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ABSTRACT

In this study, a transform procedure for the realisation of current-mode FTFN and
for CCll-based filters from voltage-mode operational amplifier-based filter was
presented by an adjoint transfomation method. First of all, a transformation to
voltage-mode CClI-based filter circuit was performed according to the
“Transformation Theorem” for the transformation to current-mode CCII-based
filter circuit. Nullor model was used during the procedure of transformation to
current-mode structure. This model shows that, nullator-norator pair can be used
instead of FTFN without any restriction. Therefore, it is shown that transformation
from voltage-mode operational amplifier to current-mode FTFN is easy. In this
study, adjoint transformation method was introduced and acquired to Turkish
literature by different applications. Characteristics of filters that used in
applications were confirmed by PSPICE simulation results.

Key Words: Nullor, Voltage and Current-Mode Circuits, Adjoint Transformation
Method

UNIVERSAL AKTIiF ELEMAN TABANLI SUZGECLERDE GERILIM MODUNDAN AKIM
MODUNA GECISTE EK DONUSUM YONTEMININ KULLANILMASI

(Derleme)
OZET

Bu g¢alismada, ek donlisim (Adjoint Transformation) yoOntemiyle islemsel
yiikselte¢ (Operational Amplifier-OA) tabanli gerilim modlu siizge¢ devresinden,
akim modlu FTFN’li ve CCII- tabanl silizge¢ devresine doniigim islemi
tanitilmistir. Ancak akim modlu CCII- tabanli siizge¢ devresine doniigiim iglemi
igin Once “Doniisim Teoremi” geregince gerilim modlu CCII- tabanli siizgeg
devresine doniisim yapilmigtir. Akim modlu yapiya doniisiim islemi sirasinda
nullor modeli kullanilmistir. Bu model, FTFN ile nullator-norator ¢iftinin herhangi
bir 6n kosul olmaksizin yerdegistirebilecegini agiklamaktadir. Bdylece, gerilim
modlu islemsel yiikseltegten akim modlu FTFN’ye doniisiimiin kolay oldugu
gosterilmektedir. Bu c¢alisma da ek doniisiim yontemi degisik uygulamalarla
Tiirkge literatiire tanitilmaya ve kazandirilmaya calisilmistir. Uygulamada
kullanilan siizgeg¢ devrelerinin karakteristikleri, PSPICE benzetim sonuglariyla
dogrulanmigtir.

Anahtar Kelimeler: Nullor, Gerilim ve Akim Modlu Devreler, Ek Doniisiim
Y 6ntemi
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1.GiRiS

Timdevrelerin ~ gergeklestirildigi 1960’11 yillardan
giintimiize kadar islemsel yiikseltecler analog devre
tasariminda temel yap1 blogu olarak kullanilmis ve halen
kullanilmaktadir.  Gerilim  modlu  kuvvetlendirici
devrelerinde kazang-bantgenisligi ¢arpiminin sabit olmasi
ve islemsel yiikselteglerin degisim hizlarinin (slew rate)
sinirli olmasi yiiksek frekansli ¢alismalarda bir dezavantaj
olusturmaktadir. Oysa akim modlu devreler; biiyiik
bantgenislikleri, yiiksek degisim hizlar, daha genis
dinamik sahalari, diisiik giic tiiketimleri, basit devre
yapilar1 ve genis dogrusallik gibi karakteristik 6zellikler
tagidiklarindan gerilim modlu devrelere gore elektronik
devre tasariminda genis uygulama alani bulmuslardir (1).

Glinliimiizde gerilim modlu islemsel yiikselte¢’in, bazi
sinirlamalarini  gidermek igin gelistirilen, farkli akim
modlu yap1 bloklar1 vardir. Bunlardan tiimdevre yapisina
uygun, hem gerilim hem de akim modunda kullanilabilen
6nemli bir yap1 blogu olan FTEN (Four Terminal Floating
Nullor-Dért  Uglu  Degisken ~ Nullor) islemsel
yiikselteg’lere ve CCII (Second Generation Current
Conveyor-ikinci Kusak Akim Tastyicisi)’lara  gore
oldukca esnek ve daha fazla uygulama alaninda
kullanilabilen bir elemandir (2). Bundan dolay1 pratik ve
teorik olarak onerilen devrelerin ¢ogunlugu, FTFN’nin
kullanimiyla yapilandirilabilmektedir. Sekil 1a FTFN’nin
semboliinii, 1b ise nullor esdegerini vermektedir.
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1. INTRODUCTION

