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The 7nm finfet's specifications were used to replicate the finfet transistors used in the suggested
design. The corresponding M.O.C.C.C.C.T.A. circuit topologies utilized in the simulations are
displayed in Fig. 3. / 7nm FinFET'in ézellikleri, onerilen tasarimda kullamlan FinFET
transistorlerini kopyalamak i¢in kullamildi. Simiilasyonlarda kullanilan ilgili M.O.C.C.C.C.T.A.
devre topolojileri Sekil 3'te gosterilmektedir.
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Figure A: A potential use of CCCCTA that was employed FinFET transistor. / Sekil A: FinFET
transistoriiniin kullanmildigi CCCCTA'nin potansiyel bir kullanimi.

Highlights (Onemli noktalar)

»  For single digit nanometric dimensions, the fin type Field Effect Transistor (FinFET)
transistor is a promising technology / Tek haneli nanometrik boyutlar icin, FinFET
transistorleri cok umut verici bir teknolojidir.

» FIinFETs are utilized to reduce power consumption and boost performance since the two
gate voltages may be regulated independently or dependently / FinFET'ler, iki kapt
gerilimi bagimsiz veya bagimli olarak kontrol edilebildigi i¢in giic tiiketimini azaltmak ve
performansi artirmak amaciyla kullanilir.

» The FInFET 7 nm PTM-MG model is used in LT-spice to simulate the suggested active
filter circuit. / Onerilen aktif filtre devresini simiile etmek icin LTspice'ta FinFET 7 nm
PTM-MG modeli kullanilmistir.

Aim (Amag): The purpose of this study is to investigate the design of multioutput current-controlled
current conveyor transconductance amplifiers (M.O.C.C.C.C.T.A.s) to perform all standard
operations such as low-pass (LP), high-pass (HP), band-stop (BS), band-pass (BP), and all-pass
(AP) filtering. / Bu ¢alismanin amaci, tiim standart islemleri (diisiik gegiren, yiiksek gegiren, bant
durduran, bant gegiren ve tiim gegiren) gerceklestirmek icin ¢ok ¢ikigh akim kontrollii akim
konveyér transkonduktans amplifikatérlerinin (M.O.C.C.C.C.T.A.) tasarimini arastirmaktir.

Originality (Ozgiinliik): In the study where the FinFET 7 nm PTM-MG model was used in LTspice
to simulate the active filter circuit with new technology, the findings are in good agreement with
the theoretical predictions. / Yeni bir teknolojiye sahip olan aktif filtre devresini simiile etmek i¢in
LTspice'ta FINFET 7 nm PTM-MG modeli kullanilan ¢alismada elde edilen bulgular teorik
tahminlerle iyi bir uyum i¢indedir.

Results (Bulgular): It is understood that the quality factor can be changed without adversely
affecting the change in pole frequency corresponding to different bias currents./ Farkii beyz
akimlarma karsilik gelen kutup frekansinin degisiminde kalite faktériiniin olumsuz etkilenmeden
degistirebilecegi anlasimaktadir.

Conclusion (Sonug): Due to its favorable characteristics, the proposed circuit stands out as a
strong candidate for development into a monolithic chip, suitable for integration into battery-
operated, portable electronic devices like components for wireless communication systems. /
Olumlu ozellikleri nedeniyle, onerilen devre monolitik bir ¢ipe gelistirme igin gii¢lii bir aday olarak
one ¢tkmaktadir ve kablosuz iletisim sistemleri gibi bataryali tasimabilir elektronik cihazlara
entegrasyon i¢in uygun bir halife olarak degerlendirilebilir.

*Corresponding author, e-mail: husdemirel06@gmail.com

DOI: 10.29109/gujsc.1487193


mailto:husdemirel06@gmail.com
https://orcid.org/0000-0003-2983-1425

GU J Sci, Part C, 12(2): 753-758 (2024)

e Gazi Universitesi Gazi University »
: Fen Bilimleri Dergisi Journal of Science ) T VT T 1) s
LLLLELL] ﬂf'f.:.'.;:""]lﬂ.ﬂ.
PART C: TASARIM VE PART C: DESIGN AND mennnn T LT nmmnn
TEKNOLOJi TECHNOLOGY —_ -

http://dergipark.gov.tr/gujsc
Current-mode Universal Filter using Fin type Field Effect Transistor

(FInFET) - Based Multioutput Current Controlled Current Conveyor
Transconductance Amplifiers

Hiiseyin DEMIRELY

YUnkara Yildirim Beyazit University, Business School, Management Information Systems, Ankara, Turkey

Article Info

Research article

Received: 20/05/2024
Revision: 25/05/2024
Accepted: 30/05/2024

Keywords

fin tip Alan Etkili
Transistor (FINFET)
M.O.C.C.C.C.T.A.
akim-modu

filtre.

