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Current-mode biquad filter using CNTFET-based ZC-CITA
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A CNTFET-based z-copy current inverting trans-conductance amplifier (ZC-CITA) has been proposed. The proposed
model uses 28 CNTFET-based transistors, 3 current sources and it uses supply voltages of +2V with 32 nm technology
mode. This paper also introduces the validity of ZC-CITA showing its application as biquad filter which has not been
designed yet with an added advantage of power reduction. The result has been verified using HSPICE.
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1 Introduction

Current mode and voltage mode are the
active building blocks which are used in designing
of analog signal processing circuit in recent past
years due to their dynamic properties like large
dynamic range, low power consumption, less area,
high bandwidth'?. A number of active building block
is available in literature as current mode and voltage
mode circuits such as current conveyor, current
differencing buffered amplifier (CDBA), operational
transconductance amplifier (OTA), current inverting
transconductance  amplifier  (CITA)*®,  current
operational amplifier (COA) and have been brought in
as a response to these demands. In this paper, a new
CNTFET based current-mode circuit structures for
“‘Z-copy current inverting transconductance amplifier
(ZC-CITA)’’ has proposed that were recommended as
multipurpose current mode analog building blocks by
Biolek®. It has been observed that there is an
improvement in universal CDTA with the addition of
Z-copy current, i.e., current (/,). A traditional current
mirror and the third generation current conveyor
circuit are commonly used to achieve z-copy output
current’. The main aim of the paper is to enhance the
performance like transconductance, power dissipation
of CITA by sing CNTFET. The internal structure
of ZC-CITA is taken from the structure of® by
grounding the p-terminal. The generalised block
diagram of ZC-CITA is given in Fig. 1.
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The port relation of CITA is given by these
equations:

v, =0 (D
I, =-1, Q)
I, =%g,v, . (3)

2 Proposed CNTFET Based ZC-CITA

The CNTFET based ZC-CITA is shown in Fig. 2 in
which we use 28 CNTFET MOSFETs (M1-M18,
M19- M28 are identical Table 1). The output current
(1) of the proposed ZC-CITA can be calculated as:

Iy =816 g16 ~ Ema1Ve21 - (4)
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Fig. 1 — Generalised block diagram of ZC-CITA.

Table 1 — CNTFET based transistor dimensions.

Transistor Diameter Inter-pitch Number of Channel
(nm) (nm) tubes length
MI-M18 1.5 20 6 32
M19-M24 1.5 20 5 32
M25-M28 1.5 20 6 32
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Fig. 2 — Proposed circuit of CNTFET based ZC-CITA.
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Fig. 3 — Transconductance (g,,) of CNTFET based ZC-CITA.

The power supply voltage is taken as Vg = - V=2V
and the bias current /,; and /,, which is equal to 85 pA,
Hence for finding the different values of
transconductance we can vary the /3 from 10 pA to 1
mA, where we have take the value of /,; = 200 pA and
we get inverted current shown in block diagram of
ZC-CITA. Where transconductance (g) at /,; =200 pA
is 226.1 pA/V is shown in Fig. 3. This transconductance
can be varies with the change in value of /,; and the
power dissipation is 441.5 pW and the DC current and
input-output transfer characteristics are shown in Fig. 4
and Fig. 5, respectively.

The CNTFET based z-copy use MOSFET which
are having identical channel size and 32 nm
technology node considered oxide thickness is 4 nm
and supply voltage of £2 V. The HFO, is taken as
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Fig. 4 — Input-output characteristic.
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Fig. 5 — DC transfer characteristics of /;, and 7,.
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gate oxide which has dielectric constant of 16,
whereas the mean free path is 200 nm and doping of
12.5 nm”". The channel length ratio will depend on
count of carbon nanotube used in p and n type
MOSFET. The parameter of general CNTFET is
shown in Table 2'*. The port resistance (input and
output resistance) with respect to pitch and number of
tubes are shown in Fig. 6 and Fig.7, respectively.
CNTFET layout diagram is shown in Fig. 8. In
CNTFET, single wall carbon nanotube (SWCNT) was

Table 2 — CNTFET parameter.

CNTFET parameters Considered values
Work function (CNT) 4.5¢eV
Mean Free path: Intrinsic CNT 200 nm
Gate oxide HFO,
Dielectric constant 16
Power supply +2V
Mean free path: Doped CNT 12.5 nm
Physical channel length (L.,) 32 nm
Oxide thickness (7o) 4 nm
Pitch 20 nm
Chirality of tube (m,n) 19,0
100.0p —_
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Fig. 6 — Port resistance with respect to inter pitch CNT.
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Fig. 7 — Port resistance with respect to number of tubes.

used in parallel combination which results in merging
of channel. However source and drain terminals are
heavily doped whereas channel is kept undoped'*"”.

In CNTFET-based ZC-CITA the finest parameters
related to structure are estimated as:

Count of tubes (N): Individual Nanotube based
transistor will not be able to cope up with the
performance as compared with CMOS so that to
increase the performance of the circuit, count of CNT
has to increase and used in the form of array which is
calculated as:

W=(N-1)¥S+D,, .5

Inter-CNT Pitch (S): The distance between the two
adjacent Nanotube forming centre is called inter CNT
pitch, denoted by S.

avy,

——Z ... (6)
v 39D

Diameter of CNT (D.y): Diameter of the CNT is
directly related to threshold voltage and the parameter
of Chirality of tube (m,n) which is calculated as'**":

Vin =

2 2
A\ (n” +m” +mn)
D = \/ - ... (7

3 Proposed CNTFET ZC-CITA Based CM Biquad
Filter

The proposed design of biquad filter circuit
consists of two capacitor and a ZC-CITA block which
has three outputs I o1, lo2, los, shown in Fig. 9.

