International Journal of Engineering and Technoldggovation, vol. 11, no. 3, 2021, pp. 171-190

Tunable Lossy and Lossless Grounded Inductors Usinginimum Active

and Passive Components

Tapas Kumar Paul, Suvajit Roy, Radha Raman Pal

Department of Physics, Vidyasagar University, Miplore, India
Received 21 March 2021; received in revised fornM@§ 2021; accepted 07 May 2021
DOI: https://doi.org/10.46604/ijeti.2021.7354

Abstract

In this contribution, nine new Grounded InductaBamulators (GISs) using a single Multiple-Outputr@at
Controlled Current Conveyor Transconductance ArglifMO-CCCCTA) and one grounded capacitor are
proposed. Among them, two are lossless types anehsare lossy types. The use of a single groundedaitor
makes the circuits suitable for fabrication. Aletproposed circuits are electronically tunable ugto the bias
currents of MO-CCCCTA. Furthermore, no componentcimag conditions are needed for realizing theme Th
designed circuits are verified through PSPICE satarlwith £ 0.9 V power supply. The simulation iesshow that
for all the proposed circuits: maximum operatirgpiuencies are about 12 MHz, power dissipatiorsistlean 0.784
mW, Total Harmonic Distortions (THDs) are under®4) and maximum output voltage noise at 1 MHz fesay
is 14.094 nV/Hz. To exhibit the workability of the proposed diits, they are used to design band-pass, low-pass

filter, parallel RLC resonator, and parasitic intiutce cancelator.

Keywords: active inductor, multiple-output current controllegrrent conveyor transconductance amplifier
(MO-CCCCTA), electronic controllability, filtersesonant circuit

1. Introduction

Recently, the implementation of inductors usingedént active building blocks has received muclerdibn as the
implementation of passive spiral inductors in aegnated circuit is difficult. The passive indug@onsume a large chip area
and also suffer from resistive losses and procasabilities. Inductor simulators are used in alegics, instrumentation,
measurement, and communication systems. It fingdicgpions in analog active filters and LC oscibies for impedance

matching, phase shifters, and parasitic cancetigfieg].

In the past, several Grounded Inductor Simulat@iS$) were reported using active building blocksshsas Dual X
Current Conveyor Differential Input Transconducaamplifier (DXCCDITA) [1], Modified Differential \bltage Current
Conveyor (MDVCC) [2], Voltage Differencing Curre@bnveyor (VDCC) [3], Dual X Second-Generation Catr€onveyor
(DXCCII) [4-6], Plus-Type Second Generation Curr@ainveyor (CClI+) and Inverting Voltage Buffer (IYB7], Dual X
Current Conveyor Transconductance Amplifier (DXCQT8], Current Differencing Transconductance Amplif(CDTA)
[9], Current Controlled Current Conveyor Transcactdance Amplifier (CCCCTA) [10], Current DifferenginBuffered
Amplifier (CDBA) [11-12], Four Terminal Floating Nlor Transconductance Amplifier (FTFNTA) [13], Valje
Differencing Gain Amplifier (VDGA) [14], Current-Gurolled-Current-Feedback Amplifier (CC-CFA) [15Gurrent
Follower Current Controlled Conveyor (CFCCC) [18hltage Differencing Transconductance Amplifier (VB) [17-19],
Z-Copy Current-Controlled Current Inverting Transdactance Amplifier (ZC-CCCITA) [20], Extra X CumeConveyor
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Transconductance Amplifier (EXCCTA) [21], Operat@b ransresistance Amplifier (OTRA) [22-26], Volaifferencing
Inverting Buffered Amplifier (VDIBA) [27-28], Voltge Differencing Buffered Amplifier (VDBA) [29], etcAmong the
inductance simulators, most of the configuratiomes with two or more passive components for impleaten [1-8, 11-13,
21-26, 29]. Two or more active building blocks exquired in [9, 15, 25-26, 28]. The inductors pregabin [4-6, 12, 22-23, 25]
require matching conditions between passive compusnd&he work described in [2-29] realize only less/lossy/negative
inductance simulators. Floating components areiredjin [1-2, 4-7, 11-12, 22-29]. Additionally, tle&cuits of [2, 4-7, 11-12,
22-26] cannot be tuned electronically. The vigorsusly of this literature gives a scope for realizinductors for both lossy
and lossless inductors that use single active bdmcksingle capacitor without component matchingdd@ns, and can offer

the electronically tunable facility.

