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# Maple I fREATHI - FAFEYU Ak

restart: with(linalg): with(plots):
siki:=matrix(2,2,0):e:=vector(2,0):

siki[ 1, 1]:=1;

e[1] :=+el;

siki[ 2, 1]:=-1/s/l1-s*cl;

siki[ 2, 2]:=+s*c2+1/s/12+1/ro+1/s/11+s%cl ;

x:=linsolve(siki,e);

Z & Maple (IZRED 17T, BHEEZHETHINEZEBM L OFKROMEY T,

# Maple Hl REATHI - HAFE U Ak
> restart: with(linalg): with(plots):

> siki:=matrix(2,2,0):e:=vector(2,0):
>gsiki[ 1, 1]:=1;

> e[1] :==+el;

>siki[l 2, 1]:=-1/s/l1-s*cl;

>sikil 2, 2] :=+s*c2+1/s/12+1/ro+1/s/11+s*cl ;
> x:=linsolve(siki,e);

> #UTOITIE, FHEOFFEAICEM L
> GG:=simplify(x[2]/e1);

> GA'=(Xc+Xd*s*s)/(Xa+Xb*s+s*s);

> nom:=expand(numer(GQ®));

> den:=expand(denom(GQ));

> C2:=simplify(coeff(den,s,2));

> den1:=simplify(den/C2);

> nom1:=expand(nom/C2);

> simplify(coeff(denl,s,2));

> eql:=Xa=coeff(den1,s,0);

> eq2:=Xb=coeff(den1,s,1);

> eq4:=Xc=coeff(nom1,s,0);

> eq5'=Xd=simplify(coeff(nom1,s,2));
> solve(leql,eq2,eq4,eq5},111,12,c1,c2});
>

2IRT 4 ILZR—
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Xd B Xb ro Xd—1 Xbro
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Xa Xa-Xk Xa-(1-Xk) Xb-Ro Xb‘Ro
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Xc=Pn_4

d=Pn_2
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a=Pn_1
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Xb'Ro __ XbRo Xd _ (1-Xxa)

xaxk’'"" " Xa(1-Xk)’ =~ Xb-Ro’ Xb-Ro

Xk=%11=
Xa
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c=Pn 4
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Xb'Ro C1 _ Xd 2= (1-xd)
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 SXRMARR-#FICSTI0-/AAR

. L1 L3 o
L
Vi 2. Ro
SINE(O 1 1K) L 50
AC1
| c1 ~

.acoct 50 0.01 1meg

[LtAct) TR 7z
P2 Pn2-s2+Pn4
$+P0 sZ2+Pn0-s+Pnl
(A1 X D 32 T 2 R T 2 T2 O H 9 D a4
d+e-s?
a+b's+cs?+s3

2 DDARERELD I3 1« T EEORBNE LV D,
d =P0:-Pnl,e = Pn2-P0,a = PO-Pnl,b =Pnl+ PnO-P0O,c =Pn0+ PO

__Ro-(a-b-e) , _ Ro-(b-c—a) _e _ (c-e)?
k= a-(c—e) = c—e ym= a'n " Ro-(b-c-a)
wAUZ LY, FBFHEERD D,
11=212=%"13=XkCl=Xn
Xa Xn
FTEZ R O/RITRT &
__ Ri1-(a—b-c) __ R1le(a-b-c) __ Ri1-(a-b-e) _ (e—0)?
L1= a(e-c) ’ L2 = a(e-c)? ’ L3 = a-(e-c) ’ €l= R1-(a-b-c)

WHOv 7 BT, Z#a b, ¢, dIFENLH Xa, Xb, Xe, Xd LA LTV D,
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ZhboRFIEEKRHZIHE
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in A L3 = out
L L .
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C
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in A = = - out
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C
N
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4RT4ILE—
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LC4-ellip-Rin-0-base.asc
ARIEMEK-FEFIEYIIO-AR

L Tt

v1@ L2

SINE(0 1 1K)

.. AC1 3
N ::cz Ro
.ac oct 50 0.01 1meg c  _“so
NSNS

[LtAct) TR 7-{ZER%K
_ _Pni2:s®+Pni4  Pn22-s°+Pn24
"~ s24Pn10-s+Pn1l s2+Pn20-s+Pn21
5] [ D SR A G 2 T2 DA T - D Am iz BA %L
_ e+f-s?+g-s*
" a+b-s+cs?+d-s3+st

A~ 2Z7r  LCdin

ro=50;Pn10=1.8922 K;Pn11=41.9488 Meg;Pn12=60.8174 m;Pn14=58.1689
Meg;Pn20=5.5578 K;Pn21=16.1987 Meg;Pn22=60.8174 m;Pn24=11.0283
Meg;Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20
+Pn10;Xe=Pn14*Pn24;Xf=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;

HEH~27n1m  LC4cal
Xb2=Xb*Xb;Xd2=Xd*Xd;Qrd=ro*Xd;Q1=-Xd*Xc*Xb+Xb2+Xd2*Xa;Q2=Xd*Xf-
Xc*Xd+Xb;Q3=-Xb*Xf+Xd*Xa;L1=ro*Q1/(Xa*Q2);L2=-Qrd*Xf*Q1/(Xa*Q2*Q2);L.3="
Qrd*Q3/(Xa*Q2);C1=-Q2*Q2/(Qrd*Q1);C2=1/Qrd;

AR DBEEIEREDE DAL,
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LC 7 4 VX2 —DikE
LC 7 4 V& —DEARKK

LC4-2-ellip.asc

4&$§HF£§§2EI—}YZFH

1
c
J L3 L2
1 SR 2 Y —ed ~ -
- L
1
Vi @ | e
SINE(O 1 1K)
AC1 3
~ c3 e L1 R1
.ac oct 50 10 1meg c e L R
N 7

ASf~7 v $LC42in

r1=50;Pn10=2.1819 K;Pn11=49.663 Meg;Pn12=0.1877;Pn14=89.6455 Meg;Pn20=8.7806
K;Pn21=34.301 Meg;Pn22=0.1877;Pn24=18.7863
Megin0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

AEA~ s 1

$L.C42cal

k1=(1-d4)/(n3*r1);k2=n2-k1*n1*r1;k3=1-k1*n3*r1;k4=k3/(n3*r1);k5=k2-
k4*n1*r1;k6=(n0-d0)/n1;k7=n0-k6*n1;k8=k5-k6*n3;k9=n1*(d4*n1*n1-
d2*n1*n3+d0*n3*n3)*r1/(d0*(n1*n1*(d4-1)+n1*n3*(n2-d2)+n3*n3*(d0-n0)));$L.C422cal

$1.C422cal
k10=n1*r1-k9*k7;k11=n3*r1-k9*k8k12=k7/k10;k13=k8-
k12*k11;L1=R1/k6;L.2=k9;1.3=1/k12;L.4=k 11/K13;C1=k1;C2=k4;C3=k 13/k 10;

A BEECTIERR DBERMEREN G DL D,

WF oz 73 ATI~7 B[ Z RPN,
Pnl4 % Pnll ® 99%(:DAEIZ. Pn24 % Pn21 ® 99% DIEICE T 5,

4IRT 4 INVH— 16 / 241



LC 7 4 V¥ —DiXE

LC 7 4 V& —DEAEIX

KN ORFEZFHET SROEXRRIKR

LC4-2-ellip.asc

4&$§F:JF'£%D—K7\FH

NS

Il
C
1 J L3 2 L2 4
a0 .
L L
L4
L
SINE(O 1 1K)
AC1
C3 Cc1
.acoct 50 10 1meg C
C
N

4RT 4 IVZA—

=00

L1

R1
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LC 7 4 V¥ —DiXE

LC 7 4 V& —DEAEIX

5RI74I1L2—

KN ORFEZFHET SROEXRRIKR

LC5-ellip.asc

EhoRFIEEZKDHIEE
S5XFEMBEHO-NA71L3—H
1 S B . RS
. L L
Vi Qii;) L4 - L2 .
SINE(O 1 1K)
AC1
V4 c2 c1 R1
.ac oct 50 0.01 1meg j; j: 50
~
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LC 7 4 VX2 —Dex3E
LC 7 4 V¥ —DEARE KX

TRIT4INE—

KN ORFEZFHET SROEXRRIKR

LC7-ellip.asc

EhoFxEFEEKRDIEES
7REMBHO- 12715 —H

R1
50
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i}

LC 7 4 V&2 —Di%Et

g=ill

2D LC 7 4 V7 DEE

2D LC 74 ILRDEEKET

FEMPBIR E 7213 F = B = 7 DIZBBIIRA TR SN DS L T2,

c+d-s?
H=——— (1-1)
a+b-s+s?

EREHEl 2-1 2 RAEMABEBHO—/RR T 4 LR —

[LtAct] TH v b4 7@ 1KHz, U 7V 0.1dB. SIKEEEIET 5 BN
3KHz L 722 2 RFEMBE 0 — A7 4 V2 — %3G LET,

T4 MIERRER X

RE(TA-FO AT X

7 1.000! Pass Elliptic

i =2
p = 1.0000EHz attp = 0.1000dB Fs = 3.0000kHz atts = 14.45dB

Vi

100 300 1K 3K

REEHE] 2:1 2 YHAMIBIS I — /S 2 7 4 L4 — 20 /241



LC 7 4 V& —D#E
2D LC 7 4 V7 DEE

WIS, ZDOT7 4 NE—DIREBRBORE T 7 A V2B LET,
FERROTRILCEHN X

oh] BETERTRE X
RETIEFH®D: [T sim - - BB
&% EFEE &5 #$4%
LC2-1KHztxt 2026/02/24 (X) 9:54 TXT 774 )b 2KB |
SimIREAS txt 2020/06/18 (&) 17:21 ™XT 274 ) 7KB
BL ReadMe.txt 2020/04/11 (£) 20:44  TXT 774l 1KB
T3 LC-filter 2026/02/24 () 10:57 I74 0 IANS-
= MSSIM 2021/12/03 (£) 5:33 7740 IS~
SIRLCIVE 2020/06/08 (E) 6:14 774 FAN5-
SEWY-2B¥ 2020/04/16 () 16:05 I74N 725 -

TPV  |LC2-1KHztxt I 20 |
74V DESE(T): I".txt _._I *vb) |

A

REEHE] 2:1 2 YHAMIBIS I — /S 2 7 4 L4 — 21/ 241



LC 7 4 V& —DikE

2D LC 7 4 )VH ORE

WD XD NABEBB ORI R TE T,

e RERBOFRE, by P T EEEK. QE. GBE

778/ Low Pass Elliptic %&#t=2
Fp= 1.0000KHz attp=0.1000dB Fs=
2 kA DA

Pn 2*s"2+Pn 3%s+Pn_4

Hn = -~
s"2+Pn O0*s+Pn_1
2 k=
n Pn O Pn_ 1 Pn_2
1 13.2587K 132.2468Meg 0.1894

Fe= 1.8303KHz Fc 71 > =-
=158.7470KHz

c+d-s?
a+b-s+s2

X (1-1) &KX (1-2) KD,

3.0000KHz atts= 14.45dB

(1-2)
Pn_3 Pn_ 4
0 130.7330Meg
3.1834dB Q= 0.8673 GB 4
(1-1)

a= Pn_1=132.2468 Meg, b= Pn_0=13.2587 K, c= Pn_4=130.7330 Meg, d= Pn_2=0.1894

(BB DR B R AR S

Xc Xb'Ro Xb‘Ro
Xk=—l1=— 12 =——,
Xa Xa-Xk Xa-(1-Xk)

C1

EEEO{YE—SVAN 0 A—LOEE

in

SINE(0 1 1K)
AC1

~.acoct 50 0.01 1meg

REHE 2-1 2 RFEH B — XA T 4 LA —

_ (1-xd)

" Xb-Ro’ Xb-Ro

BEdiE Oy A out/inld 0dBEH S,
out

___::CZ __iu_ Ro
e 50 . .
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LC 7 4 V& —DE%E

2D LC 7 4 )VH ORE

(B~ 17T A Dt.exe] ZHEEHNL T,

[~/n] - I~/7un—%|] - [m—FK]

TPAIERKC X
THNDEF(): [0 DL B = = =
2% EFEE &8
(B Lc2in.umF a02e/02a () 1003 UM |
L Filter-Macro.UMF 2025/05/19 (B) 20:06  UMF 3
BL CR2FCUMF 2025/01/16 () 16:00 UMF 3
K =727 -UMF 2025/01/12 (5) %:30 UMF 3
M ER-=RTHUMF 2024/05/28 () 451 UMF 3
B =aEgumE 2024/01/14 (8) 16:20 UMF 3
T7AIA(N): |Lcain.umF

B<(0) I

TP VOBAEM:  [T707-5(.UMF)

LC2in.UMF #Bi & %7,

1-¥E&EYI0

= xevel

v 27 u—E(R)
lcZinlkhz < 2 OOREE) |
%C%?ﬂl X
loZealiny FREELN) |
< 2 aOHIERD) |
H— K(L) |
- -7 (8) |

| 0k |

2IRLCZ « N2 — 1KHz FEA S

vt

le2inlkhz #3&R LT, TOK) ZHL FT,

lreturn] Zf4 &, FrHEIFHEINET,

BEO 1285 2MLET,

EHORT TR

IO (D) (R4

! !

ZH—BR)

Z THIYW |
cl |

H THOHBD) |
<k

xd E-FL) |
XC

xb -7 |

0K $rown

A 2-1 2 IR BAE r — AT 4 L H —
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LC 7 4 V& —DiRE

2D LC 7 4 )VH ORE

M —%) kv, N 27V yr425L,
SNFET, ORI BFRERIZL T,
11=5.070907881e-003

12 = 0.4379277315

¢1=2.856992013e-007
c2=1.222744311e-006

RO 12

[5.070907881e-003]

IR

IO DR EEFEFEOBEN 2T TOBELLT SHifE TRbDT &,

11=5.071 m
12 =0.438

¢1=0.286 u
c2=1.223 u

LR ADT, FEIZAN LT, 77 ANVALELEE L TIRELET,

SR E D 7 Z 7 (LC2-ellip-1KHz-xs-3-Rin-50.asc)

=

[e[@ =]

V(out) V(out)/V(in)

V(in)

=, LC2-ellip-1KHz-xs-3-Rin-50.asc

=

.ac oct 50 10 100k

B . Cl 0.286u
ESEDA - HUAN 504 hO B E i#BHD S > out/in} 0dBLS.
£ 5inOL ALY -6.0dBILE2TLNS
in A. /ﬁ\ out
5.071m
1 €2 L2 Ro
SINE(O 1 1K) 1.223u 50
AC1 0.438
Rser=50 ~

Hwk 37 A 1KHZET. 1 out/in (0dBT. 3KHzT -14.45dBlc12 4.

A aEHIARER Y OB & RAREERE S O T,

[FRE I DIE ZIEDA v E—F v A% 50 A — LR E LT2D T, out D L~LX

D ETHN, FEEO Vout/Vin Tl 0dB 2742V 47,

RETH 2-1 2 RAGHI PR — "2 7 ¢ v B —

2XRIEABEHO—/TA71)L3— Fc=1KHz, atp=0.1dB, 3KHzC-14.45dB

-6dB 127¢
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LC 7 4 NH—DF3
2D LC 7 4 )VH ORE

<4 08 lc2in1khz] DRSS
f=1 K;Ri=50;R0=50;Xa=132.2468 Meg;Xb=13.2587 K;Xc=130.7330 Meg:
Xd=0.1894;$L.C2Cal

f=1 K;Ri=50; By AT REEEN 1KHz T, E5HEA L E—X AN B0 T
HHZLEFEDLLET, BAHEOFEIIIENEEA, BT, ZO~7 o TEHRIND 7
UINHE—=DHy N TR RS D7D T,

Ro=50; TANE =DM A v E—F AR D LET, BEEATHE,
Xa=132.2468 Meg; ¥ (1) OFHazwzXatRLTWET,

Xb=13.2587 K; ¥ (1) &b ZEXb EELTNET,

Xc=130.7330 Meg; B (1) O cuE Xe EELTWET,

Xd=0.1894; ¥ (1) oFHdEXd ERLTWET,

$LC2Cal ~ 71 LC2Cal UM LT, FHEEFHFE LT,

</ 0 TLC2Cal] MARE
Xk=Xc/Xa;L1=Xb*Ro/(Xa*Xk);L2=Xb*Ro/(Xa*(1-Xk));C1=Xd/(Xb*Ro);
C2=(1-Xd)/(Xb*Ro)

WHOBNTES L, ROL TR £,

_ Xc __ XbRo _ XbRo _ Xd _ (1-Xa) )
Xk = Xa’L1 - Xa-Xk’L2 - Xa-(l—Xk)'Cl " Xb-Ro’ 2= Xb-Ro (1-3)
#HAKIZTDOULNT

EHBEES T o v —HoX (1-1) 76 (1-3) 1%, [Sim for DOS] ([ZFEIEENTWS [[H]
B 3o l— g pdf) ©p99 (pls) 75 plo2 (pl18) ZFIALE L7

BEHE 2-1 2 IRFEH BA% m — XA 7 L — 25 / 241



LC 7 4 NH—DF3
2D LC 7 4 )VH ORE

WF by =27 — AT NV EZ—DA120E, Xk=1|Z7/2-> T L2=0 b2 b=, L2 %

HIBR L CHIEKX [LC2-inv-base.asc) &R~ 7 aZfEH L £9,
<% O TLC2Calinvi ONE

Xk=Xc/Xa;L1=Xb*Ro/(Xa*Xk);C1=Xd/(Xb*Ro0);C2=(1-Xd)/(Xb*Ro)

EEROE—svafoA-Loga 1 © DR S
E%in@b/\'}“i OdBIZT.;‘J_CL\Z; o BiEg DT out/inli DdBtTd-éo )
in A = ik - out
o — . , _
vi
::CZ . <~ Ro
'SINE(0 1 1K) - o c 50
ac1 o
NS 7

.acoct 50 0.01 1meg

B 222 RFFIE T T7A—NRT 4 ILE—

[LtAct] TH v bAZJEE#ED 1KHz, U 7 V5 0.1dB. RAKEE&IZET 5 B EHRN

3KHz b 2 AW F oo 70— A7 4 VX —%5RE LET,

TN DEEER X
T AEERIE
CR-RZTINH | Rt et
CNAINRATANR CFxEia?
CNRRRZTINE ONF -5 o W
T BEZ40L% O FEHEE®%

VRBEEAANLT T LR EFREGNT S

FRE-FOUVEZ
¢ ZFEBE-F 0 CEBE-F I

\ OK | Ut |

FEME] 2-22RWF B = T — AT 4 LA —
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LC 7 4 VB2 —D3
2D LC 7 4 )VH ORE

BENTA-FDAR X
ZALAOEHR A-AAT LR WEFEHE  Inv. Cheb
BHTH7 1 A0RE n(<=58) a

How kA7 AR Fe |1 [kHz |
Rig#Fl=E13 2RBEERILU T IL atte jo-1 g | O
RESREIETDMBMEFL LT, Xs = Fe/Fo |° g Seetl |

ZHICE Y THROEEERED 7 4 WV F—NRGEFTEE L,

e s
707" Low Pass Inv. Cheb IR¥=2
Fp = 1.0000KHz attp = 0.1000dB Fs = $.0000KHz atts = 8.88dB

10dB

0dB
LB e e . e ) S R B )
-20dB
-30dB

100 300

WIZ, ZO7 4 VE —=DIRERBORE T 7 A Ve LET,

e RERORER. by AT AR Q. GBAE
71r)" Low Pass Inv. Cheb ¥K#(=2
Fp= 1.0000KHz attp=0.1000dB Fs= 3.0000KHz atts= 8.88dB
2 WA DA
Pn2*s"2+Pn 3*s+Pn 4

Hn = -~
s"2+PnO0*s+Pn_1
2
n Pn O Pn 1 Pn 2 Pn_ 3 Pn 4
1 18.0916K 255.5615Meg 0.3596 0 255.5615Meg

Fe= 2.5443KHz Fe 71 =- 4.9460dB Q= 0.8836 GBf#
=224.8224KHz

HEMI 222 RWF 2L 2 T H—RAT 4 LH —
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LC 7 4 VB2 —D3
2D LC 7 4 )VH ORE

_ c+d-s? (1-1)
a+b-s+s?
Pn 2*s"2+Pn 3*%s+Pn 4
Hn = ---m-mmmmmmmmmmmm oo (1-2)

s?"2+Pn 0*s+Pn_1

X (1) &K (2) Xy,

a= Pn_1=255.5615 Meg, b= Pn_0=18.0916 K, c= Pn_4=255.5615 Meg, d= Pn_2=0.3596
LR ET,

a=c 72D T, v/ Tk Xa=Xc &7 0 £,

I DORENS, TORBEKOFZFEZRE LET,
[BE 707 T A Dt.exe] ZEEBLT, w7 > [w7u—%] > [m— ]

TPAIERKC X
TPANDEA(): |7 D B = = =
&% EFEE &8
[BE Lc2in.umF 202e/02/24 () 105 UMFS |
L Filter-Macro.UMF 2025/05/19 (B) 20:06  UMF3J
‘CRZFCUMF 2025/01/16 () 16:00 UMF 2
K =727 -UMF 2025/01/12 (5) %:30 UMF 3
K ER-ERTR.UMF 2024/05/28 () 4:51 UMF 3
B =aEgumE 2024/01/14 (8) 16:20 UMF 3
I IV&N): [Lczin.umr EK(0)

JPNOEAD:  [7705-5(.UMP) =~ el
LC2in.UMF #fi& ¥ 7,

J-¥E&NI0 %
| v oE—%®)
| |lcZinlkhz a < »QOMREE) |
| llcZcal .
| |Tciealinv A ER () |
v 7 aOHIED) |

| 7— K(L) | |
| - htadvd )] [ |
|

0K | el |

lc2invchev Z3#R LT, TOK] ML £,
return] %9 &, BHEIHEINET,

HEHH] 222 RWF 2B = T O —INRAT ()L F—
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LC 7 4 V& —DiRE

2D LC 7 4 )VH ORE

11=3.540 m
¢1=0.398 u
¢2=0.708 u

L7 ADOTHEKIZAS LT ILC2-invchev-1KHz-xs-3.asc] ICZHE L IRELET,

<% 0O TLC2Calinv] ORAE

Xk=Xc/Xa;L1=Xb*Ro/(Xa*Xk);C1=Xd/(Xb*Ro0);C2=(1-Xd)/(Xb*Ro)

JE D 75 7 (TLC2-inv-1KHz-xs-3.asc])

=

===

V(out)

V(out)/V(in)

V(in)

*: LC2-inv-1KHz-xs-3.as¢

p=] e

.ac oct 50 10 100k

EBEDA I —HUAN 04 —Lh0BE C1 0.398u
1] T TR q h
E2inoLALE 0dBER- TN #3807 out/inld 0dB-i%.
in A (7‘5-715\ . out
3.54m
Vi
::CZ Ro
SINE(0 1 1K) 0.708u 50
AC1
v

Dy bA7RK M 1KHzE T, 71 2(30dBT. 3KHzT -8.9dBI. 3%,

A aEHIARER Y OB & RAREERE S O T,

E 22 2R TF 2 BV 2 T H—IRART 4 LA —

2 FEFIEY170—)1VA714)L3— Fc=1KHz, atp=0.1dB, 3KHz¢-8.9dB
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LC 7 4 NH—DF3
2D LC 7 4 )VH ORE

<4 8 Tic2invchev] OAR

f=1 K;Ri=50;R0=50;Xa=255.5615 Meg;Xb=18.0916 K;Xc=255.5615 Meg;

Xd=0.3596;$LC2Calinv

f=1 K;Ri=50; By AT REEEN 1KHz T, E5HEA L E—X AN B0 T
HHZLEFEDLLET, BAHEOFEIIIENEEA, BT, ZO~7 o TEHRIND 7

A NE—DTy N T R AR T 572D T,

Ro=50; TANE =DM A v E—F AR D LET, BEEATHE,
Xa=255.5615 Meg; ¥ (1) OFHazwzXatRLTWET,

Xb=18.0916 K; ¥ (1) &b ZEXb EELTNET,

Xc=255.5615 Meg; B (1) O cuE Xe EELTWET,

Xd=0.3596; ¥ (1) oFHdEXd ERLTWET,

$L.C2Calinv ~ 7 1 LC2Calinv MO LT, FHEAZHEL T,

<4 A TLC2Calinv] ORAE
Xk=Xc/Xa;L1=Xb*Ro/(Xa*Xk);C1=Xd/(Xb*Ro);C2=(1-Xd)/(Xb*Ro)

WHOBNTES L, ROL TR £,

Xk:&,L].:Xb.RO,Cl: Xd ,CZZ(I_Xd)
Xa Xa-Xk Xb-Ro Xb-Ro
#KIZDOT

(1-4)

WF by =27 7 00— (1-1) 75 (1-4) 1. [Sim for DOS| ([ZFEMH STV
% TEEgY I 2 b— 3 »pdf) @ pl03 (p19) 7206 pl04 (p20) ZFIHL E L7,

FEME] 2-22RWF B = T — AT 4 LA —
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i}

LC 7 4 V&2 —Di%Et

g=ill

2D LC 7 4 V7 DEE

HEHHl 2-3 2 RFEABEHO—IRTqILE— 2

[LtAct] TH > MA 7 EREEN 10KHz, U 7 U0 2dB. AR E &I2ET 5 BN
20KHz & 72 2F5 MBS — R A7 4 VX —Z & L £,

A DOAT X

707" Low Pass Elliptic /R&EV=2
Fp = 10.0000EHz attp = 2.0000dB Fs = 20.0000EHz atts = 20.53dB

10dB

0dB .

-10dB \
~20dB b b \ ______ e ——

1K 3K 10K 30K

REHEl 23 2 WAEMIRIS  — XX 7 g L s — 2
31/ 241



LC 7 4 VB2 —D3
2D LC 7 4 )VH ORE

bt RER ORI Iy AT AR, Q. GBAE
7tu)" Low Pass Elliptic &#=2
Fp = 10.0000KHz attp = 2.0000dB Fs =20.0000KHz atts= 20.59dB
2 RO
Pn 2*s"2+Pn 3*%s+Pn 4

Hn = -
s?"2+Pn 0*s+Pn_1
2 k3
n Pn O Pn_1 Pn_2 Pn_3 Pn_4
1 47.1756K 3.4674G  93.4676m 0 2.7542G

Fe= 9.3717KHz Fc 71> =- 1.1617dB Q= 1.2482 GB fi=
1.1698MegHz

~ 7 1 [le2inlkhz] OREEEET D,
0.384u

TXARZT 4 ZICa— LT oEERETLHEHETT,

EHLIz~ruar, BEOANSTTA ALY 13T, Treturn) % #f4,

E=EJ17F 9% X

KA
=10 K:Ri=50;Ro=50;Xa=3.4674 G;Xb=47.1758 K:Xc=2.7542 G;Xd=93.

STRIGR
3.84323e-007

zzaM | ] > | 7| 8| 9] Ac(A) |

zme) | +| -| al 5| s8] c(C) |

M | x| | 1| 2| 3] Bs(B) |

wrE 0 | =] sp| of .| $|  AFH |
Return (E)

Etl 2-3 2 WABMHBEA R — AT 4V H— 2
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LC 7 4 VB2 —D3
2D LC 7 4 )VH ORE

11=0.856 m, 12 = 3.310 m, ¢1=39.6 n, ¢2=0.384 u

LRHOT, BIEMIZAN LT, 77 ANV ZELTRIFLET,
LC2-ellip-10KHz-xs-3-atp-2db-Rin-0.asc

B2 LC2-ellip-10KHz-x5-3-atp-2db-Rin-0. = TE TR
Vi(out)
\7
"""" i
\
1
|
'\
i, LC2-ellip-10KHz-xs-3-atp-2db-Rin-0.asc ==
2AEMBERO— S A1 —
C1 39.6n
ESEDAV—HVAN 04— LD B E —
ESinOLANE 0dBEE2T NS
in LY /w\lf%'\ _ _ out
0.856m \\
vi @ 7f2 ={L2 Ro
- <
SINE(0 1 1K) 0.384u 50
AC1 3.31m
?7
.ac oct 50 100 1meg
hbA RS 1KHZET. T (3 2£2dBT. 3KHzLL Lo Rl H = B -20.2dBCH 6.

AL —F Ay F TR TN TS Ro=50 -> 100) & J& BN ELILE T,

V{out)

£ LC2-¢llip-10KHz-xs-3-atp-2db-Rin-0.asc

2AEMEHO—1 AT —
¢
ERBEOAA—IIAS O LD BE  — 39.6n
ESINOLALE 0dBIE2TIVE "

in AL ,/?ﬂ;’\ . out
0.856m I
vi (JD €2

=2 %Ro

) 2
SINE(0 1 1K) 0.384u < 100
AC1 J:.nm
=
.ac oct 50 100 1meg

kA7 1KH2E T, 53 £2dBT. 3KHz L b = I H % T -20.2dBIa 6.