Opamp (Operational Amplifier) has been used as main
block in circuit design since the implementation of
integrated circuit (IC) technology in 1960. Gain-
bandwidth product is fixed in voltage mode circuits and
slew rate of opamp is bounded, therefore these features are
disadvantages in high frequency operations. Because of
the characteristic of current mode circuits such as large
bandwidth, high slew rate, wide dynamic range, low
power consumption, basic circuit structure and wide
linearity, they have a wide application field in electronic
circuit design than voltage mode circuit (1).

Recently, there have been different current mode
structure block for removing some restrictions in voltage
mode opamp. Among these circuits FTFN (Four Terminal
Floating Nullor) that is important building block
combining both voltage and current mode capabilities is
more flexible and versatile building block than VOA and
CCII. Because of this condition the most of circuits that
was practically and theoretically recommended can be
constructed using FTFN (2). Figure la and 1 b show the
FTFN’s symbol and nullor model respectively.
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Figure 1. (a) The symbol of FTFN (b) The nullor equivalent of FTFN

Sekil 1.

Uc degiskenleri arasindaki bagintiya gore pozitif ve
negatif olarak sirasiyla Sekil 2a ve b’de sembolik olarak
gosterilen CCII’larin nullor esdegeri de Sekil 2c’de
verilmigtir. CCII’lar islemsel yiikseltecler gibi; dogrusal
ve dogrusal olmayan elektronik devrelerde 6zellikle, tiirev

alict ve integral alict islem bloklarinda, osilator
yapilarinda,  siizge¢  devrelerinde  ve  indiiktans
simiilatorlerinin tasariminda kullanilmaktadir. Yiiksek

frekanslardaki performansi, yiiksek dogrusalligi ve genis
dinamik ¢alisma sahasina sahip olan CCII’lar bir ucu
toprakli kapasite ve direng igerdiklerinden
timdevrelestirilmeye daha elveriglidirler. Bu yap1
bloklarmin pratikte kullanimi  akim modlu ve akim
geribeslemeli timdevreler olan AD844 ve PA630 ile
gerceklestirilebilmektedir.

it _ i

(a) FTFN’nin sembolii (b) FTFN’nin Nullor gésterimi

In accordance with relation between ports’ variables,
CCII was shown as positive in Figure 2a, and negative in
Figure 2b and the nullor equivalent of CCII was also
shown in Figure 2c. Similar to opamp, CCII is used in
linear and nonlinear electronic circuits especially in
derivative and integration process blocks, in the structure
of oscillators, in the filter circuits and in design of
inductance simulators. CCII that has high frequency
performance, high linearity, wide dynamic range is
suitable for IC implementation because CCII circuit has a
resistance and capacitance which have one grounded port.
The use of this building block at practical application, can
be realized by the AD844 and PA630 IC with current
mode and current feedback IC.
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Figure 2. (a) The symbol of CCII+ (b) The symbol of CCII- (¢) The nullor equivalent of CCII
Sekil 2. (a) CCII+’nin sembolii (b) CCII-‘nin sembolii (¢) CCII’nin nullor gésterimi
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Universal aktif elemanlarin  bazilarmin  nullor
esdegerine  doniistiiriilmelerinde elemana ait tanim
bagntilarindan dolay1 birtakim giigliikler olabilmektedir.
Ornegin;  bir  nullator-norator  ciftinin  islemsel
yiikselteg’lerle yerdegistirilmesi durumunda; norator’un
bir ucu topraklanmak zorundadir. Benzer sekilde,
CClII'larla yerdegistirilmesi gerektiginde nullator’un bir
ucu norator’un herhangi bir ucuna baglanmak zorundadir.
Opysa nullator-norator ¢ifti islemsel yiikselteg ve CCII’dan
farkli olarak herhangi bir kosul olmaksizin FTFN ile
kolaylikla yerdegistirilebilmektedir (3). Bu yiizden
islemsel yiikselte¢’li gerilim modlu devrelerden, FTFN’li
akim modlu devrelere doniisiim nullor esdeger
devrelerinin yeniden aktif devreye doniisimiinde de
kolaylik saglamaktadir (4). Cogu zaman “dért uglu nullor”

icin  “nullor” veya “OFA (Operational Floating
Amplifier)” terimi kullanilmaktadir (5).
Bu c¢alismada nullor modelinin  6nemli kullanim

alanlarindan olan, gerilim modundan akim moduna gegisi
saglayan ek donlisim yontemi farkli  devrelere
uygulanarak tanitilmistir. Béylece FTFN’nin CCII’ya gore
kolay bir doniisiim sagladigi ve daha esnek oldugu
gosterilmistir.