In this research, nine new GISs are proposedhalproposed inductors are composed of a singleedgkbck and single
grounded capacitor in each design. Furthermore,irttiectors do not require component matching cémuit and the
inductors can be tuned electronically. To testtbekability of the lossless inductor simulator ciits, the positive inductor is
used to design a Band-Pass (BP) filter, the negatiductor is used to cancel parasitic inductalussy series RL circuit is

used to design a Low-Pass (LP) filter, and losswlfe RL circuit is used to design parallel resoinircuit.

This study has been divided as follows: The intadiun is presented in section 1, and Multiple-Out@urrent
Controlled Current Conveyor Transconductance AngslfMO-CCCCTA) is introduced in section 2. Sectibdescribes the
configurations of the proposed GISs. The non-idealysis of the proposed configurations is perfatinesection 4. Section
5 brings simulation results. After that, the apgtions of the reported inductors are presenteddtian 6 followed by section
7 where the comparisons of the proposed inductibhstie previous publication are discussed. Findlig study is concluded

in section 8.

2. MO-CCCCTA

MO-CCCCTA is a versatile active building block whigs effective to simplify the circuit configuratio The most
attractive feature of this block is that it reqsineo resistor in practical applications as it hasagpitic resistance. The port
relations of MO-CCCCTA block can be characterized a

v, R 01
|
I, 0o 00 °
= VZ (1)
I 1 00
I, 0tg 0

whereRy is the parasitic resistance at X-port grds the transconductance gain of MO-CCCCTA. Thagific resistancBy
and transconductance gaip are electronically tunable through the input kiasrentslg andls, respectively. The circuit
symbol and the equivalent circuit of the MO-CCCCT#ock are shown in Fig. 1 [30]. The Complementary
Metal-Oxide-Semiconductor (CMOS) implementatiom®®-CCCCTA is shown in Fig. 2. It consists of twarmipal blocks:

a Current Controlled Second Generation Current €gorv (CCCII) circuit and an Operational Transcoridace Amplifier
(OTA) circuit. The circuit implementation consistsmixed translinear loop (M1-M4). The mixed logDC biased by using
current mirrors (M5-M6 and M9-M11). The output Z+ténal that generates the current frotrierminal is realized using
transistors (M7-M8 and M12-M13). The simple-verstoamsconductance amplifier is realized using istoss (M14-M15,
M18-M21, and M23-M24). The inverted output termsdD-) are realized by using transistors (M16-MW22, and
M25-M27).
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Fig. 1 MO-CCCCTA [30]
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Fig. 2 CMOS |mplementat|on of MO-CCCCTA [30]

3. The Proposed GISs

The proposed GISs using a single active block amglescapacitor are shown in Fig. 3. The use ahgls grounded
capacitor for all the configurations makes the uisc suitable for fabrication. Furthermore, it Isabeneficial in stopping
noise and parasitic effects [1]. Among the nineotogies, the first two circuits provide lossles®gpive and negative
inductors) and the rest seven circuits can reédiggy inductors. The input impedances along witliedent inductances and
equivalent resistances obtained by routine anatyfsisese configurations are summarized in TablEhk. sensitivities of the
inductors can be expressed as:

Legq  _ eq —
xg\’x - é_qu_ 1 (2)

From Eq. (2), it is seen that the sensitivitieshafinductors are low and not more than unity.
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Fig. 3 The proposed lossless and lossy GIS circuits
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Fig. 3 The proposed lossless and lossy GIS cir¢oitstinued)
Table 1The actively realizable inductance constructions