Etl 2-3 2 WABMHBEA R — AT 4V H— 2
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0 LC-filter 2026/02/24 (X) 10:57 I74 N 72N -

S MSSIM 2021/12/03 (£) 5:33 774 IANS-

SIRLCIAILA 2020/06/08 (E) 6:14 I74 0 IANS -

SIENWY-IBY 2020/04/16 () 16:05 T4 IANS-

THANEN:  |test | ﬂms|
IPA VOB Fl......................H| sl |

wis A

T ANZLEANTI LT EF) 2L £,

F L SWHMHEBEH e — A7 4L F— 53 / 241



LC 7 4 NH—DF3
3D LC 7 4 )V O&E

4. [LtAct] 77 ANDHEAT Tixt] ZREMTTHD & BEIMIZT 7 4 VD ER
NnET,

e RERBORE, by P T AR, QE. GBE
748" Low Pass Elliptic #&%%=3
Fp= 1.0000KHz attp=0.5000dB Fs= 5.0000KHz atts= 56.62dB
2 KD
Pn 2*s"2+Pn 3%s+Pn_4

Hn = -
s"2+Pn O0*s+Pn_1
1 %K
PO= 3.9924K Pl1= 0 P2= 3.9924K Fc= 635.4174Hz Fc 7 A

=- 3.0103dB
2 Ik

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_ 4

1 3.8548K 45.1493Meg  34.4837m 0 45.1493Meg

Fe= 1.0694KHz Fc 71 = 45217dB Q= 1.7431 GBH
=186.4114KHz

F L 3WFEMBEK e — AT 4 L F— 54 | 241



3D LC 7 4 )V O&E

LC 7 4 )V Z —Di%E

5. [ Dtexe] ZEEILC, [~ ] 27Uy 7 LET,
1- X

FE&EVYIO

<2 o—E(R)

OK

< 7 0 DiRE(E)

AR ERN)

< 7 2 DHIRRD)

72— k(L)

-7(0)

ot

m— K] #27U w27 LT, I'EHE Dtexe] ZfRE L7741 Z6, [LC2in.UMF] %

ERLT MBA< ) 2/ LE T,

IPAIVERIC X
TrNOEEN: [T DL ~| -~ BckE-

28 ExEE &5

| B LCain.umF 2026/02/24 (%) 1913 UMF3

L Filter-Macro.UMF 2025/05/19 () 20:06 UMF 5

BL craFCUMF 2025/01/16 () 16:00 UMF 5

K =717299 R UMF 2025/01/12 (B) @:30 UMF 3

B ER-=RZT R UMF 2024/05/28 (X) 4:51 UMF 5

B =33 F2LUME 2024/01/14(B) 1620  UMF3
TPANEN:  [LC2inUMF E(0) |

Ir4 L OESEM): |wu?'—9:',uw)

1-E=ENI0

<2 0—&(R)

lc3cal
lezinlkhz

lcécal
leZinvchev
leZealinv

IRLCT 4 L RFHAF

= Fean |

X

v 7 ODREE) |

FrRIERL(N) |

v ZoDlIEED) |

o— K(L) |

£—7(8) |

| O

Frvbh |

£&0 UMUK — AT 4 12—
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LC 7 4 VB2 —D3
3D LC 7 4 )V O&E

Me3in) Z@EIRL T, =7 o) 227V v 7 LET,
NIODRE X

S RA=E
le3in 0K

2
if=1 k:Ro=50;P0=6.4b13 A4l

BEE L
SRLCT 4 1L B RBAF

=N I OFIIB#LT, Xefhz 7y 7L Tat—L T, 7¥RA =T 44
WZRE Y AT E 9

Xf=1 k;Ro=50;P0=6.4513 K;Pn0=5.5423 K;Pn1=65.7946
Meg;Pn2=0.1409;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Ca
1

P2 Pn2-s%+Pn4
H = e (2-1)
S+P0 s<“+Pn0-s+Pnil

Fio, BEFEBITRAD L) ICER SN THEHENPRDOND LT 5,

d+es?
H = —4%¢s 2-2
a+b's+cs?+s3 (2-2)

X (2-1) OHREGFER (2-2) OERNCER LT, BREETFA hT 4 Z & flio

T/ urimElLET,
a,b,c,d...lx. v7 oL LTl Xa, Xb, Xe, Xd... & LTHEWET,

F L 3WFEMBEK e — AT 4 L F— 56 / 241



LC 7 4 VB2 —D3
3D LC 7 4 )V O&E

7545 Xa, Xb, Xe, Xd EAREBBOREIT~ 7 7 (edin) WHTHET 20T, FEOM%
M LET,

Xf=1 k;Ro=50;P0=6.4513 K;Pn0=5.5423 K;Pn1=65.7946
Meg;Pn2=0.1409;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Ca

|

CEBABOREL T XA PxT o ZiIZat—LET,

1 %A
PO= 3.9924K P1= 0 P2= 3.9924K
2 %k
n Pn O Pn_ 1 Pn_2 Pn_3 Pn_ 4
1 3.8548K 45.1493Meg  34.4837m 0 45.1493Meg

FE BEE BRI A= 2 N5,

Xf=1 k;Ro=50;P0=3.9924 K;Pn0=3.8548 K;Pn1=45.1493 Meg;Pn2=34.4837
m;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Cal

6. IR ANWTA T, WELTE~ 7 m 2R AT T lreturn) Z#79,

ESIIF 96 X

d‘ﬁ"‘i (Z)

STREFR

|1.1-ﬂ3-ﬂ3e 003
zzaM | ) | 7] 8| o]l Aacw |
z=H G) |+ | | 4| 5] 8] c () |
Em P | x| | 1| 2] 3] BsB) |
e | = s ol .| $|  ALrH) |

Return (E)
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LC 7 4 VB2 —D3
3D LC 7 4 )V O&E

M/m] OXHICERIZAT LT, FHEEZGARY £7
L1=10.607m
L2=0.189m
L3=6.186m
C1= 4.032u

7. [LtSpice] T [LC3-ellip-Rin-0O-base.asc] #FH\T, FHHEEZAN LT T 7 A V4%
[LC3-ellip-1KHz Rin-0-xs-5.asc] (28 L CHRAT L CREEERMME 2R L E T,

LC3-ellip-1KHz-Rin-0-xs-5.asc
= == =]

/4_\£(gut)

 LC3-ellip-1KHz-Rin-0-xs-5.asc e e
3XEMBEIO0—/IA71)L3— Fc=1KHz, atp=0.5dB, 5KHz-56.8dB

. L1 L3

in W i W ] out

10.607m 6.186m
Vi L2 Ro
SINE(O 1 1K) =
AC1 0.189m
c1

.acoct 50 10 100K
4.032u

hy AR 1KHzE T, 54 »I30dB T, 5KHz T -56.8dBIc3 3,

A aEHIARER Y OB & RAREERE S O T,

3 UAEHBAE Y 4 V& —DRREITIE, FHBEE T F =y =7 ThRIL~7 1
Medin) &R UEIEX~ 7 A L TLC3-ellip-Rin-0-base.asc] MF|HTE £,

F L 3WFEMBEK e — AT 4 L F— 58 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

4RDLC 74 IL3 DE&E
REHH 4-1 RABABH O —/IRX T 4 )LE—
4 RAEHEE n — R 7 4 W E —Z FORKKTHRITLET,

LC4-ellip-Rin-0-base.asc

ARIEFBH BT ISR

. . -
vi L2

SINE(0 1 1K)
AC1
L Ro

.ac oct 50 0.01 1meg c  _“so

[LtAct) TR 7-{xzER%K

__ Pni12-s?+Pnl4  Pn22-s*+Pn24
© s24Pn10-s+Pn1l s2+Pn20-s+Pn21
[ X D F FE A F RS 2 72 DIl D Anz Rk
_ e+f-s?+g-s*
" a+b-s+cs?+d-s3+st

(4-1)

(4-2)

Xa = Pnll-Pn21,Xb = Pn10- Pn21 + Pnll- Pn20,Xc = Pn21 + Pn10- Pn20 + Pnl1

Xd = Pn20 + Pnl10,Xe = Pnl4 - Pn24,Xf = Pnl2- Pn24 + Pnl4-Pn22,Xg = Pn12

RERB ORI A B EICEST 2
Xb2 = Xb-Xb,Xd2 = Xd - Xd, Qrd =ro - Xd,Q1 = —Xd - Xc - Xb + Xb2 + Xd2 - Xa
Q2=Xd Xf —Xc-Xd+Xb,Q3=—Xb-Xf +Xd-Xa

01
Xa-Q2-Q2

Q3
Xa-Q2

Q1
L1=ro*y=— 12 =~Qrd-Xf -

,L3 =—Qrd-
2

—_0o._2
Cl=-Q2 ordol’

€2=1/Qrd

RET 4-1 WHEMBEE i — S 2 7 4 v F—

* Pn22
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LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

wHOD [w27w] - ITn— K] — [LC2in.UMF] ZBRL T IPH< ) 247,
Medin] ZBRL T 1) ZH =YV E2BEIL THEZTXTat—LT, 7FAX b7
A4 ZIZBE VAT B,

AJIH~27 v LCdin

ro=50;Pn10=1.8922 K;Pn11=41.9488 Meg;Pn12=60.8174 m;Pn14=58.1689
Meg;Pn20=5.5578 K;Pn21=16.1987 Meg;Pn22=60.8174 m;Pn24=11.0283
Meg;Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20
+Pn10;Xe=Pn14*Pn24;Xf=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;

HEMH~~271 LC4cal
Xb2=Xb*Xb;Xd2=Xd*Xd;Qrd=ro*Xd;Q1=-Xd*Xc*Xb+Xb2+Xd2*Xa;Q2=Xd*Xf-
Xc*Xd+Xb;Q3=-Xb*Xf+Xd*Xa;L1=ro*Q1/(Xa*Q2);L2=-Qrd*Xf*Q1/(Xa*Q2*Q2);L.3=-
Qrd*Q3/(Xa*Q2);C1=-Q2*Q2/(Qrd*Q1);C2=1/Qrd;

LtAct) TREHS 2 4 WFEMBEEn — 27 4 V7% L T nEREORE T 7 A
N4 %,

=2 OB

FAHIEE Fp= 1.0000KHz attp=0.1000dB Fs= 1.5000KHz atts= 29.06dB
e RERORER. by AT AR Q. GBAE

2 k=

n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 2.1819K 49.6663Meg 0.1877 0 89.6455Meg
2 8.7806K 34.3010Meg 0.1877 0 18.7863Meg

LC4in ® Pn10=1.8922 K # Pn 0 ® FiZdH 5 2.1819K IZLH 5, #HF L HMOMIZA
R—=2% ANIDb, MO L FEFICL T Pn24 F TETERET S,

EELIES, BHADOANN T A AV AT T lreturn) ZH4 L FAHENFHR LD,
ATHATIZ Telha) DX HICTATT D ERFEMPHRETE D,

AEHE 4-1 KBS e — AT 4 L B — 60 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

4 WFEMBAE m — R 7 4 NV E — % RE LTSS
FXFHIRE Fp= 1.0000KHz attp =0.5000dB Fs= 2.0000KHz atts= 48.64dB
e RERBOFRE, by P T EEEK. QE. GBE

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 1.8922K 41.9488Meg 60.8174m 0 58.1689Meg
2 5.5578K 16.1987Meg 60.8174m 0 11.0283Meg

AJIH~27 v LCdin

ro=50;Pn10=1.8922 K;Pn11=41.9488 Meg;Pn12=60.8174 m;Pn14=58.1689
Meg;Pn20=5.5578 K;Pn21=16.1987 Meg;Pn22=60.8174 m;Pn24=11.0283
Meg;Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20
+Pn10;Xe=Pn14*Pn24;Xf=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;

LUF ORFEIF LT,

L1:=9.399 m
1L2:=1.36m
L3:=0.010
Cl1:=4.548 u
C2:=2.685u

LC %EBr) 74X — — [HARREX ] — [LC4-ellip-1KHz-xs-3-Rin-0-base.asc] %
LtSpice] THHWT, ZFEEZANLTTZ 7 A NAEERLT ILC FBr) 7414 —
— [ L72RIEK ) ITRAFE L TG, BRI 2 i85 5,

AEHE 4-1 KBS e — AT 4 L B — 61 / 241



LC 7 4 V& — D3

4RO LC 7 4 V7 DRRE

LC4-ellip-1KHz-xs-2-Rin-0.asc
H{;_Ii-e p-1KHz-xs-2-Rin-0.asc

(== =]

£, LC4-ellip-1KHz-xs-2-Rin-0.asc

N

4RFEMBEH-FFIEYI7O0-)1\AH

L1 L3
1 SR 2 S 4
9.4m 0.01
vi L2
1.36
SINE(0 1 1K)
AC1 3
ci i :cz o
.acoct 50 10 100k
j;“'ssu 2.68u 50
N N

hy FATREE#1KHzZ, Y7 )L 0.5dB, 2KHzEL E CORIER T E(342.7dB

F v A7 EEE 1KHz, Y 7V 0.5dB, 2KHz UL CTORKEE £1T 42.7dB 1272 > 7=,

X FHAR D RARRIRE &1L atts =

AEHE 4-1 KBS e — AT 4 L B —

48.64dB 72 DT, WEEENK 6dB £V 720,
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4RO LC 7 4 V7 DRRE

LC 7 4 V& — D3

[LtAct) (2 X 2DEXFHRFCERR S5 B SR E Tl 2KHz O &3 48.84dB,
s

=1 Mcact21

737" Low Pass Elliptic
Fp =

10dB

IR =A

1.0000kHz attp = 0.5000dB Fs =

2.0000KHz atts

48.,64dB

0dB

-10dB

-20dB

-40dB

-50dB

-60dB

-70dB
100

300

1K

K

[Fl CRGHIRR DT 7 7 4 77 4 )V 2 OJEE R

E2 14 4-ellip-1KHz-at-0p5-xs-2.raw

V(out)

.acoct 50 1 100meg

Low Pass Elliptic order =4

COEIBEBPHF I AT 2 Act FEhLELE

Fp = 1.0000KHz attp = 0.50dB Fs = 2.0000KHz atts = 48.64dB

AEHE 4-1 KBS e — AT 4 L B —

R3_1 R6_1 R4l R3_2 R6_2 R42
V| vm
+| V2 V3 C11|R5_1 286.48K 16.74K
V] V|
U1 ,u3 i
B 7 A - B —,
6.34K 6.34K ADASSORS 2.75K 2.75K ADRIBORS ADASSIAS
Cbi_i Cb2_1 Cbi 2 "Cb2 2
SINE(0 1 1K)
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LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

#HKIZDOLT

ASHA~271m LC4in LEFEMH~~2 1 LC4cal IZ. [Sim for DOS] Zffi> T, 4-1 &kF5
M e — 27 4 L H—DEEXEZ AT LT, lconv 2~ R TRESTHIZH T L.

Maple ® 71 7T NI AIA L TER LE LT,

Maple D711 7' F A

># Maple Hl FREATSI - SHFIEY A b
> restart: with(linalg): with(plots):

> siki:=matrix(4,4,0):e:=vector(4,0):

>giki[ 1, 1]:=1;

>ell1] :=+el;

>sikil 2, 2] :=+s*cl+1/s/12;
>siki[ 2, 3]:=-1/s/12;

>siki[ 3, 1]:=-1/s/11;

>siki[ 3, 2]:=-1/s/12;

>sikil 3, 3]:=+1/s/11+1/s/12+1/s/13 ;
>siki[ 3, 4]:=-1/s/13;

>siki[ 4, 3]:=-1/s/13;

>giki[ 4, 4] :=+s*c2+1/ro+1/s/13;

> x:=linsolve(siki,e);
>

>
> GG:=simplify(x[4]/el); #= =R £ 2 3R 6D 5

2 / 4
GG:==ro(s c112+1) / (213s clc2ro+ros cll2
/
4 3 3

+1211s clc2ro+1213s cl1+1211s cl+sl13

3 4 2

+11s ¢113+11s clc2rol3+s c2rol3+sll

RET 4-1 WHEMBEE i — S 2 7 4 v F—
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LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

2 2

+11s clro+ro+1ls c2ro)

> GA'=Xe+Xf*s*s+Xg*s*s*s*s)/(Xa+Xb*s+Xc*s*s+Xd*s*s*s+s*s*s*s); #7 EFHHEHD

Rk

2 4

Xe+Xfs +Xgs

Xa+Xbs+Xcs +Xds +s

>

> nom:=expand(numer(GQ)); #= R EL D 731

> den:=expand(denom(GQ)); #=EREL D /3£

> C4:=coeff(den,s,4); #53F:D 4 DR Z KD 5

> denl:=simplify(den/C4); #/3 E:D 4 RO % 11295

> nom1:=expand(nom/C4); #53 DIeE % HHE S 5

> eql:=Xa=simplify(coeff(den1,s,0)); #/7 kD 0 R DR E % L4 Xa (TR AT 5

clc2(1112+1113+1213)
> eq2:=Xb=simplify(coeff(denl,s,1)); #/7 £ D 1 Ik DFRE % 2%k Xb IZfRAT %
> eq3:=Xc=simplify(coeff(den1,s,2)); #7£FD 2 I DFREL % 254k Xe ITRAT D
> eq4:=Xd=simplify(coeff(denl,s,3)); #53FD 3 R DLR% A L4 Xd IZRAT D

>
> eq5:=Xe=simplify(coeff(nom1,s,0)); #53FD 0 IR DIRE % 2% Xe IS5

RET 4-1 WHEMBEE i — S 2 7 4 v F—
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LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

> eq6:=Xf=simplify(coeff(nom1,s,2)); #7571 D 2 IR DLRE % 2845 X IR AT D

> eq7:=Xg=simplify(coeff(nom1,s,4)); #5771 D 4 IR ORE = 8 Xg 12T D
>

> ans:=solve(leql,eq2,eq3,eq4,eq6},111,12,13,c1,c2}); #EFE A2 K 5

2 2
1 ro (-XdXcXb+Xb +Xd Xa)
ans ‘={c2 = ===, 11 = -==--=mmmmmmemeee oo ,
Xd ro Xa (Xd Xf - Xc Xd + Xb)
2 2
Xd Xfro (-Xd XcXb+Xb +Xd Xa)
12 = - -mmmmm s ,
2
(Xd Xf - Xc Xd + Xb) Xa
2
(Xd Xf - Xc Xd + Xb)
Ccl = - -mmmmmmmmmmmemm e ,
2 2
Xdro(-XdXcXb+Xb +Xd Xa)
ro Xd (Xb Xf - Xd Xa)
13 = -mmmmmmeeeennno e f
Xa (Xd Xf - Xc Xd + Xb)
Xg BMflEbbn Tt !
>HBEADO~ I 2 ZAERKT D720, FHEOXE KT 5
>
> #LtAct DISERB O+ LR R+ 2 £ Xa 72 & LAz ORE A BT T
)
>
> HAN:=expand((Pn12*s*s+Pn14)*(Pn22*s*s+Pn24)); #& HE 5Dy 1% BB 35
4 2 2

HAN :=Pnl12s Pn22+Pnl2s Pn24+Pnl4 Pn22s + Pnl4 Pn24

> Xe:=simplify(coeff(HAN,s,0));
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LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

> Xf:=simplify(coeff(HAN,s,2));
> Xg'=simplify(coeff(HAN,s,4));
> HAD:=expand((s*s+Pn10*s+Pn11)*(s*s+Pn20*s+Pn21)); #7& HBIE DO/ &L & BB 5
4 3 2 3 2
HAD:=s +s Pn20+s Pn21+Pnl0s +Pnl0Os Pn20
2
+ Pnl10 s Pn21 + Pnlls + Pnll Pn20 s+ Pnll Pn21
> Xa:=simplify(coeff(HAD,s,0));
> Xb:=simplify(coeff(HAD,s,1));
> Xc:=simplify(coeff(HAD,s,2));
> Xd:=simplify(coeff(HAD,s,3));
>
FHEOF R AT 5
> Xb2:=Xb*Xb;Xd2:=Xd*Xd;Qrd:=ro*Xd;
> Q1:=(-Xd*Xc*Xb+Xb”2+Xd"2*Xa);
> Q2:=(Xd*Xf-Xc*Xd+Xb);

> Q3:=(-Xb*Xf+Xd*Xa);

>

>
B2 EFRT D
> r0:=50;k:=1000; m:=1/1000; meg:=1000000; #HA7 %2 EFKT D

{RERB ORI Z AT 5
> Pn10:=1.8922 *k; Pn11:=41.9488*meg; Pn12:=60.8174 *m; Pn14:=58.1689*meg;

AEHE 4-1 KBS e — AT 4 L B — 67 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

Pn10 :=1892.2000
8
Pn11 :=.4194880000 10
Pn12 :=.06081740000
8
Pn14 :=.5816890000 10

> Pn20:=5.5578 *k; Pn21:=16.1987*meg; Pn22:=60.8174 *m; Pn24:=11.0283*meg;
Pn20 :=5557.8000
8
Pn21 :=.1619870000 10

Pn22 = 06081740000
8
Pn24 = 1102830000 10
>
FEERD 5
> L1:=ro*Q1/(Xa*Q2);
L1 = 009398618402

> L.2:=-Qrd*Xf*Q1/(Xa*Q2*Q2);
L2 := 001361694784

> L3:=-Qrd*Q3/(Xa*Q2);
L3 = .01001183038

> C1:=-Q2*Q2/(Qrd*Q1);

C1:

4548172133 10

> 02:=1/Qrd;

C2:

2684563758 10

KIEEEREPHEHIRZH - SRV T, WETILERD D,

AEHE 4-1 KBS e — AT 4 L B — 68 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

HEHHI 4-2 RIEMABEKO—/RR T 4 ILE—

JABEB DN T 4 VB EFRF L TR,

71w A7 EEEE IMHz, U 7 /Vid 1.5dB, 2MHz CHIKEFE 21X 53.9dB
e RERBORE, by P T AR, QE. GBE
718/ Low Pass Elliptic %=4

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 1.3117Meg 37.9145T 44.8507m 0 42.8975T
2  3.7653Meg 10.9365T 44.8507m 0 8.1330T

~7 1 LC4in ZIRDO K HITEHE LT,

ro=50;Pn10=1.3117 Meg;Pn11=37.9145 T;Pn12=44.8507 m;Pn14=42.8975
T;Pn20=3.7653 Meg;Pn21=10.9365 T;Pn22=44.8507 m;Pn24=8.1330
T;:Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20+P
nl10;Xe=Pn14*Pn24;Xf=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;

B THEITL T, FFEFEEMHER L T [LC4-ellip-Rin-0-base.asc] Z#BIWVTHEFEE AN
U CJEMS BRI A e LT,

LC4-ellip-1MHz-xs-2-atp-1p5-Rin-0.asc

= (== =]
Vi4)
- LC4-ellip-1MHz-xs-2-atp-1p5-Rin-0.asc =
4XRFEMBEHO—-NA
L1 L3
2 I —4 Pyt
8.705u 10.24u
vi L2 =) 0,960u
SINE(0 1 1K)
AC1 3
C1 ::CZ Ro
.ac oct 50 10k 100meg l‘”“ 3.04n 50
~
Fc=1MHz, atp=1.5dB, 2MHzLl L DR IERE = =(149dB

9MHz UL F O AR EEN 49dB 1272 -7, BEMIEREL Y & 5dBALE Y 720N,

AEHE 4-2 KM B S e — " AT 4 LB — 69 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

Y TADIENT (S E R L TR

J1v A7 EEEE IMHz, U 7 Vi3 0.5dB, 2MHz CIKEFE 21X 48.6dB

Fp= 1.0000MegHz attp =0.5000dB Fs= 2.0000MegHz atts= 48.64dB
e RERBORE, by P T EEK. QE. GBE
718/ Low Pass Elliptic %=4

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 1.8922Meg 41.9488T 60.8174m 0 58.1689T
2  5.5578Meg 16.1987T 60.8174m 0 11.0283T

~7nr LC4in #ZEH LTz,

ro=50;Pn10=1.8922 Meg;Pn11=41.9488 T;Pn12=60.8174 m;Pn14=58.1689
T;Pn20=5.5578 Meg;Pn21=16.1987 T;Pn22=60.8174 m;Pn24=11.0283
T;:Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20+P
nl10;Xe=Pn14*Pn24;Xf=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;
LC4-ellip-1MHz-xs-2-atp-Op5-Rin-0.asc

B =& [=]
vi4)
%, LC4-ellip-1MHz-xs-2-atp-Op5-Rin-0.asc =
4FEMBEKO—ItA
1 S B s
9.399u 10.01u
vi L2 =41 362u
SINE(O 1 1K)
AC1 3
c1 ez Ro
.ac oct 50 10k 100meg l"'s‘"’“ 2.685n < 50
~
Fc=1MHz, atp=0.5dB, 2MHzLl t DR {EFH = E(142.5dB

REHEER L D b 6dB LR D 72\,

AEHE 4-2 KM B S e — " AT 4 LB — 70 / 241



LC 7 4 NH—DF3
4RO LC 7 4 V7 DRRE

HEHH 43 WFEL T 7-OA— NIRRT 4B —

J1v A7 AT 1KHz, Y 74 1dB, 2.5KHz LL b CRRI = 13 42.55dB
e RERBOFRE, by P T EEEK. QE. GBE
7frs” Low Pass Inv. Cheb #=4

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 5.1179K 55.2886Meg 0.1913 0 55.2886Meg
2 14.6820K 65.6982Meg  38.9936m 0 65.6982Meg

~7 1 LC4in ZIRDO K HITEHE LT,

ro=50;Pn10=5.1179 K;Pn11=55.2886 Meg;Pn12=0.1913;Pn14=55.2886
Meg;Pn20=14.6820 K;Pn21=65.6982 Meg;Pn22=38.9936 m;Pn24=65.6982
Meg;Xa=Pn11*Pn21;Xb=Pn10*Pn21+Pn11*Pn20;Xc=Pn21+Pn10*Pn20+Pn11;Xd=Pn20
+Pn10;Xe=Pn14*Pn24;X{=Pn12*Pn24+Pn14*Pn22;Xg=Pn12*Pn22;$L.C4cal;

L1=9.666 m; L.2=1.153 m; .3=6.136 m; C1=3.515 u; C2=1.01u
LC4-inv-chev-1KHz-Xs-2p5-atp-1.asc

=] =N EN
Vi)

4: LC4-inv-chev-1KHz-Xs-2p5-atp-0p5.asc E@
AxRFFIEYI70-)\AR
9.666m 6.136m
Vi L2
1.153m
SINE(O 1 1K)

AC1 1 3

- ::‘:1 ::cz Ro
.acoct 50 10 100
3.515u L0tu <750
N ~

s25t{H#E Fp = 1.0000KHz attp = 1.0000dB Fs = 2.5000KHz atts = 42.55dB

AIEE 1KHz) B 8 1dB, 2.5KHzL\ FOREHICHiT e R =E(435.5dB

REHEER L D b 7dB L2 Y 720,

HEHH] 4-3 WF b 2T -a—/NRAT 4 J)LH—
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LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

4RDLC T4 IL2DERET 2

[Sim for DOS| IZRIMHES N TV D TEEE T I = L—1 3 > .pdf] @ pl07(p23)IZ HA[A]HE
LC4-ellip-Rin-0-base.asc DA IZIIKARER D 73 FED s DIWRELN 2 IRIZT2 5D Th
EDLLWVEKKTIERNEENTHY £ L7,

1995 FICH Y TENZDOICEN TV E L,

[EZMT T ur - 74 2GHE CQ MRt #FH A WE /TREZE] @ plss
~pl59 T, HERFF = =7 « 7 4 W Z TEIHEMENK T2 L EPNTHET,

pl05 (p21) ~pll3 (p29) DOIEARIKEK L EHBAEZFIHITHZ LicLE L,

4 RAEH B — "2 7 4V Z— X T ORI TER L £,

LC4-2-ellip.asc

4&*’%F§Fﬂ%ﬂ—}f7\ﬁﬁ
|
T T

L L

vi @ | oL

SINE(O 1 1K)

AC1 3
~7 c3 e L1 R1
.acoct 50 10 1meg c C L R
V4 NS

HEHH] 4-3 WF b 2T -a—/NRAT 4 J)LH—
72 | 241



LC 7 4 VB2 —D3
ARDLC 7 4 VF DOFRE 2

ARDEHREBEZERTIEROELD
Pl_:s2 + Pl_4 P:_:s2 b P:_4

b % &g B H=- ; 68
e S4B stR, T +P 1B, Y
P AR TS T="“”“+mf+*f+f (69)
d, +d,s” +ds
n +ns:
LAvEe—HY R AA:EELLTLQ (70)
Ny +n,s +s
BFDONRTA—H
1
L=R, L=k, L=, L=5
6 12 13 (95)
k )
=k, Bk, G-
klO
1-d k
k = nsR:' k,=n,—km R, k,=1-kn,R, k4:n3;\’,
R R T i SR S
n
(96)

"1(d4n12 —dymn; + do";:)Rl
ey P ey e e e L SO
o N L3 D 2 3 0 0 j

kll = (l_ k9)ks > kll =—1, kls - ks _kllkll
K(95), (96)I12 L » T, MK LC4-2-ellip.asc IZ G EN DT X TOHEHHEITE 2 HN-is
EREH O EAMRIL R ICE > TER SN,
A(68), 6975, AH~27 1 LC42in Z1ER7 %,

k2, k10, k11 OFAXNEEZ TW DT, BIELTEHEMA~Z 1 LC42cal #1Ek7T 2,
HAMH~Z a0 TEPELRVIBIT-0T, 250~ 7 ailnEl LT,

HEtH] 4-3 WF 2T a8 —NRAT 4 )LH—
73/ 241



LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

ASH~7 v LC42in

r1=50;Pn10=2.1819 K;Pn11=49.663 Meg;Pn12=0.1877;Pn14=89.6455 Meg;Pn20=8.7806
K;Pn21=34.301 Meg;Pn22=0.1877;Pn24=18.7863
Meg;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

HEM~27n1  LC42cal
k1=(1-d4)/(n3*r1);k2=n2-k1*n1*r1;k3=1-k1*n3*r1;k4=k3/(n3*r1);k5=k2-
k4*n1*r1;k6=(n0-d0)/n1;k7=n0-k6*n1;k8=k5-k6*n3;k9=n1*(d4*n1*nl-
d2*n1*n3+d0*n3*n3)*r1/(d0*(n1*n1*(d4-1)+n1*n3*(n2-d2)+n3*n3*(d0-n0)));$L.C422cal
HEM~7 akix  $LC422cal
k10=n1*rl1-k9*k7;k11=n3*r1-k9*k8;k12=k7/k10;k13=k8-

k12*k11;L1=R1/k6;L.2=k9;1.3=1/k12;1.4=k 11/K13;C1=k1;C2=k4;C3=k13/k 10;

WF b7« T4 AZTITk6=012725DT, L1 ZH0 RO TEIEKEICEHEE2 AN
THENI ELEEL 2o T2,

WF 2B =T « T4 NFTHFBIRTHRETDORRNES I,

REHH 4-2-1 4 RFEABEEO—/INR T4 LA —

etttk Fp = 1.0000KHz attp = 0.1000dB Fs = 1.5000KHz atts = 29.06dB

n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 2.1819K 49.6663Meg 0.1877 0 89.6455Meg
2 8.7806K 34.3010Meg 0.1877 0 18.7863Meg

AR~ 27 v LC42in

r1=50;Pn10=2.1819 K;Pn11=49.663 Meg;Pn12=0.1877;Pn14=89.6455 Meg;Pn20=8.7806
K;Pn21=34.301 Meg;Pn22=0.1877;Pn24=18.7863
Megin0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

L1=1.318; L2=7.069 m; L.3= 8.1 m; L.4= 4.053 m;
C1=1.76 u; C2=64.28 n; C3=2.74 u;

aat Bl 4-2-1 4 KAEABS R — /A7 g L4 —
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LC 7 4 VB2 —D3
ARDLC 7 4 VF DOFRE 2

LC4-ellip-1KHz-atp-Op1-xs-1p5-50.asc

-i: LC4-ellip-1KHz-atp-0p1-xs-1p5-50.as¢ EI@
4 EMBE%O— )\ AH
c2
||
11
64.28n
1 qlfgof\ 2 /%%\ 4
8.1m 7.069m
vi
4.053m L4
SINE(O 1 1K)
AC1 3
= ::Ci L1 Ro
.acoct 50 10 imeg 12-74“ 1.76u 1.318 50
v

axat {4k Fp = 1.0000KHz attp = 0.1000dB Fs = 1.5000KHz atts = 29.06dB

AR DR IAFE NG O T,

et 4-2-1 4 RAEMBISm — A7 L2 —
75 | 241



LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

FREHHI 4-2-2 REEABHO—/SX T 4 )LE—

X atftkE Fp= 1.0000KHz attp =0.5000dB Fs= 2.0000KHz atts= 48.64dB

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 1.8922K 41.9488Meg 60.8174m 0 58.1689Meg
2 5.5578K 16.1987Meg 60.8174m 0 11.0283Meg

ASH~7 v LC42in

r1=50;Pn10=1.8922 K;Pn11=41.9488 Meg;Pn12=60.8174 m;Pn14=58.1689
Meg;Pn20=5.5578 K;Pn21=16.1987 Meg;Pn22=60.8174 m;Pn24=11.0283
Megin0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

LC4-ellip-1KHz-atp-Op5-xs-2-50.asc

B2 =e =]
__ﬁﬁ__ Vi(4)
|
\
\
|
\
|
\
\
/ S
Vif
1o
|
=, LC4-ellip-1KHz-atp-0p5-xs-2-50.as¢ = e
4&%HE§%H—HZ%

Il

9.g3n

L S e s
10.29m 10.27m
vi 1.49m L
SINE(O 1 1K)
AC1 3
£ i L1 Ro
.acoct 50 10 1meg 14'25“ 2.67u 0.347 50
N

X &5H{L#Fp = 1.0000KHz attp = 0.5000dB Fs = 2.0000KHz atts = 48.64dB

XA 4-2-2 IRFEMBIE n — /XA T 4 L Z —
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LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

REHH 4-2-3 RFEMBEHO—IRRX T4 I)LE2—

X eHtAk Fp = 1IMHz attp = 1.5dB Fs = 2MHz atts = 53.9dB

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 1.3117Meg 37.9145T 44.8507m 0 42.8975T
2  3.7653Meg 10.9365T 44.8507m 0 8.1330T

