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Research Title: Floating Immittance Function Simulator Using VDTAs

Researcher: Assoc. Prof. Dr. Worapong Tangsrirat
Faculty: Engineering Department: Instrumentation and Control Engineering
ABSTRACT

This research project presents simple circuit configurations for simulating the floating
immittance functions using VDTAs (Voltage Differencing Transconductance Amplifiers) as
active elements together with grounded capacitors as passive elements. The proposed
floating simulator circuits can realize floating inductor, capacitor and FDNR without needing
matching component conditions. The equivalent value of the realized simulator can be
tuned electronically through the transconductance parameter of the VDTA. The proposed

circuit together with its applications is demonstrated using PSPICE simulation with 0.35 [im
TSMC CMOS process parameters.

Keywords : Floating immittance function ~ VDTA (Voltage Differencing Transconductance Amplifier)
floating inductance simulator  floating capacitance simulator ~ FONR (Frequency-Dependent Negative

Resistance)
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1.1 fmm{']umuaummﬁﬂﬁwﬂmﬂwm

W§49In712995 COTA (Current Differencing Transconductance Amplifier) ‘ENLUua‘Llﬂﬁiu
woniinlvuansvualdgnAndunasinauetuiiesnt aa. 2003 [1] m’lﬁlmsummuauama
memEJu,a::ﬂﬂmmaammmwiusvmawaammmuau“aan (analog signal  Processing
circuit) ANWaLA1ee amqmamaamaum{]ﬁmuu M9y mulmmwammwiumumummﬂmwuw
mmnUUs%mummm’stﬂummumn [1]-[10] LLmLumanLmﬂﬂwumu'lumsaammmws CDTA
uummuwmwamwaﬁﬂ'sum'saammuu,avaamswvmqﬁmumawaammﬂﬁuuauyaaniwm
nszuadudidty Aniunsiienees COTA TuimussnuuuIa9sueusanivunus iy Sensevi
denuaziidediin anmguadenaavillif D. Biolek warane TdiiausuuIRnve11995 VOTA
(voltage differencing transconductance amplifier) u [11] Inansunulsasuanienseualy
29935 COTA Winaneifuisasnasaussiu Famuneninuinngas VOTA tulsenaudnsnasnigly
didtyaosd fe 1asnarmausaiimihiduiesniadune wazisesverrmuivihmig
Wwasaaeing  91nvdnnisianainvinlifens VDTA naroilugunsniueadiniiauise
MBUAUBIUUINIINITOBNUUVISITUO TN IMuaL SR U ATead19199sneTiadn (compact
structure) UsiAannslddaniumuniadvainatsusnlunisdainsieiiees (resistorless
realization) Ltaxmmsnﬂ%’uﬁW’Lﬁ’éf'aa%‘ﬁ'mimaﬁuﬁﬂmaﬂnﬁﬁﬂﬁ?EJ (electronically tunable) 1u
ndusmian 2995 VOTA Faduduiivensunay Teahluuszandldluniseenuuunazdunsies
’Jamsﬁdﬂwml,auzaaniﬁmLLiqmumﬂwuLUummu [11]{13]

ﬁ’qﬁgu‘[ﬂsamﬁ{faﬁ’ﬁqﬁumﬁﬂlunﬁaanLru’uu,asﬁ’wmamﬁLﬁauunuﬁeﬁ%’uﬁuﬁmme&uuu
aveslagld VOTA ugunsaiueniivivdnsesudiumifiuussguuuiisunsng Taglisuiudes
Widunmumadnanaeuenlumsduassins  Tassjuiunsesnuuuisesdouwuui
wiloniwuuased (Roating inductance  simulator) 299 ABULUUMIAVY ST UUUADERN
(floating capacitance simulator) ua# FONR (Frequency-Dependent Negative Resistance)
Tnoiflgpusvasdndnielildnsesiiilasadasoudine (simple) wereumanidsansldmmuniu
Wiagnannisuen (resistor-less) ‘Nﬂ'ﬂﬁﬂ’ﬁadLﬂi’lu‘WJdi]ﬂ?)f\]’lwmaﬂﬂifuuﬂﬂﬂwua LWATN
FUIUUBY (canonical form) anma'm1stsumﬂzua:uum’Lun'1sv:ﬁmumamwﬂﬂmmﬁmima
didnvseiindlasnisaruusnsmensaianni (s,) 1892995 VOTA
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meuen Snvaldvhmstutiudenanissiasinisinusensasiagldlusunsy PSPICE aneld
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Nl 5 YauaNIT0BNKULINRSEULUY FONR LUUABER (floating FDNR simulator)
lagl12995 VDTA drunuawsia sesaududifvdssqiteunsndaunuasi Tnglisudusodld
UnAndfumumadianneuen Sniedninasuuuimianini FONR  Aiduasieiiuly
Uszgnalderulunseenuuuisasnsesdygiudnme$i3s§suiud (fourth-order  Butterworth
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2935 VDTA (Voltage Differencing Transconductance Ampilifier) Qﬂwwu’mauu%auaﬂu
Wuafwsnlae D. Biolek wavanlud A.a. 2008 [1] mnuulﬂunanmmamanaﬂﬂunws VDTA
maanu,wLLauﬂstnm'lﬂam‘lu'iﬂu.uumqf]mﬂwmumm'u [23-(5]  wuIARTB92935 VDTA
WGMU’I‘UULWB‘J’EN‘?UH'HE]B?’]LL‘U‘ULLa&’E‘I\?Lﬂ‘i']uW]\‘ﬁ]iLLE)USﬁﬂﬂI‘mJﬂLL‘Nﬂ‘u Fanseihldigaernminld
195 CDTA (current differencing transconductance amplifier) [6] Tﬂ'idﬁ'iN’N%mEﬂwad
2993 VDTA hlsznause N'«Jimac-mLmmumwmmﬂumsmﬂauwm WAZNIIVYIBAIAULN
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NMSAIVANBRIIVEBAIAIIN (g,,) VDI9RT
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Tngld2995 VOTA Wugunsalueniivndn daufuluunidssvenaniessandonlasiairsuas
wanMYuea2993 VDTA Aldinaluladnsdamesuuuneadulseduman

