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In this paper, a method is proposed that realizes general circuit component-simulation
with only one resistor and with a minimum number of operational amplifiers. Various
types of circuit component-simulation, such as an inductance, a frequency-dependent
negative-resistance, a frequency-dependent negative-inductance, are systematically
derived by the suitable choice of the amplifer transfer function. The described method
is based upon a single-pole rolloff model of an operational amplifier. From the
theoretical analysis, we show that the proposed structure works well in the higher

frequency range.

1 & & » &

WE, EREROES L BRI X > TETHEOERK
HEEELL, BRFREO/NBLLAFIEATHS, &
D& 3 atERORT, MNALRETH L4V T 5 A
RS T A EREREE LT, ARETFYIary—¥s
SRUT T4 T T 4 NI REDSTRENTEL VR
3, LC BB BRI SR T3 i) T, @
BT EFRBENEV SR ENTHAT, BEESHI LC
Yialb—yva YEREBENCERYIANS LG
Twd, A ¥ 77 AREHEY T2V — T 2HEE
LT, 28 LCHEED A v 57 5 v AR5 % A RS &
BHEayFrdEANTYIaLr— T34 05775

v A ey 3 al—y 3> (Inductance simulation) 23#%

BUVEL, TU—F 4 A YT IS VAR
DN R (Frequency-dependent negative-resistance) T
Bafuz s E—F R« Xy —1 >»7 (Impedance
scaling) #2557

Lo, BEOL S ZEIEHMKE, HFEERER ER
EaVFUYRBEERBEND TR, EEHBERED
BL— 7HIE A(s) R ERA L REL CWBDOTC,HEHAT
X 2 FEEBEMO B KHZ T ok, P Y 2 v 79R
BTROREARD B,

K T, WEEESROBML— 7AE AG) L,
1RAMEFVEERT 2 2210k D, |0RAERET
BIEARETH D, £, HEET L U CHEBRS L
72 1 EOER O 2R L, FERSA R L EERT

* BRI Department of Electrical Engineering



142 HH e RESEN CEBRTF I aL -y ar T I T 4T TANIEH I T A —FEE

viav—vavERET L, AERECLY, AFO
HEEER L2 LT, A1 MHz  CEMFRIEROL K
DHREE 2B, &5, Tho@EETFYIalr—va
RT 7T 47 —R 74Ny EBEICIGHT 2 EHR/EICD
WTHRL T B,

2 MERFEFLIalL— 3 rOEBIER

ZITH, 7, BEEFYI2L—vaYOERES
BTHEEEESO 1 REME TV EEEL, D&, B
BISA v E— R Zin(s) LAGEBB T (s) L BRIz
WA 3,

2. 1 HEMIRRO 1RLME TV

—BHC A S W T2 EEIERORM L — 7RG Als)
HIRRA L L TRESN TR ED, BRI I ORER
WRENTWERWEENH B, FIT, HEHEBEROM
N—THE A BEROBL—7RHE LD, RO L%
1RERAEAWTRLT D ET S,

A(s) =Acwe/ (st wp) =GB/ (S+awp) (1)

Z 2T A 3B — FERFNE, woid 3 dB #igiE, GB ik
FlEHER2EbLY, AT IAER s 3RS,
[s] Dok BUE, RDZROESCH 2,

A(s) =GB/s (2)
P, R@QBE VU DL LTERETY 21T 2,
2. 2 BEEAE—F U ADYIar—v gy

Fig. 1 KB B A > E—F > ADYIab—y g @
BBEBRT 2 AOEAEEET T 22T 1@

Fig. 1 Basic circuit
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Table 1 Transfer function of operational amplifier block

(a) (b)
Type Transfer function T{(s) Type Transfer function T{(s)
P-1-1 - Ay S-1-1 A/ 1+A)
p-1-2 - Ay 1Ay ) 5-1-2 Apal 148y, 170 148,42, )
p-2-1 - AA, Aihemhiz
P-2-2 - AjAgA, s-a Ryha/ xRy )

§-2-2 ApAgAs/( T+A1ALA, )
Table 2 Impedance configurations
(a)
P-1-1 p-1-2
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Table 2 (Continued)
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Fig. 3 R-C-D configurations

(b)

Fig. 2 R-M and R-L-M configurations
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Fig. 5 4th-order bandpass filter
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Fig. 6 2nd-order bandstop filter
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