145

BATRER

19714 90 EFILBHE F8% W3

Active Filter sgstmEss (1)

3

1. ¥ iy

Passive LC Filter 7} SaEHo s fHKd:
FIE GolT Eab oflet F& MEES XA F
o 2 ol Ae] ERERCoE A Q &%
Kffie -l 100 BEZ WEH Q. AAA
°o2 100 #£EY QF 47 AR st 2
i bulky & Inductor & A}-8-stejof & #Haul o}
Yzt §e A @EEMmel el 2 3o BEH
stress 2 Qldte] A FHIA Ho =3
Ferrite Core 9] @i o 2 Inductor 39 & 7
AR E 282 & KBRS ¥A Fidan &
4 9 A} o] & Inductor HH:o] EHikE &
ofAe] wel WE Lx2 EESE Ao 917
o -0 it

R Active Filter & %37} A} B8-S}
A} B LC Filter &+ =& Active Filter IC
dd= BEE 4 ke Bieldh ={F Active
Filter & A7 % 7 Impedanceo] Tof &
A kw FHEME 4 do. = 31} Passive Filter
o] M#csted Active Filter & F#he A M= H
Jifl Alojel Signal Loss 7} ¢lche Eiol o).

Active Filter & A¢&x&= dtls E&ES)
tdz B 4 QA dEE9 Cutoff REEHIH
1Hz ¢l Low-pass Filter &-& Spike % 0.5~1
Hz & Z}R o d+fd] 5 k8o 50Hz A=<l Comb
Filter %o} =3 EKAE, A& Size, Zero
Insertion Loss %o] Zk= & Mkl = HHE S
Adrt FEBGE wFel Coilo] if 2 4 gl
6% 5ol = Active Filter 7} #&& 3}t

2. Synthesis H%e| BN

ks EpEH 2 Phase #ikS 17 946

TEELERR #EH

E

s ¥
=

Active RC Filter A] Ztell B{3}o] &= w-& Synthesis
Bir57l BEEQA T, 2). 2ol A FFg wke] o
A HFRA 929 574 % 24 A

(1) Gyrator o] 3 Jyie.

(2) Negative-Impedance Converter o
77758, 4,5)

(8) Operational Amplifier o 3 J5:(1, 2,
6,7

(4) State-variable #715(8)

(5) Positive-Impedance Converter o &3+
%10, 1D

LU Ee] %% $r5e] #ste] F2ol 4] A s] 4
AR g

3. Gyrator 0ff {35t Active Filter st

Gyrator = A71fl Impedance 7} ¢ &7
Admittance o} }#5+ Nonreciprocity 3+ two-
port Network ojc}. wleba] Gyrator &7ifile]
Capacitor & ##A7)" AD o)A £ o Indu-
ctor & &S ¥4 7. HAF I Gyrator = G
¥R Signal Energy & £ZA s A% g3 4
23R % &7 o Fol Gyrator E%Re] Active
Element & 43 3)9 x4} Lossless Passive
Network ¢} o] Bifes ).

—f&fyo 2 Capacitor ¢} Inductor & H#T o)
Capacitor 7} Inductor 2t} o] =& Q Factor
£ 7}xlaL glew dissipation o] ¥ A | wj o
Gyrator 9} Capacitor 24 == Inductor & Di-
serete type ¢ Inductor ®.o} o} RiF3dciz &
+ 9o w4 LC Filter W< Inductor &
Gyrator EI#E# ofx] ¥4 9on] #p Filter
&itel o vhgel A B4 gl

BEtAHE 1
Active Filter g&toll oAl 714 E#Eme F



“Active filter

?-& Passive LC Filter & =4 @i sla 2 Zo
Al Inductor & Gyrator & Capacitor 24 o)X 3}
£ Ftkeltl. o) EE5¢] damping ratio 7} £o]m
KRB wodl 2% Low-pass Filter & 2%t
gt AZ8AL DC gaing 1o #}shd Open-
Circuit Voltage Transfer R+

_ Vout Wo?
TeSH= Vin = S24+28wS+w,?

RLC Filter £4 i Transfer [®# S Synth-
esis ob 18] 13 Fre] FHch

L
Cc R
Vin ] ‘[ - Vout
» > —0
2R,
L=.22L =+
Wy 2R LWy

a8 1

23 16 Y= @%H Inducter & Gyrator o}
Capacitor 24 A 8bw 28 20 9= [}
Zbe},

Vout

a8 2

2 26 9l Filter o Stability & =AF317)
218l Al Gyrator A<+ Rg 7} Rx 2. #3ctx 78
e

uldl Rx*/Rgt-& a? 22 Eow Transfer i
= e} o] X

T(S)= 1 5
LCS -2 541
R

a?S+285woatS+w,?

ate} 4] DC gain 2 1o] = o] Righo] ] LR M I
%7t damping ratio = vf5-3} Fro} #Eg],
w,=wy(Rg/Rx)

pitmm 146
Ex=E%u?

