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Abstract

A simulated floating inductor using two fully-differential OTA’s and a capacitor is presented.
The theory of operation is described and experimental results are used to verify theoretical
predictions. The results show close agreement between predicted behavior and experimental
performance. The proposed floating inductor has about two times higher @ factor than conventional
designs. The application of the inductor to a ladder type third order ellitic low-pass filer is also
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presented.

I.ME

Qefeke A% U AdAE} 9 sze T4
£ 71 A, olsil, Alklsh 8417, A8 e
A 5 BN 4R T ok 59

* IEE R, JOTRIEEAE ZSrElEHaER

(Computer Information & Communication, DaeWon

Science College)

* IF&R, MICE BT RS BT - HHEE - 4

A

(School of Electronic, Information & Communication,

Semiconductor Engineering, Chongju University).

w8 AT Heley - ARtk A4 ATt
2 R ENATAIES) Aol 245 Ak

B2 HF20004E6 A7 H, AEE 2000412814 H

(35)

Z28 Qg8 (floating inductor)e ARlE]d w7
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Fig. 1. (a) Simulated floating inductor using fully
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SPICE MODEL PARAMETER

LEVEL=2 UO=521.3 VTO=917E-3 NFS=0.6E+12 TPG=1.0
TOX=22.5E-9 NSUB=5.7E16 UCRIT=50.0E3
UEXP=856E-3 VMAX=49.5E3 RSH=349.7 X]J=300.0E-9
LD=202.8E-9 DELTA=5.28 PB=0.8 J5=10E-6
NEFF=31 WD=2227E-9 CJ=462.1E-6 MJ=421.2E-3
CJSW=4.5E-10 MJSW=169.0E-3 CGSO=310E-12

CGDO=310E-12 CGBO=340E-12 FC=500.0E-3 XQC=1.0

LEVEL=2 U0=1675  VTO=-915E-3  NFS=0.65E+12
TPG=-1.0 TOX=225E-9 NSUB=3.7E16 UCRIT=10.0E3
UEXP=99.3E-3 VMAX=286E3 RSH=4182 XJ=300.0E-9
LD=709E-9 DELTA=2.15 PB=0.8 JS=10E-6
NEFF=0931 WD=4082E-9 CJ=394.8E-6 M]J=454.3E-3
CJSW=45E-10 MJSW=210.8E-3 CGSO=108E-12

CGDO=108E-12 CGBO=625E-12 FC=500.0E-3 XQC=1.0

Table 2.

transistor

NMOS

PMOS

Output current /1, [#A]

w
N
-
(=]
N
w

Input voltage  V,, [V]
2] 5. CMOS A3 OTA9] A& A EA
Fig. 5. DC transfer characteristics of the CMOS
linear OTA.
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Transconductance G,, [#S]
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a5 L ! 1 I ! i
-40 -20 o] 20 40 80

80
Temperature [°C]

33 6. CMOS A% OTA9 &%= &4
Fig. 6. Temperature characteristics of the CMOS

linear OTA.
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Fig. 7. Equivalent inductance versus capacitance

characteristics of the floating inductor.
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Fig. 8. Equivalent inductance versus frequency

characteristics of the floating inductor.
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Fig. 9. @ characteristics of the inductors: (a)
Proposed floating inductor ; (b) Floating
inductor of references [7] and [8]; (c)
Floating inductor of references [9] and

[10].
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Fig. 10. Microphotograph of the IC inductor.
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Fig. 11. Series resonant circuit built with the IC
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Series resonant characteristics of the IC
inductor : (a) Input-output sinusoidal wave-
forms at the frequency of 35 kHz; (b)
Input-output sinusoidal waveforms at
95.43 kHz ; (¢) Input-output sinusoidal
waveforms at 120 kHz
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L2=423 ,UH,RSZRL:].O kQ
(b)

a8 13 (a) AlgHelds £28 e A 3%
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AdEd LC %5 *i97]

Fig. 13. (a) 3rd order elliptic low-pass filter using
the simulated floating inductor, (b) LC
passive filter using a passive inductor.
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Fig. 14. Magnitude characteristics for the filters:
(a) Active filter shown in Fig. 13(a); (b)
Passive filter shown in Fig. 13(b)
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Table 3. Filter performance.
AAZE | AlEdel At
HE = 3 MHz | 3.15 MHz
-9y e 0.18 dB 050 dB
AR -dle zral=zk 11786 dB| 1750 dB
3-dB A}t s - 3.6 MHz
AH|AH - 8 mW
3-dB Fa EEAg - ~16.6 ppm/TC