2.2 WANNIYINIUALFILYEI995 VDTA

293 VDTA tuiliugunsalueaiidnguuvunils dalagiuldsuauauladunesnuuuuas
aamﬂumﬂmmmauuaaﬂﬁmwmqf] Ny dgydnuain1alni1ue1993 VOTA uanslacsgy
#1 2.1 loediruduiusseninussiunasnssuavenesdouedungldwad
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WD gre WAY gpns AD BAT1VEIEANANMNEAINLINLAZEIUNEUBII99T VDTA Addiu dunis
v o 1 v a 1 i ) a = ) cinya
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Al ANUNTINKAZAINE VBB NS (channel width and length) Augdy

2.3 walulagnlglun1591a09n15M19IUTD97995
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aw O oo o ° ° = FY)
Tasansivetilmaenleluswnsy PSPICE ¥n1391809n15%119749847995 VDTA Tugun 2.2 mels
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.MODEL CMOSN_TSMC35 NMOS LEVEL=3

+TOX=7.9E-9 NSUB=1E17 GAMMA=0.5827871

+PHI=0.7 VTO=0.5445549 DELTA=0 UO=436.256147 ETA=0
+THETA=0.1749684 KN=2.055786E-4 VMAX=8.309444E4
+KAPPA=0.2574081 RSH=0.0559398 NFS=1E12 TPG=1 XJ=3E-7
+LD=3.162278E-11 WD=7.046724E-8 CGDO=2.82E-10 CGSO=2.82E-10
+CGBO=1E-10 CJ=1E-3 PB=0.9758533 MJ=0.3448504
+CJSW=3.777852E-10 MJSW:O.3508721

MODEL CMOSP PMOS LEVEL=3

+TOX=7.9E-9 NSUB=1E17 GAMMA=0.4083894

+PHI=0.7 VTO=-0.7140674 DELTA=0 U0=212.2319801 ETA=9.999762e-4
+THETA=0.2020774 KP=6.733755E-5 VMAX=1.181551E5 KAPPA=1.5
+RSH=30.0712458 NFS=1E12 TPG=-1 XJ=2E-7 LD=5.000001E-13
+WD=1.249872E-7 CGDO=3.09E-10 CGSO=3.09E-10 CGBO=1E-10
+CJ=1.419508E-3 PB=0.8152753 MJ=0.5 CJSW=4.813504E-10 MJSW=0.5
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VDTA-Based Floating FDNR
Simulator Topology

Worapong Tangsrirat™*

and

Pratya Mongkolwai

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,
Thailand, Email: ktworapo@kmitl.ac.th, m.pratyaemail.com

ABSTRACT

An electronically tunable floating frequency-
dependent negative resistance (FDNR) simulator
circuit is presented in this paper. The circuit is
composed of only three voltage differencing
transconductance amplifiers (VDTAs) and two
grounded capacitors without any external resistors,
The presented FDNR simulator can be tuned
electronically by changing the transconductance value
of the VDTA. As application examples, the fourth-
order Butterworth bandpass and lowpass filters are
simulated using the proposed tunable floating FDNR
simulator.  Finally, the simulation results using
CMOS 0.35 pm TSMC process parameters are
included to verify the theoretical analysis.

Keywords: Voltage Differencing Transconductance
Amplifier (VDTA); Frequency-Dependent Negative
Resistance (FDNR), Floating Simulator

1. INTRODUCTION

Frequency-Dependent Negative Resistances
(FDNRs) are very useful elements for the design and
synthesis active filter. Also, FDNR can be used in
applications of using floating inductance [1]. Several
FDNR implementations using various active devices
were proposed in literature [2]-[9]. However, the
works in [2]-[8] require at least three passive
components and most of them are floating. In [9], at
least four active components were realized. Recently,
the newly versatile active building block, namely
voltage  differencing  transconductance  amplifier
(VDTA), has been introduced [10]. This element is
composed of the current source controlled by the
difference of two input voltages and a multiple-output
transconductance amplifier, providing electronic
tuning ability through its transconductance gains.
This means that the VDTA device is very suitable for
electronically —tunable active circuit synthesis.
Another advantageous feature of the use of the
VDTA as an active element is that compact

structures in some applications can be achieved easily
[11].

