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ABSTRACT:

A method of designing active filters from LC ladsles proposed in the paper,
where the floating inductors are simulated by Ogpenal Transconductance
Amplifiers (OTAs). The problem of optimizing the mlymic range is described
from the point of view of voltage and current liatibns of the OTAs. The
method is illustrated on the example of a videtefilith extreme requirements
on the group delay response.
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1 INTRODUCTION

Replacement of conventional inductors by syntheties in passive LC ladder filters
belongs to well-known methods of high-order lowsstwity filter design. An efficient way
of simulating the floating inductor consists in legng the inductor by three OTAs
(Operational Transconductance Amplifier) and oneugded capacitor [1]. However, the
common drawback of OTAs is the low-level input age providing the linear mode of the
amplifier. This can be in conflict with the requments for a large dynamic range of signals
being processed. When the filter is designed ferdiwrent-mode, the current limitations of
the active elements should also be carefully mogato

MAX435 is a commercial OTA [2], which appears to & optimal circuit element for
such designs. Its differential input and output banutilized for the simplification of the well-
known circuitry for simulating the floating inductfi]. The transconductance of MAX435 is
adjusted by an external two-terminal device. In dase of linear resistor, OTA has an
extremely linear 1&V characteristic. The limitat®mf the output current can be precisely set
by another external resistor.

Using the concrete example of 5th-order video rfilta method for designing and
optimizing such a circuit is described in this pagéghe commercial MAX435 is used in the
subcircuits of synthetic inductances. The procedia®cribed can be applied to an arbitrary
type of OTA.

2 MAX435- A COMMERCIAL OTA

MAX435 is an OTA with 275MHz bandwidth and 850V/skew rate. Its recommended
symmetrical power supply is +-5V. The transconductsg, is set within a wide range by



means of auxiliaryr; resistor [2]. The recommended maximum currentughdz; as well as
the output current are 10mA. A concrete saturdenl |, can be adjusted B resistance

approximately from 3mA uRset= 5.9kKQ corresponds to a current of 20mA. The maximum
recommended differential voltage is 2.5V.

3 SYNTHETIC INDUCTOR BASED ON MAX435

Fig. 1 shows a synthetic floating inductor whichpdoys a pair of differential-input
differential-output OTAs. It is a generalization tbfe circuit from [1], where three single-
output OTAs are used for inductor replacement. Jigeal flow graphs attached describe the
process of transforming voltad® into currentl; of OTA No. 1, transforming curremt into
voltage across the capacitor, and transformingasgavoltage into curren.
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Fig. 1. Synthetic inductor and the corresponding sigrat/fyraphs.
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It follows from the last graph that the circuit ilements a lossless floating inductor with
the inductance

L= G .
gmlng

(1)

There are two degrees of freedom when designingrémsconductancesy andgnp and
the capacitanc€, from the desired inductance value. They can be @medynamic range
optimization. The following rule results from (1):

The inductor is preliminarily designed with the @aetersgmn, gmwe, and C.. These
parameters will be modified according to the rule

Cl=aC, O =0 Ime = 0, (2
whereay, a;, anda, are real positive numbers, fulfilling the equality
a = aa,. 3)

Then the resulting inductance is not changed dukisomodification. However, curreit
will be a; times greater and voltayde will be a;/ap times greater than before the modification
of the parameters.

This rule will be used for the dynamic range optation of target application, i.e. the
active filter which simulates the LC ladder.

The following equality also results from the grapl¥ig. 1:



(4)

The purpose of optimizing the upper limit of thendynic range is to equalize the voltage
and current levels inside the synthetic inducttrasV;= V, andli= I,. EqQ. (4) shows that a
complete equalization is enabled only when bothsitanductances are equal.

4 LC LADDER SIMULATION

Fig. 2 (a) shows the schematic of a lowpass LCdaditer which has been designed
according to Bessel approximation on the basib®fdllowing specifications:

DC gain 0dB, 3-dB cutoff frequency 5MHz, attenuatiat least 50dB for frequencies
above 27MHz, maximally flat group delay. This sfieation is derived from the parameters
of commercial video filter FMS6400-1 by Fairchilér8iconductor [3].
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Fig. 2: (a) 5SMHz lowpass ladder, (b) active ladder simataby means of synthetic inductors and OTAs.

An active realization of the LC ladder is showrFig. 2 (b). Blocks L;” and “L,” are the
synthetic inductors from Fig. 1. OTA with transcoothnceg, serves as a current-controlled
current source, providing low driving point impedaiR, = 1/gi, for the input current source.
OTA with transconductancg,,: = 1/R =20mS delivers current,; into an independent load
Rout:

Let us design the active filter from Fig. 2 (b) farmaximum driving current value of
10mA.

The results of PSpice AC analysis of the passivelddder from Fig. 3(a) are shown in
Fig. 3. The analysis was performed on the assumpifothe attribute AC=10mA of the
current sourcdi,. Those curves are depicted which are importantsfadying the filter
dynamic range, i.e. the output voltage acrBs§.e. the input voltage of the terminating
OTA), the output current througR (i.e. the output current of the terminating OTA)e
voltages acrosks; andL; (i.e. the input voltages of OTA No. 1 in the syatth inductors from
Fig. 1), and the currents through andL, (i.e. the output currents of OTA No. 2 in the
synthetic inductors from Fig. 1). The curves aréedained by the parameters of filter
elements and they can be influenced only via cimgpanother realization structure, another
approximation of frequency response or another dapee level. The Bessel approximation
used here guarantees a maximally flat group delsganse.