ASH~7 v LC42in

r1=50;Pn10=1.3117 Meg;Pn11=37.9145 T;Pn12=44.8507 m;Pn14=42.8975
T;Pn20=3.7653 Meg;Pn21=10.9365 T;Pn22=44.8507 m;Pn24=8.1330
T;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20+P
n10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

LC4-ellip-1MHz-atp-1p5-xs-2-50.asc
EZ LC4-ellip-1MHz-atp-1p5-xs-2-50.raw = e 5

Vi4)

-« [= ] @ | &

4&%Hﬁ%ﬂ—}izm

7.92p
L3 L2
1 TR 2 4
11.5u 11.016u
vi
1.384u L
SINE(O 1 1K)
AC1 3
3 ::Ci L1 Ro
.ac oct 50 10k 100meg 14'51“ 3.931n g 1104s 50
7

% 5HL#Fp = 1MHz attp = 1.5dB Fs = 2MHz atts = 53.9dB

XA 4-2-3 IRFEMBI% n — /XA T 4 L& —
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LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

HEHI 4--2-4 FFIEL T T -O—IRRAT 4 )LA—

MR W F = =7 Fp=1KHz attp = 1dB Fs = 2.5kHz atts = 42.55Db

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 5.1179K 55.2886Meg 0.1913 0 55.2886Meg
2 14.6820K 65.6982Meg  38.9936m 0 65.6982Meg

WD AT
r1=50;Pn10=5.1179 K;Pn11=55.2886 Meg;Pn12=0.1913;Pn14=55.2886
Meg;Pn20=14.6820 K;Pn21=65.6982 Meg;Pn22=38.9936 m;Pn24=65.6982
Megin0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;
ZRVAHTCTEITT 2,

WIZLLF O~ 7 a5k 0 115 TEITT 5,
k1=(1-d4)/(n3*r1);k2=n2-k1*n1*r1;k3=1-k1*n3*r1;k4=k3/(n3*r1);k5=k2-
k4*n1*r1;k6=(n0-d0)/n1;k7=n0-k6*n1;k8=k5-k6*n3;k9=n1*(d4*n1*n1-
d2*n1*n3+d0*n3*n3)*r1/(d0*(n1*n1*(d4-1)+n1*n3*(n2-d2)+n3*n3*(d0-n0)));

w%IZ, LLFO~ 7 aZik 0 1 CEITT 5,
k10=n1*r1-k9*k7;k11=n3*r1-k9*k8k12=k7/k10;k13=k8-k12*k11;
L.2=k9;1.3=1/k12;1.4=k11/K13;C1=k1;C2=k4;C3=k13/k10;

FAEIL,
L2=6.17 m; L3=9.63 m; L4=1.11 m;
C1=1.0026u; C2=7.53n; C3=3.54 u;

REHH 4--2-4 WF B 2T 0 —INAT 4 )L H—
78 | 241



LC 7 4 VX —DkE
ARDLC 7 4 VZ DFRET 2

LC4-inv-chev-1KHz-atp-1-xs-2p5-50.asc

1’:\; LC4-inv-chev-1KHz-atp-1-xs-2p5-50.raw E@

V(4)

4: LC4-inv-chev-1KHz-atp-1-xs-2p5-50.asc E@
4xR¥FEoo0—-)1IAH
c2
/|
|
7.53n
1 /‘bl;%‘\ 2 /7'?25\ 4
9.63m 6.17m
Vi
1.11 L4
SINE(0 1 1K)
AC1 3
& ::‘:1 Ro
.ac oct 50 0.01 100m
€9 ;La_“u 1.0026u 50
N

hy AR EMIE1KHz, Y7 )VId1dB. 2.5KHzL E TR B = £(342.55dB

IEHIZEEL 7220,

HEHH] 4--2-4 WF 2> 2T a3 —RAT 4K —
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LC 7 4 NH—DF3
ARDLC 7 4 VF DOFRE 2

HEHI 4--2-5 FFIEL T T -O—IRRA T4 )LA—

BEHIAE WiF = =7 Fp=1KHz attp = 1dB Fs = 2.5kHz atts = 42.55dB

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 5.1179K 55.2886Meg 0.1913 0 55.2886Meg
2 14.6820K 65.6982Meg  38.9936m 0 65.6982Meg

L1 OFENEER L Bb 5 DT, n0-d0>0 L7225 X 512, Pn14=54.2886 Meg &
Pn24=64.6982 Meg ® £ 9 \T R R OB A AT L TEBRL X LT,

AN~ 7 "m

r1=50;Pn10=5.1179 K;Pn11=55.2886 Meg;Pn12=0.1913;Pn14=54.2886
Meg;Pn20=14.6820 K;Pn21=65.6982 Meg;Pn22=38.9936 m;Pn24=64.6982
Megin0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

LC4-inv-chev-1KHz-atp-1-xs-2p5-50.asc

= [= e =]

V4

{ LC4-inv-chev-1KHz-atp-1-xs-2p5-50-2.asc = =] @
4RFFIEYII0—- VAR
c2
I
7.53n
1 /‘%%\ 2 /75"30*\ 4
10.11m 6.23m
vi
1.165m
SINE(0 1 1K)
Cc1 3
s ::u L1 Ro
.ac oct 50 0.01 100meg 13'54“ 1.0026u =g 478~ 50
N

F|EHE#k ¥ FEY 1T Fp = 1KHz attp = 1dB Fs = 2.5kHz atts = 42.55dB

HEER DR FFEIZ T VWERED S HAVE LT,

FHEHH] 4--2-5 WF x> 2T -m—RAT 4L H—
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LC 7 4 VB2 —D3
ARDLC 7 4 VF DOFRE 2

Pn11=55.2886 Meg & Pn14=54.2886 Meg D71 1.8%FLHE /2D T, 7% 1%ICEFE L T
FERLET, v 70 TIEIEXBFIHTE 5D T, Pn24=65.6982*0.99 Meg D X HIZ AT
L2 Lz

AN~ 7 r

r1=50;Pn10=5.1179 K;Pn11=54.7357 Meg;Pn12=0.1913;Pn14=54.7357*0.99
Meg;Pn20=14.6820 K;Pn21=65.6982 Meg;Pn22=38.9936 m;Pn24=65.6982*0.99
Meg;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

LC4-inv-chev-1KHz-atp-1-xs-2p5-50-3.asc

=5 (= [E]=]
vi4)

-l: LC4-inv-chev-1KHz-atp-1-xs-2p5-50-3.asc E@
4xRFEFIEYI0—- 1AM
c2
||
i
7.53n
-
9.9607m 6.21m
vi L4
1.147m
SINE(O 1 1K)
AC1 | 3
::‘:3 ::C1 L1 Ro
.ac oct 50 0.01 100me
g 3.493u 1.0026u 0.79 50
~N v

FEtE# ¥ FIE D17 Fp = 1KHz attp = 1dB Fs = 2.5kHz atts = 42.55dB

S BT, RO EREIC TV EREDR S OIE LT,

FHEHH] 4--2-5 WF x> 2T -m—RAT 4L H—
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LC 7 4 VB2 —D3
ARDLC 7 4 VF DOFRE 2

=% 05%ICAEF L TERLET,

AN~ 7 r

r1=50;Pn10=5.1179 K;Pn11=54.7357 Meg;Pn12=0.1913;Pn14=54.7357*0.995
Meg;Pn20=14.6820 K;Pn21=65.6982 Meg;Pn22=38.9936 m;Pn24=65.6982*0.995
Meg;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn11;n3=Pn20
+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

LC4-inv-chev-1KHz-atp-1-xs-2p5-50-4.asc

I:v:,f nv-chev-1KHz-atp-1-xs-2p5-50-4.asc
-< LC4-inv-chev-1KHz-atp-1-xs-2p5-50-4.asc E@
4xEFIEYII0— 12 H
c2
I
1
7.53n
S W N
9.817m 6.191m
vi
1.1316m
SINE(0 1 1K)
AC1 3
c3 ::Cl L1 Ro
.ac oct 50 0.01 100m
eg la_sz u 1.0026u {4 589 50
N

FEHE#E ¥ FIETTT Fp = 1KHz attp = 1dB Fs = 2.5kHz atts = 42.55dB

PEREMN 1% DGHE & RENDH Y T A, HEEROBEREEIGIWVERERSELE LT,
Pnl4 % Pnll ® 99%(.DEIZ. Pn24 % Pn21 ® 99%( DAEICE T35 & #EMEEE L [F
CEEKCEIET 5 L 9 T9,

FHEHH] 4--2-5 WF x> 2T -m—RAT 4L H—
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LC 7 4 V& — DG
BRI ANE —DRFIEZRODFIEZEETD 1

BRIANE—DRFEEZROLFIEZRET D 1

5L EDWRBDT 4 N Z DR EERDDHIZOIT, 3IRT 4 NVZ—DFIRELEIHT 5,

SRMPAERL-2E FIESTIO=)NAR -

in A L1 . L3 | ;aut |
SRR ST i
L
Vi @ L2 Ro

SINE(0 1 1K) o Jv. . <50
AC1

.ac oct 50 0.01 1meg B

. . . . c

fmZER %

T XD EERRDOFR
R1-(1+C1-L2-s?)

= (0)
R1+(L1+L3)'s+C1:R1-(L1+L2)-s2+C1-(L1-L2+L2-L3+L3-L1)"s3
IREZEFEI D 3 RO e IR DR E Z 112 %,
R1-(1+C1:L2:5%)
— C1-(L1-L2+L2-L3+L3-L1)
H= R1 ] (L1+L3) ] C1:R1-(L1+L2) 2, C1(L1-L2+L2°L3+L3-L1) 3
CL-(L1L2+L2L3+L3L1) C1-(L1L2+LzL3+L3.L1) > C1-(L1Lz+L2L3+L3L1) > ' C1-(L1-Lz+L2L3+L3.L1)
Lo T,
R1-(14C1-L2-s%)
_ C1'(L1'L2+L2'L3+L3'L1)
H= R1 . (L1+L3) . C1-R1-(L1+L2) 2,43 (1)
C1-(L1-L2+L2-L3+L3-L1) ' C1-(L1-L2+L2-L3+L3-L1) ST C1-(L1-L2+L2-L3+L3-L1) seTs
RPEEPET HT2DIC, H OFRME B I EE#mZ 5,
d+e-s?
H = (2)

a+b-s+c's?+s3
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A a+c-s?
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i
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=
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a+c-s
L3=k 2EY Hahi,
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a+c-s?
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{Rl-b—a-k
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m = lb—ak
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1 n-s 1 n-s
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Z3 Z.5 a
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2
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Z4=—4+205
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1=L 12="13=k Cl=n

a n
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l=Rl1:-b—a-k, m= Rib_ak’ 17 (R1-b—a-k)?

__ R1b-ak __ (R1—ck):(R1-b—a‘k) _ __ Ri1:(bc-a)
L1= a '’ L2 = R1:(b-c—a) y L3=k (1= (R1-b-a-k)?
RHDEH K ZRET b,

X202 ZZBIHOAMITRA LT, K@) &KL Tk ZRET D,

KO D s D 3 RDOIRE M/ DT, ZHUICR(QR0) Z AT 5,
X=C1-(L1-L2+L2-L3+L3-L1)
RN L CTHEBE S &,
x=2
a
KODGENG | s DWE T LITHREEFHE L Th D,
0 R OFRHUE,

R1 _ Rl _
x R
a

1 ROREIE.
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X
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C1'-R1-(L14L2) _ c
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KDL TD 0 OLEREIT.
R1

X
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at+————
— a’k—R1-b

"~ a+b's+cs2+s3

K2 L (28) & bk L T,
. __a(ck—R1)
d=a, e= ak—R1b

RKODIEE DT D s O 0 ROEEEHRRT D L. d=a BT D,
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e =——— L, k&Ko,
a‘k—R1-b

R1-(a—b-e)

a-(c—e)

KANIZGO) AT D &

[ = R1-(b-c—a)' m = E, n= (c—e)?
c—e a R1:(b:c—a)
11=%12=2,13=k Cl=n
a n
__ Ri:(b-c-a) __ Ri-e(b-c-a) __ Ril:(a-be) _ (c—e)?
L1= a(c-e) ’ L2 = a(c-e)2 '’ L3 = a(c—e) ’ " R1:(bc-a)

FlgZ<oOELTEEDD

(28)

(29)
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(31)

(18)

(32)

XA L BB LVOBDICL > T, RQ)TEINAEZEREE LSS 3IKLC 7 4 VX D4

TORFEERET D Z TR,

FEEEOFE L, [LtAct) THOLNTRZERBOREEZFTIHT 5,
P2 Pn2-s*+Pn4
S+P0 s2+Pn0-s+Pnl
KE-DEQDERICT DL HRENFIIROD L DI D,
P2-Pn4+Pn2-P2-s*

P0O-Pnl+ (Pnl +Pn0-P0) s+ (PnO+PO) 5% 453
- T,

a=P0-Pnl,b=Pnl+Pn0-P0,c=Pn0+ PO, d=P2:-Pnd,e=Pn2-P2

FlEEz~rmnE L TEEDD
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LtAct) THE LIASERBORBEDUT 0L,
Fp= 1.0000KHz attp=0.1000dB Fs= 3.0000KHz atts= 35.62dB
1%

P0O= 6.4513K Pl1= 0 P2= 6.4513K
2 kK
n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 5.5423K 65.7946Meg 0.1409 0 65.7946Meg

(B 7'1 277 A Dtexe] HOASTH~Z mi3x (2-3) ZHWTRO LS I1Z7 5,
AJIH~7 18 1cdin
Xf=1 k;Ro=50;P0=6.4513 K;Pn0=5.5423 K;Pn1=65.7946 Meg;
Pn2=0.1409;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$LC3Cal

R~ 27 11360 £ (B ZHNWTKD L ST 2,

AHEMA~Z7 1 lcdcal
Xk=R1*(Xa-Xb*Xe)/(Xa*(Xc-Xe));X1=R1*(Xb*Xc-Xa)/(Xc-Xe);Xm=Xe/Xa;
Xn=(Xc-Xe)*(Xc-Xe)/(R1*(Xb*Xc-Xa));L1=X1/Xa;L.2=Xm/Xn;L3=Xk;C1=Xn

B 71 77 A Dtexel Tld, [HA/2 E D5 e, f, g, k, m, meg... | BN ATLHL
LTHEDLNLTNDDOT, MARRESA E LTHERT S Z EHREREA,

o T, ZZTIELES a,b,c,d,e # Xa, Xb, Xe R ED L HITEFE L Tl » TWET,

5% UL EDLC 7 4 /L% TlE, no, nl,...x2d0, d2,... 2 EDFRELERNS Z Li12T 5,
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L3

in A /tlj'%\ /W out
L
vi @ L2 Ro
| SINE(011K) L 50
AC1
.ac oct 50 0.01 1meg [
_ : : _ o
N

BIOBETIE, A v E—F U ZABMZ00 5 L1, CL 2% 1 {H3 B0 LT, &2 THHEF
EaA 2 E—F 2 ARBORETHRT Z & TRIBARE LT,

LinL. REDDT 03T > THROBIEITEMETREFR O D1EETE 5Tz,

AT, B4 TRSNDIEERE & SR S ARZEBEE b EERE FEZ IR ET S
FlEZFEBRT D,

=EEH
R1-(1+C1-L2's?)

b= R1+(L1+L3)-s+C1-R1-(L1+L2)-s2+C1-(L1-L2+L2-L3+L3-L1)"s3 e
d+e-s?
Ha = i @
Hp O3 8D s 8 3 IRDRE A X L8 &,
X=Cl-(L1-L2+L2-L3+L3-L1) 3
X-(d+e-s?
Hp = Ha = (@res) (4)

X-(a+b-s+cs?+s3)
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KD E@DDIEE - 57D s DR CIREBOFEENRFELL e 20T, e igirid L,
L2,... 72X QDHREKa,b,.. TR LABHKD,

X:=C1*(L1*L2+L2*L3+L3*L1);

eqd0:=X*a=R1; eqd1:=X*b=(L1+L3); eqd2:=X*c= C1*R1*(L1+L2);
eqn0:=X*d=R1; eqn2:=X*e=R1*C1*L2;

KD E@DELET D L, a=d £ 725 DT eqn0 (TEN FRERITED 72,

N7 R
solve({eqd0, eqd1, eqd2, eqn2},{L1, L2, L3, C1});

__ Ri:(bc-a) __ Ri-e(b-c-a) __Ri(a-be) _ (c—e)?
L1= a(c-e) ’ T a(c-e)? 3= a(c—e) ’ " R1:(b-c-a) ()

FAEOFRIIATOE L F UHERN 2 50T, IEH 71 77 A Dtexel IO AT~
7 ZRICHOBRFMATELN, HLIIRO~ 7 v z2{Ef LT,

AJIH~27 1  1c3in2

R1=50;P0=6.4513 K;Pn0=5.5423 K;Pn1=65.7946 Meg:;
Pn2=0.1409;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Cal2

HEMA~Z7n1  lc3cal2
S1=R1*(Xb*Xc-Xa);S2=Xa*(Xc-Xe);S3=(Xc-Xe)*(Xc-Xe);S4=Xa*S3;S5=R1*(Xa-Xb*Xe);
L1=S1/82;1.2=S1*Xe/S4;1.3=S5/S2;C1=S3/S1;
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H v NATEEES 1KHz, U 70 0.1dB. HAKREEE SO B 3KHz @ 3 ks B
oo — "2 7 4 WV E DA

e RERBORE, by P T AR, QE. GBE
1R

P0O= 6.4513K Pl1= 0 P2= 6.4513K
2 k3
n Pn O Pn_ 1 Pn_2 Pn_3 Pn_4
1 5.5423K 65.7946Meg 0.1409 0 65.7946Meg

AT~ 7w 1e3in2 ZFATT 5 LHTDE L[ URRI S LT,

LC3-ellip-1KHz-xs-3-Rin-0-xs-3.asc
[£ LC3-ellip-1KHz-xs-3-Rin-0-xs-3.asc =N R

* EFE
3XFEMBE#HO—/VA71)L3— Fc=1KHz, atp=0.1dB, 3KHzC-35.6dB
. L1
n I 6 O’ ™
8.43m
Vi
SINE(O 1 1K)
AC1
.ac oct 50 10 1meg 7;.“
~

hobA 7R IKHzE T ' E0dBT. 3KHzT -35.6dBlc134.
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RE@OTIAINEZ—DRFEERDHD

LC 7 4 V& OF%GEr RICEDRFEOREHE] OEEZZMLTT S,
RT3, 4k, BIRC TRBHY . TRENDOEEIZDONT 0 =1%05 50%
ETOENRDHY ET,

p [ZIEBIKD V71 atp(dB) 27~ 9HT o & atp OBRITKROEREZSRML TFS U,

o0 % atp dB o % atp dB
1 0.0004 10 0.0436
2 0.0017 15 0.0988
3 0.0039 20 0.1773
4| 0.0070 25 0.2803
5 0.0109 50 1.2494
8| 0.0279

Z LT, ROKITIEQs DEICBIT A2 FEFEN RSN TWVET,
Qs iE LtAct)] @ Xs TS T 5L TY,

[LtAct] [ZX D7 4 NVZ—DKFHE, XT A—X DO A JHEHE CRaHIEEZ AT L
MBIMEEV FT, T4 NF—DOREEANTI LW HEEATTTHHENIHTEET,

T A NE DOREHE NI B IETIES v b A7 A Fe &V 7L Off atp(dB) & Xs &%
ETHIET, By bA TR Fe ® Xs (G0 FHRB CHRIKNBEERICET D27 4V F—%
Rtk ET,

Lo Uil ElY TOK) M L CHEEIZ Y 7 7 NERINDE TN £HA,

ESISP YN x|
ZalA0@EHE O-A27 1A WETEFtE Elliptic

BHTDHT 112 ORE n(<=58) -

hy b3 7@AE#E Fo {1 KHz |
RE#HFICHIIDREERILU T atte 0.1 a | % |
RERREISETSRBREFsL LT, ¥s = Fs/Fe |10 & svotl
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T4 NEDREE NS LI W FIETIE S v A7 S Fe & U 7L OfHE atp(dB) & Xs 3
F ORI & ats(AB)ZFRET H 2 & T, Iy AT EHEE Fe © Xs 5O JE TRk
i ats(AB) A RIS D HARRE D 7 4 L Z —Zi&EHHRE T,

ats 1£#® Amin IZAHHY L £,

BESA-IDAT X |
JaNAOEHE O-A27 IR WEFISHE Elliptic

ho bt 7RESH Fe [1] [kHz |
RBEFICEIIZRBERRIZU I attp [o-1 dB
REEEHETSMBEEFL LT, %s = Fs/Fp |- @ | OK
CRBBFICEIISERE atts 60 a  trotl

WE, T AN —aRETT DG EITII N v A T R Xs 5 O JE R T R AR R £
ats AL LR DT 4 N E BRRET 2 DT, REE AT LZRWITENMERI T,

[LtAct] TH v b4 7JEW# Fe=1KHz, Y 7'/l atp=0.1dB. Xs=1.5. atp=60dB

EANNTLTEHT D ETHPFEREINT, BERT 4 VEZ—DWEDN TIRE DY £77,

damcacen (= ey
;7‘11{?" Low Pazs Elliptic
p =

IRFL=T

1.0000EHz attp = 0.1000dB Fs = 1.5000EHz atts = 7Z.13dB

0dB

-20dB

-40dB i S

~60dB = ] \\

-80dB

-100dB

100 300 1K 3K

93 / 241



LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

atp=0.1dB I% p =15% IS LET DT, RITTIRT 4V HF T p=15%DE 2 ER L T,
Amin 2 72 DL EDOITEHEL T, Qs ZER L ET,

0=15%DFED [0=41.0] ®17H [Amin=73.39] T [Qs=1.5243] &40 £,
Qs=1.5243 72D T, BERMAAED Xs=1.5 1TV LEAR Y F9°,

ZOITORIEZE > TEFAEZRET D2~ m 2ElT 25 Z & BHRE T,

[FIEEIZ, atp=0.1dB, Xs=2.0, ats=50dB ® 7 ¢ /L ¥ — & &%&tT D 5A1%.
| SEEHIA-IDAT X

FANROEE O-MR7 IR EUFISHE Elliptic
" hw A T7RE® Fe [t [kHz ~|
CRBEFICEIZREERILY T atte [o- 1 dB

HERENETOMBREFsL LT, Xs = Fs/iFp |2 12 L
 REEFSEIIIRRE atts [50] g feutlh

TOK| ##7g L, 74V Z—OWEIL 5 RIZ/D T LW £7,

= =

7hth” Low Pazs Elliptic #RZE=D
Fp = 1.0000EHz attp = 0.1000dB Fe= = Z2.0000EHz atts = 58.90dB
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s Ve

-80dB
100 300 1K 3K

n=5, p =15% D& D [ §=30] O17H [Amin=58.85] T [Qs=2.000] &3V £7,

ZD LT TLtAct) ZFIHT D & BRAARZ 72T FR AT HEICRETE £ T,
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B2 704 5L Dtexel DTV OZERT S

HEM~ 7 un~ s asnER
LenAtpXsAmin

LCIXLC 7 4 V¥ &b,

n 7 A NVEOREAERDT, 5IRRD nb] &7 5,

Atp [T@iEIE O Y 7 (dB)ZE DT, 0.0109dB 725 [AtpOp0l] &35,
[ ofRbviz Tpl &5,

Xs (TR R RITZET D JEEE Fs & v M A7 EEE O Xs=Fs/Fe &K L £,
F T TQs) OINTIRENDEAE T,

Amin FAKEFEEAB) 2% 7, 34.66dB 725 [Amin34] &35,

#t->T, 3T Atp=0.019 dB, Xs=2.0, HIKHEEF=ED 23.96 dB DR ELFHT 5~
240
LCn3AtpOp019Xs2p0Amin23] &7 5,

FOFEAEIT A~ b4 7 BB A R 1 TRMHI 1 OFFOETY,

T ANy N T B AR OEICRH T AEEE RO D7D, BEHOAS
1TICH y N A TR AfEoEAE AT LT, ~7 a4z AL T [Return)] #72 V
v 7 LET,

fc=10 k; r1=50;$% LCn3AtpOp019Xs2p0Amin23
EATILT [Return) Z#3 L RHENFHREINAET,

(3D LC 7 4V Di%kat) 72 & TLtAct] TRDTARERBIBORE NS LC 7 4 V& —
ZEREHT DL T, BEO~ 7 2 BEREBOREE AT 2 LENH D EHET LT,
LinL, BEMESTT 4 NE =T HHETIED v A7 ERE S E ARHERITIOM L ~
70 ANSITHET RO THH LW & BVET,

[FEE~7 1/ 5 A Dtexel O~ 7 0 aflEpid %
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REFESOTTANF—DRTFEERD S

3RIT4ILE—
& LT, n=3 p=15% atp=0.0988
dB (B X%, atp=0.1dB) OFENH
~ 7 uEERR L ET,
ENREFTEDLDT, BEREAST
FEUID L TR RLET,

FOEMHEDO—FLIZ 10 TQs)
[Amin] A THET,
FoinO—&F Fi2iE L1 2]
rc2) w3 NitATHWETNIN
iTFENE IL1) TL2) IC1y

L3) (2 LET

MK T TL1) 3% T, TL3)
13 E8TT,

5 kDA T [L1) 1348 T
¥, [C1) X TL1) OoFABITHKRYIC
Bns Clzen 7,

AR TIE L & C OF T4 K
H/NE W TEMNE &R E R
2720 E7,

(o) 2330 DITHRD L. TQs)
1% 2.0000, TAmin] (X 23.96 & FoR
ENnTVWET,
ZoFrns TL1) TL2) ITC1y

[L3) DOEZNAZEY L CEHEH
DO~ a i fERRLET,

K'--

A

min . . . .
1 8, | (@) € | €| V| €
1. | §7.2087 | 113.19 0.5141 | 0.0002 | 1.0843 | 1.0878
2.| 26.6537 | 95.13 0.5136 | 0.0008 | 1.0834 | 1.0875
3. | 19.1073 | 84.56 | | 0.5126 | 0.0019 | 1.0819 | 1.0871
4. | 143356 | T7.06 0.5113 | 0.0034 | 1.0798 | 1.0865
5. 11,4737 | T1.24 0.5096 | 0.0053 | 1.0771 | 1.0858
6.| 90.5668 | 66.48 0.5076 | 0.0076 | 1.0738 | 1.0840
7. 8.2085 | 62.45| | 0.5051 | 0.0104 | 1.0699 | 1.0838
B.| 7.18%3 | 58.96 | | 0.5023 | 0.0137 | 1.0654 | 1.0826
9. | 6.3925| 5588 | | 0.4991 | 0.0174 | 1.0803 | 1.0812
10. | 5.7588 | 53.12 0.4955 | 0.0215 | 1.0546 | 1.0797
11, | 6.2408 | 50.63 | | 0.4915 | 0.0262 | 1.0483 | 1.0780
12.| 4.8097 | 48.34 0.4872 | 0,0313 | 1.0414 | 1.0761
13. | 4.4454 | 46.24 0.4824 | 0.0369 | 1.0339 | 1.0742
14.| 4.1336 | 44.29 | | 0.4773 | 0.0431 | 1.0258 | 1.0720
15. | 3.8637 | 42.47 0.4717 | 0.0498 | 1.0171 | 1,0698
16.| 3.6280 | 40.77 0.4656 | 0.0571 | 1.0078 | 1.0874
17.| 3.4203 | 39.17 0.4594 | 0.0650 | 0.9979 | 1,0848
18. | 3.2381 | 37.68 0.4527 | 0.0734 | 0.9875 | 1.0822
19, | 3s.0me | 36.22 0.4455 | 0.0825 | 0.9784 | 1.0594
20, | 2.9238 | 34.86 0.4379 | 0.0923 | 0.9648 | 1.0565
21| 2.7904 | 33.56 0.4299 | 0.1028 | 0.9526 | 1.0535
22, | 2.6695 | 32.32 0.4215 | 0.1141 | 0.9398 | 1.0505
23, | 2.5%03 | 31.13 0.4126 | 0.1261 | 0.9264 | 1.0473
24, | 2.4586 | 20.99 0.4033 | 0.1390 | 0.9124 | 1.0440
25. | 2.3862 | 28.89 0.3935 | 0,1528 | 0.8979 | 1.0407
26. | 2.2812 | 27.84 0,3833 | 0,1675 | 0.8829 | 1.0373
27. | 2.2027 | 26.82 0,3726 | 0,1833 | 0.8872 | 1,0339
28. | 2.1301 | 25.83 0.3614 | 0.2001 | 0.8510 | 1.0304
20, | 2.0627 | 24.88 0.3497 | 0.2182 | 0.8343 | 1.0269
30. | 2.0000 | 23.96 0.3376 | 0.2375 | 0.8171 | 1,0234
81| 1.9416 | 23.08 0.3249 | 0.2582 | 0.7993 | 1.0199
32.| 1.88T1 | 22.20 0.3117 | 0.2804 | 0.7810 | 1.0165
33. | 1.8361 | 21.35 0.2980 | 0.3043 | 0.7623 | 1.0130
34.| 1.7883 | 20.53 | | 0.2837 | 0.3209 | 0.7430 | 1.0097
35 | 1.7434 | 19.73 0.2689 | 0.3575 | 0.7233 | 1.0064
3. | 1.7013 | 18.95 0.2535 | 0,3872 | 0,7031 | 1,0032
37.| 16616 | 18.20 0.2375 | 0.4194 | 0.6825 | 1,0001
38, | 1.6243 | 17.48 0.2209 | 0.4541 | 0.6615 | 0.9972
30. | 1.5890 | 16.73 0.2036 | 0.4918 | 0.6401 | 0,9945
40. | 1.5557 | 16.08 0.1857 | 0.5327 | 0.6184 | 09920
41, | 1.5243 | 15.34 0.1671 | 0.5772 | 0.5964 | 0.9898
42. | 14945 | 14.67 0.1478 | 0.6258 | 0.5740 | 0.9879
43, | 14863 | 14.02 0.1278 | 0.6790 | 0.5514 | 0.9863
44, | 1.4306 | 13.38 0.1070 | 0.7372 | 0.5286 | 0.9850
45. | L4142 | 12,75 0.0854 | 0.8013 | 0.5057 | 0.9842
46. | 1.3902 | 12.14 0.0630 | 0.8719 | 0.4826 | 0.9839
47| 13873 | 11.54 0.0398 | 0.9501 | 0.4595 | 0.9841
48. | 1.34%6 | 10.96 0.0156 | 1,0387 | 0,4384 | 0,9849
49, | 1.3250 | 10.40 | |-0.0094 | 1,1332 | 0.4133 | 0.9884
50, | 1.3054 | 9.84 -0.0355 | 1,2409 | 0.3903 | 0,9885
0 a, A Ly L, cy Ly

(db)

B~ 1 7 Z A Dtexe] Ho~7 v Zz{EkT %

L1 1.2 Cl
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LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

L.1=0.3376, 1.2=0.2375, C1=0.8171, 1.3=1.0234
2720 £97,

By MATEBEZE Fe, AmIiE R1 &35 &, FRERIFS = 2-m- Fo, iRk

1
2t Fc'R1

IZRS =R1 L7204, b LOfERIT LS =

BL Cofssiz ¢S =
2 Fc

LRy FE9,

<4~ B8 TLCn3AtpOp09Xs2p0Amin23]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L1=0.3376*LS; L2=0.2375*LS; C1=0.8171*CS;
L3=1.0234*LS;

BEHAEEHL Cvr/ueRZ 2L T, Te—F] 5 TLC2in.UMF| #r— KL TH»
5. ~ 7 nOFHAERK T TLCn3Atp0p09Xs2p0Amin23] #1EK LT It—7) L9,