* Corresponding author

Manuscript received: 30 September 2012: Selected Paper
Revised: 15 March 2013

KMITL-STJ; Special Section; Part C: CIT

In this paper, the proposed approach of the
floating FDNR simulator topology is studied. The
realized FDNR consists of three VDTAs and two
grounded capacitors; accordingly, it is suitable for
integrated circuit (IC) implementation point of view.
The value of the simulated FDNR is electronically
tunable by adjusting the bias current of the VDTA.
The performance of the proposed tunable FDNR is
demonstrated on example of fourth-order Butterworth
filter design. Computer simulations are given to
confirm the theory and to show the performance of
the circuits.

2. Basic CoNCEPT OF THE VDTA

As symbolically shown in Fig.1, the VDTA device
is an active five-terminal building block, when p and
n are input terminals, and z, +x and -x are output
terminals. The terminal relations of this device can
be expressed by the following matrix equation [10]-
[11] :

{f:} |rng — &mF 0 MH“V,J}

| e+ |=| O 0 EmS || Vn | (1)

-l Lo 0 —gms [v.]
where ¢, and g,¢ are the first and second

transconductance gains of the VDTA, respectively.
From eq.(1), the differential input voltage from p and
n terminals (vv,) is transformed into the current
through the terminal z (4,) by the transconductance
gmp- The voltage drop at the terminal z (v,) is then
converted to output currents at the terminals +x (i,,)
and -x (4,) by the transconductance g, In general,
the transconductance gains of the VDTA can be

controlled electronically by the external bias
voltage/current.
ip i,
Vpo—1 p X+ [—oV,,
; VDTA ;
v n X-
no—— N z X- ——o0 V.
I
vz
Figure 1. Circuit symbol of the VDTA.
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Recently, the simple CMOS realization of the
VDTA is introduced in [11]. Fig.2 shows the internal
structure of the circuit, which is composed of two
Arbel-Goldminz transconductances [12]. In this case,
the g, and g,svalues of this element are determined
by the output transistor transconductance, which can
respectively be approximated as :

- 5( 8182 ]J{ 8384 ] (2)
81+ &2 83+ 84
and Ems E[ £586 J+[ 8783 J (3)
gs + &¢ g7t &g
where

[ W,
8i = [ nC oy L_,,

Here g, is the transconductance value of the i-th
transistor (i = 1, 2, ..., 8), Iy is the bias current of
the 4-th transistor, x4 is the effective carrier mobility,
C,; is the gate-oxide capacitance per unit area, and W

and L are the effective channel width and length of
the ¢-th MOS transistor, respectively.

3. PROPOSED FLOATING FDNR CIRCUIT

Fig.3 shows the proposed floating FDNR simulator
circuit. This realization employs three VDTAs and
two grounded that is attractive from the fabrication

point of view. It can be derived that the admittance
matrix for the configuration of Fig.3 is given by :

(1] s’CiCogp [+1 -1TT11] 4)
[]2 Emr28m3 ] +1_”_Vz

where g = gungmsi and  g,5 = gmmgms Thus, the
circuit of Fig.3 realizes a floating FDNR with an

equivalent floating admittance given by :

2
5 GiC
Yoy = szDeq LN (5)
Emr 28m3
where o _ CiCr8mi
eq -
EmF 28m3

From eq.(5), it is easy to see that the value of the
FDNR can be tuned by electronic means through
either g,r or g.s of the VDTA. In addition, if we let
Vi =0or V, = 0, then the tunable grounded FDNR
can easily be realized.

M, I Mys
Figure 2. CMOS implementation of the VDTA.
Vi o p X- X- —* n X-
VDTA VDTA VDTA
¥/
, @® © ®

5 © n X+ in + x+ ——_L
z —‘ i L

Figure 3.

Ci T CZ

Proposed floating FDNR simulator using VDTAs.
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4. PERFORMANCE VERIFICATION BY COMPUTER
SIMULATION

In order to evaluate the behavior of the proposed
circuit in Fig3, it is simulated using PSPICE
simulation. In simulations, the VDTA was performed
by the schematic CMOS implementation given in
Fig.2 with supply voltages +V = -V= 1.8 V. The
CMOS transistors in VDTA implementation were
simulated the 0.35 pm TSMC process parameters.
The dimensions of MOS transistors are given in Table
L

