AN4.1

APPLICATION NOTE 4
ACTIVE RC FILTER USING FDNR
1. Introduction

In addition to the three synthesis methods presented in Section 7 of the manual, one can obtain
other structures with the help of S/FILSYN. In particular, consider the design technique using
FDNR's (Frequency Dependent Negative Resistors). As a starting point, this requires a passive
LC containing the minimum number of capacitors; preferably with all capacitors grounded. As
explained by Bruton [2] (see also ref. [50]), each capacitor will be converted into an FDNR using
a pair of operational amplifiers. The inductors will become resistors and the two terminating
resistors are replaced by capacitors.

Lowpass and highpass filter structures are fixed and the only step we can perform is to take the
dual of the computer-generated structure to yield the minimum number of capacitors. Everything
else is described by Bruton. In the bandpass case, however, we may use S/FILSYN to provide the
most convenient structure for this conversion. We will demonstrate this procedure.

2. Filter Design

The filter specification is unimportant except that it should be a parametric bandpass. We
selected four finite transmission zeros (two above the passband and two below) and the
minimum values (unity) for the multiplicities of those at zero and infinite frequencies.
Everything else is selected arbitrarily and the data input session is as shown below.

C:>sfilsyn
* K Kk Kk ok S/FILSYN * Kk kK
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **
Copyright (C) 1983 - 1995 Dr. George Szentirmai
All Rights Reserved.

READ DATA FROM FILE: Y/N

> n
SMAIN: S, PLACER: P OR END: E
> S

ENTER TITLE
> FDNR filter
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, LIN.-PHASE LOWPASS: 3, BANDPASS: 4
> 4

LOWER EDGE OF THE PASSBAND IN HZ

> 1000

UPPER EDGE OF THE PASSBAND IN HZ

> 2000

PASSBAND - MAX. FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2 OR SLOPING: 3
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> 0.1

BANDPASS - CONVENTIONAL: 1, PARAMETRIC: 2 OR MATCHING: 3

> 2

ENTER FREAL IN HZ. FOR DEFAULT, ENTER O.

> 0
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ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO

> 1

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 1

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 4

ENTER REAL PARTS OF TRANSMISSION ZEROS IN HZ

> 0000

ENTER IMAGINARY PARTS OF TRANSMISSION ZEROS IN HZ
> 500. 750 2250.,3000
ENTER INPUT TERMINATION IN OHMS

> 1k

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 1k

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
> 0

The summary printout is not interesting, we proceed to the passive synthesis directly. The circuit
required can be obtained several different ways; the simplest is the manual synthesis of a
structure with the minimum number of inductors. These inductors should appear in parallel LC
circuits in the series branches. This structure can be realizable only if the zeros are all above the
passband, but the program lets us specify this structure anyway, yielding some negative element
values.

Using the simplified method of synthesis, we could perform a forward design, and while some of
the shunt C's will turn out to be negative, the synthesis is usually uneventful. Another, and some-
what simpler, approach is to take the computer-generated circuit and use transformation tech-
niques, in particular, the tee-to-pi conversion, to convert the structure into the one we need. The
computer-generated configuration, after taking its dual, is shown below:

FDNR filter

1 R 1.000000 kohm
3 L 217.451200 mH
1
4 L C 980.962618 mH RES.FREQUENCY
- 103.287507 nF 500.000000 Hz
|
6 L 88.892385 mH
|
7 -——L—C——{ 19.761455 mH RES. FREQUENCY
| 142.422577 nF 3.000000 kHz
|
9 —r1— 65.755997 mH
|
—h
10 L C 284.776549 mH RES.FREQUENCY
- 158.129724 nF 750.000000 Hz
|
12 L 129.064169 mH
13 —L—C— 135.278571 mH RES. FREQUENCY
36.986754 nF 2.250000 kHz
15 L 235.359542 mH
16 L 10.825950 mH
17 R 923.283795 ohm
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Our next step is to eliminate the parallel resonant circuits in the series branches. This can be ac-
complished by the TP (tee-to-pi conversion) command, but in order to do that, we need shunt
inductors on both sides of the series resonant circuits. Our first step is therefore to invert the
L-section L12 and L15:

COMMAND:
> tr 12 15
ENTER REQUIRED OUTPUT TERMINATION
> 0
LARGEST TRANSFORMATION RATIO: 2.3974504D+00
TRANSFORMATION RATIO USED: 2.3974504D+00
11 L 364.423710 mH
12 L 199.839118 mH
15 —1L—C—] 324.323665 mH RES. FREQUENCY
15.427537 nF 2.250000 kHz
16 L 25.954678 mH
17 R 2.213527 kohm