Circuit | Simulator Type Impedance realized L¢g Reg
Fig. 3(a)| GlIs-1 Pure L o — -
Fig. 3(b) | GIS-2 Pure L S — -
Fig. 3(c)| GIS-3 + L series with + R  — —_—
Fig. 3(d)| GIS-4 + L parallel with + R - —_—
Fig. 3(e)| GIS-5 + L parallel with + R - —_— —
Fig. 3(f) GIS-6 + L series with R  — —_—
Fig. 3(g)| GIS-7 L series with— R e —_—
Fig. 3(h)| GIS-8 L parallel with + R - —
Fig. 3(i) GIS-9 L parallel with + R — — —

4. Non-Ideal Analysis

For MO-CCCCTA, the non-ideal characteristic equagiare expressed as:

Vx= Vy+ xR 3)

7= Ix (4)

lo+ = pOmVz (5)

loi-=— NOmVz (6)

lo2-= — NcOmVz (7
where , , p, !\, and ycare the transfer ratios and ideally equal to unity.

In addition, like any other active device, a preatiMO-CCCCTA shows various terminals parasitice Parasitic model
of MO-CCCCTA is shown in Fig. 4. It shows that aadhseries resistand® appears at X terminal, whereas the parasites in
the form of shunt output impedanc&/(Cy), (R//Cy), (Ro+// Co.), and Roi//Coi) appear at Y, Z, O+, and-Oports (i =1, 2),
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respectively. After considering these parasitic éaginces and considering the non-ideal gains, oprthosed circuits, the
input impedance of the inductors has been reandlgnel expressed in Table 2. Though it is noted fi@hle 2 that the
impedances are influenced owing to the inclusioM@-CCCCTA parasitic and non-ideal transfer currgains, it is not
excessive aRy, Ry, Ro., andRy_are very highCy, C;, Co., Co1, andCo,. are very low, and, , p, n, and yc are very close

to unity.

Fig. 4 Non-ideal model of MO-CCCCTA

Table 2 Impedance of the proposed inductors inolydion-ideal gains and parasitic impedances

Simulator Impedance realized Assumed values
GIS-1 Ce = C+G+Co; Re = Ry||Ro-
GIS-2 Ce = C+G+Cou; Re = Ry||Rox
GIS-3 - Ce1= Gy +Co1 Re1 = Ry||Ro1-

- _ _ Ce; = C+G+Coy; Rez = Ry||Roz-

GIS-4 - _ I Ce = C+G
#$‘—% (
GIS-5 e+ . YH ¥ — Ce = C+G+Co. Re = Ry||Ro.
" #$'—%
GIS-6 M Cer = Cr+Coj Re = Ry[Ro.

- _ _ Ce = C+G+Co4; Rez = Ry||Ro+

GIS-7 CEl = C:Y +CO+; REl = RYI|%+
- _ _ Cez= C+G+Co s Re2 = Ry||Ro-

GIS-8 Ce = C+G

GIS-9 E s Ce = C+Gy +Cosi Re = Ry||Ro-
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5. Simulation Results

Simulations have been carried out using the CMO@édmentation of MO-CCCCTA as depicted in Fig. 2otigh
PSPICE simulator with TSMC 0.18 pm process pararseiehe aspect ratios of the transistors are givenahld 3. The
supply voltages are chosen asp\E -Vss= 0.9 V. The proposed GISs 1-4 are simulated wagbacitor value 50 pF. The bias
current values arlgy = 7.113 pA (R=5 k ) andlg = 24.135 pA (g = 100 uS) for all the simulations.

Table 3 The dimensions of the Metal-Oxide-SilictQS) transistors
utilized in the MO-CCCCTA architecture [30]
Transistor| W/L (um/pm)

M1, M2 5/0.18
M3, M4 8/0.18
M5-M8 5/0.18
M9-M13 3/0.18

M14, M15 10/0.5
M16-M22 25/0.8
M23-M27 8/0.8

The ideal and simulated magnitude and corresponduhgctance value versus frequency curves of thsldes inductor
(GIS-1 and GIS-2) are given in Figs. 5(a)-(b), exsvely. It is observed that the simulated andideal responses are nearly
equal to each other in the frequency range of 20tkH2 MHz. The ideal and simulated phase respaseshown in Fig. 6. The
simulated phase values for GIS-1 are 868520 kHz and 98.0&t 12 MHz, so the calculated errors are 3.5% a8d%,
respectively. The same for GIS-2 are 98 & 98.9%respectively with corresponding errors of 6.13% @r8#%. To measure
the phase difference between current and voltag@ife-1 and GIS-2, transient analyses have beea asshown in Fig. 7. The
obtained phase differences are 92 degree and 98aléyr GIS-1 and GIS-2, so the calculated errd@2.22% and 3.33%,

respectively.