% Gyrator Aol 10%9 #itr} 9o 4R
B2l damping ratio = £4% 9%t 20% <] #%
b7t A7 ch ki Jikel 3 Active Filter 3%
ite ALY K@ 704 Gyrator & R3] oF 5
3 Stability(Z@ )7 Yot mEho] glth

FetHEk 2

o] Jike 719 RC Network 5 Gyrator &

4] dAA 7] Cascaded Network 5 A-&3lc},

Zn Zpl— o
Z1z 222

o0 Y11 Yiz
Viz Yz

Rg
Vin Vout

ag 3

#%#2 RC Network & Two-Port Network®
4 #Z Network & Y-admittance Al$-z4 &
% Network &= Z-impedance #] 424 733
o] ¢} 72 M 29 Open-circuit Noltage
Transfer H#E z2t&r}.

_ N(S)_ —Reyu(S)zulS)
= (S = 20 () Rty (S

FAE F4A T(SHZ #8 RC fEEe 3
of U&= Aotk o] H¥:i-e Transfer e Pole
of #BEE T3 7] W Hol EEF 349 Dam-
ping ratio o] #isle] RT3 Stability & Fo}. o]
it Lole wA 39 Gyrator & LEEZ g}
REtAg L ot Zo.

1B T(SORY NSO D(SHE o4 £ &
¢ polynomial @(S)=E }¥=

T= N/@  Rg y»
D/Q — zu+Rgiy

$20M 1 D/Q %-~~~\Z{;+Rg2yzz o ez w3l
A77 g Q=@ kg ow

_ D pg D _ D: Qi+EEDQ:
b/Q=-g.tRe . 0.0,

IR MBS KRS Zu+Rety, 9 v)

3t 8}

Zu—%ﬁ*, 3’222%*
o}2bAl 4 polynomial D& @5 Q5o #*



147 197148 98 BT IB&iL He% B3k

D=D:@\+Rg*D\Q;

Calahan(9)e] A atd HIHE FIRIH D./Q:
£ RC Impedance 7} 5 =& 283 Di/@ & RC
Admittance 7} 5% #& 4 3k

ki IS B A3 529 Low-
pass Filter 335 A=zs] wA.

— we*
TCS) - SZ+2§WOS+WO2

of 7]ell Al N=wy’
D=52428w,S+wy?

Calahan ¢] Decomposition J7#g HHsH

D =S524+-28w,S +1w,?

=K,(S+a)?+K(S+5)?
o7l Al R Ky, Kz, a, b5 iH#dted ok g
t}. A7 DR BBIste Coefficient Matching
< A7l
D=(K,-+-K;)St+(Kia+Kp)2S+ (K a?+ Kqb*)

w2} A

Ki-+K,=1

Kia+Kp=5uwy?

K102+bi2=um2
utdd

.____1___ KZ — 201:!:1
K=11g7k> K" [

a>b e Aol A
K,

1 . #n
I Ky= 1+ n?
a=wo(E+m/ T_E2)
b=wy(§—m/ 1—E%)

=3

2
D.=K, ngz )

& g¢3t 2ok
D2=K1(s+a)
Q,=(S+a)

Qz=7%(s+b)
e A

211=I<0K1%l—

K. s+b
yzzzKngzz “s¥a

Transfer [ vz 9 22 = N=wet 2 ¥ &
& Qe B

z22=K, S]—i‘{il

‘—3’12=ko—SM_|_la*
of 7] o] A

-
M,M,= Ig;%g

utd

M,=K3b/Rg? 8} Mi=Ki(a—b)z} #d= Gy-
rator & &3 RC Active Filter & =28 449)
= @} 7ol He}

Rt ik 29 RB2e 1Ee Gyrator & AT
ol B3} Sensitivity 7} 2l o]t}

R, R: Ra

Ri=_tn)® | Rg? |
3 s
n K, 5_% P

- (+#® | Rg’
Z—T

K,
1

Re= iy &
R=1K vVi1—§&

i 1

§ m V=g

Ci= M R OO
T4 Rgtwe V&

e L
Ce=n Koor |5

H s Gyrator [E :

E R 9+ Gyrator 59 s} B. A, Sh-
enoi o] k3 Ao 2 A 3 transistor & EHE
A=A 28 50 gl wps} o] Fr4 9 tran-
sistor = Common-Emitter e &4 {3
Forward Amplififer 8] %% @53 x|
= Common-Collector ] el i3y
Active Feedback & F1}.