2001# 1A EFIEEH

Vi. 2 8

—

709 sbd-x53 OTAES shite] AdAAEE
188led A EHelgn T2E QYEE AP A
g9 Addele] Fab [lelE Jedy, AHFE AEE

(=3

o

oz QEEe ool B4%e A =1, A
Qg JHE H2E CMOS THes A3 s 2
Aol A44E ARy A¥E Ted JdEE 3
2 o] BT LE S4e] FEsie r)Ee] A
SR B2 0 e JMIthe e 7T )
o AdE Qe 584 dzel] 99 34 o

e Aod-53 os|E AR, AFE AEHe]
AE 53 AR o7l olHE 5F ofulel
AT 54 Balrke e HAP 5F d)
ojglells, o] F2H OMFA% & 2x 549
Q #te Q5|2 5ol &
&

ol I‘}O

[1] National Operational Amplifiers Databook,
National Semiconductor Corp., Santa Clara,
CA, 1995.

[2) A S. Sedra, P. O. Brackett, Filter Theory
and Design : Active and Passive, Matrix
Publishers, Inc., Ch. .8-9, 1978

[3] K. R. Laker, W. M. C. Sansen, Design of
Analog Integrated Circuits and System,
McGraw-Hill, Inc., Ch. 5, 1994,

[4] D. Johns, K. Martin, Analog Integrated
Circuit Design, John Wiley & Sons, Inc.,
Ch. 15, 1997.

[5] F. Krummenacher and N. Joehl, A 4-MHz
.CMOS continuous—time filter with on-chip

tuning, I[EEE J. Solid-State

Circuits, vol. 23, No, 3, pp. 750-758, June

1988.

automatic

Errd
e

(43)

#3BE SCHE £L1%® 43
[6]1] Y-T. Wang and A. A. Abidi, CMOS
active  filter design at very  high

frequencies, IEEE J. Solid-State Circuits,
vol. 25, No, 6, pp. 1562-1574, Dec. 1990.

R. NANDI, Lossless inductor simulation :
Novel using D.V.CC.S,
Electronics Letters, Vol. 16, pp.666-667,
Aug. 1980.

L.P. Huelsman, Active and Passive Analog
Filter Design, McGRAW-HiLL, Inc, Inter-
national edition, Ch. 6, 1993.

M. M. Green, On power transmission of
LC ladder filter
realizations, IEEE Transactions on Circuits
and System-I, Vol. 43, No. 6, pp. 509-511,
June 1996.

P. D. Walker, M. M. Green, An Approach

to fully differential circuit design without

(7]

configurations

(8]

[9]

using active inductor

(101

common-mode feedback, IEEE Transactions
on Circuits and System-II, Vol. 43, No.ll,
pp. 752-762, Nov. 1996.

[11] W.-S. Chung and H.-W. Cha,
linear transconductance, Electronics Letters,
Vol. 26, pp. 619-620, May 1990.

[12] A. Rodriguez-Vazquez, et al, On the design
of voltage-controlled sinusoidal oscillators
using OTA's, IEEE Transactions
Circuits and Systems, Vol. 37, No. 2, pp.
198-211, Feb. 1990.

[13]1 M. E. Van Valkenburg, Analog Filter
Design, CBS College Publishing, ch. 15,
1982.

[14] Arther B. Williams, Electronic Filter Design
Handbook, McGRAW-HILL, Inc., 1981.

Bipolar

on



44 A -2153 CMOS OTAES o4
B OER SE(IEER) % 3748 % 1% pp. 48 2R

1961 449 394, 19834 249 Asuigkm ARt
IHFEAD. 19894 29 AFAste AAREEHEst
Aap. 2001 249 ASoistm ArlgsteHFERAL
&), 19959 39 ~&A] il AxAAE 2
D4 FAFo= Bipolar @ CMOS opdz 1 3
A3z AdA|, ohd=a "] AA, AX AlsAe] 3=
AA 5

g AEYolHE E2Y IHEY A4 2 ¢

IR |

(44)

G s

8 5T W(IEER)

19559 114Y 3. 19774 2% dkefsty AxEA
Tkl FaAD. 19799 29 Skt AAREAlTst
IHZEPAAD. 19869 3d LdE #Bf(Shizauoka)Wist
ARkt 7o ZshabAD, 1986 49~8A) 35
s olgrist MA} - HHEAl - WIEA T @5 F
FAlEok= Bipolar @ CMOS opdzz HAslg A
A, obdzn We] AA, WF-me Az sz A
A, A Az 32 A =