N700MRE X

SA=E
| cn3datpUpl9xszplaminss 0K

i
L3=R1/(2*pi¥Fc);C8=1/(: vyt

BT
|3?K74’ JL A —

(B ~7' 17 Z . Dtexe] HO~ 7 v ZER%d %
97 [ 241



LC 7 4 V¥ —DixE
REFOTTIANEZ—DRTEZRD D

BEOATTIC, By bATREEEEAMEREAND LT, 7] 271 7 LT~
s7uazEEIRLT IOK) 27 Vv 7 3nE~rafnAT1SnET,

EEJ1F 96' X
StER @
|fc=1 k:r1=50:$lcn3atp0p09xs2plamin23
STRER

ju|
=

zsoM | (| O | 7] 8] o]l _ac

@ | +| -] als|le] _cic

_Bm® | x| +| 1] 2] s8] BsB
=1 5| of .|| _wrty |

’ Return (E) |

-
flo |
S = @ |

Return| z 4 &R FENHRINET,

ATATIZ TL1) Z AL ET,

EEIIF 96' X
EI @
[
HEER
|2.68654e- 003

zzoM | (| ) | 7| 8] 9| _AaclA
] -] alsle] _ci
i x| =] 1] 2] e] _Bs®
_ =1 ] of .| 8] _MrH

’ Return (E) |

ju|
=

E

&
@

(2
G (=

Ll1% Ll/mI|ZEFET 5L,

B217 96 X
stER 2
[l1/m

STRER
[2.68654

jm]
=

=zam | _ | | 7| 8|l | _actA

2l -] alsle] _c@© |
R x| +] 1] 2| 8| _Bs®
Fid =S| of .| 8| _wrH

’ Return (E) |

g

&
)

]

fiit

L1=2.68654m (2725 Z L3y £97,

(B ~7' 17 Z . Dtexe] HO~ 7 v ZER%d %
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LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

FERIZ L T,
L2=1.88996m, 1.3=8.14396m, C1=2.60091u |Z72 % Z & 3070 £77,

ZOFEAEAEEEIZ AT LT, [LtSpice] THRIEEFMEZ R L £7,

= 23
V(u_yn
\ o
i
€ LC3-ellip-1KHz-atp-0p1-Xs-2-R1-50.as¢ TN e |
K oFFEERDSIES
3RAEMBEBO—) AT~
s A '%'35"- rlfif out
8.14396m [ 2.68654m
vi (" :) <12 ~Ro
T sINE(D 1 1K) ~) 1.88996m TW
AC1
~ Im
.ac oct 50 10 100k I
2.60091u

hobAJEEE 1KHz, 2KHz TR R 23.96dB (. UL

Fe=1k, R1=75 DZEOEZEEEHETLHE, RO L HITHRY LT,

BB
Viout)
il
\
|
!
¢ LC3-ellip-1KHz-atp-0p1-Xs-2-R1-75.a5¢ F=F
bR FEERNIES
3XEMEBO—-/ 2715 —A
o A ]\I,"ai)" f‘-,L’ltf out
12.2159m [ 4.0298m
vi ,f_\_ ;—}Jl.z ZRo
SINE(0 1 1K) =) 2.83495m <775
AC1

v c1 <7

.ac oct 50 10 100k
llJBBM

oA 3 A 1KHz, 2KHz GRS 23.96dB [ #liE V7L

Fc & R1ZANLT~27ad [LCn3AtpOp09Xs2p0Amin23] TV 1 VX —DHEEIE

BTELZLmninh LT

B~ 177 A Dtexe] O~ 7 o Z{Ekd 5
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LC 7 4 V& —DiRE

REFESOTTANF—DRTFEERD S

FCREMEST, B225 [0 18T 5~v7mafFlLET,

0=19] [Qs=3.0716] Amin=36.22] LV .
<4 B8 TLCn3Atp0p09Xs3p07Amin36 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.4455*LS; 1.2=0.0825*LsS; C1=0.9764*CS;

L3=1.0594*LS;

L‘Z: LC3-ellip-1KHz-atp-0p09-Xs-3p07-R1-50.asc

N =

V(out)

vi

SINE(O 1 1K)
AC1

.ac oct 50 0.01 1meg

[0=16) [Qs=3.6280) Amin=40.77) LY.,
<4 B8 TLCn3Atp0p09Xs3p628Amin40 ]

L2
0.656514m

Ci

3.10798u

v

heb A7 E K 1KHz, 3.07KHzZCREERXE 36.22dB [ BiF

-,
KNoRFEERNIIGE
3XRFEMBEFHO—-)I 2715 —H
in A /ﬁ\ Lx out
8.43044m 3.54518m

Ro
50

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L1=0.4658*LS; L.2=0.0571*LS; C1=1.0078*CS;

L3=1.0674*LS;

B~ 177 A Dtexe] O~ 7 o Z{Ekd 5
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ARIT4ILE—

LC 7 4 V¥ —DixE
REFOTTIANEZ—DRTEZRD D

WIT. n=4 p=5% atp=0.01dB DEMNO~ 7 o Z{EK L £,

K—’l-

8 n§ A MIN Cy C2 L2 L3 Lg
E bl el 0,36157 0, 000000 0.90444 1.16498 1.04995
6.0 10.350843 91,24 0.35333 0.00867 0.89233 1.16304 1.05291
7.0 8.B76727 85.88 0.35034 0,01185 0.88795 1.16238 1.05398
8.0 TTT1T60 81.24 D.34687 0.015%6 0.88290 1-161%8 1.05522
9.0 6.912894 77.13 0.34293 0.01980 0.87717 1.16072 1.05662
10.0 6.226301 T3.46 0.33851 0.02460 0.87T0T& 1.1597s 1.05820
11.0 5664999 T0.14 0.33360 0.02997 0.86368 1.15873 1.05993
12.0 5.197666 67.11 D.32819 0.03594 0.85%592 1.15783 1.06104
13.0 4.802620 64,31 n.32227 0.04254 0. 04T48 1.15648 1.06391
14.0 4. 464371 61.73 0.31584 0. 04980 0.83836 1.15523 1.08618
15.0 4,171563 59,31 0.30888 0.05774 0.82856 1.1539 1.06887
16.0 3.915678 57.06 0.30139 0.06642 D.81808 1.15265 1.07115
17.0 3.690200 54.93 0.29334 0.07588 0.80692 1.15132 1.073%0
18.0 3.490065 52.93 D.28473 0.08618 0.79508 1:14998 1.07T882
19.0 3,.311272 $1.03 D.27554% 0.09733 0.782% 1.1488% 1.07991
20.0 3.150622 49.23 D.2657% 0.1094% 0. 76935 1.14734 1.08316
21.0 3.005526 47.51 0.25534 0.12260 0. 75547 1. 14807 1.08658
22.0 2.873864 45.88 D.24428 0. 13685 0.74091 1. 14488 1.09016
23,0 2.753885 44.31 0.23257 0.15232 0.72%68 L. 14374 1.09391
24.0 2.644133 42.80 0,2201% 0. 16911 0.70977 1: 16274 1.09780
25.0 2.543380 41.38 0.20702 0.1873% 0.69320 1. 14187 1.1018%
26.0 2,450%92 39.97 0.19313 0.20719 0.67596 l.1l4l18 1.10605
27.0 2.364085 38,63 0, 17844 0,22880 0.45807 1.14071 l.11038
28.0 2.285502 1T.34 0. 16291 0.25238 0.8639% 1. 14049 L. 11485
29.0 2.211792 36.09 0,14681 0.27818 0.62037 1.14057 1. 11943
30.0 2.143189 34.88 0.12916 0.30642 0.60057 1. 14101 1.12412
31.0 2.079202 33.71 0. 11082 0.33749 0,58017 1.141886 1. 12850
32.0 2.019399 32.57 0.09142 0.37172 0.55919 1.14320 L.13375
33.0 1.963403 3. 46 0.07088 0.40959 0.53763 1.14511 L 13865
34.0 1.910879 30.39 0,04911 n.4%5163 0.515954 1.14787 114358
35.0 1.861%34 29.35 0.02002 0.49848 0,4929 1.15100 1.l4850
36.0 1.815103 28.33 0.00149 0.55C94 0.46988 1.15520 1.15338
37.0 1.T7135%4 2734 ~0.02482 0.6099% 0.44638 1.16062 1.15818
38.0 1.73007& 26.37 =0.05244 0.67668 0.42250 1. 16681 l.16286
39.0 1.691083 2%9:42 -0.08216 0. 75258 0.39830 1.1T48T 1. 16735
40.0 1.654204 24.50 =0.11399 0.83946 0.37385% 1.18392 1.17160
41.0 1.619289 23.60 -0. 14816 0.93958 0.34921 1.19511 1.17%%4
42.0 1.588200 22.71 -0. 18498 L.0s582 0. 32448 1. 20845 1.17908
43.0 1.554811 21.8% =0.22477 1. 19185 0.29974 1.22432 1.18215
44,0 1.525009 21,00 =0,26797 L. 35247 0.27%11 1.24314 1.18464
45.0 1: 496692 20.17 -0.315%07 1. 54395 0.25071 1.26546 1.1864%
46.0 1.469765 19. 36 =0.36670 1. 7741 0.2268% 1.29194 1.18745
47.0 1.444142 18.57 ~0.42363 2.08572 0.20310 1.32339 1.18752
48.0 1.419745 17.78 ~0.48682 2.40270 0.l8018 1.36082 1.186%3
49.0 1.394501 17.02 -0.55751 2.83707 0.15806 1405882 1.18434
50.0 1. 374345 18,27 =0.63730 3.30948 0. 13891 1.45915 1.18080
51.0 1.3%93219 15.53 -0D.72027 4. 10454 0. L1669 1.52386 1.17578
52.0 1.333055 14,81 -0.83325 5. 04092 0.09815 1.602%6 1.16914
53.0 1.313814 léal =0.95609 632519 0.08085 1.69917 1.16078
54.0 1.295444 13.41 =1.10223 8.09682 0.06513 1.81926 1.15058
55.0 1.277901 12.73 =1.27963 10.63%14 0.05108 1.97085 1.13848

6 Qs Amin Ly Lo €2 s Cq

L1

L2

(B ~7' 17 Z . Dtexe] HO~ 7 v ZER%d %

Cl

L3

C2
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LC 7 4 V¥ —DixE
REFOTTIANEZ—DRTEZRD D

[6=32] 1Qs=2.019) [Amin=32.57) LY,
~7 1  [LCn4AtpOp01Xs2p019Amin32 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.09142*LS; 1.2=0.37172*LS; C1=0.55919*CS;

L3=1.1432*LS;C2=1.13375*CS;

LC4-ellip- p 5- 0 32-k2-o0.asc

=

===

v

- LC4-ellip-p5-832-k2-== asc

= R

EDNoRFEERNSES
ARIEMBERKO—/IIAT7/3—H

L3 L1

1 I 2 ST 4
1.1432 0.09142
vi L2
SINE(0 1 1K) 0.37172
AC1 3
ct 50 0.01 10 = - e
«ac o !
1;1_133]5 0559191
~

i3, L1, L2, C2, L3, C1p JE[C FHm&Eh Thg

B~ 177 A Dtexe] O~ 7 o Z{Ekd 5

UIABAEC BRI T ORELNTERL. BHRENEDED,
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LC 7 4 V¥ —DixE
REFOTTIANEZ—DRTEZRD D

10=21.0] [Qs=3.005] [Amin=47.51] LY.
~7 1  [LCn4AtpOp01Xs2p019Amin32 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.25534*LS; 1.2=0.12260*LS; C1=0.75547*CS;
L3=1.14607*LS;C2=1.08658*CS;

LC4-ellip- p 5- 0 21-k2-0.asc

E [=a=]
vid)

£, LC4-ellip-p5-021-k2-°.asc e el
ENoETEERNIGSE

4XFEMBEHO—{2715—H

L3 L1

1 SR 2 ISTR 4
1.08658 0.25534
vi %lz
SINE(0 1 1K) 0.12260
AC1 ] 3
ct 50 0.01 10 - - r
.ac o X
1.13375 LEARR I
~ ~

FiF. L1, L2, C2, L3, C1pIEC R &N T
U2 RES REEETOSSIELHTERL. ARENEDEL.

[FEE~7 1/ 5 A Dtexel O~ 7 0 aflEpid %
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LC 7 4 V& — D3

REFESOTTANF—DRTFEERD S

n=4, p=5% K2=0.9048 I CHE L% KD TH D,

k209048
[’ Qg A MIN Cq [ L Cs Lg
c « - 0,723 0,000000 1.207 133 0,653
6.0 10,350843 91.24 0.nh 0,008,561 1.198 1.330 0.68L9
7.0 B.B78727 B5.88 0, T15L 0, 00881y 1,19 1.329 0.6552
6.0 T.771760 Bl.24 0.7L30 0.01154 1.1%0 1.327 0,6555
9.0 6.912094 77.13 0,103 0,018, 1.186 1.325 0.6558
10.0 6.226301 Ti. 48 0,773 0,01814 1.181 1.323 0,656
11.0 5. 664999 T0.14 0, 7LD 0,02202 1176 1.321 n,6565
12.0 5.19T666 67.11 0, T00% 0,026% 1.1 1.7m8 0.6569
13.0 4.802620 b4.31 0,696 0,0¥100 1,163 1.316 0.65Th
14.0 4. 464371 61.73 0,6920 0,03612 1.156 1.713 0.6519
15.0 4,171563 59,31 0,607 0.0L156 1,148 1.310 0,858
16.0 3.915678 57.08 0,682 0,0l 766 1.1L0 1.306 0,65%
17.0 3,690200 54.93 0.6TT1 0.05411 1,132 1,303 0. 6596
18.0 3.490045 52.93 0,675 n, 06103 1,122 1.299 0,6603
19.0 3.311272 $1.03 0, 6655 n, 06845 1,113 1.295 0,6610
20.0 3.150822 49.23 n.6592 0.07637 1.10m 1.291 D.6617
21.0 3.005526 47.51 0.6526 0,081,582 1.092 1,285 0, 662
22.0 2.8T3864 45,88 0,6456 0,09383 1,081 1,282 0.66%2
23.0 2.753885 44,31 0.6383 0.103L 1.069 1.277 681
24,0 2.644133 42.80 0.6306 n.11 1.057 1.272 0. 6649
25.0 2.543380 41.36 0,6226 0.1 1,00k 1,267 0,6658
26.0 2,4%0%92 39.97 0.614) 0.73%59 1.00 1.262 0,6658
21.0 2.364085 38.63 0. 6055 0.1L8 1.7 1.2%56 0.6677
28.0 2.285502 37.34 0,596l 0.1611 1.002 1,250 0,6687
29.0 2.211792 36.09 0,587 0,178 D.9872 1.2 0,6698
30.0 2.143189 34.88 0,5T72 0,189 09717 1.238 0.6708
31.0 2.079202 33. 71 0.5670 0. 2049 0.9558 1.232 0.6T9
32.0 2.019399 32.57 0,556 0,223 0.9393 1.226 0,.6730
33.0 1.963403 T 0,5L55 0, 2388 0,923 1.9 0.6Ty2
34.0 1.910879 30.39 0,531 05.2573 0.%0L8 1.A2 0.4753
35.0 1.B61%34 29.3% n.522L 0.2 n, 8888 1,206 0.8765
36.0 1.815103 28.33 0.510% n, 2982 0.68683 1.198 0,6777
37.0 1.77135%4 27.34 0.L978 0. 3206 0,EL92 1.9 0,670
38.0 1.730076 26.37 0458 0. b6 0.8297 118, 0, 6801
39.0 1.691083 2%.42 0.LTS 0.370? 0, 8098 1117 0.6813
40.0 1.454204 24.50 0.L57T7 0,97 0.7893 1,169 0,682
41.0 1.619289 23.460 n.hk3S 0.L270 0, 7684 114 0.5
42.0 1.586200 22.71 0,L269 0,L586 0,770 1,15h 0.6849
43.0 1.554811 21.8% 0.k138 0.L926 0,752 1.1L6 . 6861
44.0 1.525009 21,00 0,393 0.5293 0,7030 1.1 n,6872
45.0 1.496692 20.17 n.3823 0.5689 0. 680 110 0.608)
46.0 1.469765 19. 36 0,3659 0.6118 0./ 1.123 0.6893
47.0 1.444142 18.57 0, W90 0, 6584 0,631 1.115 0.6901
48.0 1419745 17.78 0.7 0,709 0.6105 1.107 0.69M2
49.0 1.394501 17.02 0.3138 0, 645 0.5866 1,099 0.679
50,0 1.374345 16,27 0, 29¢ 0,8251 0. 1,092 0.6926
51.0 1.39321% 15.53 0.2768 0,897 0,530 1.0 06471
52.0 1.333055 14.81 0.2576 0. 9650 0.5135 1.076 0,69
53.0 1.313%414 1410 0,2379 1.0L6 0.kE89 1.069 0.69%6
54.0 1.295444 13.41 0.a7 113 0.h643 1,062 0.69%
55,0 1.277901 12.73 0,197 1.23% 0,397 1,055 0.6912
8 Qg Auin Ly L2 2 L3 ‘a

B~ 1 7 Z A Dtexe] Ho~7 v Zz{EkT %
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LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

[0=41] [Qs=1.6192] TAmin=23.6] LU,

LC4-ellip-p5-641-k2-0.9048.asc

Vid)

~, LC4-ellip-p5-641-k2-0.9048.asc

EhoRFHERDIES
AXFEAMBEO—)S A28

n ,_uu o,
1.161 0.4435
vi () -2
SINE(D 1 1K) 0.4270
AC1 3

[} o So
.ac oct 50 0.01 10 3

0.7684 I-ma <1

(4. L1, L2, C2, L3, CLoMEIC R "Eh TLhé
UINB ARG RSB OISR TG, MR EEIOK

0=12] 1Qs=5.19] TAmin=67.1] X 9.
LC4-ellip-p5-012-k2-0.9048.asc

v

= o s

 Cd-ellip-p5-612-k2-0.9048.asc

EORFHEERDIIGS
AREABEKO— A28 —H

1.318 0.7003
vi ()
S[HE{I] 11K) ° 0163

Cc2 R1

c oct 50 0.01 10
P —‘Vnﬁm 1

Jl

= =~

(. L1, L2, €2, L3, C1p MEC R TEh T8
UILHREC RSO ISI I ESP TR, RRBLOK

4R 7 4 HZ—1F TLtAct TROTABERBOBREEFIH L CEFEEZRDSD ] — T4
DLC 74 NVZ DG 20FHI 25 L TR,

4

(B ~7' 17 Z . Dtexe] HO~ 7 v ZER%d %
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LC 7 4 )V Z —Di%E
REFOTTIANEZ—DRTEZRD D

S5RIT4ILE—
&Iz, n=b p=5% Kleeo
atp=0.01dB DOFENM5 6 | Oy | A C Cs L2 Cs Cs Ly | Cs
<7 aE R L E T, ¢ | @ | o [|o38s2]0.0000 /067 |1.2895 |0.0000 | 13983 | 1.2002

2.0 | 28,6537 167,96 | | 0.3828 | 0.0004 | 0.9666 | 1.2827 | 0.0008 | 1.3971 | 1.2038
3.0 /19,1073 [150.25 | | 0.3823 | 0.0010 | 0.9659 | 1.2818 | 0.0018 | 1.3855 | 1.2031
4.0 14,3956 [137.7¢ | | 0.3618 | 0.0017 | 0.9649 | 1.2804 | 0.0032 | 1.3634 | 1.2023
5.0 | 11,4737 [125.04 | | 0.3807 | 0.0027 | 0.9637 | 1.2787 | 00046 | 1.3907 | 1.2011

6.0| 9.5688 /120.11 || 0.3798 | 0.0039 | 0.9621 | 1.2786 | 0.0071 | 1.3874 | 1.1897
7.0| 8,2055 /113,40 | | 0.3783 | 0.0054 | 0.0603 | 1.2741 | 0.0097 | 1.3835 | 1.1581
8.0] 710853 1107.50 | | ©.3768 | 0.0070 | 0.9582 | 1.2713 | 0.0127 | 13780 | 1.1982
9.0| 6.3925 102,45 | | 0.3750 | 0.0089 | 0.9558 | 1.2680 | 0.0181 | 1.3738 | 1.1941
10.0| 57568 | 97.68 || 0.3731 | 0.0110 | 0.9531 | 1.2644 | 0,0200 | 1.3681 | 1.1817

110 5.3408 | 93,60 | | 0.3710 | 0.0134 | 0.8502 | 1.2604 | 0.0242 | 13618 | 1.1891
12.0| 4.8097| 80.89 | | 0.3606 | 0.0160 | 0.9470 | 1.2561 | 0.0289 | 1.3548 | 11883
13,0 4.4454 | 96,39 | | 0.3660 | 0.0188 | 0.9435 | 1.2513 | 0.0541 | 1.3473 | 1.1831
14.0 | 41336 | 63,14 | | 0.3633 | 0.0219 | 0.8397 | 12462 | 0.0396 | 1.3382 | 11798
150 3.9637| 80.11 || 0.3603 | 0.0253 | 0.9356 | 1,2408 | 0,0457 | 1.3305 | 1.1762

16,0 | 3.6360 | 7T7.27 || 0.3570 | 0.0288 | 0.8312 | 12348 | 00822 | 1.3212 | 1.1723
17.0 | 3.4203 | 74.60 | | 0.3536 | 0.0328 | 0.9268 | 1.2287 | 0.0562 | 1.3113 | 1.1682
15.0 | 3.2361 | 72.08 | | 0.3469 | 0.0070 | 0.9216 | 1.2222 | 0.0667 | 1.3009 | 1.1639
19.0 | 3.0716 | 60.60 | | 0.3460 | 0.0414 | 0.9163 | 12153 | 0.0747 | 1.2008 | 1.1583
20,0 | 2.9338 | 67.41 | | 0.3410 | 0.0462 | 0.9108 | 1.2080 | 0.0833 | 1.2782 | 1.1545

21.0 | 32,7904 | 65.35 | | 0.3375 | 0.0513 | 0.9050 | 1.2004 | 0.0923 | 1.2660 | 1.1495
22.0 | 2.6695 | 63.18 | | 0.3320 | 0.0566 | 0.3988 | 1.1924 | 0.1020 | 1.2532 | L1442
23.0| 2.5503 | 61.20 | | 0.3281 | 0.0823 | 0.5924 | 1.1841 | 0.1122 | 1.2999 | 1.1387

25.0 | 3.3682 | 57.48 || 0.3176 | 0.0748 | 0.8766 | 1.1666 | 0.1346 | 1.2115 | 1.1269

26.0 | 2.2613 | $5.70 | | 0.3120 | 0.0816 | 0.8713 | 1.1573 | 0.1467 | 1.1984 | 1.1207
27.0 | 2.2027 | 54.00 | | 0.3061 | 0.0888 | 0.8837 | 1.1477 | 0.1505 | 11806 | 11143
26.0 | 2.1301 | $2.35 | | 0.2699 | 0.0963 | 0.8557 | 1.1377 | 0.1731 | 1.1647 | L1076
20.0| 2.0827| 50.78 | | 0,2935 | 01043 | 0.5475 | 1.1275 | 0.1875 | 1.1480 | 1.1007
30.0 | 2.0000 | 40,32 || 0.2867 | 0.1128 | 0.8389 | 1.1170 | 0.2026 | 1.1308 | 1.0036

3L0| 19416 47.72 | | 0.2997 | 0.1217 | 0.6300 | 1.1061 | 0.2186 | 1.1130 | 1.0863
32.0| 18671 | 46.27 | | 0.2723 | 0.1312 | 0.8208 | 1.0850 | 0.2355 | 1.0947 | 1.0788
33.0 | 16361 | 44.85 | | 0.2047 | 0.1411 | 0.8112 | 1,0836 | 0.2534 | 1.0758 | 1.0710
34.0 | L7883 | 43.47 | | 0.2567 | 0.1517 | 0.8013 | 1,0719 | 0.2722 | 1.0585 | 1.08630
35.0 ) L7434 | 42.13 || O0.2464 | 0.2028 | 07911 | 1 0.2922 | 1.0386 | 1.054%

36.0 | 17013 | 40.81 | | 0.2367 | 0.1748 | 0.7808 | 1
37.0 | 1.6616 | 39.53 | | 0.2306 | 01870 | 0,7687 | 1
36.0 | 18243 | 36.28 | | 0.2212 | 0.2002 | 0.7585 | 1.
39.0 | 15890 | 37.05 | | 0.2114 | 0.2142 | 0.7469 | 1. 0.3847 | 0.8619 | 1.0202
40.0 | 1.5557 | 35.85 | | 0.2012 | 0.2200 | 0.7350 | 0.6667 | 0.4115 | 0.9295 | 1,0111

0600
L0478 | 0.3134 | 1.0182 | 1.0485
L0354 | 03357 | 0.9953 | 10379
0227 | 0.3585 | 0.8738 | 1.0291
0058

410 ] L5343 | 34.67 | | 0.1808 | 0.2447 | 0.7227 | 0.9834 | 0.4399 | 0,5087 | 1.0017
43.0 | 14945 | 33,52 | | 0.1794 | 0.2614 | 0.7100 | 0.9689 | 0.4703 | 0,8833 | 09923
43,0 | 14663 | 32,38 || 0.1878 | 0.2701 | 0.6070 | 0.9563 | 0.5027 | 0.85588 | 0.98268
44.0 | 14306 | 3137 (| 0.1558 | 0.2881 | 0.6836 | 0.5425 | 0.5374 | 0.8353 | 0.9728
45.0 | L4142 3017 0.1432 | 0.3183 | 0.6697 | 0.9285 | 0.5745 | 0.810¢ | 0.0029

46.0 | 1.3902 | 20.00 | | 0.1300 | 0.3398 | 0.8555 | 0.9145 | 0.8143 | 0.7855 | 0.9528
47.0 | 1.3673 | 28.03 | | 0.1183 | 0.3830 | 0.8400 | 0.9003 | 0.6572 | 0.7569 | 0.8428
48.0 | 1.34%6 | 20.99 | | 0.1019 | 0.3878 | 0.8256 | 0.8861 | 0.7038 | 0.7430 | 0.9323
49.0 | 1.32%0 | 25.95 | | 0.0880 | 0.4144 | 0.6104 | 0.85718 | 0.7536 | 0.7077 | 0.9219
50.0 | 1.3054 | 4.4 0.0712 | 0.4432 | 0.5946 | 0.8575 | 0.8079 | 0.6810 | 0.9114

§1.0 | 1.3888 | 33.%0 0.0548 | 0.4743 | 0.5783 | 0.8432 | 0.8671 | 0.6540 | 0.9008
52.0 | 1.2690 | 22.04 0.0375 | 0.5080 | 0.5615 | 0.8260 | 0.9317 | 0.6287 | 0.8903
$3.0 | 1.2521 | 31.06 0.0154 | 0.5447 | 0.5443 | 0.8148 | 1.0027 | 0.5990 | 0.8797
$4.0 | 12361 | 30,09 | | 0.0004 | 0.5847 | 0.5286 | 0.8007 | 1.0808 | 0.5711 | 0.8891
§5.0 | 1.2308 | 30.04 | [~0.0197 | 0.6285 | 0.5085 | 0.7868 | 1,1672 | 0.5430 | 0.8586

$6.0 | 1.2082 | 10.00 | (~0.0408 | 0.6785 | 0.4899 | 0.7731 | 1.2633 | 0.5147 | 0.8482
7.0 L1934 | 18.15 | [-0.0631 | 0.7301 | 0.4708 | 0.7587 | 1.3707 | 0.4882 | 0.8380
56.0 | 11792 | 17.23 | [-0.0887 | 0.7883 | 0.4512 | 0.7465 | 1.4514 | 0.4576 | 0.8280
58.0 | 11686 | 16.31 | |-0.1117 | 0.8554 | 0.4312 | 0.7338 | 1.6279 | 0.4290 | 0.8182
60.0 | 1.1547 ) 15.40 | |-0.1382 | 0.8268 | 0.4107 | 0.7215 | 1.7833 | 0.4004 | 0.8087

B~ 1 7 Z A Dtexe] Ho~7 v Zz{EkT %
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

[0=23.0] 1Qs=2.5593] Amin=61.20] XV,
<% B [LCn5AtpO0p01Xs2p559Amin61 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.3281*LS; L2=0.0623*LS;C1=0.8924*CS;
L3=1.1841*LS;L4=0.1122*LS;C2=1.2399*CS;L.5=1.1387*LS

[60=30.0] 1Qs=2.000] Amin=49.22] XV

<% 8 TLCn5AtpOp01Xs2p0Amin49 ]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.2887*LS; L2=0.1128*LS;C1=0.8389*CS;
L3=1.117*LS;L.4=0.2026*LS;C2=1.1308*CS;L5=1.0938*LS

10=42.0] [Qs=1.4945] TAmin=33.52] XV,
<4 0 [LCn5AtpOp01Xs1p49Amin33 ]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.1794*LS; L.2=0.2614*LS;C1=0.7100*CS;
L3=0.9699*LS;1.4=0.4703*LS;C2=0.8833*CS;LL5=0.9923*LS

LC5-ellip-fc-0p159-r1-1-atp-0Op01-Xs-2p56.asc

B [= = =]
V(6)

£, LC5-ellip-fc-0p159-r1-1-atp-0p01-Xs-2p56.asc =
oz FEEZRHEES

SxAEAEHO—/ {2715 —H

L5 L3 L1
1 ST 2 ST 4 SRR 6

1.1387 1.1841 0.3281

vEl L4

0.1122 =2 0.0623
SINE(0 1 1K)
AC1 3 5

c2 c1

-ac oct 50 0.01 100 1
1.2399 0.8924

HyhA 7R EL 0.159Hz, atp=0.1dB, Xs=2.56, &{kE=E 61.2dB

[FEE~7 1/ 5 A Dtexel O~ 7 0 aflEpid %
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LC 7 4 V& — D3

REFESOTTANF—DRTFEERD S

TRI4ILE—

I, n=7 p=15% atp=0.1dB DENOH~ 7 a&ER L £ ¢

n=7
p=15%
K? = o

8 BE Ap,“n C, Co Lo Ca _E: L._ C cl L C
c @ ® 0.589187 | 0.0000 128929 | 1622103 | 0.0000 1710023 l.ﬂ%ﬁ 0.0000 1739136 | 1473860
110 5.2408 156.02 0.5841 0.0054 12816 1 0.0207 16739 1.7692 00131 L7 14632
120 18087 150.70 0.5832 1.2801 1.596 0.0247 1.6671 1.7638 0.0156 17133 1.4612
130 LU 5.9 0.5821 0.0076 12785 1.5916 0.0290 1.6597 17578 0.0183 1.7088 14590
140 4,133 14124 0.5810 0.0088 12768 1.5867 0.0337 16517 17516 0.0212 1.7040 14566
150 3.8637 137.00 0.5798 0.0102 12749 15815 0.0388 16431 1.7448 0.0244 16988 14541
16.0 3.6280 133.08 0.5785 0.0116 12129 15759 0.0043 16339 17375 0.0278 1.6932 14513
170 3.4203 199 05771 0.0131 12708 1.5700 0.0501 1.6241 1.7298 0.0315 16873 14484
180 3 125.7%6 05756 0.0148 1.2685 1.5637 0.0564 16138 1.7216 0.0354 1.6810 14453
190 3.0716 12241 0.5740 0.0165 1.2661 1.5570 0.0630 1.6029 17129 0.0395 16744 14421
200 119.23 05723 0.0183 1.2635 1.5500 0.0701 15914 1.7038 0.0439 1.6674 14386
210 2.7904 11620 0.5705 0.0203 1.2608 1.5426 0.0775 1.5793 1.6943 0.0485 1.6600 14350
20 26695 11330 0.5687 0.0223 12580 15349 0.0854 1.5667 16803 0.0534 1.6523 14312
20 % oo 11053 0.5667 0.0245 12550 1.5268 00938 15535 16738 0.0585 16442 14272
40 Y — 107.86 0.5646 0.0267 12519 15184 0.1026 1.5398 1.6629 0.0640 1.6358 14231
%0 0.5625 00291 1.2486 15096 01118 1.525¢ 16516 0.069 1.6270 14187
%.0 2.2812 102.83 05602 0.0316 1.2452 1.5005 01215 15106 18398 0.0756 16179 14142
270 2207 100.45 0.5579 0.0343 L2417 14910 0.1317 14952 16276 0.0818 1.6083 1.4095
8.0 21301 %.15 0.5554 0.0370 12379 14812 0.1425 14792 16149 0.0883 1.5985 14046
2.0 2.0627 0.5528 0.03%9 1231 14710 0.1537 14627 1.6018 0.0951 1.5882 1.3996
300 2.0000 9.76 0.5502 0.0429 1.2300 14605 0.1655 14456 1.5883 0.1022 1.5 13943
30 1.9416 91.66 0.547¢ 0.0460 1.22% 1.4496 0.1778 14281 L5744 0.1096 1.5667 1.3889
320 1.8871 0.5445 0.0493 12215 14384 0.1908 14099 15600 0.1173 15554 1.3833
3.0 1.8361 8164 0.5415 0.0527 12170 1.4268 0.2043 1913 1.5452 0.1254 1.5437 13775
0 1.7883 8.71 0.5383 0.0563 12123 14149 0.2185 13721 1.5301 0.1337 1.5317 1315
350 1.7434 05351 0.0600 1.2074 14026 1.3524 15144 0.1424 1.5193 13654
3%.0 1.7013 81.9 0.5317 0.0638 1.2024 1.3900 0.2489 132 14984 0.1515 1.5066 1350
370 16616 020 0.5282 0.0679 11972 13170 0.2652 13115 1.4820 0.1609 14935 13525
380 16243 78 0.5246 0.0721 1.1918 1.3637 02823 12903 14652 0.1707 1.4800 1.3458
39.0 1.5890 %6.12 0.5208 0.0764 1.1862 13501 0.3001 1.2686 1.4480 0.1809 14661 13389
400 15557 75.04 0.5168 0.0810 11804 13360 0.3189 1.2463 14304 0.1915 14519 13318
a0 15243 73.39 05128 0.0857 11744 13217 0.3386 1223 14124 0.2025 14374 13245
20 14945 nn 0.5086 0.0907 1.1682 13070 03592 12004 13941 02139 14224 13170
'] 14663 70.18 0.5043 0.0958 11618 1.2919 0.3809 1.1768 13753 0228 14071 13093
o 1439 68.62 0.4998 0.1012 11582 1.2765 04037 1.152% 13563 02382 13914 1.3014
50 14142 67.09 0.4951 0.1068 L1484 1.2608 0421 1.1280 13368 0.2510 13754 12633
%0 13902 65.57 04903 0.1126 L1413 1.2046 04530 1.1029 13170 0.2644 13590 1.2850
470 1.3673 5.9 0.4853 0.1187 1.1340 1.2282 0A797 10774 1.2968 02783 142 1.2766
80 1.3456 62.62 0.4801 0.1250 11265 12113 0.5079 1.0514 12764 02928 1.3250 12679
90 1.32% 61.17 04747 0.1316 L1186 1.1941 05377 1025 12555 03078 13074 12580
50.0 1.3054 59.74 04691 0.1385 1.1106 1.1766 0.5693 09981 12304 03235 1.2895 1.249
510 1.2868 58.33 0.4633 0.1458 11022 11587 0.6028 09708 12129 0339 12112 1.2406
520 1.2690 5%.94 04573 0.1533 1.0936 1.1401 0.6385 0.943] L1912 03589 1.2525 12310
530 1.2521 55,5 0.4511 0.1612 1.0847 11217 06765 09150 11691 0347 133 1.2213
540 1.2361 519 0.4446 0.1695 10754 1.1026 07171 08865 11468 0 12138 12113
55.0 1.2208 5284 04379 0.1782 1.0659 1.0832 0.7605 08575 1.1242 04127 1.1939 12011
5.0 1.2062 56.50 04309 0.1873 1.0560 1.0633 08072 08282 11013 04231 1.1736 11905
51.0 1.1924 50.17 0.4236 0.1969 1.0457 1.0431 08575 0.798 1.0782 04543 11528 1.1799
58.0 1.1792 4835 04160 0200 10351 1.0224 09118 0.7685 10549 04767 L1317 11690
59.0 11666 4754 04081 02176 1.0240 1.0013 09706 0.7381 10314 0.5001 1.1100 11578
800 | LIs47 4624 0.3998 0.2288 10125 | 09798 1.0M47 0.7074 1.0076 0.5247 1.0880 .

