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ABSTRACT

In this study, inductor simulation by using operational devices, Opamp, OTA,
and CC, is investigated. After covering main inductor simulation circuits, they are
all tested in a passive band-pass filter with a center frequency of 1MHz using
PSpice software. The filter characteristics thus obtained are compared to that of
the original passive filter. As a result, the active filters tested are shown to be
equivalents of the passive one with some performance differences.
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ISLEMSEL DEVRE ELEMANLARI iLE ENDUKTANS SIMULASYONU
OZET

Bu ¢aligmada islemsel devre elemanlari kullanarak endiiktans simulasyonu
tizerinde durulmustur. Opamp, OTA ve CC kullanan endiiktans simiilasyon
devreleri verildikten sonra, bu devreler kullanilarak pasif bir bant-gegiren filtrenin
L elemaninin f,=1MHz i¢in PSPICE yazilim ile simiilasyonu yapilmistir. Elde
edilen filtre karakteristikleri orijinal RLC devresininkiyle karsilagtirilarak ele
alinan devrelerin endiiktans simiilasyonunda basartyla kullanilabilecegi
gosterilmistir.

Key Words: Endiiktor simiilasyonu, Opamp,0TA, CC, GIC.

1. GIRIS 1. INTRODUCTION

Endiiktans elemaninin  boyut, maliyet vb. It is well known that inductors are
sebeplerle  entegre  devrelerle  birlikte  ¢ok incompatible with integrated circuits because of
kullanilmadigr  bilinmektedir.Bu durum evvelce their size, cost, etc. This causes a constrait for the

gelistirilmis ve davranigt bilinen bir ¢ok devrenin
kullanimi i¢in bir kisitlama olugturmaktadir.
Bununla birlikte, OPAMP, OTA vb. islemsel
elemanlar ve RC elemanlar1 kullanarak endiiktans
elemani gibi davranan iki-uglular
yapilabilmektedir.(1-3) Giinlimiize kadar
kullanilagelmis, yapisinda endiiktans bulunduran
devrelerin  ¢oklugu ve islemsel elemanlarin
imalatindaki hizl geligsmeler endiiktans
simiilasyonun Onemini artiran etkenler olmustur
(3,4). Birinci bolimde, endiiktans simiilasyonunun
onemine deginilmistir. Ikinci bolimde, endiiktans
simiilasyon devrelerine yer verilmis, Ug¢lincii
bolimde bu alt-devreler bir ornek devreye
uygulanmis, dordiincii béliimde ise tigiincii boliimde
elde edilen devreler PSPICE yaziliminda
calistirilarak ~ sonuglar  karsilastirmali  bi¢imde
verilmigtir.

use of many inductor circuits whose behaviours
are well known. However, with the recent
developments, their behavioral equivalents are
possible by using operational devices, such as
Opamp, OTA, and CC in the simulation
Networks. The multitude of the networks used to
date and the rapid developments in the
semiconductor technology have encouraged
works related to inductor simulation. In Chapter
2, main inductor simulation techniques are
treated. In Chapter 3, the techniques are applied to
an examplary network. The results of the
PSpice run of the Chapter 3 networks are
provided in the last Chapter comparatively.
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2. ENDUKTANS SIMULASYONU

Endiiktans simiilasyon devreleri, kisaca, aktif

elemanlarin ~ yamisira  direng  ve  kapasite
elemanlarindan olugsmaktadir.(1,2)
2.1. dslemsel Kuvvetlendirici Kullanarak

Endiiktans Simiilasyonu

2. INDUCTOR SIMULATION

Inductor simulation circuits comprise basically
active components besides resistors and
capacitors.In  the following main inductor
simulation methods and circuits are surveyed.

2.1. Inductor Simulation with Opamps
An inductor simulation circuit using Opamps as
active components is shown below:
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Figure 1. An Opamp-RC inductor simulation circuit
Sekil 1. Opamp-RC endiiktans simiilasyon devresi
Sek. 1°deki devrede, In the fig. 1 circuit, equations
Vi =RI, [1] V, =RI, [1]
V, =—RI, 2] and
V, =RI, 2]

esitlikleri iki-kapilinin bir jirator olarak davrandigin
gostermektedir.(5,6) Boylece, ¢ikis uglart arasina
baglanan C kapasitesi, giristen

L=r?C (r=R) [3]

degerinde bir endiiktans (topraklt !) olarak
goriinmektedir.