2. EK DONUSUM YONTEMIi

Aktif devre elemanlarinda nullor modelinin kullanimu,
gerilim modlu devre yerine akim modlu devrelerin ortaya
¢ikisinda onemli bir arag olmustur ( 3, 5, - 10). Ozellikle
nullor modeli, gerilim modundan akim moduna gegiste
aktif eleman degisimi de yapiliyorsa tercih edilmektedir.
Eger aymi aktif eleman kullanilarak gerilim modundan
akim moduna gegis yapiliyorsa; o zaman “Ek Blok
Diyagram (Adjoint Block Diagram) Metodu” (11) veya
tasarimi  daha basit olan “Acar Yontemi” (12)
kullanilabilmektedir. Bu ¢aligmada aktif eleman
degisimiyle birlikte gerilim modlu devreden, akim modlu
devreye doniligim gergeklestirilecegi i¢in, “Ek Doniigiim
Yontemi” (Adjoint Transformation Method)
uygulanmaktadir  (13). Ek  Doniisim  Yontemi
uygulanirken 6nce devredeki aktif elemanlarin nullor
esdegerleri alinir, daha sonra ek doniisiim yontemi su
sekilde uygulanir:

- Nullor esdegerini olusturan yapida nullator-norator
cifti birbirleriyle karsilikli olarak yerdegistirilir.

- Devrede bulunan pasif elemanlar bir degisiklige
ugratilmaksizin aynen alinir.

- Girig gerilimi bir kisa devre ile yerdegistirilir ve
bunun {izerinden akan akim, yeni devrenin ¢ikis
akimi olarak kabul edilir.

- Bir akim kaynag: ¢ikis portuna baglanir ve bu yeni
devrenin giris akimi olur.

- Eger devrede gerilim bagimli bir gerilim kaynagi
(VCVS) varsa, akim bagimli akim kaynagi (CCCS)
ile yerdegistirilir (13,14).

Sonug olarak, ilk devrenin diigiim admitans matrisi,

elde edilen devrenin diiglim admitans matrisinin
transpozuna esit olur (15). Boylece sonsuz giris
empedansli  ve sifir ¢ikis  empedanshi  gerilim

kuvvetlendiricisi, sifir giris empedansli ve sonsuz cikis
empedansli akim kuvvetlendiricisine doniistiiriilmiis olur.

Some difficulties can occur in transformation of some
universal active elements to nullor equivalent of these
elements due to the port characteristics of these elements.
When the opamp replaced by nullator-norator pair, one
port of norator must be grounded. Similarly, when CCII
was required to be replaced by nullator-norator pair, one
terminal of nullator in nullor equivalent of CCII must be
connected to any terminal of norator. In contrast to CCII
and opamp; FTFN can be easily replaced by nullator-
norator pair without any restriction (3). Therefore the
transformation of voltage mode circuit with opamp to
current mode circuit with FTFN makes easy to retransform
of nullor equivalent circuit to active element (4). Mostly,
the nullor or OFA (Operational Floating Amplifier) terms
are used for four terminal nullor (5).

In this study, adjoint transformation method, an
important application field of nullor model, which
provides the transformation of voltage mode to current
mode was described. Thus, it was shown that FTEFN
provides an easier transformation and to be more flexible
than CCIL

2. ADJOINT TRANSFORMATION METHOD

The use of nullor model in active circuit elements has
became an important tool in the arising of the current
mode instead of voltage mode ( 3, 5- 10). If active element
changes are also made during the transformation from
voltage mode to current mode, nullor model is especially
preferred. When the transformation is made from voltage
mode to current mode using the same active element,
“Adjoint Block Diagram Method” (11) or a more simple
“Acar Method” (12) can be used. Since the transformation
from voltage mode circuit to current mode circuit was
performed as well as active element changes, “Adjoint
Transformation Method” (13) was used in this study.
Before the implementation of adjoint transformation
method, the nullor Equation of active elements in the
circuit, are taken, and then adjoint transformation method
is applied as follows:

- In the structure forming the nullor equivalent,
nullator-norator pair are replaced to each other.