] g Apin L, L, C, La Lg Ca Li I‘i t'.‘i L,

(B ~7' 17 Z . Dtexe] HO~ 7 v ZER%d %
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

10=36.0] [Qs=1.7013] Amin=81.99] XV
<% 08 [LCn7AtpOp1Xs1p70Amin81]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.5317*LS; L2=0.0638*LS;C1=1.2024*CS;
L3=1.3900*LS;L.4=0.2489*LS;C2=1.3322*CS;L.5=1.4984*LS;1.6=0.1515*LS;C3=1.5066*
CS;L7=1.3590*LS;

[0=41.0] [Qs=1.5243] TAmin=73.39] XV,
<% 0 TLCn7AtpOp1Xs1p52Amin73]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.5128*LS; L2=0.0857*LS;C1=1.1744*CS;
L3=1.3217*LS;L.4=0.3386*LS;C2=1.2236*CS;L.5=1.4124*LS;1.6=0.2025*LS;C3=1.4374*
CS;L5=1.3245*LS;

[0=49.0] 1Qs=1.3250] TAmin=61.17] XV,
<% B TLCn7AtpOp1Xs1p3Amin61 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.5317*LS; L2=0.0638*LS;C1=1.2024*CS;
L3=1.3900*LS;L.4=0.2489*L.S;C2=1.3322*CS;L.5=1.4984*L.S;1.6=0.1515*L.S; C3=1.5066*
CS;L5=1.3590*LLS;

LC7-ellip-fc-0p159-r1-1-atp-Op01-Xs-1p30.asc

B [ [=]
V(8)
\
\
\/ —
| Y —
L
+{ LC7-ellip-fc-0p159-r1-1-atp-0p01-Xs-1p30.asc = e <
bR FEEZRODIES

7R¥EMBEKO—/IAT1L5—H

L7 L5 L3 (B}

4
1 ISR ST SR ISR 8
11601 1.0948 0.7999 0.2471
V1
L6 § 0.3462 LS fg 0.7220 L2 f}n_lm
SINE(D 1 1K)
AC1 3 5 7
= jlcz JE RL
.ac oct 50 0.01 10 [ T T 1
1.2050 0.7869 0.8175
~ ~ ~

hwb A R## 0.159Hz, atp=0.01dB, Xs=1.3, RiX&= % 49dB

[FEE~7 1/ 5 A Dtexel O~ 7 0 aflEpid %
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REFESOTTANF—DRTFEERD S

WIZ, n=T p=5% atp=0.01dB DOEMNSb~ 27 o Z/ERLET

LC 7 4 V2 —DF

L=
AxX A

K2 = =
610 T Al G ] C2 | Lo | G5 1 G [ La ] Co ] Ce | Lg ] Cy
C @ @© 0. 0.0000 1.022752 1373172 0.0000 1.548193 1.635121 0.1 1.63519% 1.365613
ii0 5.2408 146.39 0.3970 0.0069 1.0139 1.3510 0.0229 1.5099 1.6069 0.0139 1.6140 1.3562
i20 4.8097 14i.07 0.3958 0.0082 1022 1.3466 0.0274 1.5027 16016 0.0166 1.6100 13544
130 44458 136.16 03945 0.0096 1.0103 1.3419 0.0322 1.4948 15958 0.0195 1.605 1.3524
140 4.1336 131.61 0.3931 0.0112 1.0083 1.3368 0.0375 1.4863 1.589% 0.0226 1.6009 1.3503
150 3.8637 127.37 0.3915 0.0129 1.0062 1.3314 0.0432 14772 1.5828 0.0260 1.5959 1.3480
16.0 3.6280 123.40 0.3898 0.0147 1.0039 1.3255 0.0493 1.4674 1.5757 0.0296 1.5904 1.3456
170 34203 119.66 0.3881 0.0167 1.0014 1.3193 0.0559 1.4571 1.5681 0.0335 1.5847 1.3430
18.0 3.2361 116.13 0.3862 0.0187 0.9988 1.3127 0.0629 1.4461 1.5600 0.0377 1.5786 1.3403
190 30716 1278 0.3841 0.0210 0.9960 1.3057 0.0704 14345 1.5515 0.0421 15721 13374
00 2.9238 109.60 0.3820 0.0233 0.9931 1.2084 0.0784 14223 15426 0.0468 15654 13344
20 2.7904 106.57 0.3798 0.0258 0.9900 1.2907 0.0869 1.4095 15332 0.0517 1.5582 13312
220 2.6695 103.67 0.3774 0.0284 0.9867 1.282% 0.0959 1391 1523 0.0569 1.5507 13218
B0 2.5593 100.90 0.3749 0.0312 0.9833 12741 0.1054 1.3820 1.5132 0.0624 15428 13243
24.0 2.4586 98.23 037123 0.0342 0.9797 1.2653 0.1155 13674 1.5025 0.0682 15348 1.3206
50 2.3662 95,67 0.3695 0.0373 0.9760 1.2561 0.1261 1.3522 14914 0.0742 1.5263 13168
0 | 2m12 93.20 0.3666 0.0405 0.9720 1.2465 0.1374 1.3363 1479 0.0806 15174 13128
70 22021 90.82 0.3636 0.0439 0.9679 1.2365 0.1492 1.319 14680 0.0872 1.5082 1.3086
280 2.1301 88.52 0.3605 0.0475 0.9637 1.2262 0.1617 1.3029 1.4556 0.0942 1.4987 1.3043
%0 20627 .29 0.3572 0.0513 0.9592 1.2155 0.1749 1.2853 14429 0.1015 14879 1.2999
300 2.0000 84.13 0.3537 0.0552 0.9546 1.2084 0.1888 1.2671 1.4297 0.1090 14787 1.2953
310 1.9416 82.03 0.3501 0.0594 0.9498 11929 0.2034 1.2484 1.4162 0.1170 1.4682 1,2905
320 1.8871 79.99 0.3464 0.0637 0.9448 11811 0.2188 1.229% 1.4022 0.1252 1.4573 1.2856
30 1.8361 78.01 0.3425 0.0683 0.93% 1.1688 0.2351 1.2091 1.3879 0.1338 1.4461 1.2805
340 1.7883 76.08 0.3385 0.0730 0.9342 1.1562 0.2522 1.1886 1.3732 0.1428 1.4346 1.2752
350 1.7434 74.20 0.3342 0.0780 0.9286 11432 0.2703 11675 1.3581 0.1521 1.4227 1.2698
36.0 L7013 72.36 0.3299 0.0832 09228 1.1298 0.2894 1.1459 13427 0.1618 14105 1.2642
370 1.6616 70.56 0.3253 0.0886 0.9168 L1161 0.3095 11237 13269 0.1719 1.3980 1.2585
80 1.6243 68.81 0.3206 0.0943 09106 L1019 0.3308 1.1010 1.3108 0.1824 1.3851 1,2526
200 1.5890 67.09 0.3157 0.1003 0.9042 1.0874 0.3533 10777 1.2943 0.1933 13719 1,2466
400 15557 6541 0.3106 0.1065 0.8975 1.0724 0.3771 1.0539 1.2776 0.2047 1.3584 1.2404
410 1.5243 63.76 0.3053 0.1131 0.8907 1.0571 0.4024 1.0295 1.2605 0.2164 1.3446 1.2340
420 1.4945 62.14 0.2997 0.1199 0.8836 1.0413 0.4292 1,0046 1.2431 0.2287 1.3304 12275
430 1.4663 60.55 0.2940 0.1271 0.8762 1.0252 0.4578 0.9792 12254 0.2415 13159 1.2208
4“0 1.4396 58.99 0.2881 0.1346 0.8686 1.0086 0.4881 0.9532 1.2074 0.2547 1.3011 1.2139
45.0 1.4142 57.46 0.2819 0.1425 0.8608 0.9916 0.5206 0.9268 11892 0.2685 1.2859 1.2069
46.0 1.3902 55.94 0.2755 0.1507 0.8527 0.9742 0.5553 0.8998 L1707 0.2828 L2704 1197
470 1.3673 54.46 0.2678 0.1594 0.8443 0.9563 0.5925 0.8723 1.1520 0.2977 1.2546 1.1923
480 1.3456 52.99 0.2617 0.1685 0.8357 0.9380 0.6324 0.8443 1.1331 0.3132 1.2384 11848
49.0 1.3250 5154 0.2546 0.1781 0.8267 0.9192 0.6755 0.8159 11140 0.3294 L2219 L1770
50.0 1.3054 50.11 0.2471 0.1882 0.8175 0.7998 0.7220 0.7869 1.0948 0.3462 1.2050 11691
510 1.2868 48.70 0.2392 0.1989 0.8079 0.8802 0.7725 0.7576 1.0754 0.3637 1.1878 L1611
52.0 1.2690 47.31 0.2311 0.2101 0.7980 0.8599 0.8275 0.7217 1.0559 0.3820 L1703 11528
53.0 1.2521 4593 0.2226 0.2220 0.7878 0.8391 0.8875 0.6974 1.0364 0.4011 L1523 L1444
4.0 1.2361 44.56 0.2137 0.2345 0.7772 0.8178 0.9534 0.6667 1.0169 0.4210 11340 11358
550 1.2208 43.21 0.2044 0.2479 0.7663 0.7959 1.0260 0.6357 0.9973 0.4418 1.1153 L1270
56.0 .2062 4187 0.1947 0.2620 0.7550 0.7733 1.1065 0.6042 0.9779 0.4636 1.0962 1.1180
510 1.1924 40.5¢ 0.1846 0.2770 0.7432 0.7501 1.1963 0.5724 0.9586 0.4865 1.0766 1.1088
580 1.1792 39.22 0.1740 0.2930 0.7311 0.7261 1.2970 0.5403 0.9395 0.5105 1.0566 1.0994
59.0 Hsg 37.91 0.1628 0.3101 0.7185 0.7014 1.4107 0.5079 0.9207 0.5358 1.0361 1.0898
| 500 . %6 11 0151 0.3285 0.7054 15402 05624 L0151 1.0800
[Z] Qg Avin [ Lo Co Lay La Ca Lg Lg Cg Ly

B~ 177 A Dtexe] O~ 7 o Z{Ekd 5
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

[60=30.0] 1Qs=2.0000] [Amin=84.13] XV,
<% 0 [LCn7AtpOp01Xs2p0Aming4 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.3537*LS; L2=0.0552*LS;C1=0.9546*CS;
L3=1.2044*LS;L.4=0.1888*LS;C2=1.2671*CS;L5=1.4297*LS;1.6=0.1090*LS;C3=1.4787*
CS;L7=1.2953*LLS;

10=42.0] [Qs=1.4945] [Amin=62.14] XV,
<% B [LCn7AtpOp01Xs1p49Amin62 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.2997*LS; L.2=0.1199*LS;C1=0.8836*CS;
L3=1.0413*LS;L4=0.4292*L.S;C2=1.0046*CS;L5=1.2431*LS;L.6=0.2287*L.S;C3=1.3304*
CS;L7=1.2275*LS;

[0=50.0] 1Qs=1.3054] [Amin=50.11] £V,
<4 B TLCn7AtpOp01Xs1p30Amin50 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.2471*LS; L.2=0.1882*LS;C1=0.8175*CS;
L3=0.7999*LS;L.4=0.7220*LS;C2=0.7869*CS;L.5=1.0948*L.S;1.6=0.3462*L.S; C3=1.2050*
CS;L7=1.1691*LS;

LC7-ellip-fc-0p159-r1-1-atp-Op1-Xs-1p3.asc

2 LcT-ellip-fe-0p159-r1-1-atp-Op1-Xs-1p3.asc E=S o8~ x"
v(8)

© =8 [=]
ENoRFEERDIEE
7R¥EMERO— 1SR TVI—

L7 L5

L3 L1
ISR 2 4 T8 SR 8 -
1.3245 1.4124 53214 DEFPL
vi
Lo 0.2025 L 2 03386 3 0.0857
SINE(0 1 1K)
AC1 3 5 7
[oc} 2 c1 0l

.acoct 50 0.01 10

[

1.4374 1.2236 1.1744

hub AT RAiE$40.159Hz, atp=0.1dB, Xs=1.3, R{{HER E 73.4dB

[FEE~7 1/ 5 A Dtexel O~ 7 0 aflEpid %
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

[LtAct] TROH-CEBRBDOFRUEFIRALTEZFEEZRDD

mmmj®ﬂﬁﬁﬁﬁﬁykﬁ7%&§%Pt=;=0&www4ELT\E§®UfW

ﬁam@mkXs®ﬁ%%ibf%§%ﬁ®%ﬁ%@ﬁtﬁ\F2ﬁ®LC74W§@%%J
D~/ THREEHET L EREIEDLZ LR D,

ZOREFS T~ uEERT DL ATHDO~ 7 v\ REBEB ORI A AT 5 BN
RIRDOTHERMIME R Z D72, BOVDOERENFE->THD,

[2RMDLC 7412 DERET] OFIA

Fall30EHE O-HA2AT7 0072 WHFEFHE Elliptic
BHTHT IR DRE n(<=58) 2
AwkA7AEH Fe 0. 15315434 [z =l
BEHFIHIIZBBERE U 7L atte T
BEREBISSTIMBREFL LT, %5 = F/re 10 gz feotil

- - - - - - - - - - - - —
=1 Mcact21 =% icR |

747" Low Pass Elliptic  JX2=2
Fp = 0.1592 Hz attp = 0.1000dB Fs = 1.5915 Hz atts = 35.67dB

10dB

0dB
-10dB
-20dB

-30dB —

-40dB

-50dB

-60dB
0

Fc=0.1592 Ha, Atp=0.1dB, Xs=10 O %E DR OLREI,
e RERORER. by AT AR, Q. GBAH
7+r)" Low Pass Elliptic #%(=2
Fp= 0.1592 Hz attp=0.1000dB Fs= 1.5915Hz atts= 35.67dB n
Pn O Pn 1 Pn_ 2 Pn_3 Pn 4
1 2.3523 3.3219 16.4607m 0 3.2839

~ 7 1 [1c2inlkhz] OHNEEET L THEITT 5,
£=0.15915494;R0=1:;Xa=3.3219;Xb=2.3523;Xc=3.2839;Xd=16.4607 m;$L.C2Cal

GRCRGES

L1=0.716313, L2=61.9026, C1= 6.9977m, C2= 0.418118

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

LC2-LtAct-ellip-fc-Op159-atp-Op1-Xs-10-R1-1.asc

V(out)

<, LC2-LtAct-ellip-fc-0p159-atp-Op1-Xs-10-R1-1.asc E)

2R EMEHO-/AR

€1 6.9977m
in 'OL’lé" out
‘ 0.716313 J L X
iy < =2 SR
~, p=, >
SINE(0 1 1K) 0.418118 5] 1
AC1 [51.9025 ‘
~ ~ <

«ac oct 50 0,01 100

kAT EH 0.159HzHz, atp=0.1dB, Xs=10, {EHE® 35.7d8
IR ROFFEEZMLE > T, Reflfd~ 7 n 2Bl T %,
[ActLCn2AtpOp1Xs10Amin35 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.716313*LS;1.2=61.9026*LS;C1=6.9977 m
*(CS;C2=0.418118*CS;

By NA 7 AR 10KHz TAGHRIN 50 D7 4 V2 OFHEFHET 5,
LC2-LtAct-ellip-10KHz-atp-Op1-Xs-50-R1-50.asc

V(out)

+ LC2-LtAct-ellip-10KHz-atp-0p1-Xs-50-R1-50.asc = oo)- ]
MLtAct) EFIFL L Fb s BT lE R 6

2RAEMEHO-/I2AR

C1  g7.9439p

L1
in A out
J\ 0.575828m
et ‘

Vi (M) e 2 om
T = =750
SINE(O 1 1K) 0.134095u 3 <
AC1 $9.au3ﬁ

~

.ac oct 50 100 10meg
huk# 8 10KHz, atp=0.1dB, Xs=50, LK% ® 63.7dB

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

Fc=0.1592 Ha, Atp=0.1dB, Xs=30 D& DR OMREIE,
e RERBSOFRE, by P T AR, QE. GBE
778/ Low Pass Elliptic &#=2
Fp= 0.1592 Hz attp=0.1000dB Fs= 4.7760 Hz atts= 54.79dB
n Pn_ 0 Pn_1 Pn_2 Pn_3 Pn 4
1 2.3708 3.3168 1.8211m 0 3.2789

~ 271 [lc2inlkhz] ONAEEZLEH L TFE(TT 5,
£=0.15915494;R0=1;Xa=3.3168;Xb=2.3708;Xc=3.2789;Xd=1.8211 m;$L.C2Cal

ERCRGES
L1=0.723047, L2= 62.5541, C1= 0.768137m, C2= 0.42103

FHEFEROFFEZEST, REM D~ 27 v 2Flkd %,

[ActLCn2AtpOp1Xs30Amin54 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=0.723047*LS;L2= 62.5541*LS;C1= 0.768137 m
*(CS;C2=0.42103*CS;

Fc=0.1592 Ha, Atp=0.1dB, Xs=50 D& OARERIH ORI,
bt KR OREL Iy AT AR, Q. GBAE
7+r)" Low Pass Elliptic #%(=2
Fp= 0.1592 Hz attp=0.1000dB Fs= 7.9600 Hz atts= 63.67dB
n Pn O Pn_ 1 Pn 2 Pn_ 3 Pn 4
1 2.3722 3.3162 0.6554m 0 3.2783

~ 7 1 [1c2inlkhz] OHNEEET L THEITT 5,
£=0.15915494;R0=1;Xa=3.3162;Xb=2.3722;Xc=3.2783:;Xd=0.6554 m;$L.C2Cal

RIS R

L1=0.723607, L2= 62.591, C1= 0.276284m, C2= 0.421273

AR ROFFEEML > T, R2flid~ 27 n2lElT %,
[ActLCn2AtpOp1Xs50Amin63 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L1=0.723607*LS;L2= 62.591*LS;C1=0.276284 m

*(CS;2=0.421273*CS;

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

[BXRMDLC 74 ILEDEKET] OFIFA

BE/ITA-FOAT %
FaNA0OEE O-HA27 0173 WEFHEEE Elliptic

BHT DT 1 L2 DRE n(<=58) [

ho A7 RB#® Fe 0. 15915294 Hz =]
REHFICHEIBREERILY T IL atte Jo. 12 dg | Ok
RERREIETSMBRERL LT, ¥ = Fs/Fe 2 fa ootk

- -

U7 LN 0.12dB, Xs=2 D7 4 VX ZiRET 5,

Fp= 0.1592 Hz attp=0.1200dB Fs= 0.3183 Hz atts= 24.81dB
e REBOFRE, by P T EER. QE. GBE
1 %=

P0O= 1.0620 P1= 0 P2=1.0620
2 kX
n Pn O Pn_ 1 Pn_2 Pn_3 Pn_ 4
1 0.7400 1.5621 0.3031 0 1.5621

Af1~27 v LC3in #Z W L CTHEITT 5,
Ro=1;P0=1.0620;Pn0=0.7400;Pn1=1.5621;Pn2=0.3031;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0
*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Cal

AR,
L1=1.0475212, L2= 0.22781374, LL3= 0.36781971, C1= 0.85172069

AR ROFEFHEEML > T, R2flid~ 27 n 2T %,

[ActLCn3AtpOp12Xs2Amin24 |
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=1.0475212*LS;1.2=0.22781374*LS;1.3=0.36781
971*LS;C1= 0.85172069 *CS;

71y b A7 JEEEC 10KHz TRGHEHID 50 D7 4 V2 DFEFEZFET 5,
Fc=10 k;r1=50;$ ActLCn3AtpOp12Xs2Amin24;
FEZFHE L THEEXICATT 2,

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 V¥ —DEE
REFOTTIANEZ—DRTEZRD D

71y N AT EEE 10KHz, AfHEHT 50 D854
LC3-LtAct-ellip-10KHz-atp-Op12-Xs-2-R1-50.asc

E_/;_‘.-f'_i—l"% p-10KHz-atp-0p12-Xs-2-R1-50.rawn ‘?HE"?‘
V(out)
ey
+ LC3-LtAct-ellip-10KHz-atp-0p12-Xs-2-R1-50.as¢ [ e
TLtActI EHIA LE RS BT EE K355, L1 L3ONECTETS
3RFEAEHKO—/AT71ILE—H
in A /‘%‘%ﬂ /ﬁ—\ out
0.83359088m 0.29270163m
vi %LZ R1
SINE(0 1 1K) 0.18128841m 50
AC1
gL
.ac oct 50 100 1meg T
0.27111112u
~
Dy A7 10KHZ, 20KHz CRIEFH =2 24.8B ICH|E
HatINTA-FD AT X
ZalA0EHE O-H27 013 WETETE Elliptic
BHTEDT 432 DRE n(<=58) 3
Aw kA7 BB Fo [0. 15915494 |Hz -
BEHRFICHBIIZBERERI) 7L atte 0. 12 d8 0K
BEGERISETIMBHEFL LT, ¥s = Fs/Fe |7 & feotl
- - - - E—

U 7L 0.12dB, Xs=3 D7 4 )V H Zi%EHT 5,
Fp= 0.1592 Hz attp=0.1200dB Fs= 0.4775 Hz atts= 36.43dB
e RER ORI, by AT AR Q. GBAE

1R
Po= 0.9800 Pl= 0 P2=0.9800
2
n Pn O Pn 1 Pn 2 Pn_ 3 Pn 4
1 0.8481 1.5921 0.1346 0 1.5921

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 V¥ —DixE
REFOTTIANEZ—DRTEZRD D

Af1~27 v LC3in #Z W L CTHEITT 5,
Ro=1;P0=0.9800;Pn0=0.8481;Pn1=1.5921;Pn2=0.1346;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0
*P0;Xc=Pn0+P0;Xe=Pn2*P0;$LC3Cal

AR,
L1=1.084325143, L2= 84.324865m, L.3= 0.46877569, C1= 1.0025801

AHEFEROFFEZES>T, REM D~ 27 v z2Flkd %,
[ActLCn3AtpOp12Xs3Amin36 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=1.084325143*LS;1.2=84.324865

m*LS;L.3=0.46877569*L.S;C1=1.0025801 *CS;

71y N AT EEE 10KHz, ARHEHT 50 D54,
LC3-LtAct-ellip-10KHz-atp-Op12-Xs-3-R1-50.asc

b= [= ] ]
V{out)

I, LC3-LtAct-ellip-10KHz-atp-0p12-Xs-3-R1-50.a5¢ =N

ILtAct1 & FA LR D R FBEkH21BE. L1, L3OHNEICERETS

3XRBEMBEBO— A48 —H

R L1 L3
in A W /W\ _ out
0.86287853m 0.37303984m
vi %LZ m
SINE(O 1 1K) 67.103595u 50
AC1

c1
.ac oct 50 100 1meg T
0.31913116u

v
By b4 7K 10KHz, 30KHzTREH = F 36.4dB [CFIE

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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LC 7 4 VX2 —DikE
REFOTTIANEZ—DRTEZRD D

BRETINTA-YD AN X
FalA0iEHE O-1"272q013 EETEFE Elliptic
FHT L7 113 0RE m(<=58) |3

|0‘ 15915434 ‘HZ ;l

Do bFT7RAER Fo

MEHFICEIIZREERITY T UL atte [0.12 48
REREEICETAMBMEFL LT, Xe = Fsfo |4 ta

UL 0.12dB, Xs=4 D7 4 VR ZiREtT 5,

Fp= 0.1592 Hz attp=0.1200dB Fs= 0.6366 Hz atts= 44.26dB
e REBOFRE, by P T EER. QE. GBE

1R
PO= 0.9559 P1= 0 P2=0.9559
2
n Pn O Pn_ 1 Pn 2 Pn 3
1 0.8836 1.6006 75.6297m 0

Af1~27 v LC3in #Z W L CTHEITT 5,
Ro=1;P0=0.9800;Pn0=0.8836,Pn1=1.6006;Pn2=75.6297

Pn 4
1.6006

m;Xa=Pn1*P0;Xd=Xa;Xb=Pn1+Pn0*P0;Xc=Pn0+P0;Xe=Pn2*P0;$L.C3Cal

FEERERI

L1=1.0787585, L2= 44.680204m, L.3= 0.49369261, C1= 1.0575342

AR ROFEFHEEML > T, R2flid~ 27 n 2T %,
[ActLCn3AtpOp12Xs4Amind4 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L1=1.0787585*LS;1.2=44.680204

m*LS;L3=0.49369261*LS;C1=1.0575342 *CS;

LtAct] TROTARZEEEOREZFIN L THEAEEZRD D
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REFOTTIANEZ—DRTEZRD D

Fr4aXmLC 74 IIL32DEKET 21 OFA

BEA-SOAD X
ZANAOEE O0-K27 173 BEFIIE Elliptic
BHTE7 102 0RE n(<=58) a7
howbad7RBE Fe [0. 15915434 Hz =]
BB#relsHII ZRBERRILY 7L atte [o-1 a8 UK
RESERISETHRMBREFsL LT, ¥s = Fs/fe | @ deutl

- - - - - - - —

UL 0.1dB, Xs=2 D7 4 VX ZHET 5,

Fp= 0.1592 Hz attp =0.1000dB Fs= 0.3183 Hz atts= 41.45dB

bt REROREL Iy AT AR, Q. GBAE

n Pn O Pn_ 1 Pn_2 Pn_3 Pn_ 4
1 0.4325 1.2941 92.0071m 0 2.2291
2 1.3409 0.7364 92.0071m 0 0.4226

AT~ 71 LC42in %W L TEITT 5,
r1=1;Pn10=0.4325;Pn11=1.2941;Pn12=92.0071
m;Pn14=2.2291;Pn20=1.3409;Pn21=0.7364;Pn22=92.0071 m;Pn24=

0.4226;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pnl11;n3=Pn
20+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

AHRRERIE
L1=187.427, L.2= 1.0448, LL3= 1.13536, L4= 0.21996
C1=0.559115, C2=4.77349m, C3=1.13014

AREMROFR L - T, K2~ 27 n 2Bl 5,
[ActLCn4AtpOp1Xs2Amin41 |

LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L.1=187.427*LS;1.2=1.0448*LS;L.3=1.13536*LS;L.4

=0.21996*LS;C1= 0.559115 *CS;C2=4.77349 m *CS;C3=1.13014 *CS;

By b A7 A 1KHz TERHHIN 50 D7 4 )V H DR EEZHFAT 5,

Fc=1 k;r1=50;$ ActLLCn4AtpOp1Xs2Amin41
FAEAFRE L CTEEMICATT 5,

LtAct] TROTARZEEEOREZFIN L THEAEEZRD D
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LC4-LtAct-ellip-1KHz-atp-Op1-Xs-2-r1-50.asc

= [=le]=]
0]

{ LC4-LtAct-ellip-1KHz-atp-Op1-Xs-2-r1-50.asc = mi=) @
TLtAct) & 7| AL = &k h5 3R T filik kibiz Bl
AxRFEMEZN—-/{2A
c2

I}
1
15.19n
L3 2 L2

9.,0349m 8.3142m

vi 14

SINE(0 1 1K) ED
C1

= L1 R1

.ac oct 50 10 100k T
3.6u T 50
1.4915

N

Hub A7 M 1KHz, atp=0.1dB, Xs=2, K #% E 41.4dB

W2, U738 0.1dB, Xs=3 D7 (W ZFEHT D,
Fp= 0.1592 Hz attp=0.1000dB Fs= 0.4776 Hz atts= 56.95dB

e RERORER. by AT AR Q. GBAH

n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 0.4875 1.3159 37.6838m 0 2.2047
2 1.3037 0.6681 37.6838m 0 0.3942

AJTH~71 LC42in %W L TEITT 5,
r1=1;Pn10=0.4875;Pn11=1.3159;Pn12=37.6838
m;Pn14=2.2047;Pn20=1.3037;Pn21=0.6681;Pn22=37.6838 m;Pn24=

0.3942;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pnl11;n3=Pn
20+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

FHRRERIE,
L1=202.905, L2=1.13832, LL3= 1.21038, LL4= 84.798m
C1=0.557492, C2= 0.792803m, C3= 1.30694

LtAct] TROTARZEEEOREZFIN L THEAEEZRD D
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LC 7 4 VX2 —DikE
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AHEFEROFFEZES> T, REM D~ 27 v z2Flkd %,

[ActLCn4AtpOp1Xs3Amin56 ]
LS=R1/(2*pi*Fc);CS=1/(2*pi*Fc*R1);L1=202.905*LS;1.2=1.13832*LS;1.3=1.21038*LS;L
4=84.798 m*LS;C1=0.557492 *CS;C2=0.792803 m*CS;C3=1.30694 *CS;

71> b A7 JEFE#L 10KHz, atp=0.1dB, Xs=3 O35 O
LC4-LtAct-ellip-10KHz-atp-Op1-Xs-3-r1-50.asc

= ElEIF
v

 LC4-LtAct-ellip-10KHz-atp-Op1-Xs-3-r1-50.asc =@
TLtActi & FIALIZ R DR T g Kbz fi
4RFEMBEHO—) A
[

1l
0.252357n
L. L2
1 TR
0.96319m 0.905846m
Vi 14
SINE(0 1 1K) 67.4801u
AC1 3
e 1@ L1 R1
.ac oct 50 1k 1meg
0-416012u 0.177455u 50
0.161467
~

hwhA JEBER 10KHz, atp=0.1dB, Xs=3, R{EFFE 56dB

Wiz, U 7NN 0.1dB, Xs=4 D7 4 VZ iRkEtT 5,

Fp= 0.1592 Hz attp=0.1000dB Fs= 0.6368 Hz atts= 67.40dB
e RER ORI, by AT AR Q. GBAE
7fn)” Low Pass Elliptic W&%=4

n Pn O Pn 1 Pn 2 Pn_ 3 Pn 4
1 0.5057 1.3226 20.6497m 0 2.1963
2 1.2912 0.6476 20.6497m 0 0.3855

[LtAct) TRDOIARZEREEOBEZFIMA L THHHZRD D
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A~ 27 1m LC42in A& H L TFETT D,
r1=1;Pn10=0.5057;Pn11=1.3226;Pn12=20.6497
m;Pn14=2.1963;Pn20=1.2912;Pn21=0.6476;Pn22=20.6497
m;Pn24=0.3855;n0=Pn11*Pn21;n1=Pn10*Pn21+Pn11*Pn20;n2=Pn21+Pn10*Pn20+Pn1l
1;n3=Pn20+Pn10;d0=Pn14*Pn24;d2=Pn12*Pn24+Pn14*Pn22;d4=Pn12*Pn22;$L.C42cal

AR,
L1=206.788, L2=1.16858, L3= 1.23522, 4= 45.6661m
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LC Filter ##R

5.1 INTRODUCTION TO THE CATALOG
51 h20JOHBE

This chapter will show that modern filter design methods can be used by engineers, and
that it is not a restricted field for specialists.