TABLE L. DIMENSIONS OF MOS TRANSISTORS IN FIG.2.
Transistors W (pm) L (pm)
M, —M,, Ms—M; 16.1 0.7
M; =My, M; - M 28 0.7
My =My, My =My 56 0.7
M3, Mg 7 0.7
Magnitude  Phase
(ohm) (degree)
100M7 100 T T I
A Simulated FONR
M oy SN wessssn [deal FDNR
\\\
~ |
T
1k L \\""-. //
200 T
%"“* .J 1A
J N TR
| 100 Nid i ]
10k 100k IM 10M
. Frequency (Hz)
(a)
lmM i ] { 1 |
[ A : i |
/Jl\ \ 41 D, (Fis)
akand BAVRS -—= 100
M 0 \_ — 0.66
) ST —--— 0.50
g B “:‘QQ
% TSR
= B \_‘:ﬁt,‘w.‘_.\.
i |
10k 100k M
Frequency (Hz)
(b)
Figure 4. Frequency responses of impedance of the proposed

tunable floating FDNR simulator circuit in Fig.3. (a) magnitude
and phase characteristics (b) electronic tuning of the D, -value,

As an example, the component values were chosen
as : Gy = G =11F, gup = gust = Gurz = G = 0.60
mA/V (Ipn = Ips = Ip;y = Ipp = 100 gA), and g,
results in D, = 1 fFs. Fig.4(a) shows the frequency
response of the impedance of the proposed floating
FDNR simulator circuit in Fig.3 relative to frequency.
It can be observed that the circuit operates pretty
well between 20 kHz and 2 MHz. To further
demonstrate the electronic tunability of the proposed
FDNR, the simulator was also simulated by varying
ks (= gmss) = 0.77 mA/V, 0.93 mA/V and 1 mA/V,
to obtain D, = 1.00 fFs, 0.66 fFs, and 0.50 fFs,
respectively.  The frequency characteristics of the
inductance simulator for various g, values are shown
in Fig4(b). As depicted in Fig4, the simulation
results are in close agreement with the prediction, and
confirm that the value of D, can be adjusted
electronically by the transconductance gain of the
VDTA.

R L Cq
AW T 1€
+
6% g [ "
(a)
€ R D

—0—
T
.

(b)

Figure 5. Fourth-order Butterworth bandpass filter.
(a) RLC passive prototype  (b) equivalent CDR circuit with
FDNRs.

5. APPLICATION EXAMPLES

In this section, the proposed floating FDNR
simulator in Fig.3 is used in the RLC* fourth-order
Butterworth bandpass filter prototype shown in
Fig.5(a), where R, = Ry = 1 Q, L, = 0.225 uH, C; =
1.225 pF, Ly = 11.25 pH, Cy = 22.5 nF [13]. This
filter is designed to obtain fourth-order Butterworth
characteristic whose bandwidth and center frequency
are BW = 32 kHz and f, = 316 kHz respectively. By
applying Bruton transformation [14] and using
magnitude scaling constant (k, = 10°) and variable
impedance scaling method, i.e. dividing the impedance
of each element in the Fig5(a) by &, the RLC
passive filter is converted into CRD filter as shown in
Fig.5(b) where all FDNRs are realized using the
proposed circuit in Fig.3. In Fig.5(b), the resulting
circuit components are obtained as : C'; = 1 nF, R/,
=225 Q, Dy = 11.25 fFs, R, = 1125 kQ, D/, =
11.25 aFs, and C; = 1 nF. According to these
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component values, the voltage transfer function of the
bandpass filter in Fig.5(b) is given by :

(4.043 x10'0)s?

H(s)=
st (2843 x10%)57 + (7925 x 10" )s? + (1121 x 10" )5+ (1.554 x10%)

(6)

The magnitude and phase characteristics of the
filters are shown in Figs.6(a) and 6(b), respectively.
From the figures, it appears that the theoretical and
simulated results are in good agreement.

o

4 i § 11T O S 2 I I
\ CDR Circuit
\ ------- RLC Circuit
.25
/TN
s 50 / \;‘:\
e 4 N )
8 A \ A
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5 \“ ]
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ok 100k M 10M
Frequency (Hz)
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204 [ TI11 T 28 |
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\ == RLC Circuit /
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-200d -
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Figure 6. Simulated frequency characteristic of the filter in

Fig.5. (a) gain response

(b) phase response.

R L, Ly
+
Vsl G ’1‘ Cy ’[ R,
(a)
CS R|1 Rls
AW
* . 1
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Figure 7. Fourth-order Butterworth lowpass filter.

(a) RLC passive prototype  (b) equivalent CDR circuit with FDNRs.
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To illustrate another application of the proposed
FDNR simulator, a fourth-order Butterworth lowpass
filter shown in Fig.7(a) was designed and simulated.
In Fig.7(a), the normalized component values are Ry
=R, =1Q,L =07654 H, C,=1848 F, L; = 1.848
H and C; = 0.7654 [ [15]. By applying Bruton
transformation [14] and selecting &, = 1.59 x 10* and
frequency scaling constant k; = 628.32 x 10%, the
prototype RLC passive filter in Fig.7(a) can be
transformed to the CRD filter as shown in Fig.7(b)
where the elements IY, and D'y were constructed
using the proposed simulator circuit in Fig.3. As a
result, the de-normalized component values of
Fig.7(b) were obtained as : Cy = C, = 1 oI, R, =
1.22 kQ, IV, = 2.94 fFs, Ry = 2.94 kQ and D'y = 1.22
fFs. The simulated gain and phase characteristics of
the fourth-order Butterworth lowpass filters in Fig.7
are displayed in Figs.8(a) and 8(b), respectively.
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Figure 8. Simulated frequency characteristics of the filters
in Fig.7.  (a) gain response  (b) phase response.