- The passive elements in the circuit are taken without
any changes.

- Input voltage is replaced with a short circuit, the
current flown through this short circuit is accepted as
the output current of new circuit.

- Current supply is connected to output port and this
current is input current of new circuit.

- If there is voltage dependent voltage supply (VCVS)
is replaced by current dependent current supply
(CCCS) (13,14).

In conclusion, node admittance matrix of first circuit is
equal to the transpose of the obtained circuit’s node matrix
(15). Thus, voltage amplifier with infinite input impedance
and zero output impedance is transformed to current
amplifier with zero input impedance and infinite output
impedance.
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3.EK DONUSUM YONTEMIi
UYGULAMALARI

3.1 Yiiksek Gegiren Sallen-Key Siizgecinin Gerilim
Modlu islemsel Yiikselte¢ Tabanh Yapidan Akim
Modlu FTFN Tabanh Yapiya Doniistiiriilmesi

Sekil 3°de gosterilen gerilim modlu Yiiksek Gegiren
(YG) Sallen-Key Siizgecine 6nceki boliimde anlatilan ek
doniistim yontemi uygulamak i¢in, Sekil 4a’da gosterildigi
gibi devrenin nullor esdegeri alinir. Daha sonra devredeki
tim nullator-noratorlarin  karsilikli  yerdegistirmesiyle
Sekil 4b’de gosterilen devre elde edilir. Bulunan devrenin
nullor esdegeri, akim modlu devrelerden FTFN’in nullor
yapisina daha uygun oldugundan, gerilim modlu islemsel
yiikselte¢ yapisindan Sekil 5’deki akim modlu FTFN
yapisina gecilmis olur.

Uygulanan yontem geregince olusturulan Sekil 3’deki
devre ile Sekil 5°deki devrenin, fonksiyonlart sirastyla
Es.1 ve 2’de verilmistir. Her iki devrenin de aym
karakteristige dolayisiyla da aymi kesim frekanslarina
sahip olduklart Es.3’de goriilmektedir. Es.3’e gore elde
edilen 3dB’lik kesim frekans1 gerilim ve akim modlu
siizge¢ icin  1.59 KHz’dir. Bu teorik analizlerin
dogrulugunu gostermek igin, PSPICE elektronik devre
benzetim programi kullanilmstir.

3.THE APPLICATIONS OF ADJOINT
TRANSFORMATION METHOD

3.1. The Transformation of High Pass Sallen-Key Filter
from Opamp Based Voltage Mode to FTFN Based
Current Mode

The nullor equivalent of circuit was taken as shown in
Figure 4a for the application of adjoint transformation
method to voltage mode High Pass (HP) Sallen-Key Filter
in Figure 3 as described above. Later on, the circuit
illustrated in Figure 4b was obtained by the replacement of
all nullators and norators with each other. Since the
obtained nullor equivalent of circuit was more suitable to
the nullor model of current mode FTFN the structure was
transformed from voltage mode opamp to current mode
FTFN as illustrated in Figure 5.

According to the applying method, the functions of
circuit in Figure 3 and 5 are given in Eq. 1 and Eq.2
respectively. Eq. 3 shows the both circuits have same
characteristics thus the same cut-off frequency. The 3dB
cut-off frequency which has obtained according to the
Eq.3 was 1.59 KHz for voltage and current mode filter.
The PSPICE electronic simulation program was used to
verified the theoretical analysis
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Figure 3. Opamp Based High Pass Sallen Key Filter
Sekil 3. Islemsel Yiikselte¢ Tabanli Yiiksek Gegiren Sallen-Key Siizgeci
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Figure 4. The applying adjoint transformation method to the circuit in Figure 3 (a) Nullor equivalent of circuit in
Figure 3 (b) The circuit obtained by applying of adjoint transformation method to circuit in Figure 4a
Sekil 4. Sekil 3’deki devreye Ek Doniisiim Yonteminin Uygulanmasi (a) Sekil 3’deki devrenin Nullor Esdegeri

