elements suchtant features for common applications in the signal pro-
as the Current Di erencing Transconductance Amplier  cessing. Unfortunately some of mentioned solutions do
(CDTA) [10{12], which consists of a di erential current  not have this feature (for example [15, 16]) or it was not
follower and a transconductance ampli er, and also the veried even if it is theoretically possible (for example
Current Follower Transconductance Amplier (CFTA)  [18,21,28]).
[13, 14], which contains a simple current follower and also oy approach is to deal with partial elements, DO-
a transconductance ampli er. CF and BOTA in particular. It gives us the possibility of
Two basic techniques can be recognized in cited pa- greater variability and we can reach a universal solution
pers. The rst method is based on the design of more more easily. The benets of the solution presented are:
complex ltering structures with simple active elements, simplicity (only two passive elements { grounded capaci-
for example in [2, 15, 16, 21]. The second approach is con-tors), universality, tunability and relative sensitivities to
trary which means that the nal Itering structures are  all parameters of the lter are low. The circuitry designed
simpler, but the active elements are more complex, typi- s of the Single Input Multiple Output (SIMO) type. Both
cally in [11, 20, 22]. It should be noted that the schematic passive elements are grounded. All the features mentioned
of Itering structures in second case seems simpler than form good prerequisites for the application of this struc-
in the rst case only because a smaller number of active ture. Some features of active elements that could cause
elements are present in the circuitry. The application of drawbacks or speci ¢ problems in frequency responses are
more complex active elements in Itering structures limits  discussed.
the variability of solutions when designing speci ¢ struc-
tures and it could signi cantly complicate the design and

raise the nal price. The combination of current followers 2 USED ACTIVE ELEMENTS
and transconductance ampli ers is really advantageous
for the design of Itering structures in the current mode, The designed lter includes two types of active ele-

as shown in [10{14]; this paper is therefore also focused onments. The rst of them is the Dual-Output Current Fol-
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Table 1. Comparison of several most-recent solutions (both voltage and current mode)
Number Number lc Q fo
Previous work of active Fabrication of passive control control tuning simulated/ Controlled
elements technology elements range (Hz) measured via
Senani [2] 4 CMOS 5 no no { yes/no {
Tangsrirat [5] 2 BIPOLAR 2 no no { yes/no {

. Ry (bias
Tangstirat [8] 4 BIPOLAR 2 yes yes 12k {800k  yes/no currents)
Minaei [15] 2 CMOS 6 no no { yes/no {

Horng [16] 3 CMOS 6 no no { yes/no {
Horng [18] 3 CMOS 4 not tested not tested { yes/no {
) Ry (bias
Wang [19] 3-4  BIPOLAR 2 yes yes 100k { 8M yes/no currents)
Siripruchyanum Rx; Om (bias
[20] 5 BIPOLAR 2 yes yes 200k { 800k  yes/no currents)
Horng [21] 2 CMOS 5 not tested not tested { yes/no {
Minaei [22] 3 CMOS 4{5 not tested yes { yes/no {
Siripruchyanum es no { Rp; Ry (bias
[25] 1 BIPOLAR 2 y yes/no currents)
Kamat [26] 1{5 CMOS 1{6 not tested yes { yes/no {
Lee [27],[28] 4{5 CMOS 2 not tested not tested { yes/no {
CMOS and
Proposed commercial 2 yes no 255k {2.3M yeslyes Om
ICs
also compile the BOTA element from two single-output
OTAs, for example the OPA861 circuits [17]. This circuit,
DO-CF however, does not provide the required parameters and
I in order to form a Multiple-Output OTA (MOTA), four

Fig. 1. Schematic of the Dual-Output Current Follower (DO-CF)

OPA861 would be necessatry. It is therefore better to make
a BOTA or MOTA via the structure shown in Fig. 2b. It

is obvious that one UCC and one resistor are su cient
enough to produce a BOTA or MOTA. The transconduc-
tance of such a connection of the UCC circuit is equal to
on 1=R.

lower (DO-CF). Its schematic is shown in Fig. 1. DO-

CF can be formed discretely in several ways. The sim-

3 DESIGNED FILTER

plest method is to use the Universal Current Conveyor

(UCC) [15], which can be simply connected as a dual- or
multiple-output current follower. Two DO-CF elements
can be implemented by one UCC-N1B 0520 integrated
circuit because on chip contains CCIl+/- together with
UCC. The behavior of the DO-CF is described by the

simple formulas

lout+ =

The second type of active element is the Balanced Opera-

loutr- = I :

The universal second-order ltering structure with a
minimum number of passive components and included
possibility to tune the characteristic frequency was the
goal of the design. Possible circuits were analyzed by
the SFG method and obtained solution is depicted in
Fig. 3. The lIter consists of one DO-CF element and two
OTA elements (MOTA and BOTA). Two grounded ca-
pacitors are connected in nodes between active elements.
The transfer functions of the designed circuit are given

@

tional Transconductance Ampli er (BOTA). The BOTA by
schematic is shown in Fig. 2a. Relations that describe the
BOTA behavior are

lout+ =

MAX435 [16] is one of the circuits that are commercially
available on the market and able to work as OTA. We can

lout- = OmVi = Om Vin+

Vin- -

|i _ Om19m2 .

lw D ©
2 lisp _  SCaQm1 : (4)

N D

ILS IHP + ||_P SZCjLCZ + Om19m2 .