6. CONCLUSION

This paper describes an electronically tunable
floating FDNR simulator circuit based on the use of
the voltage differencing transconductance amplifier
(VDTA) and only two grounded capacitor. The
important gain of floating FDNR simulator is that its
value can be adjusted electronically by changing bias
currents of the VDTAs. To demonstrate the
performance of the proposed circuit, it is used to
construct fourth-order Butterworth bandpass and
lowpass filters. PSPICE simulation results verify that
the performances of the proposed circuit and its
applications are in good agreement with the
prediction of the analysis performed.
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In this paper, a simple circuit configuration for simulating the floating inductor, capacitor and resistor using differential
voltage current conveyor transconductance amplifier (DVCCTA) as an active element has been presented. The proposed
floating simulator circuit uses only one DVCCTA and two grounded passive elements, and can realize floating inductor,
capacitor or resistor depending on the passive element selection. The equivalent value of the realized simulator can be tuned
electronically through the transconductance parameter of the DVCCTA. The circuit also does not require any realization
conditions. The proposed circuit together with its applications is demonstrated using PSPICE simulation with 0.5 pm

MIETEC CMOS technology.

Keywords: Differential voltage current conveyor transconductance amplifier (DVCCTA), Floating simulator,

Inductance simulation, Capacitance multiplier

Floating simulator circuits are very useful active
building blocks in many applications such as filter
design, oscillator design and cancellation of parasitic
elements. This is due to the well-known fact that the
use of the physical inductor and capacitor, particularly
of large values, is either not permitted or is unwanted
in the integrated circuit technology. Accordingly,
many circuits for the simulation of floating inductors
and capacitors using various active elements have
been introduced in the literature'®. A survey of the
literature  shows that the floating simulator
realizations  still suffer from the following
weaknesses: (i) they require more than one active
component' ®¥13132022 " (i) they require at least three
passive components'>*7 3Gy they use
some floating passive components'>*’*™ 1822 apq
(iv) they cannot be tuned electronically’ 1314192
For example, the circuit' proposed the floating
inductance simulator by using four second-generation
current conveyors (CCIIs) and three passive
components, where two of them are floating.
The circuits given in ref.** require two dual-output
CCIlIs (DO-CCIls), one capacitor and two resistors.
The input impedance of these circuits depends on the
passive components. In ref.’, four current-controlled
current conveyors (CCCIIs) are used. The equivalent
inductance value can be adjusted by changing the bias

*E-mail : drworapong@yahoo.com

current of the CCCII. The circuits described in
ref.”®1*? employ a single active element and three
passive elements. However, they still require one or
more floating passive elements and thus, are not
attractive for integration. The circuits of ref.” need
different active component types and require resistive
element matching constrains for each circuit
realization. The simulators described in ref.'®!!
use two different types of active components; one
dual-output CCCII (DO-CCCII) and one operational
transconductance amplifier (OTA). Further, the other
floating simulator circuits in the literature employ
more than ome active component®>'*"" or an
excessive passive components™'>'*%%,

In this study, a simple realization of floating
simulator using only one DVCCTA and two
grounded passive components has been considered.
The proposed floating simulator can be tuned
electronically through the transconductance parameter
of the DVCCTA. Since the circuit consists of only
grounded passive components, it is suitable for
integrated circuit implementation. Some applications
together with simulation results are also given
validating the performance of the proposed circuit idea.

Circuit Description

The circuit symbol and equivalent circuit of the
DVCCTA are shown in Fig. 1. The differential input
voltage applied across Y, and Y, terminals (vy—vy2)
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is conveyed to voltage across the X terminal.
The current applied to the X terminal is conveyed to
the Z terminal. The voltage drop at the Z terminal (v,)
is transformed into output currents at the O+ and
O- terminals with the transconductance gain (g,) of
the DVCCTA. Using standard notation, the terminal
relations of an ideal DVCCTA shown in Fig. 1 can be
characterized by the following matrix equation :

ipr] [0 0 0 0 0 0]v,
iyp| |0 0 0 0 0 Ofvyy
v |_[1 -1 0 0 0 0fix )
iz| |0 01 0 0 0fv
ior| 10 0 0 g, 0 Ofvos
lip-] [0 0 0 —g, 0 0]vo_|

The proposed floating simulator circuit consisting
of one DVCCTA and two grounded passive

components is shown in Fig. 2. Straight
forward analysis shows that the proposed
floating inductor in Fig. 2 has the following
input impedance:
i
iy gy
Vit ot Y, O+ B coum Vor
5 DVCCTA >
'y o
Y el % z %
J}t"x lez
“ %
(a)
T t Yo
£ = * v
n ' Ot
Lt e 8a¥z1
* ] 1
i S } e ;
i ! 1 < > 0 Sl 4
1}2:‘0 ! | ;
Vs — | X
uﬂ“'—“"“:““-*o o —
' “'—< >—‘—“—°; V%
¢ —_ i
! T ()
b aailoe il i i
(b)