ZOETIE, BIRO 7 4 VEREFTFEN T V=T ICHIEATE 2O TH Y | HEMFEZT
DHEFFFFF TN 2R T,

Frequently, require-ments for extreme numerical exactness make the modern design
techniques prohibitive.

%2 < OYh D TEWEMERREE N RS 5D 720, BUROFKG FIETIXEBN N EE & 72
24

In the sim-plification of the modern design approach, it is desir-able that the element
values be precalculated and normalized in a convenient manner and related to the
desired filter characteristics.

BURAYZRRRGT FIE Z LT 210 H 7o » Tid, BRME A @Y 72 715 THEANTEHE - EFUE L,
FTED T 4 V2 R L BT T 5 Z ENEE LY,

It is also desirable that these relationships be in catalog form, at least for the types of
filters most commonly used.

Flo D E bR RIITHER ENDFEHDO T 4 V2 =250 T, 26 ORERMEL
AZa 7B TRIET 5 2 EDREE LV,

For a number of simpler cases, the effective filter parameters have already been
published by many authors.

WL OO HFLIR T — AN DONTIEL, ARRT 4 W FZRTA=Z P TIZE S DFEHICL
STARINTND,

The infor-mation presented in this chapter is developed along the lines established by
Glowatzki, Saal, and Ulbrich.

ABETHRT H1E#®IL, Glowatzki, Saal, ¥ J U Ulbrich 2353z U 72 kA7 1T - TREBA
INTW5D,

Extensive data will be presented for the Cauer- Chebyshev filter developed with the aid
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of Zolatarev fractions having equal minima of attenuation in the stopband.
ARy IR RICBITDWEOBMERF LW 74 L7 58E MW TRE IR T
— e Fz BT T A NNFIIOWNT, JRERT — X EIERT D,

In Chapter 6, information in the form of tables will be presented for the lowpass model
of the Chebyshev polynomial filter, as well as other all-pole types.

M6 ETIE, Fab iz 7ZER T A NLE—Da— R AETILRFE DO 7 ¢+ L2
—IZOWNWT, RIEXNTIHFREZERT D,

Principles of Tabulation

SEDRE

The properties of the lowpass model can be determined by the following effective

parameters:

H—NAETNORHEZL, WFOFENNT A—=ZIZE > TIRESN S -

1. The order of the transmission function which sets the number of necessary reactive

elements necessary for the realization.

1. FHUKER VT 7T 4 THRF OBERET D0z BB OREL,

2. The minimum attenuation in the stopband above a certain limiting frequency, Amin.

2. FriE D IRFUE A Amin PAEOAF IEFEIT IS 1T 2 e/ NBOR &,

3. The maximum level of ripples in the passband, In Cauer-Chebyshev filters, the most
Important parameter is the sharpness of the required response curve.

3. HEFIHIZBITAY v NVDERERLNN AT — T2 27T o V2B NT,
b EERNT A—=213, TEOINEMBROPLE TH 5,

In Cauer-Chebyshev filters, the most important parameter is the sharpness of the
required response curve.

AT = F2ET =TT 4B NT, ROEERANT A—=ZF, BRI DIEE iR
DPETH D,

There is a table of useful parameters for the design of filters published by Glowatzki as
a function of filter sharpness (Q s/ Qc). In modern tabulation, originated also by

Glowatzki, instead of normalized frequency, the modular angle 0 was found to be more
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practical as an input function for the tables.

Glowatzki |X, 7 4 L Z DS (Qs/Qc) B E LIz, 7 4 VERFHIAMRNT A —4
DREFERL TS, FITL Glowatzki A BR L-BRRYRE TIE, IEFLEEREORD
NIZ, EV2T7—M0NROANEHLE LTRVEMNNTHD Z LB L,

The filter parameters can be classified and tabulated in accordance with the following:
TANZNT A= LTI THEL, RICELHDDHIENTE D,

1. Type of response—Butterworth (B), Chebyshev (C), and Cauer-Chebyshev (CC)
1 ISEEEOEE— "7 — T —ZX (B), F=t>=z7 (C). U7 —F=t+ =7 (CC)
2. Order of complexity—n

[\

. BHES DFFF—n

w

. Reflection coefficient p, or ripple factor (Am ax)

. BOEHRER p. F£7203Y v 7R E (Am ax)

w

N

. Modular angle 0. Responses types (B) and (C) are relatively simple.
LBV T—AE 0, IWEXAT B) BIO (O) 1IHEMEMTH D,

N

They do not have modular angles and, therefore, the tables are short. To have (CC)
responses without modular angles is senseless since the controllable sharpness of the
response is a function of the modular angle.

INDIFEY 2T —MAEFaWnicd, T— T NAREL o TV D, A OHIEI AR/ 8 X
TEV 27 —ADEBTH LD, TV 27 —AZKRTZRWIRET (CC) I8EZHL D &
TLDITEEIRTH D,

For example, the filter under catalog number CC 09 05 67 means a Cauer-Chebyshev
filter of order n = 9 with p =5 % (reflection) and having a modular angle of 67°.

FlZE, % CC090567 D7 4 /L2E, R n=9, p=5% (&), =27 — 67°
DAVT =+ F=b =T 74V EERLET,

The sharpness of the response is then (see Eq. 4.4.8)
L7ehio T, &SI (N4.4.8 22H)

EH O HI 138 / 241



LC 7 4 V& —DikE

B
2, = ! = ! = 1.086360
ST k' sin@
Simplest Tabulation
&b EBEGER

The simplest tabulated symmetric and antimetric polynomial filters are shown in Table
5.1, where only the type and order of response are included in the code number.

e b B2 Fids L OBCH RS IE T 4 L 2 DFITR 51ITRSN TN D, ZORTIE, =
— REFINISED XA T L RBOH N EEN TN D,

For the odd order (symmetric) filters, the realizations having no transformers are easy

to obtain.
TR (RHFR) 74V ZOGE. NI U R EGERVERIIES ICELND,

In the case indicated CC 04a, and for all the cases of antimetric filters with magnetically
coupled inductances, the tabulated Cauer parameters in the Glowatzki tables are still
valid, and the filter exhibits neither zero attenuation at Q= 0 nor a pole of attenuation
Q = oo,

CCO4a TRENTET—A, BLOWRRESA v F 7 XV AEROT VT A M) v - T4
JVE DT RTDr—A BT, Glowatzki DFRIZFEH S 7z Cauer /N T A —Z [JKR L
LTHBTHY, 74 121FQ =0 TOREEREH, Q = co TORMBME /RS 720,

To realize such filters without magnetic coupling, a transformation must be performed.

WREEZHNTICZDOL IR T 4 NV E BERTHIIT, BHE2ITHOLEND D,
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Table 5.1 Table of Simplest Polynomial Filters

® @ (ONO)
T 8ol ——p— Tcou /‘ ——T—o Twos 'T—E::IT
A A A
©) 1 = 1 ® 1= ) g D @ 1 1
0 1 - 0 1 - 0 1 = : -
q—> Q—>
® ©)
Taoz Trm\_o Toos T@\T Twoaa o
A@ 1.[. 1 A@@ 1 A QX6 1%|§ %gx’
0 1 B 0 1 o 0 1 o =+ =+
Q—> Q—> Q—
1 TTWT fows toms RS
B03 04 b cCo4 b
ge : 1 flea/ |t 4l e/ |1 «*
T T T T T
0 1 w© 1 w 0 1 o
Q—> Q—> Q—>
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Q—> Q Q—>

b——»
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B

@0
@I@Iﬂﬂi
bz JI T [

Numbers in the circles show the position of zeros in lhe passband and poles in the stopband.

Unlike the schematics for odd orders of filters, where the normalized loading resistances

are equal (r1=12 = 1), schematics for even-order filters require nonequal load resistances,

such as

FHEIK D7 4 VA ORBEXCIE, B S ARl

ZLW rl=r2=1) OIZxFL,

BEIRD T 4 v Z ORBEITIE, RO LD I AR FR ARSI L 720 £,

l—p

r2=K==
1+ p

Sl b RS 7
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In case b, the last pole is moved toward infinity. In this way, the need for magnetic
coupling between inductances may be avoided. Filters of this kind are indicated by the
letter b, for example CC 08 10b.
r—2b T OB EERET BB T 5, ZHICE D A v Z 7 ZHOBKR G O
WEMEZARETE D, ZOMD T 4 /L Z 330 b TREH, AL CC 08 10b & o723
RERD,

To realize filter characteristics with equal input and output load impedances similar to
that of odd-order filter, more transformations must be made. Sharpness in the transition
region will be somewhat greater.

TERT 4 V2 LREBRIC, ANWA v E—=F 2N A = F U ARFELNT L5 K
P2 FZBT HI121E, SHICEBMEITOLERD D, EREBOF ST, ZHORELRD,

In Table 5.1, the filters of even order and yet having equal terminations are shown (CC
04c). Instead of having finite attenuation at zero frequency, these filters exhibit A =0 at
Q =0.

K B.1ICIE, BEIRTH Y R SHFRImZFFO7 4 VA DRSS TS (CC04c), ZhD
DT A NFIE, JHEE O THIROBRZRT O TR, Q =0DLXITA=0LE42,

The numbers shown in the circles in Table 5.1 show the position and the number of poles

and zeros of the function.

# 5.1 ORI THENTEFIE, BEOMEFRDOMEL L OZOKEZRLTND,

Estimate of Filter Complexity with Nomograph
JETILERWET AL DEHERTE

Figures 5.1, 5.2, and 5.3 show the nomographs published by Kawakami, which are
useful in determining the required degree of transmission function in order to satisfy a
given design condition.
X 5.1, 5.2, BLUBE31F, N EIZE-TRERRSNIZ/ET T LE2/RLTEY, ZRGIEAT
TEDFRFH R 2N T2 T DI IR TR B D E G N IR IET D DITRILD,
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They avoid direct reference to any elliptic function parameter. The maximum value of
ripples in the passband (Amax) is given at the right side of the nomograph. A straight
line is drawn from the value of Amax permitted through the desired value of attenuation
in the stopband (Amin).

ZHBIE, BB D /T A —Z ~DEHEN R E R ZRET TWET, iz siT 2y v
TNOEKRME (Amax) 1T, /E7 7 LAOLHMITTRSNTHET, FFASHLD Amax OfE)
5. FRIEFEICK T 2R OBERE (Amin) 2185 EHRD 522 THET,

The line runs up to the third vertical line and is then rotated to run parallel to the Q-
scale. The desired amount of attenuation at a given frequency will be guaranteed if the
filtering function is ol the order found at the intersection of the vertical line erected from
the Q-scale value and the line which runs parallel to the Q-scale. If the crossing
appears between two curves as shown in Fig. 5.4, the order that must be chosen is the
largest integer, written above the curve.

DO#E 3 A HDOEEME THY, ZOREFEL T Q A7 —/V EFATIZR D, FFEDHEM
BB T HMLEOWEREIL, Q A7 — /L OENLEIDNTZRERE Q A7 — VI FAT R
MZHET DR TRONDR B 2RO 7 4 VA E N ONIERIES NS, X 5.4 18T XKD
(2. 2 OO ZAERPNEND YrE . BRSNS /BT, dhito LR Sk ko
BHTH D,

Normalizing
IER1E

The advantages of using normalized parameters in developing filter networks are well
known. The most important advantage is the convenience of the numerical values
obtained (from 0.01 up to 100).
TANE Ry N T =7 OBRAFEIZBWTIERUEL AT A =2 235 Z & OFRIE, L<m
BNTND, b EZELMMT, BoN25%ME (0.01 205 100 DHiPH) OHRNLT S TH
Do

The resulting normalized network can be used as a basis for a multiplicity of real
schematics having specific reference values. Two reference values are generally
sufficient: (I) impedance level Rr and (2) reference frequency wr.

2O LTHLNEIER bR Yy U — 71X, FrEOIEMEE A F5- DL kR 72 F2ES O [E13 B4 oD KL
ELTRIMT 22 &3 TE S, @H, 2 00REEP LTS THS : (1) A E—F
AL~UL Rr BEO (2) HEFEFRE wr,
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Normalized values included in the tables are dimensionless and defined as follows:

RIS EN T D ERULEITELR T THY . RO X I ITERSND

1. Normalized frequency
1. EAUE S 7 B %

o="L
A

2. Normalized resistance

2. IEBUEIEHL

R

r=—
R,

3. Normalized inductance

3. EHUbA v HZ o 2 A
w, L
R,

L =

4. Normalized capacitance

4. FHIL SN ERE
C'=erRr

The normalized cutoff frequency is Qc = 1 for all lowpass filters. The stopband limit is
given as Qs, or fs. The numerical value of corresponding frequencies is related by the
following expression:

TARTOR—=NAT (N ZIZEBEWT, Bkl y M A 7RI Qe=1 THDH, X

Ry TN RORRRIE Qs, F7203 fs THEXHND, HET D EEEOEIEIZ, LA TOX
TRIND -

Q_f,
Q,  f,

FE
[LtAct] D /3T7 A—% ANJHEEIZIBIT 53T A —4% L Db,

HEE 143 / 241



LC 7 4 V& —DikE
SR/

[LtAct) Tlx. # v MAT7EHEIT Fe £7213 Fp, JABEEEZ RS,
AR BT 2 EEBUL Fs Th » M4 7 A Xs 51272 D,
ARICE, Ay P AT AREEITQe=2nFc 2 £, Qs (TRAKBERBIZET 24 A E £,
QI Qs/Qc FEKT,

As arule, the normalized input impedance is equal to unity, signifying that the reference
resistance is equal to the source resistance.

JFHIE LT, EBUEATIA v E—=F A3 112 L <, ZHITRERIUS Y — Rt & 5
LWZ L2 BT D,

Table Values

=RDE

For the reader’s convenience. tables for normalized lowpass models, tabulated according
to p values, have been placed in Section 5.8.

MEDOEEZX D20, p I LI LI ERbe — "2 ET LDEEH 5.8 HilcEH# L
7o

The table values consist of three groups of information: (a) Operating parameters, (b)
Pole-zero location in the complex plane, and (c) Element values.

KOMEIX, WD 3 OOEHRD 7 N —T THEINTHNET : () BIfE 7 2 —% (b) #HF%E
o o - FROME, BEO () EROMH,

The attenuation of a lowpass filter is completely described in terms of the following
operating parameters.

H—/NA T 4 )V H OWFEEREIL, LT OEE AT XA =22 Lo TRl B SN D,

Maximum peak ripple attenuation in the passband, Amax.
Minimum attenuation in the stopband. Amin.

Normalized stopband limit,

HREHICBIT AR —2 U v FAEEE, Amax,

BELIE A 2 5 1) 2 B/ NEGE . Amin,

IEHUEPE R B IR R A

— —

Q=21
Dy fr
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For the transfer function of the third order (n = 3), which is to be used throughout for an
example, the definitive relation between Amax, Amin, and is

e LTaREZELTHWD 3K (n=3) OIREREIZ OV T, Amax, Amin O DRTE
O N = S/ G2 PR U) T b D

) 1nﬂL] ~ 5n =15 (5.1.1)

dmax g -

Amin + 3 In

where aisin Np and Ais in dB. This formula is approximate, and valid only for small
Amazx, large Amin, and small It is evident that with two given parameters, it is possible
to evaluate the third.

ZZT.aldNp Bfir, Al dBHITH D, ZORITIALKTH Y | Amax 23/hE < | Amin
MREL, POIDNEWGEICOHBLETHD, G2 b 2D50D/37 A—ZR3 i,
SOHDNRIA—FEZRHNTELZLITHLNTH D,

The filtering network is usually part of a more complex system and is preceded and
followed by some other network or subsystem.

TANZY) TRy N =73 RVEMRY AT AO—HTH Y | £ ORIHZRICMOTR
v NT—= I RY T VAT LABFIELET,

The filter designer is often interested not only in attenuation or phase characteristics
but also in the behavior of the input impedance in the passband, or consequently, the
value of the reflection coefficient o .

T 4 VA ERFEHEIE PR ROAAR R TS T T L R IT DA A v E—H R
DZEER), OWTIRIRE 0 DIEIZHBIL AR Z &3,

The effective peak ripple attenuation of the reactive networks and the reflection
coefficient are interconnected by the following expression:

V7277 4 7REOFEZHE— 27 U v PR E L RSREIT. LT ORI X - TR T
LTS ¢

dmax = —-ll’] '\'Il - PE (5.1.2)
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Fig. 5.1. Nomograph for Butterworth filters.
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Fig. 5.2. Nomograph for Chebyshev Filters.
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The reflection coefficients, usually specified for electronic equipment, correspond to a
very small value of peak ripple attenuation a. Checking the correct realization of the
network by means of the attenuation properties in the passband is, therefore, not easily
achieved.

WE . BRI Lfﬁﬁéﬂé}i%ﬂ?i}& I, =2 U v VEERE a oD TS
EIZKHE L TWET, Lend> T, ki BT 2 EFEIC L > TRy =2 RIEL
CEBINTWDINZMHERT 22 LI, BHTIEHY £H A,

A much more sensitive criterion for correct design and construction is the input
impedance in the passband. In view of this consideration, it has been found useful to use
the maximum permissible reflection coefficient in the passband as a characteristic and
as a check quantity for a filter.

IELWERGHE BYRIZI W T XD MICEEREHEL 72 2 O, Bk iF 2 A A v
—HUATHD, TOREEEZD L BETEICB T 2R KRR E . 74 02D
FetEl LOMGHEE S LTHWD ZEDRFAHTH D Z &3 nho T 5,

Furthermore, it is sensible to use only integers for p values. Therefore the reflection
coefficient is the basic parameter in the following tabulation.

DT, pEICIFEHOLERNDDONREYTHD, Lien> T, LLFOR TSR
ARG A—=2L LTWN5D,

In Table 5.2, the numerical value of attenuation for some practical values of reflection
coefficients are shown along with the corresponding values of VSW'R. When the order of
filter n has been determined and one of the eleven values of reflection coefficient are
prescribed, the normalized limiting stopband frequency Qs still remains flexible.

#£ 5.2 IZiE, WL O OEANR RO EISH T 2 BEORIE L . THIZHIET S
VSWR OfEAVE S TN D, 7 o W F OUWEn 3 RTE S 4, 11 ORI DED 5 H D
1 OBEESNHE TH ., IERL S 7 FRFBEIEF )R B Qs (TR & U CTRIRITRE
AEETH 5,
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Fig. 5.3. Nomograph for (CC) filters (Chebyshev in both passband and stopband).

For practical design work, it is desirable to have the sharpness tabulation progress in
very fine steps especially in the proximity of unity. That fineness is reached when one
uses the expression

FRMZRBRFHERICB O TE, B2 1 FHEICBW T, SUE ORI Tl Z 2 TEAL
THILENRLEELY, ZOMAIIE, KOXEZMND Z L THLNLD,

Q=— 0<% (5.1.3)

sin 6
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where 0 is permitted to increase gradually. The density of values when angle 0 becomes
large is evident.

ZITC, 0 RAICHEINERE D ZENTFIND, AE 0 NRELRDIGEOMEDOEEITH S
MTHD,

The relationship shown in (5.1.1) states the existence of a rigid numerical interrelation
between the operating parameters which constitutes the input data of filter catalogs.
The designer can use the Q, or values in order to find the row of data for a specific filter
design.

KGELVTRENDBMRIE, 7oV Z I Z 0 T DATT—8 LR DEE T XA —2 I, j#%
BB AERIRSFIET D 2 L 2R LTV D,

WAt E I, Q EE T L OMDMEZ HNT, FFED 7 4 NV FREHIHIET 27 — 2 AT R E
THZENTED,

Pole-zero Information

BEERICEYT HER

The complex transmission function for the three- pole filter under consideration can be

expected by
R RD 3BT 4 V2 OBFISEREIL, ROLIITRKRTIENTE D,

s° + ays® + a,;s + a,

H(s) =B —
(%) s + b, W(s)

with normalized complex frequency s= ¢ +jw and real constants av and b0. B is a
relatively unimportant constant easily determined from boundary conditions at Q =0.
EHUL SRR s =0+ jw BLOFEEK av & by ZHWT, B [TIIRAYEE
FEORWEKRTHY, Q=0 IZBI DERXMDNOBRLZHITKDD ZLNTE S,

fir
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Fig. 5.4. Use of nomographs.

The same expression in factorized form is

KSR LT Cik, RURIIRD L 512720 £97,

(s + Uo)(s + 0 — le)(S + 0, + jQx)
H(s) = B ~
" (s — J)s + J)

1
=— (5.1.5
W(S)( )

where o 0 and o 1 are the real parts of the zeros, Q1 is the imaginary part of the

conjugate zero, and Q2 is the imaginary part of the imaginary pole (same as the real

pole of attenuation).
2T, 00 BEW ol ZFELAOEE, Q1 ZTIEFAOEL, Q2 1TEM (B I &
[FL) OEHTH D,
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The geometric representation of this frequency in the complex plane (s-plane) involves
the pole-zero coordinates (P-Z data). With the aid of known pole and zero data, the
transmission function is fully determined.

B (S i) (231 D 2 ORI O KA FRIRBUTIL, MR & FEREE (P-Z 7 —
&) BHWLNS, E)f%ﬂ@@@*%k%,xﬁfﬁ@“r Z xR D Z & T nEREITTE IR
ESND,

With this information the steady-state filter properties, such as attenuation, phase, and
group delay, as well as the dynamic properties, such as step response, can be determined
in an elementary fashion.

Z O ARV, BEE, AT, BRRIE L W o T ERIREED 7 4 L B, 2T TR
B Wo LB A | D THMZR FIETRD L Z N TE D,

For this reason, the transmission or transfer function parameters 00, o1, Q1,and Q
2 are given in the tables.

ZO7D AZEBBE I ERENT A —ZTH D 00, ol, Ql, BV Q2 1T, IR
INTWVD,

In the pole-zero diagram there are only finite effective zeros of the transmission function.
By adding poles on the opposite side of the jw-axis corresponding to the given zeros
(image of zeros) an all-pass pole-zero diagram will appear.

MRS XN j&mL%ﬁ®ﬁ@@@ﬁﬂ%ﬁ®ﬁﬁﬁE¢6Aﬁi%ﬂt%ﬁuﬁﬁﬁéwr
O FOHANC AR (FRROB) 2Bt 5 &, REEmE A HABN D,

Because of symmetry with respect to the jw-axis no attenuation is possible, but the
amount of phase shift or group delay that the all pass produces is doubled in comparison
with the lowpass filter.

jw BT D RFED 720, WEEITAE U EFHEAN, A=A T 4V H—PNE T DAY
7 MOMBIEDORT, m—NAT g F— LT 2/ £,

fir
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Table 5.2 Relation Between Reflection Coefficient,
Attenuation, VSWR, and Echo Attenuation

p, 7o 4, Np A, dB  VSWR A, dB

1 0.00005  0.00043 1.020 39.9556
2 0.0002 0.0017 1.041 33.8754
3 0.0005 0.004 1.062 30.4010
4 0.0008 0.007 1.083 27.7952
5 0.0013 0.011 1.105 26.0580
8 0.0032 0.028 1.174 21.7150
10 0.005 0.044 1.222 19.9778
15 0.0113 0.098 1.353 16.5034
20 0.0207 0.18 1.500 13.8976
25 0.032 0.28 1.667 11.7261
50 0.14 1.25 3.000 4.7773
The Element Values
BERDIE

Filters having equal terminations constitute the great majority of all designs. On the
other hand, open-circuit operation is very popular in certain systems. Most of the known
tables include information for equally terminated cases. In this collection, the tabulation
has been extended to open-circuit conditions.

W 2872 7 4 v 2, B DHERFORE 2 HOTHWES, —FH FFEDT AT LT
(X, BRI EMEDIET I — BT, BEROERDIF L A EIE, WilmFhi72r — A2 5
e ZATHET, AalbrarTiE, ROGRMERFRBKSMEE TR L TOET,
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In the three-zero configuration a relatively simple case exists, and it is possible to use
some simple basic relations which are derived from the analysis of polezero locations in
connection with coefficients:

3-0 BCE IZ W TR Bl 70 r — A MFLE L AR & B v OALE DN 2 538 5
WL OO MR EARBRARZ N D Z LB ARETH D -

ForK: =1,

Ol i O w20 516
Ul 40061

. Q + oo , 1

. 20,82,° = Q,°L',
L v 801

o+ Q7 + 20,0, + 0,

It can be noticed that, in the filter network, the pole-zero parameters are interconnected.

(5.1.7)

For the specific case of n =3
7 4 NVAERRICEBWNT, W s BERANT A—=FPHEAICEEL TWDHZ N5, n=3
DA ITIRAE

0.2 — '57("-1'12 + 912)
0 — 20,

(5.1.8)

This relation can be used for checking purposes.

In the case of K2 = oc (open-termination operation) when the attenuation in the passband

is small, some element values are negative, as can be seen from Egs. (5.1.7). The limiting

case 1s the filter having one reactance equal to zero. In the catalog, the element values

are in the following order:

ZORAIT., REEO B THEHATE £,

K2 = oc (BHHHRENE) DG, Bl CORRIN/NEVWE | KRG LDNHDND LD
2. —HORFEPAICRY 3, WROBEL LT, 120V T 72 ARErLRL7
ANEPETOENET, WFr 7 TE, FAHEEILULTOIEF TR THET
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C/ =Cy, C,, Ly for K*=1
Cl"‘ Cgr, in, Cgf ﬁ:’ﬂ' K2 = 0O

and can be directly read from the table. The normalized element values for the dual
schematic are given from the bottom of each table.

Flo, RPOEEGHARD Z LN TEET, HBXRO FIZIE, 727 VEEHOERL S
ERTFESERE A TOET,

In the tables for n = 3, negative element values begin to appear when 0 approaches 19
for a 1% reflection coefficient. For 2% reflection, the corresponding value of 0 is 26°. In
the schematic at the top of the filter catalog, the capacity C1 is the limiting element. In
the dual schematic, at the bottom of the tables, the inductance L1 is the limiting element.
n =3 OYLAEORTIE, KKAMRED 1% O%E. 004 19°1255 <2 N TADFEFEN
B E3, EMREDS 2% D56, 0TS HMHIE 26°TY, 74 v 2 hxu s b
ORI T, e Cl PHIRFF L7220 T, RO TEICH HxHEIEX TIE, 1~
Z g A L1 SlRFE T L7820 9,

This leads to the natural conclusion that filters with negative element values cannot be
realized without mutual coupling. To avoid transformers in the filter, some modification
of requirements can be met, or some realization procedure can be modified. First of all,
if the order of pole removal is changed, the effect could be sufficient to realize the filter
without mutual inductance.

IO LMD BRENBAD T 4 VZ L, FEREG R LITITEBRTE 20 &0 ) YR O KR
PEPND, TANFHIC ST RAEER LW DIZE, B E2HORELET L0, H
DUVNFIFEETFIRZ TS D0 E R H D, £T . MOBREEFEZEES X HEA o F 7 2
Y AERNTNCT A NV E B FEBT D DI RIRNRBG LN D TR H D,

If the goal is not achieved, the amount of permissible reflection in the passband must be
increased. It is interesting to note that some elements could completely disappear from
the schematic at a certain value of the reflection coefficient and a certain value of 0.
Figure 5.5 shows the influence of pole removal order.

AR SNRWIGE | BRI BT 2R I B2 BN S 2 LER & 5, BKZE
Z&IT, DR L 0 DENREDMEIC/R D & NS —HORFRFERTHATL
FO2LDBBDH, K551 MOBRENEFNKIETEEL L TV D,
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If the first pole is at Q4 and the second is Q 2, the negative values for the input
capacitor will begin to appear at larger values of 0. The case of the reverse order of poles
given is illustrated by the dashed line and suggests a very big difference between two
cases, especially for a low reflection coefficient.