N - Iin - D ’ ®)
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Fig. 2.
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a) Schematic of the Balanced Operational Transconductance Ampli er (BOTA), b) Circuitry forming MOTA with the help of

one UCC

Fig. 3. Designed universal tunable Iter formed by just three active
elements and two passive elements

lup SZC]_CZ
Sl 6
™ D (6)
lap _ lup + lisp + Iip
lin liN
_ s?C1C;  SCo0m1+ Omi0m2 . %
D ;
where
D = s?C1Co + SCo0m1 + Om1Gm2 =0 (8)

Equations (3){(8) are valid without any condition or as-
sumption of equality. The pass band gain is unity (0 dB)
for each transfer function type. It is obvious that the de-
signed circuit is universal because ve standard types of
transfer function are present. The pole frequency is con-
trolled by a simultaneous change ofgyn1 and gm».

4. SENSITIVITY ANALYSIS

If we consider all transfer coe cients that are present
in the circuit, characteristic eq. (8) of the circuit from
Fig. 3 will change to

D = s’°C1Cz + SCo0mn1 + Gm1Gmz 1=0; 9)
where 1 represents the transfer of the DO-CF element,
which a ects both loops of the circuit. The angular fre-
quency and the quality factor are for all transfer functions
expressed by

(10)
(11)

p__
0=  OmiOm2 1=CiC3;

p
Q =

Om2 1C1=th1Cs:

The relative sensitivities of the angular frequency and of
the quality factor to individual components are equal to

S'°= 8y, =8y, =0:5; (12)
S¢® = S8 = Sgyy = 05; (13)
S =82, =88 =0:5: (14)

From (12){(14) it is obvious that all relative sensitivities
are low.

5 INFLUENCES OF ACTIVE
ELEMENTS PARASITICS

Non-ideal active elements are depicted in Fig. 4a and
Fig. 4b. Parasitic analysis deals mainly with input and
output properties of used active element that cause sig-
ni cant problems in the frequency domain. Note that in
Fig. 4a and Fig. 4b only one output of active element is
shown for clarity, but we suppose that all outputs have
very similar features. Important parasitic admittances of
the Iter (signed as Ys and Y,) caused by the real input
and output properties of used active elements are shown
in Fig. 4c. Common input and output parameters of CF
are Rppcr 2, Cinpecr 3pF, Rouwcr 200k,
Cout CE 0:6 pF. Common small signal parameters of
MOTA are Rinp_moTa 1G, Cinp.moTa 1 pF,
Rout _mMoTA 200k , Cout _MOTA — 0:6 pF BOTA (rep-
resented by MAX435, for instance) has commonly the
following parameters Riny sota 200k, Cinp_oTa
3 pF, Rouwt Bota 35k, Couwsora 5SPpF.

We suppose four locations (three nodes and one serial
admittance leading to the current input of DO-CF) where
parasitics cause the highest impact. These parasitic ad-
mittances (Fig. 4¢) can be expressed as

1 1
Yp1 = Gy, + sCyy = +
Pt . ™ Rout cr Rinp _MoTA (15)
+ 5(Cout_cr + Cinp _MOTA )
1 1
Ypo = Gy, + SCpo = +
P2 P2 P2~ Rout mota Rinp _BoTA (16)

+ S(Cout moTta + Cinp BOTA ) ;
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Li Riper D=1 I I
Cout cr Vi \L ngiéRom ori °
ICI'HP CF_-|_ I Rout cr J_ —_|_C0ut oTA
(a)

© IE

Fig. 4. a) Non-ideal model of current follower, b) non-ideal model of transconductance ampli er, ¢) important parasitic in uences focused
to speci ¢ places in circuit

1 1 ligp 1 5
Yp3 = Gp, + SCpz = + K. S)= — = —— s°Cs(Cy + C
P Ps P>~ Rout_moTa Rout_BoTA (17) e (5) ¥ DYs) Om1 «(C2 p2)
+ S(Cout mota + Cout BOTA ) ; + 5(C2Gs + CpaGs + CsGpa) + GpaGs  ;  (25)
1
Yy = Gg + sCs = + sC; : 18 lhp _ @3S+ aps? + ays+ ag
s s S Rinp oF inp _CF ( ) KHP (S) = ™ = DO(S) : (26)
Denominator of the transfer function changed to and coe cients of numerator in (26) are
DYs) = bzs® + bps? + bys+ by ; (19) a3 = Cs(C1+ Cp1)(Ca+ Cp2); (27)

where coe cients are as follows
ay = Gg(C1Cy + Cp1Cy + C1Cpp + CpCpo)+

bs = C1C2(Cpz + Cs) + C1(Cp2Cps + CpaCs)+ Cs(Cp2Gp1 + C2Gp1 + C1Gp2 + CpaGp2) 5 (28)
C2(Cp1Cs + Cp1Cp3z) + Cp1CpaCpz + Cp1Cp2Cs ;. (20)
a; = Gs(CaGpy + C1Gpo + CpaGpr + Cp1Gp2)