The tunability of the recommended GIS-1 and GISag been confirmed by varying the bias currents. fEisalting
magnitude curve for GIS-1 is displayed in Fig. 8ieweas the resulting magnitude curves for GIS-Xhosvn in Fig. 9. The
corresponding inductor value of GIS-1 and GIS-2sti@wn in Figs. 10 and 11, respectively. It is fbtimat between 20 kHz and
12 MHz, changes of impedances are linear, thuslatedi inductances are assumed to be constant i®iintierval. The
inductance values at 1 MHz frequency for the GE®vd GIS-2 obtained from the theoretical expectatimhsimulation are given
in Table 4. Variation of phase for different biagrents has also been simulated. Fig. 12 showghhse variation of GIS-1 with
different bias currents. Phase variation of GIS-2Hown in Fig. 13. It is proved that the valuethefinductors can be tuned by

input bias currentk andls.

The simulated Total Harmonic Distortion (THD) of GlSahd GIS-2 for different input currents are showirig 14. The
results show that the maximum THDs up to 70 pA808% and 2.69% for the GIS-1 and GIS-2, respdytivnally, Monte
Carlo analysis for 10% deviation in capacitor vatugone for 100 runs to study the effect of preaesiability on the response of
the simulator as presented in Fig. 15. It illugtsahat the magnitude of inductances vary from7848H to 2.68695 mH with a
mean value of 2.5658 mH for the GIS-1 and for the-& it is from 2.41266 mH to 2.65626 mH with thean value of 2.53878
mH. The noise behavior of the inductance simulat@1S-1 and GIS-2 with respect to frequency hatshown in Fig. 16. The
output voltage noise and equivalent input curreigenof GIS-1 at the frequency of 1 MHz are caladas 12.501 nVHz and
2.306 pA/ Hz, respectively. For GIS-2, the same are 12.467H¥ and 2.266 pA/MHz, respectively.

Next, the GIS-3 and GIS-4 are simulated. The th@adeand the simulated magnitude and phase respdos the input
impedance of GIS-3 are given in Fig. 17. The etattr tunability of GIS-3 is shown in Fig. 18, whasethe variation of phase
with frequency is shown in Fig. 19. The noise bétrawof the GIS-3 with respect to frequency is digigld in Fig. 20. The
calculated output voltage noise at 1 MHz frequaad?.059 nV/Hz and the input referred noise is 2.369 [AZ.
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(a) Impedances magnitude (b) Inductance values
Fig. 5 Frequency responses for the proposed lasiidactord

Fig. 6 Frequency responses of the phase for theopeal lossless inductors

(a) For GIS-1 (b) For GIS-2
Fig. 7 The transient analysis output

(a) Withlg (b) With ¢
Fig. 8 Variation of impedance magnitude for GIS-1
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(a) Withlg

(b) With I

Fig. 9 Variation of impedance magnitude for GIS-2

(a) Withg

(b) With Is

Fig. 10 Variation of inductance for GIS-1

(a) Withlg

(b) With Is

Fig. 11 Variation of inductance for GIS-2

Table 4 Theoretical and simulated inductor valuéghk percentage errors for lossless inductance sitorg