Fig. 3 shows that both the synthetic inductors #mel terminating OTAs should be
designed for a maximum current of 10mA. It is filéfil for MAX435 when adjustindRse: =
5.9kQ. The input voltage of the end OTA is maximum (I&) low frequencies. The required
Om value of this OTA is R = 20mA/V and it can be set via = 202 [2]. This amplifier will
operate in the linear regime till its full curreaxcitation.



0.5V

0.25Vv 5mA

. 0A
1.0MHz 10MHz 100MHz 1.0MHz 10MHz 100MHz

Frequency Frequency

O vy O vity X v(R) I () QO i) X iR)

Fig. 3: Results of the AC analysis of LC ladder from Edga) forl;, = 10mA.

The front-end OTA, excited by the current soukgewill be designed witly;, = 100mA/V
or Ri=40Q in order to provide low driving point impedanRg = 1/gi, = 1. The maximum
value of the input voltage will be 100mV for fullicent excitation of the filter input.

The curves V(L1), V(L2), I(L1), and I(L2) can be ass for designing the synthetic
inductors. The voltage across L1 (L2) takes its imaxn value 408mV (173mV) at a
frequency of 6.31MHz (5.75MHz). As stated befohe turrents are maximum, i.e. 10mA at
a frequency of 0 Hz.

In the first step, a preliminary design of the $wtic inductors according to Eq. (1) will be
performed. The initial capacitance in both industall be set to 100pF. For equal values of
Om andgnp, EQ. (1) leads to the results in Tab. 1, coluinn

Tab. 1. Parameters of elements of the synthetic indudtefsre and after optimization.

@ before optimization @ after optimization

Om1 [MA/V] 7.833 24.505

Ome [MA/V] 7.833 24.505
Ly Ry [Q] 511 163

R [Q] 511 163

C. [pF] 100 979

Om [MA/V] 11.539 57.902

O [MA/V] 11.539 57.902
L, Ry [Q] 347 69

R [Q] 347 69

Ci [pF] 100 2518

The Signal-Flow-Graph from Fig. 1 describes rela&iamong the internal variables of the
synthetic inductor, particularly between the indudierminal voltage, the output current of
OTA No. 1, the input voltage of OTA No. 2, and theluctor terminal current. These
relations can be pre-set in the Probe postprocedsBSpice simulator [4]. The results are
shown in Fig. 4 (a). The left-side part contains tirves of OTA input voltages, the right-
side shows the curves of OTA output currents.

The maximum values of voltages and currents frogn &iare given in Table 2, colunin.
Note that the input voltages of OTA No. 2 are taghhwhereas the output currents of OTA
No. 1 do not reach their permitted maxima for eitmeluctor. In addition, the following
equality is true:
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Fig. 4: PSpice analysis of internal relations of synthetifuctors by means of dependences described malSig
Flow-Graphs from Fig. 1, (a) before, (b) after op#ing the upper limit of the dynamic range.

Tab. 2: Maximum values of inductor voltages and curremfot®e and after optimization.

O before optimization @ after optimization
Vimax[V] 0.4082 0.4082
L Vomax [V] 1.277 0.4082
| 1max [MA] 3.197 10.003
| 2max [MA] 10 10
Vimax[V] 0.1727 0.1727
L Vomax[V] 0.8666 0.1727
2 Nimax[MA] 1.992 9.998
| omax [MA] 10 10
m = bﬂ ' (5)
Vlmax I Imax

which is in conformity with Eq. (4). These ratio® &.128 for inductor No. 1 and 5.018 for
inductor No. 2.



Applying the rule from Section 3 and the correspogaequations (2) and (3), we conclude
that the upper limits of the dynamic ranges of agdis and currents in the inductors can be
equalized if both transconductances are multipligd ratio (5) and the capacitance is
simultaneously multiplied by the square of thisaafAfter this optimization, the parameters
of the elements are as shown in Table 1, col®aThe corresponding frequency responses
are given in Fig. 4 (b) and the maximum values atages and currents can be found in
column® of Table 2.

Frequency responses of the optimized active fikegnulated in PSpice simultaneously
with the frequency responses of ideal LC laddeg, slrown in Fig. 5. Note that the group
delay is more sensitive to real properties of timgldiers than the gain response. The analysis
found that low output impedance of MAX435, namel$k®, is a dominant factor which
imports losses to the ladder structure. Nevertkeldge group delay ripple is less than is
specified for similar commercial video filter FMSB#1 [3].
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Fig. 5: Frequency responses of ideal LC ladder (LC) arionigeed active filter (OTA).

5 CONCLUSIONS

A circuitry simulating the lossless floating indactemploying a pair of differential-input
differential-output OTASs is proposed in the papemethod of optimizing the upper limit of
the dynamic range of OTA input voltages and outputents is described. This method is
demonstrated on the example df-&der video filter which uses the commercial OTAs
MAX435. The results of PSpice analyses are in atanare with the design assumptions.
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