(b) Sekil 4a’daki devreye ek doniisiimiiniin uygulanmasi sonucu elde edilen devre
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Figure 5. The current mode FTFN equivalent of the circuit in Figure 3
Sekil 5. Sekil 3’deki devrenin akim modlu FTFN esdegeri
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Bu programda, hesaplama zamanini kisaltan basit bir
dogrusal olmayan FTFN makromodeli kullanilmaktadir
(16). Benzetim sonuglari, Sekil 6 ve 7°de sirasiyla;
islemsel yiikselte¢ tabanli YG Sallen-Key Siizge¢ devresi

(3]

211/RR,C,C,

In this program, basic and nonlinear FTFN macromodel
that shorten the calculation time is used (16). Simulation
result of High Pass Sallen-Key filter based on opamp and
based on FTFN were shown in Figure 6 and 7

ile FTFN tabanli YG Sallen-Key Siizge¢ devresi igin respectively. The simulation results of both structures were
tamtilmistir. Her iki yapmin benzetim sonuglar consistent with each other and they confirm the theoretical
birbirleriyle uyumlu olup, teorik analizleri analysis.
desteklemektedir.
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Figure 6. The frequency response of opamp based High Pass Sallen-Key Filter in Figure 3
Sekil 6. Sekil 3°deki islemsel yiikselteg’li YG Sallen-Key Siizgecinin frekans cevabi
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Figure 7. The frequency response of FTFN based High Pass Sallen-Key Filter in Figure 5
Sekil 7. Sekil 5°deki FTFN’li Yiiksek Gegiren Sallen-Key Siizgecinin frekans cevabi

3.2 Yiiksek Geciren Sallen-Key Siizgecinin Gerilim
Modlu islemsel Yiikselte¢ Tabanh Yapidan Akim
Modlu CCII- Tabanh Yapiya Doniistiiriilmesi

Sekil 3’de gosterilen gerilim modlu YG Sallen-Key
Stizgecini akim modlu CCII-’ye doniistiirmek ic¢in Once
islemsel yiikseltecin eviren girisiyle, cikis1 arasindaki
geribesleme direnci olan R2, “Doniisim Teoremi”
geregince (6) gerilim modlu CCII tabanli devreyi elde
etmek i¢in Sekil 8’deki gibi ¢izilmistir. Daha sonra Ek
Doniigiim Yontemi geregince Sekil 9a’da gosterildigi gibi
devrenin nullor esdegeri alinmistir. Sonra devredeki tiim
nullator-noratorlarin  karsilikli  yerdegistirmesiyle Sekil
9b’de goriilen akim modlu nullorlu CCII- tabanli devre
olusturulmustur. Devrenin nullor esdegerinden akim
modlu CCII- yapisina gegisi Sekil 10°da gosterilmistir.

Ek doniisiim yontemi geregince olusturulan Sekil
10°daki devre ile Sekil 3’deki devrelerin fonksiyonlari
dolayisiyla 3 dB’lik kesim frekanslari da aynidir. Daha
once PSPICE benzetim programi yardimiyla elde edilmis
Sekil 6’daki islemsel yiikselte¢ tabanli YG Sallen-Key
stizgec  devresinin  frekans cevabi teorik analizi
dogrulamaktadir. Sekil 11°de ise CCII- tabanli YG Sallen-
Key Siizge¢ devresi icin frekans cevabi verilmistir.
Sonuglardan agik¢a goriildligli gibi; her iki yapinmn
benzetim sonuglart birbirleriyle ve teorik analizlerle
uyusmaktadir.

3.2 The Transformation of High Pass Sallen-Key Filter
from Opamp Based Voltage Mode to CCII Based
Current Mode

For the transformation of High Pass Sallen-Key filter
from opamp based voltage mode to CCII based current
mode firstly, the feedback resistance R,, between the
inverting input and output of opamp was illustrated in
Figure 8 according to the “Transformation Theorem” (6)
to obtain CCII based voltage mode circuit. Then, the
nullor equivalent of circuit was taken as illustrated in
Figure 9a by the adjoint transformation method. The CCII
based current mode nullor circuit shown in Figure 9b was
formed by replacing all nullators and norators in the circuit
with each other. The transformation of nullor equivalent to
CCII based current mode was illustrated in Figure 10.