Active filter B3I 8w 148

+18vV

=2.20 °]t}.

470K
400==
L.
TJ
a7 5
L @R z21=0. 6850, z212=—21=1180Q, 2 R L ...._._Iz
BiEHQ] Gyrator v zu=z2n=0°¢]eJo}F A},

of 7)o A} Gyrator Ag& 1180 & ¥ 4 Uzt Zin_|E, E, Zy

o] [EI ] insertion loss = FikE #E 2KHzz
N8l 250KHz 744 10% BiAselch. =3 H A4
o] open |71 short =717}kl M E 500KHz 7}
A & Stability 7} £ 3 o).

4. Negative-Impedance Converter
(NIC)YE FIFsSt Active Filter
REtAE

Negative-Impedance Converter 3-& NIC &=
two-port device 24 &7l oj¥ Impedancer}
A7tsl™ AJifiel+ = Impedance o &9 fi
7b el A gt glEEe] A o] Fatad o
A= AHfA £ Impedance & &iEH(Ne-
gative Impedance)e] ¥ c}.

NICE #Xo 2 #3357 93sle Chain Matrix
5 (ERE o Feo] EHE G

{%]=[ —g ({ (_%] ¥;1;:ge-1nversion

{El _ 1 01 L EZ} Current-Inversion
0 —-k—* '—.[2 Type

uid &Y AdE Z, g 3k volatage-Invers-
ion &-& Current-Inversion NIC 33| '
Z,-,,=~k20 %— ‘:"C}'

S
=
Lot

3 6

NIC & F/H3 Active RC Filter o] #it= 3
kR e kel aqk=Eich. A0 Linvill &) J7ik.
Yanagisawa 9] 5k, Sipress o Jigsolth. -
i iEEe =% 9 NIC9 34 RC Net-
work 24 Active Filter & 44| 3} o},

Linvill 8| /&%

F¢ RC Network & NIC 7} 94X A F=
Cascaded Network & A}-83l¢dew Voltage-
Inversion &-& Current-Inversion Type & 53|
A%E 4+ ek

ule] Voltage-Inversion Type & A}-8-3}4

VA :_EIL ! =<_32_1a szbu
L | =0 2g2a—211b
BN
o— N;Ll LNb
° <
Iy 7



149 19714F 9H BF TR EE 8% $34

o] 7]l A Subscript ¢ ¢+ b = Network N, s} N,
] Impedance A<+91-% ¢w|stx, k& NIC ¢
Voltage Inversion Ratio o] =}, ule] Current In-
version Type & A}&3p=

T = k221a Zo1b
2N -
kzllb—Zzza

Synthesis -8 $ME7T 9 8te] &9 Low-
pass Network & A7) 2},

_ ko
Zn= S+ Ry Stk;
—_ Raia Znd
Zzza_kzllb
_ Plq
Q/q
of 7] of] A
P=k0

Q=S*+K,S+K; °| =.
e g=M(S+Q(s+a)d 3w
Z21a20b= Ko =’£
M(s+a)(s+ar) q
S2HKS+-K, Q

Bua— kb= s S a4
Q/q & partial fraction o2 W=

SZ+K15+K2 — Al : _ 1_424'_/
MESFa)Stay 2T 55ar TSt
o 7] off A}
A _ 1 . a’— K0, -+ K,
! az—a;
A= 1 | @’ —KatK,
2 M as;—ai

kel ay, ax, Ky, KoY FAEF ATl 41 &
E#H A+ AlE HHsE g 34 o33 7o
assign & 5 9l t}.

Zasa= Ao+ Ay

S+01
_ A
S+dz

Sol& P/g& ¥wiste] WREd RC Network

hs)

——kzub =

2 wEd.
.Z‘i
A 1
me=Ko gl i

g Ao 1
Z“b—.Ko A1 S+dz
agla
A4
Ao K,

ANE 210, 228, 2ub, Zph Z FE] —fBR
RC Synthesis Jjpzol] fkshe] Network Ng 2} N
= A48 ot

ﬁNbl

o

NIC

Yanagisawa 53k
Yanagisawa Ji#iel 4 RC Network Nz 7} o
& RC Network Np 13z NIC &+ Paralle] =
AA= o] et ©] Jkol Al Current-Inversion
NIC & fEpshy =9 85 Ze [kl A AH
Open-Circuit Voltage Transfer [Hiis tv}-2-3)
7ol FRE )