From Iy, Ly, Iz, Ioa we can get the transfer
functions corresponding to which we get the desired
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Fig. 8 — General CNTFET layout diagram.
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Fig. 9 — Block diagram of proposed biquad filter.
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response of low pass, high pass, band pass and band
reject filter. After routine circuit analysis technique
we find the transfer functions as:

2
T3 _ s7CG1Cy ®
Iin S2C1C2 +SC1C2 +2182
Ty _ 2182 ©)
Iin S2C1C2 +sC1Cyr + 2122
ILIZ sC2g; 10)
Iin S2C1C2 +SC1C2 +g218>
2
loa _ 57CC +g18) (11

Iin S2C1C2 +SC1C2 +g1£>2

The filter natural frequency (w,) and the quality
factor (Q,, ) is calculated as:

o - 8122
i fere)

... (12)
a)OCl
= ... (13
0, C\C, (13)
4 Results

The proposed biquad is simulated using HSPICE
with component value at C,=3 nF and C,=6 nF.
The frequency response of proposed biquad is
shown in Fig. 10. This CNTFET based ZC-CITA
Circuit uses less power consumption and biquad use
less number of components, i.e., only two capacitors.
From a single circuit we can derive low pass, high
pass, band pass and band reject filters as shown in
Fig. 10.

1.2

it

Band Pass
0.8 - High Pass
Low Pass

Band Reject

Gain

0.4+

0.0—-'/

T
100 1k 10k 100k 1M 10M 100M
Frequency

—

Fig. 10 — Frequency response of a proposed biquad filter.

5 Conclusions

This paper presents ZC-CITA based on CNTFET
and its application as biquad filter which has not been
designed yet and utilizes fewer number of
components i.e. only two capacitors having higher
transconductance and low power consumption. This
paper present ZC-CITA based on CNTFET which
gives better performance as compare to CMOS
structure. The result has been verified using
HSPICE at 32 nm technology node Input-output
characteristics, transconductance, DC transfer
characteristics and input-output resistance has also
been successfully verified. The improvement in the
circuit is also verified with biquad filter of 10 k as
cut-off frequency.

Acknowledgement

This research is supported by the "Young Faculty
Research Fellowship and Research/Contingency
Grant" to Jamia Millia Islamia, under "Visvesvaraya
Ph. D. Scheme for Electronics and IT" in 2016-17 and
this work was performed at the Advanced Analog
Signal Processing Laboratory of the Department of
Electronics and Communication Engineering, F/O
Engineering and Technology, Jamia Millia Islamia,
New Delhi 110 025, India.

References
1 Kacar F & Basak E, J Circuits Syst Comput, 23 (2014)
1450101.

2 Pandey N & Pandey R, Act Passiv Electron Compon, 2013
(2013) 1.

3 Prasad D, Bhaskar D R & Singh A K, Int J Electron
Commun (AEU), 63 (2009) 497.



94

10

11

INDIAN J PURE & APPL PHYS, VOL. 57, FEBRUARY 2019

Silapan P & Siripruchyanun M, Anal Integr Circuits Signal
Process, 68 (2011) 111.

Tangsrirat W, Pukkalanun T, Mongkolwai P &
Surakampontorn W, Int J Electron Commun, 65 (2011) 198.
Biolek D, Senani R, Biolkova V & Kolka Z,
Radioengineering, 17 (2008) 15.

Kacar F & Kuntman H, Turk J Elec Eng Comp Sci, 19 (2011) 631.
Keskin A U, Biolek D, Hancioglu E & Biolkova V, Int J
Electron Commun, 60 (2006) 443.

Patil N, Deng J, Mitra S & Wong H S P, IEEE Trans
Nanotechnol, 8 (1) (2009) 37.

Cui Y, Zhong Z, Wang D, Wang W U & Lieber C M, Nano
Lett, 3 (2003) 149.

Deng J & Wong H S, IEEE Trans Electron Dev, 54 (2007) 3186.

12
13
14
15
16
17
18
19

20

Deng J & Wong H S, IEEE Trans Electron Dev, 54 (2007)
3195.

Javey A, Guo J, Farmer B, Wang Q, Yenilmez E, Gordon G,
Lundstrom M & Dai H, Nano Lett, 4 (2004) 1319.

lijima S, Nature, 354 (1991) 56.

Ali K, IEEE Trans Electron Dev, 53 (2006) 2718.
Appenzeller J, Proc IEEE, 96 (2008) 201.

Koungmin R, Badmaev A, Zhou C, Wong H P & Mitra S,
IEEE Trans Nanotechnol, 8 (2009) 498.

Deng J, Patil N, Ryu K, Badmaev A, Zhou C, Mitra S &
Wong H S P, Int Solid State Circuit Conf, (2007) 70.

Imran A, Hasan M, Islam A & Ahamad S, [EEE Trans
Nanotechnol, 11 (2012) 1100.

Jitendra M & Maheshwari S, Sci World J, (2013) 859784.