The circuits in Figure 3 and 10 formed by adjoint
transformation method have the same functions thus they
also have the same 3 dB cut-off frequency. The frequency
response of opamp based High Pass Sallen-Key filter
circuit was previously presented in Figure 6 that was
formed by PSPICE simulation program confirming the
theoretical analysis. The frequency response of CCII based
High Pass Sallen-Key Filter circuit was introduced in
Figure 11. The results have clearly showed that the
simulation result of both structures were in consistent with
each others and with theoretical analysis.
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Figure 8. The CCII based voltage mode equivalent of the opamp based circuit in Figure 3
Sekil 8. Sekil 3°deki Islemsel yiikselteg tabanli devrenin CCII- tabanl gerilim modlu esdegeri
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Figure 9. Application of Adjoint Transformation Method to the circuit in Figure 8

(a) The nullor equivalent of the circuit in Figure 8

(b) The obtained circuit the result that the applying of adjoint transformation method to the circuit in Figure 9a
Sekil 9. Sekil 8’deki devreye Ek Doniisiim Yonteminin Uygulanmasi

(a) Sekil 8’deki devrenin Nullor Esdegeri

(b) Sekil 9 a’daki devreye ek doniisiimiiniin uygulanmasi sonucu elde edilen devre
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Figure 10. The equivalent of current mode CCII based of circuit in Figure 3
Sekil 10. Sekil 3°deki devrenin akim modlu CCII- esdegeri
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Figure 11. The frequency response of CCII based High Pass Sallen-Key circuit in Figure 10
Sekil 11. Sekil 10°daki CCII-’li Yiiksek Gegiren Sallen-Key Siizgecinin frekans cevabi

4. TARTISMA VE SONUC

Bu ¢alismada; gerilim modlu devreden akim modlu
devreye gegisi saglayan ek doniisiim yontemi tanitilmustir.
Bu yontemin uygulanmasinda aktif devre elemanlarmin
yerine nullor modeli kullanilmistir. Ek  doniigiim
yontemiyle, islemsel yiikselteg’li gerilim modlu Yiiksek
Gegiren Sallen-Key Siizge¢ devresinden, akim modlu
FTFN ve CCII- tabanli Yiiksek Gegiren Sallen-Key
Stizge¢ devresine doniisiim islemi tanitilmigtir. Aymi
fonksiyona sahip olan gerilim ve akim modlu YG Sallen-
Key Siizge¢ devrelerinin 3 dB’lik kesim frekanslari,
PSPICE benzetim programi yardimiyla bulunan grafikle
dogrulanmigtir. Sonugta, akim modlu devrelerin bilinen
avantajlarindan dolayr gerilim modundan akim moduna
gecisi saglayan ek doniisiim yonteminin oldukga yararlt ve
kolay bir yontem oldugu goriilmistiir.

Gerilim modlu devreden, akim modlu FTFN’ye doniisiim
igin herhangi bir sinirlamanin olmamasi bu ¢alismadaki
diger 6nemli sonugtur. Ciinkii FTFN’nin nullor yapisinda,
nullator ve norator birbirinden ayr1 disiiniilmektedir. Hem
akim hem de gerilim modunda kullanilabilen FTFN’nin,
ek doniisim islemi sirasinda sagladigi kolayliklar
nedeniyle {iniversal aktif elemanlar icinde genis uygulama
alan1 bulabilecegi diisiiniilmektedir.

4. DISCUSSION AND RESULT

In this study, adjoint transformation method that
provides the transformation from voltage mode circuit to
current mode circuit was described. In the applying of the
adjoint transformation method, nullor model was used
instead of active elements. The transformation procedure
which transform to voltage mode operational amplifier
based the High Pass Sallen-Key Filter to current mode
FTFN and CCII based High Pass Sallen-Key Filter by
using adjoint transformation method was introduced. The
3 dB cut-off frequency of voltage and current mode High
Pass Sallen-Key Filter circuits that have same functions
were confirmed by the graph formed with PSPICE
simulation program. In conclusion, because of the known
advantages of the current mode circuits, adjoint
transformation method that transforms the voltage mode to
current mode is a beneficial and easy method.

The observation of no restriction in the transformation
of voltage mode circuit to current mode FTFN was another
important result of this study. Because nullator and norator
are considered isolated in the nullor structure of FTFN. It
was concluded that the FTFN which can be used in both
voltage and current mode provides easiness during the
adjoint transformation procedure, therefore it can be found
wide applications fields among the universal active
elements.
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