Te_ Yob—k Yoa
Ygzb*‘k Yzza

ubel 7] 8¢ 3| % Parameter & t}S3k 7o
Zhgsd 2 9ol Y= 3o} Zro] <o},

Yye=—Ya
Ywa=Yia+You
Yub=—Y
Yub=Yb-+Y,b
u}efA
_ Yib—k Yia _ P

Yie—k YiatY+k Yoo~ Q
AANGE ety st w19 Transfer [y
T 7}

= Ko
S:KiS+K,
L= Folgda e P=K, Q=S+K:S+K,
olt}, 7oA &2 polynomial g=M(s+ad
F ¥ T 48, 5FF 5o 74

Current-inversion



Active filter Z¥5m% 150

Ylb k Y1(t— M( +d>
_S +K;s
Yzb k de—- M(s+a)
7t7+-& Partial fraction 02 A 3w
;_.,£~g~: Als
Mis+a) ~ Mt 514
S2+-Kis _Bis
M(s+ay ~ B-5t s+a
o 7] el A
=Ko 4 __ K
A=y A= aM”
=1 p_ oK
5= Bi=— -
A4 k=12 o
Yie=di,  Yie=— A4S
Yip=B-S, Yia=— DS,
w24 = £ Network Element = 7459 o},
L
L1

e
Current-
invesion Y2,
NIC
a8 9

Sipress ik
A5l webA = 409 Short-Circuit Admitt-
ance F¥%E 20A¢] Admittance %87} ER o &
AR AL 2 HB hste] Two- Port Network=
Synthesis s o} 2 797} Qb oy ALem

8 1001 gl B =3 o] M54 NIC 9 448

a8 10

9] RC Network & 9 d@} 24 Synthesis &<~
SAE G B2y oz Ges de4 9ok
Y=ty ®

— 3122 49159 ) (P12 —ky;p8 )
Y229 F Y110 — Fy® iy

Yoo =220 F 5,

— 129+ ) (3150 —ky <)
Y22 P 3110 — kY —Ey 1 ¢9)

2l Alg8}& NIC 7} Voltage-Inversion Type
o]® Short-Circuit Transfer Admittance =

Vio= 51—y ) (31 Fypp )
V12D 911 0 — Ry B — 4y (D

Yo =— (Y1292 9129 )y —ky12¢4>)
V222 Y1140 —kyp, P —kyy

=3 wtd AH$eE= NIC 7} Current-Inversion
Type ol 471 Ao A Vi, 9 Yy o] Az
o} A € o,

B3 5 e = 677 "B =
Yiush Yaol #43 #$ Vi 9 Vi vt Foi Al
3%, Yo Yol Fo14 7S, ¥V, 5 Yo 7}
FolA S, Yiz o Ya o] Fold Aol 7
#8l 7 f-ofl Synthesis s} Jike BEBE,2)
o A=l geor g7 Qe o

5 i i

EAEell A Active Filter 3 3tel 9lojAl S7x)
?321’5 Gyrator ol & Jjzk, NICeo] (k& J
g A Mgl
= 73]l Operational Amplifier o} {3 7
i, State-Variable #i55. PIC o] {43} FEs
A 2.

=
257

Reference

1) K.L. Su, Active Network Synthesis,
Hill, 1965.

2) S.K. Mitra, Analysis and _Synthesis of Linear
Active Network, John. Wiley, 1968.

3) J.G. Linvill, RC Active Filters, Proc. IRE. vol.
42, pp. 555-574. March 1954.

4) T. Yanagisawa, RC Active Networks Using Current-

McGraw-

Inversion Type Negative Impedauce Converters,
IRE Trans. Circuit Theory, vol. CT-4, pPp. 140~
144. Sept. 1957.



151 197148 98 BT LEBHE Hek H3R

5) J.M. Sipress, Synthesis of Active RC Networks, 8) R.W. Newcomb, Active Integrated Circuit Synt-
IRE Trans, Circuit Theory, vol. CT-8, Sept hesis, Prentice-Hall, 1968.
1961. 9) P.A. Calahan, Active Synthesis by RC-RL Parit-
6) N.W. Cox, Jr, Synthesis of Admittance Matrices ioning, NEREM Record, Nor. 1960.
Using RC Networks and Operational Amplifiers 10) 734, Active Network Synthesis Using the
Ph, D. Thesis, Georgia Inst. of Tech., 1967. Positive Impedance Converter FPh.D. Thesis,
7 ZA9, K.L. Su., On the Sufficiency of NXN Georgia Institute of Tech. 1971.
Transfer Matrices Synthesis Using Operational 11) D.R. Cobb, Active Network Synthesis Using the
Amplifiers, IEEE Trans. Circuit Theory (To be Generalized Positive Impedance Converter. Ph.D.
published) Thesis, Georgia Insititute of Tech. 1971.