+ CsGpi1Gpz;  (29)
b = gn1Cs(C2+ Cpz) Ci1C2(Gs + Gps) SRR

(Cp1 + C1)(Gp2Cp3 + Gp3Cp2 + GsCpz + Gp2Cs) 8 = Gp1Gp2Gs:: (30)
Gp1Cp3(Ca + Cp2)  Co(Gp1Cs + Cp1Gs Form of the transfer function is the same for the band-
+ Cp1Gps) Gp1Cp2Cs; (21) reject response (BR), but coe cients are dierent, as
shown.
lgr @3S+ aps?+ a1s+ ag
K S)= — = ; 31
b1 = Cs(Om1Om2 + Om1Gp2) sk (5) lin DYs) 1)
(C2 + Cps)(Gp1Gs + Gp3Gp1 + Gm1Gs) a3 = Cs(C1Cpy + C1Co + CoCp1 + Cp1Cpa; (32)

sz(cl + Co)(Gs + Gp3) GpleZ(Cp3 +Cs); (22)
az = Cs(C1Gp2 + Cp1Gpz + CoGp1 + CpaGp1)+
bo = Om1Om2Gs+ On1(Gp2Gs  Gp1Gp2(Gps + Gs) : (23) Gs(C2Cp1Cpz + C1Cp2Ci1Co):  (33)
Transfer functions including parasitic properties are now
= + + + +
Ko (s) = lee _ SOn19m2Cs + Om10m2Gs . (24) % = Cs(Cmatinz + Gp1Gpa) + Go(CprGpz + CrGpz
LP Iin DYs) ' CoGp1 + Cp2Gp1) 5 (34)
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Fig. 5. Inuence of Rp parasitic elements on HP response: (a) { for equal Rp1 = Rp2 = Rpz values, (b){ for dierent Rp; and
Rp2 =100 k , Rp3z =3k, (c) { for dierent of Rp2 values and Rp2 =200k, Rp3z =3k
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Fig. 6. Inuence on BP response: (a) { for equal Rp1 = Rp2 = Rp3 values, (b) { for dierent Rp1 and Rp2 =100k, Rp3z =3k, (c)
{ for dierent of Rp values and Rp2 =200k, Rp3 =3k

ap = Gs(Om19m2Gp1Gpa2 : (35) and second part deals with serial resistance to the current

We can express transfer function similarly for the all-pass input of DO-CF (Rs).
(AP) lter HP responses for chosen values &, parts are shown

in Fig. 5a (all R, are of the same value in this case). It
lap  @sS®+ as?  a;s+ ag is evident that_ smaller_values cause increase of parasitic
Gap = N = DYs) ; (36) zero frequencies and it decreases the attenuation of the
HP response in the stop band. Attenuation is smaller than
a3 = Cs(CprCp2 + C2Cpr + C1C2+ C1Cp2) i (37) 40 ¢B for Rp about units of k . In order to study impact
of Rp1 and Rp2, graphs in Figs. 5b and 5¢ were depicted.
It is clear that also the change of steepness occurs (other
two parameters are set constantly). It is obvious that the
Om1(C2+ Cp2));  (38) impact of Ry is greater than impact of Ry;. In uence
of Rps is negligible because this node is connected to the
low input impedance of input terminal of current follower.
1 = On1(C2Gs+ CpaGs+ CsGp2)  Gs(CpaGprt CoGpit  Tgrefore impact is Rpz omitted. However, Rs (input
Cp1Gp2 + C1Gp2)  Cs(Om10m2 + Gp1Gp2); (39) serial resistance of CF) also causes problems, which are
discussed in further text.

a = Gs(gm1m2 + Gp1Gp2  Gm1Gp2) (40) Impact of R, on the BP response is shown in Fig. 6a

In uence of parasitic elements on the frequency responses and it is clear that it causes much greater problem than in
was deeply studied. Real part of the parasitic admittances the previous case (HP). Filter is unusable when values of
obviously impacts mainly the magnitude response. We Rp are several units of k . Independent change of Rp;
can divide the impact study of real parts into the two sec- (Fig. 6b) causes slight in uence to the pass-band gain.
tions. First part is focused on the high impedance nodes Impact of Ry, to the stop-band attenuation of the BP
and parasitic elements that are grounded Rp1; Rp2; Rp3)  response (lower frequencies) is obvious from Fig. 6c.

= GS(CpZGpl + CleZ + C2Gp1 + Cple2


