Bias current| Theoretical value GIS-1 GIS-2
(LA) (mH) Simulated value (mH)| Error (%) | Simulated value (mH) Error (%)
lg=10.8 3.75 3.88 3.46 3.88 3.46
lg =24 2.5 2.58 3.20 2.58 3.20
lg =43 1.88 1.94 3.19 1.94 3.19
Is=0.8 7.5 7.78 3.73 7.72 2.93
Is=1.8 5 5.16 3.20 5.15 3.00
ls=7 2.5 2.58 3.20 2.58 3.20
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(a) Withlg (b) With ¢
Fig. 12 Variation of phase for GIS-1

(a) Withlg (b) With ¢
Fig. 13 Variation of phase for GIS-2

Fig. 14 THD analysis of the lossless inductanceutators’ output voltage

(a) For positive inductor (GIS-1) (b) For negative inductor (GIS-2)
Fig. 15 Monte Carlo simulation results for 10% diein in the capacitor
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(a) For positive inductor (GIS-1) (b) For negative inductor (GIS-2)
Fig. 16 Output and input referred noise respongésedossless inductors

(a) Impedance (b) Phase
Fig. 17 Frequency responses for the proposed GIS-3

(a) For differentg (b) For different g
Fig. 18 Variation of impedance magnitude for GIS-3

(a) For differenty (b) For differenti¢
Fig. 19 Phase-frequency responses of GIS-3
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Fig. 20 Output and input referred noise respon$€d$-3

Again, the theoretical and simulated magnitude@rabe responses for the input impedance of GI8-dieen in Fig. 21.
From Fig. 21(a), it is concluded that the induaiperates properly between about 20 kHz and aboMH2 with the relative

error within 10%. The electronic tunability of G#Sby varying bias currentg andlsis shown in Fig. 22.

Variation of phase for different bias currents b#so been performed. Fig. 23 shows the phase ieariaf GIS-4 for
different bias currents. Furthermore, PSPICE naigaysis has been performed on the GIS-4 and th&tivas in the output
voltage and input referred noise is shown in F#. The output voltage noise at 1 MHz frequency4934 nV/ Hz and the

equivalent input current noise is 2.895 pAz.

(a) Impedance magnitude (b) Phase
Fig. 21 Frequency responses for the proposed GIS-4

(a) For differentg (b) For differentis
Fig. 22 Variation of impedance magnitude of GIS-4
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(a) For differenty (b) For different g
Fig. 23 Variation of phase of GIS-4

Fig. 24 Output and input referred noise respon$€d$-4

6. Applications

To verify the practical use of the proposed ci|((5ISs 1-4), some applications are created usiegnt The positive
inductor is used to design a BP filter, the negaihductor is used to cancel parasitic inductatiee series resistor-inductor

circuit is used to design a LP filter, and the flaraesistor-inductor circuit is used to desigpaallel resonant circuit.

6.1./Lossless inductors
6.1.1. Positive inductor as voltage-mode BP filter design

The positive GIS (GIS-1) is used to design the BPrfas shown in Fig. 25 [29]. The component valaee taken as L =
2.58 mH (s = 7.113 pA andg = 24.135 pA)R = 4 k, andC =10 pF. Fig. 26 shows the ideal and simulated ribade
responses for the BP filter. The simulation reshtiws that the pole frequendy) (of BP filter is 0.923 MHz. This value is in
the error of 3.25% from the theoretical value &3 MHz. The transient analysis of the BP filtesl®wn in Fig. 27, where a
sinusoidal voltage signal with 200 mV peak valud &Hz frequency is applied as input. The THD vioias in the output
voltage for various input signals at 1 MHz frequeace depicted in Fig. 28. It reveals that the TitdBains within 2.228% up

to 0.5 V input voltage, thus, it confirms the preat utility of the proposed circuit.

Fig. 25 The structure of the voltage mode BP fil&]
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Fig. 26 The gain plot of the response of BP filter

Fig. 27 Transient analysis result of the BP filter

Fig. 28 THD for various input voltage amplitudes fioe BP filter application

6.1.2. Negative inductor as an inductance caatelh

To verify the workability of the negative induct@®IS-2), an inductance cancelation circuit [23]ngsthe proposed
negative inductor is demonstrated in Fig. 29. Thiscelation circuit plays a major role in the cdlatien of any unnecessary
inductance presented in an electronic circuit. Vdaes of passive components are selected asIR =ahd L = 2.58 mH. The
simulation result is shown in Fig. 30, where a soidal input signal with the amplitude of 50 mV &hd frequency of 500
kHz is applied as input. It is seen that the inmltage ¥;,) and currentl(,) are in phase as the negative inductor cancels the

effect of the positive inductor. Hence, the cirdaécomes purely resistive.