Abstract

For single digit nanometric dimensions, the fin type Field Effect Transistor (FInFET) transistor
is a promising technology. FinFETs are utilized to reduce power consumption and boost
performance since the two gate voltages may be regulated independently or dependently. This
work investigates the design of multioutput current-controlled current conveyor transconductance
amplifiers, or M.0.C.C.C.C.T.Ass. to carry out all standard operations, such as LP, HP, BS, BP,
and AP. One of the circuit's features is its capacity to change the pole frequency electrically and
independently by applying the proper input bias currents based on the quality factor. There are
merely two grounded capacitors and two M.O.C.C.C.C.T.As in the simple circuit design. The
recommended design is perfect for further development into an integrated circuit because it only
contains grounded components and does not require any external resistors. The FinFET 7 nm
PTM-MG model is used in LT-spice to simulate the suggested active filter circuit. The obtained
findings are in good agreement with the theoretical prediction.

Fin tipi Alan Etkili Transistor (FinFET) Tabanh Cok Cikish Akim Kontrollii
Akim Konveyorii Transiletkenlik Amplifikatorlerini kullanan Akim Modlu

Evrensel Filtre
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Tek haneli nanometrik boyutlar i¢in, FinFET transistorleri ¢ok umut verici bir teknolojidir.
FinFET ler, iki kap1 gerilimi bagimsiz veya bagimli olarak kontrol edilebildigi igin gii¢ tiiketimini
azaltmak ve performansi artirmak amaciyla kullanilir. Bu ¢alisma, tiim standart iglemleri (diisiik
gegiren, yiiksek geciren, bant durduran, bant gegiren ve tiim gegiren) gergeklestirmek igin ¢ok
¢ikiglt akim kontrollii akim konveyor transkonduktans amplifikatérlerinin (M.O.C.C.C.C.T.A.)
tasarimini aragtirmaktadir. Devrenin temel 6zelliklerinden biri, kutup frekansini elektriksel olarak
ve kalite faktoriine gore bagimsiz olarak uygun giris akimlarini uygulayarak degistirebilme
kapasitesidir. Basit devre tasarimi yalnizca iki topraklanmis kapasitor ve iki M.O.C.C.C.C.T.A.
icermektedir. Onerilen tasarim, sadece topraklanmus bilesenler icerdiginden ve harici direng
gerektirmediginden, entegre devre olarak daha fazla gelistirme icin idealdir. Onerilen aktif filtre
devresini simiile etmek i¢in LTspice'ta FInFET 7 nm PTM-MG modeli kullanilmistir. Elde edilen
bulgular teorik tahminlerle iyi bir uyum i¢indedir.

1. INTRODUCTION (GIRiS)

Analogue filters are now crucial building elements
that are frequently used in real-time signal
processing. They are used in a variety of industries,
including control systems, electronics
measurement, and communication. Among the
most often used analogue filters is the universal
biquadratic filter, which performs many tasks at
once without changing the circuit design. These