Now we have a pi-section (branches 9, 10 and 11), that we can convert to a tee:

COMMAND :
> tp 9
SIDE BRANCHES TO BE INDUCTIVE: 1 OR CAPACITIVE: 2
> 1
8 L 65.755997 mH
9 —L—C— 15.183312 mH RES. FREQUENCY
2.965864 ufF 750.000000 Hz
10 L -12.335092 mH
11 L 6.287378 mH
12 L 7.032254 mH
15 —L—C— 11.412812 mH RES. FREQUENCY
438.412116 nF 2.250000 kHz
16 L 913.334123 uH
17 R 77.893082 ohm

Repeating the process to eliminate the other parallel resonant circuit, and subsequently
simplifying the network, we obtain the following circuit:

FDNR filter

1 R 1.000000 kohm

2 L 217.451200 mH

3 —L—C— 48.202677 mH RES. FREQUENCY
2.101982 uF 500.000000 Hz

4 L -36.731762 mH

7 L 1.628186 mH
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10

11

12

15

16

17

l—1—Cc—
L
L
L
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42.
1.

51.

29.
170.

2.

200.

869764
991361

524162

229218
066362

095829

368560
369785

350280

442060

uH
ul

mH

mH
ul

mH

mH
nk

mH

ohm

RES. FREQUENCY
3.000000 kHz

RES. FREQUENCY
750.000000 Hz

RES. FREQUENCY
2.250000 kHz

There are only the problems of the series negative inductors we need to handle. When this circuit
is converted to an active-RC one, the inductors will become resistors. Negative resistors are rela-
tively easy to implement, but only shunt ones, not series ones. In order to eliminate the negative
L10, we introduce two shunt L's of equal value, but opposite signs, across branch 11:

COMMAND

> ins 11 1 -10m

11

13

14

17

18

19

COMMAND :
> ins 11 1 10m

11

13

15

16

19

20

21

The last step is to flip the L10 - L11 section around and we are done:

COMMAND
> tr 10

L

l—1—Cc—

o

L

L

l—1—Cc—

l—1—Cc—

o

11

-10.

51.

29.
170.

200.

10.

-10.

42,
.066362

1

51

29.
170.

2.

200.

000000

.229218
.066362

095829

368560
369785

.350280

442060

000000

000000

229218

.095829

368560
369785

350280

442060

mH

mH
ul

mH

mH
nk

mH

ohm

mH

mH

mH
ul

mH

mH
nk

mH

ohm

ENTER REQUIRED OUTPUT TERMINATION

> 0

LARGEST TRANSFORMATION RATIO:
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RES. FREQUENCY
750.000000 Hz

RES. FREQUENCY
2.250000 kHz

RES. FREQUENCY
750.000000 Hz

RES. FREQUENCY
2.250000 kHz

7.2661344D-01
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TRANSFORMATION RATIO USED:
-8.

11

12

13

15

16

19

20

21

L

)

15.

37.

21.
234.

1.

145.

524162

790297

.266134

.684318
.467578

126916

339590
471007

707745

643895

7.2661344D-01

mH

mH

mH

mH
ul

mH

mH
nk

mH

ohm

RES. FREQUENCY
750.000000 Hz

RES. FREQUENCY
2.250000 kHz
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Turning branches 4 and 9 around and cleaning up, we obtain the following realization:

FDNR filter

1

2

12

13

15

16

19

20

21

R
i

l—1—Cc—

l—1—Cc—

l—1—Cc—

o

-34.

633.

167.

16.

11.

508.

43.

.000000

.451200

.202677
.101982

719150

651991

801911
772618

.699032

.162328

.131341
.931547

048593

.350445
787.

899917

207625

342143

kohm

mH

mH
ul

mH

mH

mH
nk

mH

kohm

RES. FREQUENCY
500.000000 Hz

RES. FREQUENCY
3.000000 kHz

RES. FREQUENCY
750.000000 Hz

RES. FREQUENCY
2.250000 kHz

Further steps may be taken to introduce additional shunt inductors across resonant branches and
to change the impedance level along the ladder circuit. Since these steps involve arbitrary selec-
tions of component values, we leave them to the user.

A final frequency domain analysis confirms that the performance of this filter is exactly as
expect- ed. Conversion of this circuit to the appropriate active RC form is straightforward
following the reference, and is therefore not considered here.
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Notes:
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