Fig. 29 Inductance cancellation circuit using nagainductor [23]
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Fig. 30 Transient response of the inductance chatiwed circuit

6.2. Lossy inductors

6.2.1. Series R-L as a current-mode LP filterigies

The workability of GIS-4 is examined by reanalyzangurrent mode LP filter structure as shown in Big[1]. The passive
component values are chosengas7.113 pA)g = 24.135 pA, and C = 50 pF. The simulation andlidesponses of the LP filter

are illustrated in Fig. 32.

To study the effect of mismatches in the comporeahtes within GIS-3 on the performance of the Lfrfi Monte Carlo
simulations have been performed by allocating S&dnces to the capacitor value and performingri. The results for the

5% tolerance are depicted in Fig. 33.

The value of the simulated cut-off frequency isfdto be 614.32 kHz, and Monte Carlo analysis mtéis that the median
value of cut-off frequency is 617.712 kHz, whichlizates that the mismatch in the component valu#snathe proposed

inductor has a small effect on the realized cutrefjuency.

Fig. 31 The structure of the current mode LP fifigr

Fig. 32 The gain plot of the LP filter
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Fig. 33 Simulation results of Monte Carlo analysisthe LP filter

6.2.2. Parallel R-L as a parallel RLC resonangeLt

As an application of the reported lossy inductgparfallel R-L type (GI1S-4), it can be easily usedé¢sign the parallel RLC
resonance circuit as shown in Fig. 34 [1]. In sktiohs, the passive component values are chodggr8.58 mMHR=5k , and

C =50 pF. The obtained results are depicted in35g.

To verify the effect of robustness, the Monte-Caiilmulation of RLC resonance circuit has been stlidin taking 100

samples and 5% variation in capacitor value. Thnlsition result is shown in Fig. 36.

Fig. 34 Parallel RLC resonance circuit [1] realizeith the proposed lossy inductor of Fig. 3(d)

Fig. 35 Impedance-frequency characteristics optallel resonance circuit
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7. Comparisons with Previous Publications

literature is summarized in Table 5. It is noteat tthe proposed inductor simulator circuits usigls active block and single

International Journal of Engineering and Technoldggovation, vol. 11, no. 3, 2021, pp. 171-190

Fig. 36 Simulation results of Monte Carlo analyfsisthe parallel RLC resonance circuit

grounded capacitor. Also, the circuits do not regainy matching conditions.

Comparison of several performances of the reparnddctors with few earlier grounded inductors aafalié in the

Although the circuits in [1-8, 11-13, 21-24, 29kus single active block, the circuits are not tesisss. No resistors are

required for the configuration in [9-10, 14-20, 28}, but all the circuits have one or more drawlsadlhe circuit in [9] uses

two active blocks and the circuits in [27] useaaflng capacitor. On the other hand, a large supplage is required in [1,

4-16, 20, 22-25, 29] compared to the proposed it&iclihe work in [2-3, 17-19, 21, 26-28] uses thens or less supply
voltage compared to the proposed circuits, butttweits in [2-3, 26-27] consume higher power. Tiauctor proposed in [17]

cannot realize lossless inductors, whereas the wofik8-19] realize only lossless inductor. Seri®s circuit cannot be

realized in [21]. Also, they require one/two resi&. Contrarily, the circuit in [28] uses two aetiblocks and a floating

capacitor. Therefore, the overall performance efréported inductors is better than any of thedtmhucircuits cited in Table

5, supporting the design proposal.