2.2. Islemsel Gegisiletkenligi Kuvvetlendirici
(OTA) Kullanarak Endiiktans Simiilasyonu

a
Figure 2. OTA-C gro(urzded (a) and floating (b) inductor simulation circuits

Sekil 2. OTA-C endiiktans simiilasyon devreleri

Bir OTA iki giris ucu, bir ¢ikis ucu ve ortak
ucuyla bir 4-uglu olarak modellendiginde, ¢ikis
akimi giris gerilimleri arasindaki farkla kontrol
edilmektedir. Dolayisiyla OTA’nin g, parametresi
(1/ohm) boyutunda olup gecis iletkenligi olarak
adlandiriimaktadir.

show that the two-port connected to the capacitor
behaves as a gyrator.Thus, the capacitor at the
output is seen as an inductor (grounded!) across
input terminals:

L=rC (r=R) [3]

2.2. Inductor Simulation with OTA’s

Inductor simiilation circuits using OTA’s are
provided in fig. 2.

_||.
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An OTA can be modelled as a 4- terminal devise;
two input terminals, one output terminal and a
common. The output current in controlled by the
difference betweeen voltages at the inputs,
therefore its parameter g, has the dimension of
(1/ohm) and is named as transconductance. In
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Sek. 2a devresinde iki OTA bir jiratdr elemant

olusturmakta, dolayistyla ¢ikis ucuna baglanan
kapasite eleman giristen
L= _<c [4]
Em1&m2
degerinde bir endiiktans (topraklt !) olarak
goriinmektedir.
Sek. 2b devresinde ise
L= L [5]
Em18m2
degerinde bir endiiktans (topraksiz )]

gerceklestirilmigtir.

2.3. Akim Tasiyie1 (CC) Kullanarak Endiiktans
Simiilasyonu

fig.2a circuit, two OTA’s realise a gyrator, with a
grounded inductor in the value of,

¢ [4]
Emi&m

seen across the input. On the other hand, fig. 2b
circuit realises a floating inductor in the value of,

-—¢ 5]

gmlng

L=

2¢. Inductor Simulation with CC’s

Current conveyors, together with a capacitor,
can also be used for simulating inductors:

<

ccl

R

Figure 3. An CC-C inductor simulation circuit
Sekil 3. Bir CC-C endiiktans simiilasyon devresi

Bir CCII iki giris ucu, bir ¢ikis ucu ve ortak
ucuyla birlikte bir 4-uglu olarak
modellenebilmektedir. Y giris ucuna iligkin akim
stfirdir; Y ucu ile X ucu esit gerilimdedir ve ¢ikig
akimi X ucuna iligkin akimla kontrol edilmektedir.
Akim kazanci ise (+1) veya (-1) degerindedir.

Sek. 3 devresinde de iki CC elemant bir jirator
olusturmakta ve bdylece ¢ikis uclari arasina
baglanan bir C eleman giristen

L=R*C [6]
degerinde bir endiiktans (topraklt !) olarak
goriinmektedir (3).

2.4. Empedans Olgekleme (Bruton Doniisiimii)
Empedans 6l¢ekleme ile dolayli olarak endiiktans
simiilasyonu miimkiindiir. Bir iki-kapiliya iliskin
H(s) transfer fonksiyonunun empedans
Olceklemesinden etkilenmedigi bilinmektedir. Eger

devreye k_ , k bir sabit olmak iizere, 6lgeklemesi

A)
uygulanirsa,
5 R
Zp=— 7
R=70 (7]
S
C=— 8
R (8]

direngler kapasitelere doniisiir;

4 Ccl

A CCII can also be modelled as a 4-terminal
devise; the current at Y is zero, voltage difference
between Y and X terminals is zero and the output
current is equal to the X terminal current, with or
without a phase inversion, depending upon the
design.In fig. 3 circuit ,two CC’s and resistors
also, realise a gyrator, with a simulated inductor
(grounded) of

L=RC [6]
seen at the input.