RO Q4 I1ZH Y, 2 FHOW) Q2 IZHL%E. A= 7 hOAOHEIE, 012
WRERENSBNIAD F T, BONEFR S OLGEIZ O TR TRINTEY | KR
FREDMENGE, 20 2 2O —ZAOMITITIFFICRERIENDEH D Z EPRBEINT
WET
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Fig. 5.5. Influence of pole removal order.
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Fig. 5.6. Typical frequency behavior of inpu‘ impedance,
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Impedance in the Passband

BEHEHICETEAVE—F IR

Figure 5.6 shows the typical frequency behavior of the input impedance. When the
frequency is zero, the filter exhibits a nominal impedance (normalized value R = 1). When
the frequency increases, the reactive components will appear negative (reactance), then
the curve of impedance will reach the circle of maximum allowable reflection coefficient.
5.6 1%, AJ1A =% ZADMBA 7R AR EBHE A R LTV D, BEEAErD L X
T ANBIAA v E—F 2 (EHYEE R=1) 277, BEEBS ERTHE VT 0T
A TP AOHE (VT 72 0R) LR, ZD%, A & —& 0 A3 RIFA R
BoOMIZET S,

Further increase of frequency brings the input impedance back to the nominal value and
finally to the second maximum atQ =1 (catalog number of the filter is CC 03 20 30). All
maximum values lie on the circle which outlines the given filter.

BN S DI ERT D8 ATIA v E—F U AIAMEICR Y . BfEicQ =1 T
DIRKIEISET D (D7 4 2 —0RF T CC032030), T TORKMIE, 2%
N Z—Z R HE LISAEL TV D,

Figure 5.7 shows a more complicated filter, namely CC 05 20 30.

X 57 1. KvBMELr7 oY, T bbb CCO05 20 30 /L TWDH,

T

' e
Z - R=1
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Fig. 5.7. Impedance characteristic in passband.
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Fig. 5.8. Schematic and attenuation in the passband of seventh order lowpass.

Its impedance behaves in the same fashion except that it exhibits more ripples in the
passband. The attenuation reaches maximum value three times in the passband. The
filter of higher complexity, shown in Fig. 5.8, is of the seventh order, and an equally-
terminated design of a similar structure.

TDA L E—H U AOFEIFEETH D0, BRFAIRIZBNTEDZ DY v FARED
NDRNRIR D, W iLLwWWT3@ Wﬁ1_L¢5 X 5.8 12”7, XYM
TANZIETTIRT 4 ZTHY | REROHEE & FF O mGET TH D,

Its attenuation characteristic in the passband is shown below the schematic.Figure 5.9
shows the corre sponding behavior of the input admittance. The calculated and measured
values are different.

WIS HIHIC 1T D 2 OBRFMET, MO FIORSATHD, K56.913, ZHISHIET 5
ANT RIZ P ADHEHZR LTV D, FHRIEE REMEICIIZERP R 6N 5,
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Fig.5.9. Admittance characteristic inside and outside the passband.
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On the base of purely reactive network theory, if the calculated values exhibit equal
ripple attenuation up to cutoff frequency and the impedance varies up to the
circumference of equal reflection values, the measured values will deviate since the
components are not purely reactive but include the impurity of losses.

FRE R )Ry b U — 7 BERICHESTIE BHEMER T y AT EEEETELWY v
TR LR L, A Y B = U ADRE LW RFHEOHHN TEE 556 T HIEMEIT®
s 22 Li272D, ik, MRS IERE ) TIER < BERL WO N E G A
TWL7HTH D,

I 1
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Fig. 5.10. Impedance characteristics of Butterworth and
Chebyshev filters.

In the low frequency domain (where these kind of filters find application) most of the
losses are concentrated in the coils because the capacitors are approximately ten times
better than the coils.

B (Z 0D 7 4 V2 PAVHRL8E) TR, 27 FOMRP A VDK
105 Th DD, HEOKEBDT A VIERLTND,

Therefore the attenuation response in the passband, especially at cutoff, is very much
distorted in comparison with what one is led to expect; the last ripple is completely

smeared.

L7238 o T, i, Rl v M A7 mUZIB T itk BN bDELIFTREL

RSB 5 v E—H R 159 / 241



LC 7 4 V& —DikE
SR/

B2y EOY v TNANRERIIFERIT TCLELTVND,

A similar effect appears in the impedance curve. The point which corresponds to cutoff
frequency is now out of the circle and, consequently, the impedance is different. In Fig.
5.9, the value of admittance at cutoff frequency is exactly on the circle. The solid line
shows the actual behavior of admittance.

FERDBIR N A o E—F o 2RI R oD, Ty M A7 JEEREIZRHET 2 R0 H o4t
CHTERY  ZORR, A v E—F U ANRRR-> TS, K459 TiE, By M7 A
BT L7 RIZADER S x5 EM LICH D, ERULT FI ¥ ADOEBEOZE) 27
LTWo,

Therefore the distance between two curves illustrates the real part and the imaginary
part of the admittance deviation from the calculated value.

L7eh =T, 2 >OMFROMOEREL, FHHEMENODT NI ¥ o ADRADFELR & 2 &
LTW5%,

To complete this discussion, Fig. 5.10 shows the impedance behavior for Butterworth and
Chebyshev filters. Both filters belong to one of the simplest categories n = 3. Nevertheless,
the characteristics of the input impedance responses are different.

Z Dzt O < < DT, MB10ICI3INF =T —=AT 4N ZLF =TT 4 NVHF

DA L E—=F AP RENT VD, W7 42 e RBBEMRAT T D—D2>THD

n=31l@T 5, TNUTHLEIDPDLLT, ANA =X AREDRHETRE L > TV 5D,

5.2 REAL PART OF THE DRIVING POINT IMPEDANCE

52 BEIRA VE—F 2V ADES

It 1s well known that a great many circuit problems can be solved with the normalized
lowpass model. Among these problems are the property of the real part of the driving
point impedance, the attenuation property of all kinds of conventional filters, crystal
filters, and transient responses of the lowpass filter.

EH b — 2TV EHNWT, EFICEZ ORIBMBEZMH Z LN TELZ LTk <m
LTS, ZAILHORMEITIE, BREEA B — & o ZAD I ORE, BRI 4 v &
RIKEET 4 IV Z DIFRE, BL T — N2 7 (L Z DBEISER ENEEND,
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When a catalog of designs is available, the only design work necessary is the
transformation and denormalizing. The calculations can be easily accomplished with the
aid of a slide rule or a desk calculator.

RET U 2 v T BRI RTRE R Y G MBI G RIS L I ERUL DA TH D, BRI
TA FERRHE FERZHEZIIEHRICHEEE L2 LN TE D,

In some instances, the knowledge about the filter’s behavior in the time domain is even
more important than its steady-state performance, especially in the application of
impulse techniques, radar, and telemetry.

LAl Lo T FRCA SV ARG, V=S — T LA MU DIERIZBNT, 7 4V Z DE
HAIRBOMREL D b, ReEEIC I 22T 2O TN S HICHEL 2D,

Design of Two-terminal Networks Having a Prescribed Driving Point Impedance
MEDNERBRA VE—F D RZ/HDI 2IHmFRY FT—U DERE
The filter catalog has been computed primarily to provide the tabulated transmission

property, namely passband attenuation and stopband attenuation.
ZDOT 4N T Z a7, FEICHZEFRE, T30 s e # 3 K OPH AR AR
KA TRMIET 22 HAE LTERESE LT,

For a purely reactive network, there is a simple relation between attenuation and the
reflection coefficient, hor similar networks terminated on only one side, the relation
between the driving point impedance (input function) and transfer factor is also simple.
With reference to Fig. 5.11, the following relationships can be written:

MR SOGHER » N U — 27 O BEE & SR E ORITIT R ZRBIER A E Y 32D, [FIER
2 AIOAITHIHER R T Shicry hT—2712B80WThH, BElmA v E—2 2 (ATJH
) LInERE L ORITHEMTH D, M 511 22T 2L, DLTOMGRRMEXH I
ol

G(w) = Re Y,(jQ)
and (5.2.1)
R(w) = Re Z(jQ)

FTEDEREY A B =X AR 20y T — 7 OF%E
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Fig. 5.11. Dual networks.

The power passing through the network in terms of effective voltage and current is

expressed by
Xy MU= D ENEL, ENEEB L OEDEREHANTROL S ICRKIND,

Py = |V,]* G(Q)
and (5.2.2)
Py = |1|* R(})

No losses are anticipated in the network and, therefore, the input and output power are
equal

Xy PU—=INTOBNBRKIITFHRINRW D, ANENEHNENTFELL 2D

.P]=.P2

Therefore the output power in both cases will be
L7=RoT, EHo05E X

P2=|VH2']
P2=lGF']

The corresponding transfer factors are as follows:

ST DHRRER BT LA F 0@ v T

V 2
|H,(jQ)® = Fl = R({)
2
(5.2.3)
2
H(jQ) = % = G(Q)
b

FTEDERE A = A EFO 203y hU—27 OiKE
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The transmission function for the network having a voltage or current source of input
power can be expressed by the square of the voltages in one case and currents in the
other, or by the real part of the driving point impedance function.
ANERPEEREZITEBIRATH LRy NV —27 ORERBIT, 25568 1IXE LD
e, BIOLEITITERD 3R, &5 WIEHEIEA o E—F L ABBOEBIZL > TET L
MNTED,

As a consequence of this property, it is possible to insert a finite reactance in the shunt
arm of the network (with Rs = 0) without effecting the real part of the input function
(driving point impedance).

ZOREIC R Y | B OSIESEEICHRO Y 77 Z oA (Rs=0) AL TH. AJIBI%K
DFEE (BEERA o E—H ) (R EZ DT ETHY EEA,

Attention must be paid to thetypeof source resistance and the type of the schematic.
When the source is of zero internal impedance, or a so-called voltage source, the series
branch (T-schcmatic) must be connected with the source.

Y — A DOEFLOFSE & KM OFIEITIEE 2 O VERHV £, Y —ADNEA v —
AN R DG, Wb DEEROLE. B (T RREIKKX) %Y — X2k T 5
WELR S D £,

When the source resistance is equal to infinity (so-called current source) the first
reactance facing the source in the network must be a parallel branch (7 -schematic).
JROEHEERK (WD 5 ER) Th 256, BIRICEWTRICET 2ROV 77 4
2 RFTWHN 3 E TR T IUT R B (o BEK)

A, dB
A""" o 7 Z

%
A
% A

2
Y /
\ 7

'

1

0 1 0 %
Q—

Fig. 5.12. Tolerance scheme for lowpass filters.
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Parameters of the Real Part of the Driving Point Impedance

g R D E—F ADERD/INT A —4

It is advantageous to have some established formal relationship between two-terminal
networks to use the tabulated filter values to obtain the necessary design characteristics.
Let us introduce the attenuation tolerance scheme for lowpass filters (see Fig. 5.12).
RIZELOOLNTZT 4 NV ZflEE AW TRERERFHRMEZ 15 5 72 D12, 2 S ERE IS &
MOERILSNTZBMRNHEL SN TVD ZERFWTH D, 7m— 32T 4 )V Z OB
KEHFRNZHBrLEY (512 23H),

The appearance of the impedance tolerance scheme in Fig. 5.13 is similar to that of the
transmission function. The details of the responses are shown in Fig. 5.12 and 5.13. The
squared magnitudes equation will take the familiar form

I3 A B —H U ZAHFEEHFAONBIL, BEMBOZNLFRTH D, IWED
SR 512 BE W 513 IR SNTWD, RIED “RICEHT 2L, BRLADEE L
Do

|H(jQ)|? = e = 10%4/20 (5.2.4)

The ripple parameter in the passband of the filter Amax is similar to the ripple

parameter of the real part of the impedance given by the following relation:
7 4 V4 Amax OEBEIRICEIT DY v TANRT A2 T, LTOBBRRTEZ LS A
YE=Z U ADIRDY T NNRT A =Z P LTS

0 =+e¥ — | (5.2.5)

or for small values of Amax (in Np),
HHNE, Amax DIEN/NI WA (Np (28 T),

In the stopband, ‘the deviation parameter will be A= e4™" So the filter parameters,

such as Amax (consequently o) and Amin can be translated into ripples of the real part

of the driving point impedance ¢ and A.
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BRI CIE, RZE/ 3T A—Z 1T A= 4™ L7p %, L7223 -> T, Amax (W TIE p) <
Amin E\Wo T 4 NENRNT A—=ZF BREIEA LV E—H A 0 BELO A OEHOY v
TINEWT HZ ENTE D,

With aid of the filter catalog, the two- terminal network having a prescribed behavior of
the real part of the driving point impedance can be easily designed.

T4 NE A a7 EIERTIUE, BRELE A X U A DI RHENFTE DR & e D
I A AR GG T 5 2 LN TE D,

The entire input function can be theoretically represented by algebraic equations in a
similar way, but the direct development for impedance (or admittance) from continuous
fraction expansion when the element values are known is much simpler.

AT BIEARR S RRRICAREGEU CHERAVIC R T 2 LIXATREEDY, FFOMEDBEM D56 | 8t
SBEBRAN DA LV E—F U A (FTET RI X U R) ZEEBENT 5 H3NE5 0 HH TH
Do

Hy
7 A i
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Fig. 5.13. Impedance tolerance scheme.
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Fig. 5.14. Reversible networks.

| 10

The Elements of Two-terminal Networks

2 i F AR D EHRE

The normalized element values can be found from filter catalog when we consider that,
for reversible networks, the open-circuit transmission factor equals the current
transmission factor so that

ARy U= 21BN T, BARRSERE N ERISERRE F L RD I EEBETD
L EHUESNEERFOMEIZ T A NE I E 0 TnbROLZENTED, Thbb,

m=—=H—5 (5.2.7)

Va P

Figure 5.14 shows the schematic for the foregoing conditions. Table values from Section
5.8 can be used when the input side and output side are reversed. (See the following
numerical example.)

5.14 1%, AROLEMIZEIT HEIERZ R LTV D, A& AR OSHEIZIE, 5.8
HORDEEZRAND Z LN TED (LLTFTOKER %2 SH),

With the aid of frequency transformation techniques, the behavior of the real part of the
driving point impedance of the lowpass model can be transformed into the highpass,
passband, and stopband type characteristic.

JARBEHRTIEZ NS Z & T, B =" RET VOREIRA = U ADFDOZEH % |
A RA L B, B RO OREICER T 5 Z L TE D,

The physical sense behind this transformation is that reactive elements of the lowpass

schematic are to be substituted by other simple reactances or combination of reactances.
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Z OEBOYHR R EWRIE, v — AR OV T 7T 4 TER e MOBMRY) T o 2
A, BHWNII T I Z o AOMBEDORICES AL Z LIZH D,

Numerical Example

IEH

The problem here is to find a network with the real part of the driving point impedance
practically constant (with negligible deviation from the nominal prescribed value) in a
band of frequencies from 0 to 8 ke, as shown in Fig. 5.15.

I TOMEI, K 5.15 1077 X 51T, 0~8kHz DEMEEHIRIZ BT, BB A v B —
K ADERNFEENC—TE (FEDOAFMEN D DR VDR TE HRE) L7250 % R
DFHZETHD,

Deviation {rqm 1k 031776
/" is negligible
S

| 0.36769
]
l il
19

-l- 0.00488 0.63098=

o

(a)

6.323mH
R(f)
| 7.317nF |
[ L2
05 '|'97.11an 12,556 nr‘l' 19
(o, + +
f, ke (b)
" . Y . Fig. 5.16. Normalized and unnormalized two-terminal net-
Fig. 5.15. Prescribed real part limitations. work.

SOLUTION:
fRREK
1. The parameters of a two-terminal network in terms of a four-terminal filter are:

1. 2 FREIEDRT A =R e 47 4 VA TRTE, ROLHITRD

wWe — 1 = —=£—

= ~p
V1= p

for small values of o . If the value of p = 2%, then the amount of deviation from the

nominal value one is 0.1%.
o DEIN/NSWEE, b L o DD 2% ThiuE, AFMEN S ORAET 0.1%E 72 5,
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2. For = Qs=20/8 = 2.5, from the catalog, for o = 2%, the closest tabulated values
belong to the filter of type CC 03 02 23 with Qs =2.5593, Amin = 13.72.

Figure 5.16a shows the normalized structure. For example, wr = 50.240, and the
reference impedance Rr = 1 kQ. Therefore Lr = Rr/wr = 19.9 mH, Cr = 1/(wrRr) = 19.9
nF, Lv = Lv'Lr, and Cv = C’Cr. The schematic of Fig. 5.16 gives the element values of the
designed network.

2. Z2IT, Qs=20/8=25 &7pd, WERTIZEDL, p=2% DA, KbHITORME,
Qs =2.5593, Amin =13.72 ZH>% A7 CC030223 D7 4 )L ZITHKIET D,

¢ 5.16a \[CIEH LS MEEEZ =<7, Bl wr=50.240, YA —X X Rr=1
kQ THsbH, LN ->T, Lr=Rriwr=19.9 mH., Cr=1/(wrRr) =19.9 nF. Lv=LvLr,
Cv=CCr &72%, M 5.16 DREIKMIL, RetShiery NV =7 DFFEEZRLTND,

5.3 LOWPASS FILTER DESIGN

53 A—/\R T 4 LEZ—DERET

Sometimes it is desirable to have more exact knowledge about the attenuation, phase,
and group delay characteristics than those given in the tables. Because the catalog
includes the eigenvalues, it is possible to determine these more exact characteristics in
an elementary fashion.

W, A, BERIERAEIC DWW T, RIRINTWAMHE LD b & HICEMRIEHRDLE L /e
LY ENHY T, AF 0 ZIZFEAENTER SN TS 2D, 260 XV IEM R
WSR2 FIETRD H Z LA HEETT,

The transmission function of a network with lumped elements can always be represented
by a rational function. The zeros are in the numerator, and the poles are given in the
denominator. In the third-order case, taken as an example, this expression is given by
Egs. 5.1.4 and 5.1.5 where 00, o1, Q1 and Q2 are the values determined in the 5-
plane shown in Fig. 5.17.

LHEBFEFEFORy MU — 27 OEEREIT, FICHHEEAK TR T Z LB TEET, FEA
FRFICHY . IR HY T, HlE LT3RDOGEEEE2D L, 2RI 514 &
51.5 THZHNET, TIZT, 00, ol, Q1, Q2FK 517 IZRT 5 P CHRIE I N
[ S

Poles are symbolized by (x) and zeros by (0). For sO = — ¢ 0 and sl=-0 1+jQ, the

transmission function is equal to zero. For s2 = £ Q2 the transfer function is infinitely

large.
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i 3(x) T, FAIZO)TEREINET, s0=-00, sl =-015Q DFE . EEBEAEII Y eI/
F9, s2=4Q2 DA, BEREITIRKIZZRY 5,

X

Fig. 5.17. Pole-zero diagram for lowpass filter (n = 3).

These fixed complex numbers are characteristic to the transfer function. Knowledge of
pole-zero data permits us to find all steady-state and dynamic properties of the network.
Attenuation, phase, and group-delay characteristics can be constructed directly lrom Eq.
5.1.5 for H(s).

IS DOEEBER K EERBICEAD L DT, MELRT X E2MDHZLET, Xy hU—
7 DEFIRIES L OBRFEZ T X CTRD D Z ENTEET, JlE, A, BREERAEI,
H(s) O 5.1.56 HEEMHGFETE ET,

In the steady-state condition, the argument of complex frequency is purely imaginary
signifying prolonged sinusoidal oscillation. The value of attenuation can be described by
the distances between the reference frequency jQ and the poles and zeros.

EFRIRRE T, ERAEEROIBIIMER L 20 | BRSNS KRR 2 & 2R LET,
AL, EERRE Q LB L OFE R L DR OIEREC X > TR ET,
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Figure 5.17 shows these distances for illustrative purposes. The entire magnitude is
evaluated, when the pole and zero distances corresponding to Eqs. 5.1.4 and 5.1.5 are

multiplied.
5171, TN OfEEE IR L TWET, K b5.1.4 BILO5.1.5 (TxIT D E %
BOBEEZHTADED L, BERORE SRS ET,

In communication techniques, it is customary to express the transmission function in

terms of attenuation so that

WIREET T, EEBEE I DBLAN b RET 5 OB TH 5.,
H(jQ) = e*'"e#'Y  for a in Np

H(jQ) = 104D/20g38)  for 4 in dB (5.3.1)

With these, the attenuation will be
B EY ., EEE

A(Q2) = log B + log | jQ — jQ,| + log | jQ + jL|
— log | jS2 + o] — log | jQ + oy — j€|
— log | j + oy + jQ,| (5.3.2)

The meaning of these expressions is that the attenuation is fully determined except for
the constant log B, by the sum of the logarithms of the phasors (complex numbers).
INHOXNERT D01, MERILES log B 2R\ C, 72— (HEFEK) XD
FNC L > THREBICRESND LWV ZETHD,

The phase can be determined even simpler than the attenuation. The expression for the
phase is given by corresponding lines with corresponding signs (with positive signs for
zeros and negative signs for poles). See Fig. 5.17—the reference line.

AT &LV b S SICHRICRETE £3, MAONE, ST 275 (FERICITIEDRF
T BITITAORFE) ZFRFOXIGT M TRINET, K517 DEEREZSRL T ZE
[
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b(Q) = arc [—H(jQ)]
or

b(ﬂ) = K — -l QO -l ‘)" — £—‘-,'I

Tg ay

Here K=0for | Q| < Q2and K==+x for | Q| > Q2. The phase is determined within
a constant by the sum of the arc tangents.

The group delay tg(Q) is given by the familiar expression represented as a derivative of
the phase relative to the frequency:

ZIZT,1Q1< Q2 oBAIF K=0, |Ql> Q2 OLAIF K= =1 2720 £9, (i
X, 7—27 422V hORIC L > TEHS I RESNE T,

FERIE tg(Q) 1&, (A EEEE Ty LTRSS ET,

_ db 0o + 0y
d€) Uoz + Q? 012 + (Q - le)
0,

+ (2 + Q)*

(5.3.3)

This expression shows that the total group delay is a sum of partial curves similar to
resonance response curves. The purely imaginary places (such as Q2) correspond to
infinitely large group-delay spikes and therefore are not included.

Z ORI, BEOFERIED SLIRIGE AR L2 E o ifr oM Th 5 Z L 2R LTV D,
MR (Q2 72 &) 1FEERRKDOFERIEA A 7RSS D72, GEATVARN,

In conclusion it can be stated that the knowledge of pole-zero geometry and elementary
rules of design procedure permits the calculation of the steady-state property of lowpass

models of any complexity, if it is linear and has a lumped element equivalent schematic.
ftiam & L CL MR A & AR ZRERE I FIHOHANCEE 3 2 Hk s S, SIETH V£
HEBEMEIRK Z FFor — SAET VOEFREFELHET LI N TEDLLE XD,

Numerical Example Number 1
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A lowpass filter is to satisfy the requirements imposed by the tolerance scheme shown in
Fig. 5.18. Figure 5.19 shows the normal operating condition.

According to Table 5.2, a reflection factor o = 3% corresponds to Amax = 0.004 dB. The
requirements dictate Amin = 18 dB at Qs = 2.7. The table with Qs =2.67 and Amin =
18.31, (CC 03 03 22), provides a set of necessary design values for the required filter.
H—/RAT VAR, 5.18 IR THAHIH CED LIV B - T ENH Y £7,
519 1, EH OBEEIREEZ R L TWET,

#5208 5 &, KKHE p=3%1% Amax =0.004 dB IZFY L ET, B TIE, Qs=2.7I
BT Amin=18dB L EO LN TVET, Qs=2.67, Amin=18.31 ®% (CC030322)
X RERT A NVFDORGHED v 2 RAEL £,

Figure 5.20a shows the normalized network with the reference values wr=2x -+ 15,000
and Rr =5 x 1000. The reference inductor is Lr = Rr/wr = 53.1 mH, the circuit inductance
1s Lv = Lv'Lr.

5.20a 1%, EEEwr=27 - 15,000 8L P Rr=5x1000 Z# W\ 7= EHLxr Yy hT—2
BoRLCWET, AL X7 ZiF Lr = Rr/wr = 53.1 mH, R A > %7 X% AL Lv =
Lv'Lr %

A, ast

Ann=18dB

7
7

0 15 ke 40 Rc
| —

Fig. 5.18. The attenuation requirements for the filter.

The reference capacitor is Cr = l/wrRr = 2.12 nF, and the circuit capacitor is Cv = Cv'Cr.
Figure 5.20b shows the unnormalized network. The resonant frequency for the LC
resonator must equal 45.9 ke.

From the same catalog, the following information will be used for group delay response

calculation:
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H#ea 7o 91T Cr=UwrRr=2.12nF, FK =5 Hi% Cv=Cv'Cr T, 5.20b
IZIEESfbERTWingry hT—27 Z R L C0ET, LC RO LIEF R EIT 45.9 kHz
TRFER D A, RUHXarhn, BERESEOFEIIILLTOEREZHER L £
7,

0’0 = 2.290
o, = 0.673
Q, = 1.842
2.290 0.673
1g(Q)) =
s(&) (2.290)* 4+ Q* ' (0.673)* 4 (Q — 1.842)

0.673
(0.673)* + (Q + 1.842)*

The curve of total magnitude can be represented as a sum of three curves.

The partial curves are marked by several characteristic points, for example when
EREOMBL, 3 DOMFROFE LTRSS ENTEET, Hothiid, FlxIiTko X
DIV OPOFHEIRIZ K > TSN E T,

‘l =
a0,
for
Q - QI = 01
fl = 'L
20,
- - -
Skl p=3% p=3% Sk

L L

Fig. 5.19. Normal operating conditions.
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0.700

- T ———
1.0 l
—0.437 {}

>

10

il 0437
0.153 T
(a)

37.2 mH

Q

1l

459 ke o
5kQ
— Il
926 pF 926 pF §5"9

Rl
324 pF

Py T

(%)

Fig. 5.20. Normalized and unnormalized lowpass filters.

for
Q - Ql == 261
oL
: 5o,
and, in general, for
Q- Q, = ko,
1 1
[, = —
1 4+ Kk* o,

Practically, it is sufficient to have such points to distinguish the partial curves.

Figure 5.21 shows the partial and total curves. It is evident that the group delay inside
of the passband is gradually increasing to about 30% of its initial value at the beginning
of the scale.

The actual group delay can be found with the aid of the reference time

FEITIE, Eor a2 X 52k, 2o &S RErbiuI+a T,

5.21 1. #hovihit & ARHHRZ R L TR, @R OFRRIEIL, X —/L OB
BEAL CHIIIE O 30% F TIRA T L TV D Z L b b 7,

FEEROFFRIE X, SEERHEZ MW TRD L Z LN TEET,

f, = — (5.3.4)
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and all normalized tg(Q) values must be multiplied by this reference value. The physical

time units are shown on the left-side scale of Fig. 5.21.
EF LS tg(QMEILT R T, ZOREMEEEZ T L HLERH V F 7, WER) 22 IF AL,
5.21 DEANDOHEE D IR EATWVWET,

te
20
%
3

10

Partial curves

——
‘—-2_ -
- —_——
T —— —— — -—

10 20 f, ke —»

Fig. 5.21. Partial and total curves of group delay.

30dB

A, dB

200 ke f—> 800 ke

Fig. 5.22. Tolerance scheme for broadband amplifier.

Numerical Example Number 2

iEH 2

For a second example, consider a broadband amplifier operating between 0 and 200 kc
with a guaranteed attenuation above 800 kc of no less than 30 dB (see Fig. 5.22).
According to the catalog, considering o = 4 %, the filler CC 03 04 15 will satisfy the
requirements with Qs= 3.8615 and Amin = 30.91 dB.

2 DHOHIE LT, 0~200kHz THfE L, 800kHz 2L |- T 30dB LA EOWEDRFES LTV
DIEHEIT v T e BEZTHELED (Mb2258M), h¥nsitkde, p=4%DHE, 7
+47—CC 03 04 15 1% Qs = 3.8615, Amin = 30.91dB CTEf 4wz L 7,
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The load impedances are not equal, and represent an extreme case of impedance
transformation (see Fig. 5.23). The problem can be solved with the aid of the circuit
transfer concept.

The network to insert is shown in Fig. 5.24 being calculated with the reference values:

AffA L E—F U RATHE L el A Y E—F U ABROMSG I r— A B R L TOET (M
5.23 Zf)., ZOREIL, FIREROMEE MW TR TCE LT, HATLIRY NU—72
T, ZREZHCTHE S, K524 ITRSATVET,

p,=2m2 % 105 R, = 1500CQ

Figure 5.24 shows the schematic with unnormalized element values. Note the reversed
position for C1 and C3.
X 5.24 1%, EFULEN TORWHEFEEZHAWZRIEXZR L THWES, C1 & C3 OLED
WZ/ o TNDHZ EICEE LT EE N,
FE:

LtAct] T3 WFEMBE — 27 4 )V 7 ZRGE LI SE O 8 BRI
Fc=200KHz, Fs=800KHz, Xs=Fs/Fc=4, attp=0.007dB TX F[X 1],
Fc=200KHz, Fs=772.3KHz, Xs=Fs/Fc= 3.8615, attp=0.007dB TIX FAMIZ/2 0 7,

= o) @] = =1 Mcactz

[o[© ==

#u7” Lom Pass Elliptic JREH=3 737" Low Pass Elliptic  7R#¥=3
Fp =200.0000EHz attp = I] 0070dB  Fs =800.0000KHz atts = 31.87dB Fp =200.0000§Hz attp = 0.0070dB Fs =772.3000KHz atts = 30.92dB

10dB 104B

0dB UdB
-10dB -104B
-20dB -20dB
-30dB -30dB
-40dB -40dB

-50dB -50dB

-60dB
100K 300K 1M M 100K 300K 1M

-60dB

AXONE LT 5 &, Qs=Xs, attp = 20-1log10 (ﬁ) dB ([ZHHYE LET,

- To Qs [TRMEEERRISET DA, o 13@EEIRO ) 70 attp IZBRT 5 2 &2
R CTEE LI,

iof\p=JL40 LD ET,
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5.4 DESIGN OF HIGHPASS FILTERS

54 NAIRR T 4 LR DERET

Highpass fillers are characterized by their property to pass all frequencies above a
certain point and stop frequencies below a certain point. Figure 5.25 shows the
attenuation response of highpass filters.

INAIRAT 4 VEIE, 85D —TEDJEELL OB Z @R S, H 25— EDBEELLT O
JEE A LT 2 LW D Rt A RF D, M 5.25 1%, NA SR T 4 L F DOEREEZ R LTV
Do

The highpass filter is exactly reciprocal in its performance to the lowpass filter.
Nevertheless, the steady-state properties of highpass filters and their pole-zero locations
can be obtained from the lowpass data. The lowpass-highpass transformation is
especially simple when the normalized cutoff frequencies in both cases are equal to one.
Here,

INANNAT 4 )VZE, B—/NAT 4V Z PR ERICHEORRRICH Y £3, 2720, ~A
INAT 4 NV Z DEFIRERME L BEROMET, v — AT —=ZPERGTEET, m—
RNA PRAERIT, WO — A TIERUL S NI > M7 EBED 1125 LWGEIck
Wi Cd, 2T,

1
Qup=—"<L1 5.4.1
i Q. ( )

0 [l> Filter b
R>100k0 R=15000Q
Fig. 5.23. Block diagram of broadband amplifier.
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B
0.4750
I Const
4 J_ 11D J_
0.6129 {| §1.0
T 0.0931 0.1525"'
(a) '
0.567 mH
I Const
-~ £ I1N -
951 ke l
1l
325 pF == i §'-5 kQ
a94pF 809 PFT
()
Fig. 5.24. Normalized and unnormalized value of coupling
filter.

Therefore all characteristics of highpass networks are known. The transformation for
complex frequency values is made with the following expression:
L7eRo T NANARy NT—7 OFT X TORMEIIBEFN Th 5, B3R JE I HE~DZEHIL,

WOXTITOID,
1

Sup = — (5.4.2)
SLr

Highpass pole-zero information is obtained from the normalized lowpass pole-zero
information by a simple reflection through the unit circle.