days, voltage-mode universal filters are becoming
less common than current-mode ones. Over the past
20 years, a lot of work has gone towards, lowering
the supply voltage. This is because there is a need
for equipment that is battery-operated and portable.
When low-voltage operational circuits are required,
the current-mode approach serves as a suitable
substitute [1-6]. A circuit that employs the current-
mode approach can provide more benefits, such as
reduced power consumption, increased linearity,
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better bandwidth, bigger dynamic range, and
simpler circuitry. A reported active element with
five terminals, the current conveyor
transconductance amplifier, was presented in 2005.
It appears to be a flexible part that may be used to
realize a variety of circuits for processing analogue
signals, particularly systems that are current-mode
or voltage-mode. Furthermore, it is possible to
control the output current gain. Nevertheless, it's
crucial to emphasize that the current-controlled
transconductance amplifier (CCTA) remains
unaffected by parasitic resistances at the current
input port [7-15]. The updated version of the
C.C.T.A was recently introduced by Jaikla and
Siripruchyanun. It could be controlled by an input
bias current (IB). It has two current input ports with
adjustable parasitic resistances. The new name for
itis the C.C.C.C.T.A. AC.C.C.C.T.A. appears to be
a valuable foundational active block as it can serve
as a basis for the development of various circuits
and systems. According to literature assessments,
many suggested current-mode universal filters
need many active and passive components,
necessitating changes to the circuit architecture to
accomplish several goals. A lot of floating
capacitors are used in some of them, which is
inappropriate for use as a monolithic device.
Additionally, many circuits that are provided only
offer BP, HP, and LP transfer functions. This
paper's goal is to suggest a current-mode (C.M)
universal biquadratic active filter with a focus on
using Finfet transistors that are based on
M.O.C.C.C.C.T.A.s. The following are the
characteristics of the suggested circuit: supplying
all common transfer functions, including BP, BR,
LP, and HP. Because the circuit architecture is so
straightforward and only uses grounded capacitors

Ist I I
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FinFET
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a) Symbol

as passive parts, it may be manufactured as a
monolithic chip. Electronic modification of the
pole frequency and quality factor is achievable. The
LT-SPICE 7nm transistor simulations demonstrate
the characteristics of the suggested circuits and
demonstrate a strong conformance with the
theoretical presumptions [15-27].

2. MATERIALS AND METHODS (MATERYAL
VE METOD)

2.1.Active Filter (M.O.C.C.C.C.T.A.) (AktifFiltre)

A M.O.CCTA. with multiple outputs
(M.O.C.C.T.A)) is an analog active component
featuring six terminals. The symbols for the input
and output terminal names are X, y, z1, z2, 0, and 02.
The y terminal is the voltage input port with the
highest impedance. The current input port, usually
known as the x terminal, has a controlled parasitic
resistance (Rx). The parasitic resistance is tuned
electronically (Rx). These terminals are the high-
impedance equivalents of the current output port,
designated as z1, z2, o1, and 02. It is optimal for the
current to be equal at the z and x terminals. The
M.O.C.C.C.C.T.A''s equivalent circuit and symbol
are illustrated in Fig. 1. The matrix below can be

used to describe the qualities of the idea
M.O.C.C.C.C.T.A [28].
I 0 00 0 o0 Ik
V, Rx. 1 0 O 0 Vy
IzlYIZZ’IZC = 0 0 O O z1
Iy, 0 00 g, O [V,
I, 0 00 0 =g,|V,
(1

Li=L=k

b) Equivalent circuit

Figure 1. FinFET M.O.C.C.C.C.T.A.'s corresponding circuit and symbol (FinFET M.0.C.C.C.C.T.A. karsilik

gelen devre ve sembol)
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Where:
= IZC
gm2 'V22

— IBS

2V,

Vx= IXRx+Vy, |, = Ix
I01 = gml'Vzl’ I

2=
V. I

RX:_T’gml_Lz’gmz

21, "™ 2V,

)

The thermal voltage of 26 mV is called VT [29].
IB2 and 1B3 govern the transconductance gain of
the gm in a line, while IB1 controls the parameter

Rx, according to Eq. (2).
e

A universal filter with current mode proposed.
(Akim moduyla 6nerilen evrensel bir filtre)

Fig. 2 depicts the suggested current-mode universal
active filter., where IB1, IB2, and IB3 represent the
bias currents of M.O.C.C.C.C.T.A1l and
M.O.C.C.C.C.T.A.2, respectively [5]. A simple
study of the circuit in Fig. 2 using the characteristics
of M.O.C.C.C.C.T.A. in Sections 2.1 results in the
transfer functions listed below.

i

y —0

FinFET
MOCCCCTA

0

X

jo— >

_>'O
in < I

He

Zc
L

y 0 —>0,

FinFET
MOCCCCTA

1
[

I _ Ks® ©)
I, 2 +5 K + K9,
RXZCl szclcz
K
S
Iﬂ - szcl (4)
Iin SZ +3 K + Kgmz
RXZCl Rx2C1C2
Kg m2 S
le _ RCC, (5)
Iin K Kng

52 +s

R X2 Cl R x2C1C2

where K=0. 5gm1.Rx1 Moreover, by combining
the currents IBS==ILP+IHP and IAP==IBPS-IBR,
the BS and AP functions may be obtained,
respectively,

where,

(6)