2.4. Impedance Scaling (Bruton

Transformation)
It is a well known fact that applying
impedance scaling to a passive two-port doesn’t
influence the transfer function H(s). Thus, under

such a scaling of k—, resistors convert into

S
capacitors:
2, =% 7]
ks
c-k 8]

R

inductors into resistors:
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A L
7, =— 9
L=7 (91
A~ L
R== 10
i [10]
endiiktanslar direnglere doniisiir;
A 1
Zeo = 3 [11]
s Ck
D=Ck [12]

Kapasiteler FDNR (frekansa bagli negatif direng)
elemanlarina doniisiir (7) .

° —AMWA— R
v, —00— L

o —

Figure 4. Applying impedance scaling of ( 1 ) to a two-port.
ks

7, =

L

L
k
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L
k
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(]

[10]

and capacitors into FDNR’s (frequency dependent
negative resistors):

A 1
©T$Ck i
D=Ck [12]
o [
+ ﬁ "‘)‘2
S |

Sekil 4. Bir iki-kapiliya ( 1 ) empedans dlgekleme uygulanmasi

ks

Sek. 4’de goriildigii gibi Bruton donisimi
sonunda ortaya g¢tkan FDNR eleman1 sek. 5’de
verilen genel empedans doniistiiriiciisic (GIC) ile
gerceklenebilir (4,8,9).

The FDNR device resulting under the above

tranformation

is

realisable

impedance converters (GIC) [1].

< + Q

I

Figure 5. A GIC using Opamps and impedances
Sekil 5. Genel empedans — admitans (emitans) gevirici (GIC)

Sek. 5 devresinde

7 (A1) "
Z5(s)Z4(9)
ve
14(s) _ Z1(5)Z5(5) (2]
1i(s)  Z5(5)Z4(s)
dir. Eger, Z, =7, =7Z5=R ve Z,= L segilirse,

sC,
¢ikisa baglanan bir Rs direnci giristen RC,
degerinde bir endiiktans olarak goriiniir (endiiktans

with  general

From the straightforward analysis, the following
are valid for the fig. 5 circuit:

and,

2, (s) = 2L B2 6) [13]
Z,(5)Z,(s)
1,(s) _ Z,(5)Zs(s) [12]

1;(s)

Z,(8)Z4(s)
If ZIZZ2:Z3:Rand 24 —

sC,

then, a resistor
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simiilasyonu) ; Z, = Z3; = Z4 = R ve Z, = 1

sC,
secilirse, ¢ikisa baglanan bir Cs kapasitesi giristen
RC,Cs degerinde bir FDNR olarak goriiniir. Ancak,
burada gergeklenen elemanlarin toprakli olduguna
dikkat edilmelidir.(7,10)

2.5. Gorski-Popiel Teknigi

Gorski-Popiel teknigi ile endiiktans alt-devreleri
direng  alt-devrelerine  doniistiirilmektedir. Bu
teknikte kullanilan GIC’lerin sayisi endiiktans alt-
devrelerin dis baglantilarinin sayisina esit olmaktadir
(11,12).

Rs is seen as an inductor of R?*C, at the input
(inductance simulation) ; if Z, = Z3=Z7,=R and

1

Z1 — _— then,a capacitor Cs is seen as an
sC,
FDNR at the input.

2.5.Gorski-Popiel Technique

With the so called Gorski-Popiel technique,
inductor subcircuits in a passive network convert
into inductor subcircuits, the number of GIC’s
used being equal to the number of terminals with
which external connections are made [1].

=

1:k V
on =S Iin In

R

L

Vv ks:1
! Il Izl :|:= Iol
V. — ks:1
' Iii Ioi
L

Figure 6. Inductive circuit simulation with the Gorski-Popiel technique
Sekil 6. Gorski-Popiel teknigi ile endiiktif devre simiilasyonu

Sek. 6’da R ile gosterilen blok direnglerden
olusan bir devredir. Kiiciik bloklar ise empedans
6lgekleme devrelerini gostermektedir.

Bu yontem Sek. 7°de bazi
uygulanmustir.

alt-devrelere

In fig. 6 the block R denotes a resistive circuit,
and smaller blocks represent impedance scalers.
In fig. 7,some common inductor subcircuits and
their corresponding resistor equivalents are

provided.

Figure 7. Illustration of the Gorski-Popiel technique

Sekil 7. Baz1 endiiktif alt-devreler i¢in Gorski-Popiel doniisiimiiniin gosterilmesi

3. UYGULAMA

Ikinci boliimde deginilen endiiktans simiilasyon
yontemlerinin bazilar1 Sek. 8’deki RLC devresine
uygulanmustir (12,13) .