Fig. 1-The DVCCTA (a) circuit symbol and (b) equivalent circuit

Z

= (2
gmz2

in

It is clearly seen from above expression that the
circuit of Fig. 2 can simulate a floating inductor,
capacitor and resistor depending on the selection of
passive component as in the following choices:

(i) If Z, = R, and Z, = 1/sC; are chosen, then a

lossless  floating inductance simulator can be

obtained as :

Zy =2y, 3
Em

where the realized equivalent inductance value is
found to be L., = R1Ca/gn.
(i) If Z, = 1/sC, and Z, = R, are chosen, then a

lossless floating capacitance simulator can be
obtained as :
1 1
Zypy=—————= .. (4)
SRCi18m  5Ceq

where the realized equivalent capacitance value is
equal to Cy = R,Cigp.

(iii) If Z, = R, and Z, = R, are selected, a floating
resistance simulator can be realized as :

Zip= i s
g mRZ
From Eqgs (3)-(5), it is obvious that the values of the
Leg, Ceq and R.q can be adjusted electronically by
changing the value of g, of the DVCCTA. Moreover,
by setting V, = 0, a grounded impedance simulator
circuit can also be realized from the proposed circuit
in Fig. 2.

=Ry, v 0

Fig. 2-Proposed floating simulator circuit
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Non-Ideal Discussion
Effect of non-ideal gains

In practical DVCCTA device, there are non-
idealities represented in voltage and current tracking
errors between the Y and X terminals and the X and Z
terminals, respectively. Considering these tracking
errors, the actual characteristics of the DVCCTA can
be represented by the following matrix equation:

iy ][O 0 0 0 0 Of vy
iy O 0 0 0 0 Ofvyy
vx |_|B -8 0 0 0 0]iyg 6
iz| {0 0 a 0 0 0fvg
ios] |0 0 0 gn 0 0fvos
lio_| |0 0 0 -g, 0 0fvy_|

where £ and « represent the non-unity voltage and
current gains, which differ from their ideally unity
values by voltage and current tracking errors,
respectively.  Taking these non-ideal gains into
consideration, the input impedance of the simulator
circuit from Fig. 2 can be obtained as:

Z
S ..
n ﬁagm22

Equation (7) shows that non-ideal gains have affect
on the input impedance value of the proposed
simulator. On the other hand, the frequency
dependency of these non-ideal gains should also
be taken into consideration to evaluate the
high-frequency performance of the circuit. Therefore,
the voltage, current and transconductance gains of
the DVCCTA using a single-pole model can,
respectively, be defined as®:

. (7

ﬂ(s)=i’:y— . (8)
1+
g
o(s) = “05 . (9)
1+;
o
and
gm(s)=—Sml_ . (10)
ol
(0]

where [, & and g, are the voltage, current and
transconductance gains at low frequencies, and ap, @,
and @, are their corresponding pole frequencies,
respectively. In general, the values of these pole
frequencies will depend on practical implementation
of the DVCCTA, and ideally equal to infinity.
Combining Eqgs (7)-(10), the operation frequency of
the proposed simulator circuit in Fig. 2 can be defined
as : f<< (0.1/27) min{ e, @k, @} }.

Effect of parasitic elements

The effect of various parasitic impedances
appearing at DVCCTA terminals is considered.
A non-ideal equivalent circuit of the DVCCTA is
shown in Fig. 3. It is shown that the practical
DVCCTA has parasitic resistances (Ryi, Ry2, R, R,)
and parasitic capacitances (Cy;, Cy, C,, G,) from Y|,
Y;, Z and O terminals to ground, respectively, and the
intrinsic resistance R, appearing at the X terminal. If
DVCCTA parasitic impedances are taken into account
for the circuit in Fig. 2, the input impedances are
considered as in the following:

(i) For the floating inductor (L) : the impedance in
Eq. (3) turns to

_Ri+R  s(Ri+RC+Cy)
gmR; Em

s sus (11)

Above equation indicates that there is a lossy term
in the simulated impedance and thus the quality factor
of the inductor is not infinite. To increase the quality
factor value of the simulated inductor, a lossy term
needs to be minimized. This can be achieved by
choosing Ry, l/gn << R, and taking large value of
Cr(Cy>> Cy).

(ii) For the floating capacitor (Ce) : the input
impedance of Eq. (4) is modified to

(14 5R,C)(1+5R,C,)

7. = v (12)
" sRyCi8m
ot o e st iy
P, £ i
b 104 o
ot gty v I e e
& iy 2 c,
i R‘“% f " DVCCTA % % iy
Ypo 2 ol g i Y, x Al ."‘.. g i ey 18
Y:a X:% IC" 8‘" &% fﬂ,.
................. ﬂ}’;:-__n_.--.‘.-.-_..,-.j
i
¥y

Fig. 3-Non-ideal DVCCTA model
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Eq. (9) shows that the effects of these parasitic
zeros can be ignored in the frequency range of 1/R,C,
<< @W<< 1/R,C,.