Table 5 Comparison between the proposed and prayioeported inductor circuits

G = Grounded, Supl P
No. and name F = Floating Matching| Inbuilt |Technology >“PPY| Frequency ower
Ref. . . Inductor type o o voltage consumptior
of active device No. of No. of condition| tunability used V) range (mw)
resistors capacitors
Series RL (Fig. 3(a)) Yes 7 kHz Not
[1] | 1 DXCCDITA Parallel RL (Fig. 3(b)) 1 (GIF) 1(G) No Yes 0.35um| 1.5 to reported
Lossless (Figs. 3(c)-(h) No 10 MHz P
100 kHz
[2] 1 MDVCC Lossless 2(F) 1(G) No No 0.13 um= 0.75 to 1.61
10 MHz
Lossless (Figs. 2 (a)-(b
Series RL (Fig. 2(c)) 30 kHz
[3] 1vDCC + R series — L (Fig. 2(d) 1(G) 1(G) No Yes 0.18 ym =0.9 to 0.869
— R series + L (Fig. 2(e), 20 MHz
— R series — L (Fig. 2(f)
1 DXCCII 30 kHz to
(Fig. 3(a)) 10 MHz Not
[4] 1 DXCClI Lossless 213 (G) 1(F) Yes No 0.35 um+ 1.65 30 kHz to| reported
(Fig. 3(b)) 30 MHz
Lossless
. 100Hz
(Figs. 2(a), (c)-(f) 2/3(1/3G, Not
(3] 1 Dxcci Series RL (Figs. 2(b), (f) 1/2F) 1(G) Yes No 035pum| £2.5 10tlaHz reported
Series RL (Figs. 2(c)-(e
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Table 5Comparison between the proposed and previouslyteghaductor circuits (continued)
G = Grounded, Supply Power
No. and name F = Floating Matching| Inbuilt | Technology Frequency )
Ref. of active device Inductor type No. of No. of condition| tunability used vo(l\t/a)\ge range Con(fr']"vn&;)t'o
resistors capacitors
Lossless (Fig. 2(a))
Lossless (Fig. 2(b)) 2 (1G, 1F) Yes
+ L with parallel - R 2 (1G, 1F) Yes Not
[6] 1 DXCClI (Fig. 2(c)) 2 (F) 1(F) No No 0.35um | +1.5 NA reported
— L with parallel =R | 2 (1G, 1F) Yes p
(Fig. 2(d)) 2 (1F) Yes
Parallel RL (Fig. 2(e))
200 kHz tq
20 MHz
1 CCll+ (Fig. 3) Not
[7] > VB Lossless 21G, 1F) 1(F No No 0.18 um| £1.25 200 Hz to| reported
10 MHz
(Fig. 5)
8] | 1DxccTa Lossless (Fig. 3) | 1(G) (Activid)(G) (Active] No Yes | 018um|+1.25| 10Hzt0 Not
’ ' - 4 MHz reported
. 4 Upto Not
[9] 2 CDTA Lossless (Fig. 1) 0 1(G) No Yes 0.5um 5 2. 1 MHz reported
PR200ON & Up to Not
[10] 1 CCCCTA Lossless 0 1(G) No Yes NR20ON | * 15 1 MHZ reported
[11] 1 CDBA Parallel RL 2 (F) 1(C) No No AD844| +12 NA Not
reported
10 kHz Not
[12] 1 CDBA Lossless 3(F) 1(G) Yes No AD844 +12 to
reported
80 kHz
1Hz
[13] 1 FTENTA Lossless (Fig. 6(a)) 1(G) 1(G) No Yes| 18um | £1.65 to 1.28
1.5 MHz
100 Hz to
Lossless (Fig. 3) 2 MHz
[14] 1 VDGA Series RL (Fig. 4) 0 1(G) No Yes 0.35um| +15 20 kHz 0.27
to 2 MHz
2 CC-CFA
) PR200N
(Figs. 2(a)-(b)) : Not Not
[15] 3 CC-CFA Lossless 0 1(G) No Yes N($23050N & £15 reported | reported
) .35um
(Fig. 3)
1ZC-CFCCC Up to
[16] (Fig. 2) Lossless 0 1(G) No Yes 0.18 um £ 2.5 299 MHz 2.47
Series RL (Figsk(a)-(b))
Parallel RL (Fig. 2(c))
+R parallel with — L Up to Not
[17] 1 VDTA (Fig. 2(d) 0 1(G) No Yes 0.18um| £0.9 | o'\, reported
+ R parallel with + L
(Fig. 2(e))
600 kHz
1VDTA Not
[18] . Lossless 0 1(G) No Yes 0.18 um +0.9 to
(Fig. 3) 60 MHz reported
20 kHz Not
[19] 1VDTA Lossless 0 1(G) No Yes 0.18 um +0.9 to reported
4 MHz
14 kHz Not
[20] | 1 ZC-CCCITA Lossless 0 1(G) No Yes 0.35um +1.5 to reported
21 MHz
Lossless (Figs. 1(a)-(b)
Lossless (Fig. 1(c)) 2 (©)
+L pgsl':rizllell(\(/jv;t)h +R 1(G) 40 kHz ot
[21] 1 EXCCTA . 4 2 (G) 1(G) No Yes 0.18 um| 0.9 to
— L parallel with — R reported
; 2(G) 10 MHz
(Fig. 1(e)) 50
+ L parallel with + R
(Fig. 1(f))
100 Hz
[22] 1 OTRA Lossless 4 (F) 1(F) Yes No 0.5 um +15 to 0.12
400 kHz
Up to Not
[23] 1 OTRA Lossless BF, 2G) 2(F) Yes No AD844 +5 100 kHz | reported
10TRA L Not Not
[24] (Fig. 2) Parallel RL 2(F) 0 No No 0.5 um +1p reported | reported
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Table 5 Comparison between the proposed and prayiogported inductor circuits (continued)