3. APPLICATION

In this Chapter, some methods studied in
Chapter 2 are applied to an RLC network of fig.8.

147
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Rl
o NNV o
g e+ %
2

O O

Figure 8. A passive band-pass filter
Sekil 8. Bir RLC bant-geg¢iren filtre devresi

Elde edilen devreler Sek. 9 — 11°de verilmistir. The equivalent active Networks obtained are

given in fig. 9 — 11.

Figure 9. An equivalent of the RLC network of fig.8, with a GIC replacement for the inductor.
Sekil 9. Sek. 8’deki filtre devresinin endiiktans yerine GIC simiilasyonu kullanan esdegeri

l{l
o— \\NV
C =
O O

Figure 10. An equivalent of the RLC network of fig.8, with OTA-C subcircuit in the place of the inductor
Sekil 10. Sek. 8’deki filtre devresinin endiiktans yerine OTA-C simiilasyonu kullanan esdegeri

R,
o NV o)
L[y N
J R
C — ccl+ 2 z ccll- § 2
X X
__CL
R R
o o

Figure 11. An equivalent of the RLC network of fig.8, with CCII-C subcircuit in the place of the inductor
Sekil 11. Sek. 8’deki filtre devresinin endiiktans yerine CC-C simiilasyonu kullanan esdegeri
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4. SONUCLAR 4. RESULTS

Boliim 3°deki endiiktans simiilasyon devreleri In this Chapter, the simulation networks of
f=IMHz i¢cin PSPICE yazilimiyla analiz Chapter 3 are run on PSpice, for f,=1MHz. The
edilmistir.(13) Analiz ¢iktilart Sek. 12 — 14°de outputs are given in fig. 12—14, in comparison to
orijinal RLC devresi ile karsilagtirmali olarak the passive RLC network.
verilmigtir.

600mvV

)\

400mVv \

200mv / \\\

Output Voltage Amplitude/
Cikis gerilimi genligi

)4 Nl
e S~

1.0KHz 1.0MHz 1.0GHz
o V() ¢ V(12)

Frequency Frekans

Figurel2. Voltage gain characteristics of fig.8 [v(2)] and fig 9 [v(12)] networks, with an UA741 Opamp model used
Sekil 12. Sek. 8 ve Sek. 9 devrelerinin f,=1MHz i¢in transfer kazang egrileri (simiilasyonda UA741 modeli
kullanilmustir. V(2) RLC devresine, V(12) simiilasyon devresine ait egrilerdir.)

600mV
_ 400mV /
i
)
£ ] \
<
22 / 1
22 200mv 7 v
s i
Z 5 K kY
£g , \
@) O

ov 7 N

1.0Hz 1.0KHz 1.0MHz 1.0GHz
o V() o VvV(12) Frekans
Frequency
Figure 13. Voltage gain characteristics of the fig. 8 [v(2)] and fig.10 [v(12)] networks, with CA3080 OTA model used
Sekil 13. Sek. 8 ve Sek. 10 devrelerinin f,=1MHz i¢in transfer kazang egrileri (simiilasyonda CA3080 modeli
kullanilmustir. V(2) RLC devresine, V(12) simiilasyon devresine ait egrilerdir.)
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Figure 14. Voltage gain characteristics of the fig. 8 [v(2)] and fig.11 [v(12)] networks, with AD844 CC model used
Sekil 14. Sek. 8 ve Sek. 11 devrelerinin f,=1MHz igin transfer kazang¢ egrileri (simiillasyonda AD844 modeli
kullanilmistir. V(2) RLC devresine, V(12) simiilasyon devresine ait egrilerdir.)

Elde edilen sonuglar incelendiginde Opamp, OTA The results of the PSpice run reveals that
ve CC ile endiiktans simiilasyonu yapilabilecegi circuits of fig. 9-11 are all applicable for inductor
goriilmiistiir. Sek. 12°de kazang egrisindeki azalma simulation up to at least 1 Mhz. The slight
secilen opamp modelinin OTA ve CC’ye gore falldown of gain of on the fig.11 plot is an
kazang-band genigligi carpiminin  daha disiik indication of the smaller gain-bandwidth product
olmasindan kaynaklandigi sonucuna varilmistir. of thr Opamp model used compared to the OTA

and CC models.
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