(ii) For the floating resistor (Ry) : the impedance in
Eq. (5) becomes

(R + R+ sRyC,)
Zy =

ngZ

Therefore, the operating frequency of the proposed
floating resistor in Fig. 2 can be defined as :
<< lfchz

oz (13)

Frequency Performance Improvement

In this section, the technique to enhance the
operating frequency range of the proposed simulator
circuit is discussed. Considering this fact, in this
study, the circuit of Fig. 2 is used for performing the
inductance simulator. In practice, the non-ideal model
of a floating inductance simulator can be shown in
Fig. 4", It can be seen that the circuit simulates an
equivalent inductor (L) with additional series
resistor (R;) all in parallel with the resistor (R,,). In this
model, R; limits low-frequency performance while
R, restricts high-frequency performance of the
simulator. Therefore, to improve the useful operating-
frequency range of the circuit, unwanted parasitic
resistors (R; and R,) should be sufficiently reduced.

One possible method to eliminate the unwanted
parasitics of the simulated inductor is to utilize the
negative impedance converter (NIC)*. The electrical
symbol of the NIC is shown in Fig. 5, and its terminal
relations can be given by: Iz = -Iy and Vg = -V..
As mentioned earlier, the NIC can easily be realized
from the proposed floating simulator circuit of Fig. 2
by interchanging the O+ and O- terminals of the
DVCCTA. From DVCCTA-based NIC circuit of
Fig. 6, the following input resistance is obtained as :
Rap = -Req = -(Ri/gnR>). According to the equivalent
non-ideal model of the proposed simulator shown in

4
Vo
’__. L«r
RIJ
2 2, *
i Vo

Fig. 4-Equivalent non-ideal model of the proposed inductance
simulator given in Fig. 2

Fig. 4, the effects of R; can then be reduced by adding
R (= —R;) in series connection, as shown in Fig. 7. As
a result, the low-frequency performance of the circuit
is considerably improved. Similarly, to improve high-
frequency performance, an additional NIC with
Req =R, =R, is also needed in parallel connection with R,.

Performance Simulations

The performances of the proposed floating
simulator in Fig. 2 are demonstrated by PSPICE
simulation. The DVCCTA was realized by a CMOS
implementation as shown in Fig. 8 using 0.5 pum
MIETEC CMOS technology process parameters™.
The DC bias voltages were +V = -V = 2 V and
Ve =-1.22 V. The aspect ratios of the MOS transistors
are given in Table 1. In Fig. 8, the transconductance
gain (gn) of the DDCCTA can be given by™:

gmzm

where k = uC,\WIL, p is the effective channel
mobility, Co is the gate-oxide capacitance per unit
area, W and L are channel width and length, and I is

.. (14)

4y A B o
W= 8 mic By

Fig. 5-Electrical symbol of NIC

Fig. 7-Reduction of parasitic effects using DVCCTA-based NIC
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an external DC bias current, respectively. Thus, from
Eq. (14), it is possible to adjust the g,-value of the
DDCCTA electronically by variation of /5. According
to Eq. (2), it is observed that, for given values of
Z, and Z,, the large-value input impedance Z;, can be
realized by setting the value of Iy as low as possible.

Table [-Transistor aspect ratios for the DVCCTA
circuit shown in Fig. 8

83

On the other hand, keeping large-vale of I, small-
value Z;, can be obtained.

For the floating inductance simulation of Fig. 2, the
component values used were R, = 1 kQ, ¢, = 0.1 nF
and gn = 0.25 mA/V (Iy = 100 zA), which results in
Leq = 0.4 mH. The simulated voltage and current
waveforms of the proposed floating inductance
simulator circuit of Fig. 2 when a 1-MHz sinusoidal
signal is applied are shown in Fig. 9. From the results,

in close

Transistors W (um) L (um) it can be measured that the phase shift between the
M, - M, 1.8 0.7 current and voltage is 85° which is

M;s - M 5.2 0.7 correspondence with the expected value equal to 90°.
M; - My 20 0.7 The impedance of the simulator versus frequency is
Mg — Mo 17 0.7 shown in Fig. 10. It can be observed that the simulator
My - My, 58.1 0.7 operates correctly along the frequency range 30 kHz
M3 - Myg 4 LO to 30 MHz. In Fig.11, the frequency characteristics of
Mis , Mig, My, - My, 4.5 1.0 the inductance simulator for various g, values are
Mis-Miz, Mig—Myp 5.2 1.0 also shown. The simulations were performed by

+V
Ms% _il._JMﬁ M,,l:] M M, t [:JM,_,

‘f. M M
e --———u‘_{z L_‘I n My l‘l £y
M; M, !—o\', -———ox 0“'4_
iy |
- | L j
pur| & 1 i | 4 [
| i | A | M.t
IL‘]'M lL‘lM 1Ls Mu M :]1 o | I[%M
1t n u 7 1 a
vV -

Fig. 8-CMOS implementation of the DVCCTA
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Fig. 9-Waveforms of voltage and current for the floating inductance simulator of Fi g2
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Fig. 10-Theory and simulated frequency responses of the
proposed floating inductance simulator in Fig. 2
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Fig. 11-Simulated frequency responsés of the proposed floating
inductance simulator in Fig.2 for three different values of Iy

varying gm = 0.25 mA/V (Iy = 100 gA), 0.35 mA/V
(Is = 200 pA) and 0.44 mA/V (Iz = 300 uA) to
obtain L, = 040 mH, 0.28 mH and 0.22 mH,
respectively.