()

The quality of factor (Qo) and pole of frequency
(wo), respectively, are given by the formulae.

wo= |\ Om_ ®)
RXZCICZ
/ClR 29me
- X m 9
Qo KC, €)

If Rxi==VT. (2. Ibi )-land gmi==IB/2.VT from
Equ. 8 and 9 can obtain.
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WO = 1 lgoles
V. \(8C.C,
(10)
4C
= S et 11
QO o CZ I B2 I B3 ( )

2.3. Sensitivities of the Finfet active filter (Finfet
aktif filtrenin hassasiyetleri)

The suggested circuit's sensitivities may be
determined using Egs. (10)— (11).

sensitivities are equal to or smaller than unity.
Simulation of the active filter and its outcomes are
presented.

An analysis of the suggested circuit's performance
was done using an LT-SPICE simulation [30-31].
The 7nm finfet's specifications were used to replicate
the finfet transistors used in the suggested design.
The corresponding M.O.C.C.C.C.T.A. circuit
topologies utilized in the simulations are displayed in
Fig. 3. The circuits were biased with voltages supply
(VEE) of 0.1V, C1=C2=1pF, IBI=170nA,
IB2=172nA, and IB3=175nA. This resulted in a pole
frequency of 406kHz, which is different from the
theoretical value of 532kHz (deviated by 5.31%)
obtained from Eq. (11). This variation is brought

Sio ., =05 S =-05 S§;°=-1 (12)  about by the parasitic elements of the active devices
that are utilised in the circuit. Figure 4 depicts the

S?;P,Bs =0.5, S?B"zy,mcz =-05 (13)  simulated gain frequency responses of the universal
' filter proposed in Figure 3. It vividly illustrates the

o=l s =-05 (14)  circuits  capability ~to  deliver  concurrent

functionality. transfer functionalities without altering

As a result, the circuit exhibits commendable  the circuit design, such as BP, HP, and LP.

sensitivity, where all passive and active
Vop © ‘ -
M5 M6 M7 M8 MO|  MID M22  [M23 [M24M2S|  M26
— L !I“ L | ﬁ
il B L B i
1
M M2 M20 M2
B mh T
Iy X Iz Izc1 Izc2
Yo FoOX Y0z $oZCl 72| 01 1_03002

®1

M27
Is ﬁNm Mh 1 Mr1|9_ |
gL
M2l M3 14M1|;l Mllgl Mi7]
Vsso

e
Figure 3. A potential use of CCCCTA that was employed FinFET transistor. (FinFET transistriiniin
kullanildigt CCCCTA'nin potansiyel bir kullanimzi)

The band-pass function's gain responses are
displayed in Fig. 5 when Ig is set to 50 nA, 100 nA,
and 400 nA, respectively. As indicated by Egs. (10)

and (11), This outcome shows that it is possible to
alter the pole frequency without sacrificing the
quality factor.

2 | | | |
@0 —to v—t—o ! i '
M
E /
3 .J/J.
T .n// SBp
/ vLP \V*-.._____v__..-
/ aBS
oAP:
'8010k 30k 100k 300k 1.0M 3.0M 10M 30M
Frequency (Hz2)
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Figure 4. Proposed active circuit responses gain.

0.
g7 ]
- (@l en=50n
-% e
(O = _{Vlga=
40 (8lag=400nA '
Fyz=100mA
6 |B3:50uA
ok 10k 30k 100k 300k 10M  30M  10M
Frequency (Hz)

Figure 5. Responses on band passes for varying lgq levels.

3. CONCLUSIONS (SONUCLAR)

The Finfet active filter M.O.C.C.C.C.T.A.s-based
current-mode universal biquadratic active filter has
been introduced. The following are the planned
circuit's benefits: The distinct circuit arrangement
can yield the whole set of conventional transfer
functions. A microcontroller may be used to readily
modify the quality factor, but it is also possible to
electronically tune the pole frequency using bias
currents. The circuit layout is appealing for IC
implementation since it just has two grounded
capacitors and two M.O.C.C.C.C.T.A. Due to its
favorable characteristics, the proposed circuit
stands out as a strong candidate for development
into a monolithic chip, suitable for integration into
battery-operated, portable electronic devices like
components for wireless communication systems.
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