G = Grounded, Supply Power
No. and name F = Floating Matching| Inbuilt |Technology Frequency .
Ref. of active device Inductor type No. of No. of condition| tunability used vo(l\t/a)\ge range Con(fr']Jvn\};)t'o
resistors capacitors
1 kHz
2 OTRA Not
[25] Figs. 2(a)-(b Lossless 5(F) 1(F) Yes No 0.5um +15 to reported
1 MHz
1 kHz
6| 2 f\T/EA Lossless 1(F) 1(F) No No| 018uh+09]| to 0.833
9.8 MHz
71| 1VDIBA Series RL (Fig. 3(a)) 0 1(F) No Yes 0.25 um| + 0.75 ! i(oHZ 5.72
1 NMOS Parallel RL (Fig. 3(b)) -0 pum) £ 0. 1 MHz :
50 KHz Not
[28] 2 VDIBA Lossless 0 1(F) No Yes 0.25 um+ 0.75 to d
10 MHz reporte
10 kHz Not
[29] 1 VDBA Lossless 1(F) 1(F) No Yes OPA86D *5 to d
10 MHz reporte
Lossless (Figs. 3(a)-(b)
Series RL (Fig. 3(c))
Parallel RL (Figs. 3(d)-(e))
This + L series with — R 20 kHz
work 1 MO-CCCCTA (Fig. 3()) 0 1(G) No Yes 0.18 um| +0.9 to 0.784
— L series with — R 12 MHz
(Fig. 3(9))
— L parallel with + R
(Figs. 3(h)-())

8. Conclusions

This study comes with an active inductor desigrbfmh lossy and lossless inductor simulator coméijans which have
beneficial properties over former inductor simutatesigns. The proposed inductors use only one NBGCTA and one
capacitor. The proposed simulators can realizédsssind lossy inductors. All the recommended itafsawse only grounded
capacitor which is effective for noise cancellatiand fabrication. The non-ideal and parasitic asialpf the inductor
simulators have also been discussed. To show thefibml application of the proposed simulatorg firoposed positive
inductor is used to design a BiRer, whereas the proposed negative inductomipleyed to design an inductor cancellation
circuit to show the advantageous application oflkss inductor. Series R-L and parallel R-L indtstre used to design the
LP and parallel resonance circuit respectivehgraapplication example. The simulation result u€id® m CMOS process

parameter confirms the theoretical analysis.
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