Likewise, for the floating capacitance simulator of
Fig. 2, it is realized with the following component
values : C;, = 0.1 nF, R, =1 kQ and g, = 0.25 mA/V,
to obtain Ceqq = 25 pF. The time-domain signal
waveforms are shown in Fig.12, which demonstrates
that the circuit performs the capacitance behavior as
expected. The impedance of the simulator circuit
relative to frequency is shown in Fig.13, and the plots
of impedance values with different gn are also shown
in Fig.14. It appears that the simulated capacitance
can be adjusted by tuning g. of the DVCCTA. To
conclude, total power dissipation of the floating
simulator circuit presented in Fig. 2 when Ig = 100 A
is approximately equal to 3 mW.

L
Time {ps)

Fig. 12-Waveforms of voltage and current for the floating
capacitance simulator of Fig. 2

Magnitude Thade
€ (degree)
mdm 200

Fig. 13-Theory and simulated frequency responses of the
proposed floating capacitance simulator in Fig, 2

Magnitude (Q)

1k Jou 100k ™ 1M oM
Frequeucy (Hz)

Fig. 14-Simulated frequency responses of the proposed floating
capacitance simulator in Fig. 2 for three different values of Ip

Application Examples

As an example to demonstrate an application of the
proposed floating inductor of Fig. 2, it is employed in
the RLC bandpass filter as shown in Fig. 15. The
floating inductor circuit is simulated with the
following component values: Ry = 1 kQ, C; = 0.1 nF
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and gn = 0.25 mA/V (Iz = 100 zA), which results in
Lq = 04 mH. Figure 16 shows the frequency
responses of the bandpass filter of Fig. 15, which
appears that the ideal and simulated magnitude and
phase responses are in good agreement for a set of
selected values over several decades.

Furthermore, to verify the performance of the
derived capacitance simulator of Fig. 2, the resistively
terminated LC highpass filter shown in Fig. 17
filter was designed and simulated. This filter was
designed to realize third-order highpass Butterworth
characteristic = with the de-normalized cut-off
frequency of f. = @/27 = 3.18 MHz. The circuit was
simulated with the ideal capacitor and our proposed
floating capacitor. For this purpose, the following

component values were taken for the floating
Ly CT{ I nF
¢ &0 i€ ? o 4
Yin R=1kQ %
- c & o g

Fig. 15-RLC bandpass filter

\5

1k ok Lotk IM 10M 100M
Froquenay (FE2)

Fig. 16-Ideal and simulated frequency responses of Fig, 15

R=1xQ € =25pF €, =2 pF
+ @ ‘W {€ ¥ als 0 +
i L=50 i k=1%o %
- . o

Fig. 17-Third-order Butterworth highpass filter

capacitance simulators in Fig. 2: C; = 0.1 nF , Ry =1
kQ and g, = 0.25 mA/V. The theoretical and
simulation results for the filter of Fig. 17 are given in
Fig. 18.

In order to verify the feasibility of the proposed
grounded inductance simulator of Fig. 2 and to
demonstrate its application, the RLC parallel
resonance circuit is designed as shown in Fig. 19.
The DVCCTA circuit components are selected as:
R, =1 kQ and C, = 0.1 nF. Figure 20 shows the
frequency characteristics of the Z, of the parallel
resonance circuit in Fig. 19 for three different values
of Is. From Fig. 20, we can see that the resonance
frequency can be tuned electronically by the biasing

o

Gain (dB}

e B e e L I R

10M 100M 1G

w
7

100k M
Frequency (Hz)

Fig. 18-Theory and simulated magnitude responses of Fig. 17

Vi R=1k0

fl‘LC=0.lnF , 'Lw
° ¥

Fig. 19-Parallel resonance circuit using the proposed grounded
inductance simulator of Fig. 2

“ix ‘ 10k ' 100k M
Froquency (Hz)

Fig. 20-Frequency responses of Z, of Fig. 19 for various
DVCCTA biasing currents
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current [y of the proposed grounded inductor, thereby
verifying the proper operation and providing the
flexibility of the presented circuit.

Conclusions

In this article, the floating simulator circuit using a
single DVCCTA and two grounded passive
components is presented. The values of the simulated
inductance, capacitance and resistance can be
controlled electronically by the gy-value of the
DVCCTA. The operation of the proposed circuit is
validated on the second-order bandpass and third-order
Butterworth highpass filters. All simulation results
obtained through PSPICE with 0.5-um MIETEC
CMOS technology verify the workability performance
of the proposed floating simulator circuit.
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