INA R A DRRE SIERIT, EFIL Sz m — S 2 OWE SIS R4 BAL N CHEMIZKNT 5
ZElitkoTEHE NS,

Because in network theory only real or conjugate complex pole-zero data are involved it
1s sufficient to obtain the angle and find the reciprocal magnitude as a distance of pole
or zero location from the origin of the coordinate system as shown in Fig. 5.26.

v NT— 7 B CIX SRR E I3 EE R OME R T — X OALBERT 5720, X 5.26
WORT LD, AEAZES L, B 7233 ONLED D JEE R DOJF AU E TORMEE LTtk
DRE S ZRDDHIZT THH T,

It i1s important when one uses the transformation of the lowpass pole-zero data, to

consider the zeros at infinity.
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It should be noted, for completeness, that with the aid of potential analogy the poles and
zeros can be developed and thought of as sources and sinks. In special cases of electrical
networks the continuity must be fulfilled.

0N ZRERT — 2 OB Z AN DHEICT, ERERICBIT2FREBRET 5 L NE
2T,

s LT, BEHEAHWDZ LT MmEFREL Y —RE 7 ELTEML, 252
LR TEDRICHETRE T, BRI ORERR 7 — A T, Wpeteasm iz S i iud
Y EH A

T

A, dB fem

1 Q —

Fig. 5.25. Highpass filter attenuation response specification.

Lowpass Highpass

Fig. 5.26. Pole-zero diagram of lowpass and highpass filters.
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The number of electrical sources sinks (zeros). In the catalog for the third-order filter,
only two zeros are evident. The third one must lie, by necessity, at infinity. Using the
equations of reciprocity (5.4.1) and (5.4.2), it is possible to transform the lowpass
information into highpass information.

BRIEOLITRD (BrR) T2, BRZANZDOHZur7TE, b rkii2 oL
RN, 3 O H OB 1 aE, M IRAYIC SRR (AL E L 72 1T A7 5 720, M A BERRA (5.4.1)
BEWG (5.4.2) ZHNDZ LT, v—"RFRENA SNSRI D Z LB AHETH
Do

The steady-state property can be evaluated in exactly the same fashion as in the lowpass
filter. Here, we can illustrate the use of the tables for a design example. In some special
cases, the lowpass and highpass schematics exhibit the same group-delay responses
inspite of the fundamental differences in their attenuation responses.

EFRIRERET, m— 2T 4 N ZOGE 2R LHETIHHMITE £d, 22Tl &G
Bl & W CROMEAAEZGRY UE T, Fiik/2 7 — A T, BEEFEICIRAR Z20EW DN H 5
WZH PO, m— NR[EE & A ANZAEE IR DRI E 2 R 2 e H D £,

In the Butterworth case, all zeros are on the circle and poles are at infinity (polynomial
filter). The imaging about the unit circle in the pole-zero plane is according to Eq. 5.4.2.
The pole positions are unchanged, and all the zeros migrate to the origin of the coordinate
system. Therefore the group delay does not change with the exception of one point at u)
= 0 which is ignored.

NE =T —=Z2DE, TXTOFRMIMA LICH Y | ITEREICH Y £ (ZHEAXT 11 5),
RIS BIT HHEAHE Y OA A=Y 7%, K 5.4.2 IZHEVET, WOMEIZZ(E
T TR TOFERIEERDOFAICBEILET, LeR->T, EEINLD Ww=0 D 1 &
ZEROT, BRBEIIZE L R A,

The evaluation of the actual values of highpass filter elements is reduced to a
transformation of the normalized lowpass elements into the normalized highpass
elements.

The frequency reciprocal behavior of highpass filters becomes evident from the fact that
the elements of this schematic possess the frequency reciprocal property. According to
the known law

INANRNRT 4V FFOREOEOFHEL, IEF b Shicn — " ZHZF 2 IEH LSz
A NAFFAERA D 2 LITRAET D,
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INA IR T 4 VA D EECS BT . 2 ORI O FE A A B EOS B A o L0 D
FEENOGHLNIR D, BEEOEANC L,

and (5.4.3)

X{'_-=_

jQc

the coils must be substituted by capacitors and vice versa, with the cutoff frequency
unchanged. Considering Eqgs. 5.4.1 and 5.4.3

AT AT ORI, AT U A VCEE BT IUER SRV, By AT
BHIIEE SN2, X541 BLV0b543 558 T DL

1
Cup =

Lip
and

1
Cre

In Table 5.3 the relationship between the normalized elements and actual physical

(5.4.4)

Lyp =

components of highpass filters are shown.
£ 53T NANAT 4 NV FZOIEREL SN TR & EEOBIIERRZEE & ORI RS
NTWET,

Numerical Example Number 1

BB 1

A highpass filter is to satisfy the requirements shown in the tolerance scheme of Fig.
5.27. The sharpness of the response curve given as

INANAT 4 BIE, K 5.2T OFFRHIFHMIC R T B R A 7 T B B D 3, IRE AR
DPLSITRD K HlZRSNET,

Q, = ! = 10.

0

SHP
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Table 5.3 Lowpass to Highpass Transformation

_________ e
Normalized : _W\_ I _"_
LP component | L : C
__________ |_______|_.._____
| |
Actual II STIR
HP component : c : L
————————— —1—-——————I—————-—
|
Value | C-L,Rlﬂ L= E'%_.-
I r
'

cps
Fig. 5.27. Tolerance scheme for numerical example number 1.

Consequently, the filter CC 03 03 06 will provide the following:
L7=MoT, 7404 CCO0303 06 XL FOBREA I L £,

1], — 95668 and Amin = 52.4‘0 dB.

Figure 5.28 shows the normalized and unnormalized schematics. The necessary lowpass
to highpass transformation is accomplished with the aid of the design expressions of
Table 5.3.

5.28 |%, ERUb I 2RI L EHIL SN TW R WRIRM AR L TWES, HErn—
IRAINENA INASDERIL, £ 5.3 ORFXNAHNTIThiLET,
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Numerical Example Number 2

iEfp 2

A highpass filter is required to pass frequencies from 150 k¢ and up. The peak ripple
attenuation in the passband must be no greater than 0.05 dB, and in the stopband the
attenuation must be no less than 50 dB. The problem is to find minimum value of Qs.
150kHz LI E oA J 5% @il S 25 A /SA 7 0 L Z BRETT, il iikic B 5 v—7
U 7RI 0.05dB BAR, PHUEHARIC 1) D98 &iE 50dB BA ETRIT AR Y F4
b I, QEDR/IMEZRD D Z & T,

AN LI ' ALIA
10 05186 05186

O o 10 g
0.858 _|_

(a)

1l 11
WV ) 1
5k0  204nF 204 nF

— 1104 nF

® S 3

(b)
Fig. 5.28. Normalized and unnormalized highpass filter,

A, dB

0.05

ﬂ. Q—)

Fig. 5.29. Tolerance scheme for numerical example number 2.

In the case of an extreme impedance transformation, and without losing accuracy in

calculations, the load impedance can be accepted as nonexistent (short circuit). In this
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condition, the data from the catalog can still be used. With the known recalculation
procedure, the tolerance response can be drawn as shown in Fig. 5.29 which is the
familiar lowpass limits. Figure 5.30 shows the normal operating conditions. From the
catalog with p = 10% the corresponding model filter CC 03 1009 will provide Qs=
6.3925 and Amin = 52.31 dB. The maximum unnormalized limiting frequency fs is
Misih7e A B — X L ABBOYE | FHEREE AR S T L AfA L E— X U RIIHE
L72avy (%) LT N TEET, ZORETH, W2 707 =235 &k M
TEET, BEMOFEREFIAICLY | K 529 IR T L9 ICHFISELHBETEET, 21
I, E<HONTWD B — "R RFTY, K 5.30 (Tl OEERFLZRLTWET, p
10% OAZ T nb, s+ 2EFE7 /7 444 CC 03 1009 (T Qs = 6.3925, Amin
52.31 dB Z it L %4, mARIEEHULHIBRE R fs 1%

_ I
f"l’ - S,

= 18.28 k¢

Lr

Because the current transfer function is prescribed, the model schematic must be of the
form shown in Fig. 5.31. The physical values of the actual network are evaluated with
the following reference values:

BIMEEERSHES N TV D2, BT LOBMIEXKIZK 5.81 (ILRTHRTH 5 LERH
DET, EBEORy NU—7 OWEMEIL, LT OZRELZ WM S AL E T,

=
Il

20 k€2
27 - 150 x 10° = 9.42 x 10°

,..
£
|

R
L, =—=21.2mH

w,
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BR
I I
s
I3
mkug 20 log]-h— §60I!
O O

Fig. 5.30. Normal operating conditions,

L 0247 0.695

-l— 0.633

Fig. 5.31. Model schematic (lowpass prototype).

The necessary lowpass to highpass transformation is accomplished with the aid of the
design expressions
WBETR T — /R ZINENA NRA~DZEWIT, REFRE AW TEBE SN ET,

r

L“p e l; and CHIJ =

’

=0

Figure 5.32 shows the realizable network.

As a checking point for the calculated elements, the following formula can be used.
5.32 1ZFEBWRER A Yy NU—27 AR L TWET,

HRINTZEZORGERE LT, UTFTOXEFEHTEET,

S : =t 15.8kec  (5.4.5)

T 2n/LC, O

o
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The value of Q© in normalized frequency, is given in the table (zero transmission).
Note: a minimum Qs gives a maximum fHP.

IERUEEEEUIC 1T 2 Qoo flE, £ (FEFEEH) ITRSATVET,

T Qs BEMEDSE . fHP 3R KREICR Y 7,

5.5 DESIGN OF LC BANDPASS FILTERS

55LC /N> FINR T4 L3 DEKE

A conventional bandpass filter can be in the narrowband or broadband category. There
is a remarkable difference between narrow and wide bandwidth filters, and the design
procedure is also different. The bandpass filter is certainly the most important type of
filter. The catalog of lowpass prototype filters provides the necessary information for
design, and the problem now is to investigate the method in which the given information
can be used to design a bandpass filter.

WERD /N RINAT 4 W Z 1T, B & R T & F 3, T 4 v &2 LR
W7 4 VAT EREONDR DY | REFTFIEG R £, N2 RN T gV Z T REN R
SEOBEBERIATDT7ANVETE, B—"A7 0 NI T T4 NVFDAF 0 TIFTERGEHT
VERERZRELETN, 22 CTOMBEIL, BAONTHEREMLEA L T FAAx7 11
Z a2 ke 528 T,

Bandpass filter design terminology includes the concept of relative bandwidth
NV RANRAT 4V Z OFFHHEEICIE, RO SN EEND,

wz—w1=fz—f1=i\_f=l (5.5.1)
V0,0, Vhile fu a
215 pF 76.4 pF

L . Al O :
11—-»—0—-'l J_ 1t o Iy

3.02nF

§ 20kQ2 § 600
335mH

—" >
- .

Fig. 5.32. The realized network (highpass filter).

5.5 LC /N R/NAT 4 )V H DG 186 / 241



LC 7 4 V& —DikE
SR/

where f; and w, = upper cutoff frequency,

/1 and @, = lower cutoff frequency, and

W = Vwyw, = geometric mid-
frequency.

These values must be prescribed before the design is started to choose the proper
technological domain and the easiest design technique.
If the relative bandwidth is higher than 10%, the theory of purely reactive networks can
be used.

W22 BT B & e bR G IR FIE 2 RIRT 272901203, REBIGETIC 2 b DfEZ
ELTBIMERHY £7,
FERHF RS 10% 2 B2 25613, MRV 77747y N =27 OBz T& %
K

Both design methods (namely, the image-parameter method and the effective-parameter
method) can be applied, and the choice is dependent upon the designer’s decision and the
specific problem involved. If the relative bandwidth is narrower than 10%, the best
method is to use predistortion techniques or the theory of effective parameters with lossy
elements.
ELOLORRETFE (Thbb, A A=V T A— 5&&%%A7% Z2iE) bEMAREETH
0. &5 0 &I D 2NIEREHE O & BRI X o TR Y £ 97, FRRHREE 2
10% A DF G B2 FIEL T ) 74 A b= a G, 3RO H H2F 2 AW
FNSTA—=Z B W5 Z LT,

If the relative passband is less than 1 %, the special theory of small bandwidth crystal
filters or intermediate crystal filters must be used. The above speculation does not
establish the limits but shows the direction in which the design can go.

FRGF B AR Y 1% AW O E %, SRR 7 « v & F 213 AR A 7 4 v &
DR R ERRE WD MER S 5, FRROBEIIRAZED D b DO TIEAR L B&EFOF Ak
ZRTHDTH D,

When the quality factor of available components is high, it is quite reasonable to use the
coil-saving bandpass filter, and design filters with bandwidth narrower than 10%
according to the theory of purely reactive networks. In both design methods it is possible

to transform the prototype bandpass filter into the Zig-Zag or a similar configuration.
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P FTHE A 0 0D B BERR B B, 34 MBI/ S2 [S5 7  L8 % H L Sl
VT 75407 %y T —27 OBEGIZHESWTHIEIED 10%RHO 7 4 V2 ZFE+TAHZ L
ITEF A TT, ELLORFHFECBNTH, BIENY RRXRT 4 v &2 20 7 78
£ 1 ORI T 5 = L BT

It is known that the filter catalog is based on the theory of reactive networks, and the
application of the catalog will therefore be limited by the bandwidth. It cannot be used
for narrowband filters. The limit to its usefulness is practically determined by the quality
factor of the reactive components available. A second possible limitation is the physical
realization of differences of the element values.

TANBE B TIIVT I T 47 Fy MU= OHEGRIZESINTWNDL I ERMLNTEY
Z DT H v 7 O AT EHRIEIC L o> THIBRS vk 3, ER 7 v 2 i3 fER T
EEH A, TOAMMEORIE, EBRTITFERFRER Y 727 7 4 7 a v A—x > b OSER
BIZL-oTRED EF, 2 0HDOHIRE LTEXLNDDIE, FEFEOAERZ IR FEEL
THZETT,

Interstage filters (between tubes and transistors) or high-frequency filters as coupling
circuits belongs to an intermediate category of a more general class of bandpass filters.
They are usually very simple from the point of view of the schematic, and are designed
with the consideration of losses.

Bfl7 ang (BZEEL N T PAZOM) 7230 v 7Y 7R E LTOREKT 4 v
ZlE, KO K72 RANRT 4 V2 ORI 7 T =R LET, ZhbI3EE,
B OBLE N HITIEFICHMTH Y | HEREZEZE L TGREFESNET,

Calculation of the Steady-state Properties from the Catalog
AZATHLDEEREHEDHE

The frequency transformation from lowpass to bandpass is accomplished with the aid of

the normalizing expression

B — /XA DN RS ASOJEEEZE R, IEREAZ DN TIThbih £ 7,

1
Q,
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where Q isthe frequency scale of the lowpass model, and Q Bis the bandpass frequency
which corresponds to this lowpass frequency.

It is evident that for every value of normalized frequency Q there are two corresponding
values of normalized frequency and I/ Q B; which are geometrically symmetric since
ZIT,QER—RETADOEEEA =L TH Y, QB IXZ O r — SR EREEI KRS
DN BB TH D,

IERUBERE Q OAEE OB LT, xhid 2 EFULEE S S VOB OEA 2 DfFET 5 2
EIEHLNTHY . TADITRM PRI TH S,

— =
70,
At the cutoff frequency 2 = 1,
Qr =] = a(flnc - _1')= ﬂ(!!ﬂz -— glﬂl) {5.5.2}
' RBC

The bandpass characteristic has two cutoff frequencies; namely, QB1 the upper and Q
B2 the lower, as illustrated in Fig. 5.33.

The constant a can be determined from the expression

N RN AR, 5.33 I T Koz, HMUloA v M4 7 JEEE QB1 & FMUlD A v
N7 JEEE QB2 O 2 5D Ay AT EEE N H Y T,

E a ITROANGRD D Z N TEET,

a=(Qgs — Q) (5.5.3)

If the upper and lower cutoff frequencies are normalized with respect to the reference/r,
which is

FRRIB IR > b A7 AR e 126 L CTESME S T 254,

[, = \-’:f.—f; = f,. (midband frequency)
then,

1s {7 1,
Qo === — €, = — (5.5.4)
R NG N,
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A, dB

Amm

A max i

X N 3
R E-N\S\‘S

Qa | 1 | Qe Q>
L U

Amax

Fig. 5.33. Typical attenuation specifications for lowpass and
bandpass filters.

The constant of transformation
T EEL

1s a reciprocal to the relative bandwidth.

(TR AR DL TH D,

Normalized frequencies in the stopband such as Q, can be obtained in the similar way

PRAEFFE AN O IEBEAEE (FI2IX Q) &, FREkOIFIETRO LN D,

113 = H(Qsﬂ - Q:l_}! {556)

and the relationship between the passband limit is

Z LT, e R & o BRI
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Q  Q,-9Q, (5.5.7)

Q,  Qp— Qp,

which is a measure of the sharpness or selectivity of the response curve.

DU, TR OB S F R 2 R R T B,

In general, any normalized frequency in the passband of the filter QB can be found as
a function of Q, which belongs to the lowpass prototype and which runs from 0 to <o,
—MIZ, 7 42 QB OEEHHRNOER O IEFYEE KL, v =27 m N XA TR
L, 022HooETELT 2 QDR E L TRDDLZIENTED,

The solution is a quadratic expression

il kK TH %

0 '/__—(ﬁﬁ
Qp=4—=+ J1+ (= (5.5.8)
o :I:Za 2)

For

Q
- & 1
2a .

as in the case of narrow bandpass filters, the expression for passband frequencies will be

reduced to the appropriate expression
PGB 7 L Z OSE LRI, B AR B O R TE B e b S v E T,
Q
Qp~1 4+ —
2a

The last formula suggests that in the case of very narrowband filters the response curve
is approaching arithmetic symmetry and the passband frequencies are expressed as a
simple deviation from the center (QB. = 1) by certain number of half bandwidths 1/2a.
Evidently this approximation holds for narrowband realizations.

R ORIL, FEFITRAFID 7 4 NV Z DG | TEE RN ARSI & | i s
sty (QB.=1) 2B EHE 1/2a 720 BTN ETREND Z L 2R L TV E
To HGNIT, ZOEBUIRAIR D FHIZIB VT Y 2 H £,
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Nevertheless in normalized diagrams, the attenuation is shown as equal on both sides
of the passband. The response curve will look very distorted if, instead of a logarithmic
frequency scale, a linear scale is used. The attenuation on opposite sides of the passband
are related as follows
L2rLe3 b, IEHUE S AU BT, Ao i CREEESF LW ERRINET, &
BIRABEAr — N TR Ar— V2T 2 & IREMBRITERICEATRAET,
W HFIRO MR OBCREIT, RO LS IZER L TVET,
&
AQ) = A=)
€2/

- 5 |7|=Hom]
‘ v,
X———— o
1
o t__Tf;u_ _______
—0 7 7
o \% ) H(S)/
_lx_ .
f o -1
(o]

Fig. 5.34. Lowpass and bandpass pole-zero plane.

When the requirement is formulated (as usually) in arithmetic terms such as so many
dB for fm + X (deviation) the attenuation at fm + X will be lower than at fm — X.

ZURDS (BHE DX H12) m+X (Fz8) Tk LT dB & W o 2B 22 HEE CER ks h
T34, fm+ X TOREL fm - X TORELY HE 220 £,

It is easy to understand this, from the fact that the geometric center is always lower than
the arithmetic center. For example, when Q1=1and Q2 =25, the geometric frequency

is Qm = V1 x 25 =5 and the arithmetic center is Qam = (1 + 25)/2 =13.
LI FICEIRT L LY /SN E NI FENL, ZHEEESICEE T E3, B2,

Q1=1. Q2=25 DA . &JE T Qm=vV1 x 25=5, ZffiT.laE am=(1+25)/2=13 & 7¢
D £9,
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This property of transformed bandpass characteristic must be considered when one
designs the filter attenuation characteristic with geometry symmetry. Pole-zero
information of the lowpass filter can be transformed into corresponding information for
the bandpass filter by an expression similar to that for frequency:

B S NTo N RANZR D Z OMEIL, BT PR PRE 2 55D 7 4 L 2 R 2 55
TOBRICEBE T DMENDH Y £9, n— 27 4 V2 OBFFHFHRIL, FEEOLE L RO
KL T, N RRRAT 4V ZORNET DIERICEHTEET,

s =-—:|:J'\/1-—(i)2 (5.5.9)
i 2a 2a o

To every point in the complex frequency plane for lowpass filters, correponds two

bandpass eigenvalues. All points in the lowpass pole-zero diagram must be considered.

An infinite lowpass value produces a transformed zero at infinity in the bandpass pole-
zero plane. Figure 5.34 shows a plot of poles and zeros.

For the narrowband case, a similar significant simplification is applicable:

H—/S2 T v F OBEFRABECEE OB RIZIE. 2 DO FARZEFED G LETS,
G~NXW%ﬁlt®¢NT@M%%%ﬁézgﬁ%@iﬁ‘%@k@n~ﬂxfi,ﬂy
RS A RS Aot O BERRE B S B R AR LE T, 534 1%, MEFROT
2y haERLTWET,

PRI DG EIT | [FAERD KiE 72 Elg 2358 H TR T,

sﬂ=£:|:j when i((l

The expression shows that the original pole-zero geometry of the lowpass prototype is
displaced two times (about +j). The evaluation of the physical bandpass elements consists
of translation of the normalized lowpass into a normalized bandpass filter. Table 5.4
relates the lowpass and bandpass data for element values.

ZOXE, v—ATn M A TOTOMFRBLED 25 (K4) ThTnHZLzRLT
WET, MR N RANARFOFHINE, EF b S ncm— 27 4 V& B kS v
N RNAT g VR 5 2 L THRSNTOWET, K54 1%, FHEICHT D m—
AR LN RRADT —Z ORRZE R L TNET,
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The resonant lowpass circuit values are of special practical importance to the
corresponding bandpass circuits and are translated into a combination of a series
resonant circuit with a parallel resonant circuit. I he equivalent circuit, consisting of two
parallel resonant circuits connected one after another (in series), provides a more
favorable relationship between coils and capacitors and has the possibility of lumping
the distributed capacitance of the coil w ith the physical capacitor which resonates with
the coil.

g v — SRR OMEI, T D3 RRREREIZ L - TRIZHEM EEETH Y | AL
PRIAIEE & W F IR [EE O AA ORI ZER SV E T, 2 DOWHIPBLRERE 2 EACHE L7z
EAREE X, 2 arTF oo LD GFE LWEREAREE L, a M voomMEEL, =
AN EHIRT 2MIR R a T o EERNTE DR H Y £7,

Numerical Example

e fiEf

A bandpass filter is to be designed to satisfy the conditions outlined in the tolerance
scheme of Fig. 5.35.

R1=R2=20kQ

5.35 DFFAHIPH TR SNTCRIFARMTZT /N RANRT 4 W &gt 5,
R1=R2=20kQ

A, dB
50

Fig. 5.35. Tolerance scheme for numerical example,
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Table 5.4 Lowpass to Bandpass Transformation

LP BP Schematic BP Values

C =aC
__"__ R, o,
c L 1 R
2 aC’ o
R
L=al'~"
—— ——— or
L L c c 11
aL’ R,o,

L, C — are unnormalized BP values

—~ oo 1
H “=r= aCc(l + Q.2
~ o 1
=— =aC’ 0.2
” c_ I aC(1 + Q%
& 1
I, =— =aL(l + Q%)
Iy I c
1
2 Q. L=—=al(l +Q.
€4
where Q =A/l + (E) iz
C’ and L’ are normalized p 1
LP values -+l =on
¢, 1, c_, and /_ are normalized
BP values

fz _ft
2 21 2015 =15%
\-"ffifl

The filter can be designed as a purely reactive network since the available coils at the
specified frequency have a good quality factor and the realized network will closely
approximate the theoretical characteristic. Most critical is the upper stopband limit.
With the approximate formula

7 4 VA, FRE SV BT ATRE AR 2 A VO BERBUA BAFTH Y | EBLI R
v MU — 7 PRERRFHEICIER I VW2 e h, MR Y T 2 X ARy R — 7 L LT
RFCEET, ROEEAQROE, EREIEFE T, Rz L.

. 9
Qo a1 F —
B 2ﬂ

the information for the equivalent lowpass filter can be calculated. This is done below
the bandpass tolerance scheme in Fig. 5.35.
The requirement will be satisfied with the lowpass filter catalog number CC 03 04 07.

The corresponding transmission properties are
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Fflim— "R 7 4V E OIEFRITEFETEET, THIER 5.35 DN RS RFFAHIPH A ¥ —
LD T TITOIET,

0—/N2A7 4 VHEDH X v TFKE CC 03 04 07 AT L, BREM - E T, xhid
LFWFFIEIILL T O LB TH,

Amgx - 0’.{1}8 dB
Amin = 50.88 dB
Q, = 821

Figure 5.36 shows the normalized schematic.

Using the known reference value, the network components will be calculated.
5.36 IZ LML SNzl X Z27n LTV ET,

BEFNOEEBEZHNT, Ry N —7 OFMRERZFHELET,

L,=£’=24.5m]—l
wr

C, = ] = 61.2 pF

" w,R, '

The inductance in the parallel branch is
AHN G DA 57 2 A
|
Ly=Ly=—L,=652mH
aC

0.916

IILI
= I

|
012 _J_
0578

1o
QUST-
o ’
Fig. 5.36. Normalized schematic (according to catalog).

O
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where

Y
I
Il

o

[

Zl

and the capacitance across the line is
ZLT, 74 V2RO ERREIL

Cy= Cy=aC" x C, = 230 pF.

The upper resonant frequency (for the attenuation peak) is

R v — 2 O _FRRIAR A BT

_ Q0 Q.
.QT=,‘/1 ’-)2 —= = 1.976
+ - 2a t 2a

The lower resonant frequency peak) is

IRV IHRE R R e — 7 1%

-
£1_=J| + (9—*) = 2= _ 0,508
2a 2a

The unnormalized element values and frequencies for corresponding antiresonant

circuits will be found with the following relations:

IS D SCLIRIFNES O IEIE BB SR E & AT, LT OBFRATRO b Ed,

C. = l'— C, = aC'(l + Q.9C,
+
= 0.383 X 61.2 = 23.4 pF

C, = [' C, = aC'(l + Q3C,

= 0.098 x 61.2 = 6.0 pF

fro = 1,82, = 256.9 kc
flm =_/;-(2 = 66.0 kc

L_= —L = 2.614 X 15.9 = 41.6 mH

l- o)

L, = 10.191 x 15.9 = 162 mH
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All these elements are a part of actual network shown in Fig. 5.37. The schematic is
practical and theoretically flexible, resulting from the direct translation of elements.
Tuning is simplified by using only the parallel resonant circuits. Impedance matching
can be accomplished by tapping the output coils, and the impedance transformation can
be made in wide limits. A dc path is available through the input and output coils.
INHOBEHRITTAT, KBE3TIRTEEORy hU—7O—#TT, ZoEEKXKIL, %
REBEELEWT 5 2 & T, ERBPOHEEREICLHIEDOm WG O &L 7p o> TWES, AR
B DOHZENT 22 & T, Fa—=r rRfiFEbInEd, Whasvaesy 7452 L
TA UV E—F U RBEENAREL 20 | A VB —F U ABHIRVGEHTITY Z e T F
T ASiag e tiiaf vz L TEREKZFH TE £1,

A bandpass filter having a relative bandwidth less than 10% is to be designed. Its output
load is a finite, but the input is considered to be a current source (very high impedance)
as shown in Fig. 5.38. The starting point is still the normalized lowpass with termination
on one side. Figure 5.39 shows the schematic which resulted in a similar transformation
(see previous example).

FERHFAE S 10% KRIGO/N RANZA 7 4 VB2 23%G LET, HOAMIARTT 2, AT)
(I 5.38 IR LD ITERME GERICEWA v =X R) R LET, HEMIT A
RN HIm 2 RO IEH b — R A7 0 L2 T, (X 5.39 (T, ARk Z REL L 2[Rl X %
RLTWET @FETOFIZZ2H),

As a consequence of the small bandwidth, the values of capacitors in the circuits across
the line are too large and the corresponding inductances are too small. The solution, in
this case, is the use of an autotransforming arrangement which permits an increase of
the value of inductances and at the same time a decrease of the values of capacitors down

to practical values (the resonant frequency of the combinations are the same).

NS PRNTZ D ARSI EORIKIZB T 5 2 o T U OMEBRETE, ST 510 4
IR ADMEPNETEET, ZOGEORRRIT, A F 7 2 ADELEINSEL L
FRiZ a7 o a2 FRRMEE THAD S22 A CERMRIRAEN T2 2 & TF (A
BOEOIRAPHITF CIZ2 0 £9),

Let us impose the unloaded quality factors of circuits I, II, and III equal QO and the
unloaded quality of circuit IV=Q4 as in Fig. 5.39. Then (approximately)
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5.39 [Tk oI, WIS I 11, I O WAF WER K Z QO [Al#s IV O BEA T dn E R 5L

Q4L LET, T5H& GEEMID)

1 3 1
— =4 — (5.5.10)
Q. Q O

When Qt is known, the value of Q4+ is then
Qt BEEMDTGE . Q4EDEIFRD L 512780 £,

1
Q.= (3.5.11)
”Qr - MQU
41.6mH 162 mH
— T — — IO —
SAA A 66.0ke 256.9ke —
: I
23.4pF 6.0pF
@ zsopr-l—_ 652 mH 230pF;‘E ésms,f ézom
SR
Fig. 5.37. Example of bandpass (n = 3) realization.
R[ >> Rz RZ

Fig. 5.38. Block diagram of extreme impedance transformation.

Appropriate tapping of the last coil can bring the agreement between this value of Q4
(which is reduced to the resistance across the coil) to the load resistance R2. Figure 5.40
shows the final schematic without numerical values for this example, since the
mechanics of the transformation have already been shown.

MEDOIANEFEYNCE v 7T 52 LT, Q4 O (ZA NV ORHOIEPUHFE L= b D)
AP R2 L O—BAHELNET, X540 13, ZOBNIIRT 2HUEE & F 28R
B ZR L TWET, ZhuE, BROMHABBEITREN TV S0 TY,
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Bandpass Filter Transformation
N RIRRT 4 LA EH

The bandpass circuit computed as an example of reactance transformation, even in its
modified form as shown in Fig. 5.37 produces inconveniences. It is found to be impractical
with certain conditions and especially at frequencies higher even than 10 kc. The
damaging phenomena consists of the stray capacitance between the junction of the
parallel circuits in the series arm and ground. But the schematic can be once more
modified in such a way that this capacitance is taken into consideration and thereby
made harmless.

VT 752 RO & U THEAE SN KRR ERIE, K 5.87 IR THEIE SR
ThoTh, REMENEL D, BEDSM T, Hi2 10kHz 22 % A TIx, EZHMT
TN Enbhole, ZORERBRIT, BEHNT — LNOWHIEFEOHEE & Bt & OfF
DVFFERZICERNT 2, L, ZORBLERICANTEELT 5L 9 ICEKEXEZ S 5
BETLHZENTE D,

Let us consider the following example: The catalog filter CC 03 20 21 has the center
frequency fO = 5 Mc and the pass band between 4.8 and 5.2 Mc. Being equally terminated
with 150 ohms require normalized circuit elements for lowpass filter Fig. 5.41 as follows:
WROPEZEZTHELE D, BHEBTT7 0% CC 0320 21 1%, H.0JE % f0 = 5 MHz,
WIS 4.8~5.2 MHz T9, 150 A — A THEKIG STV DH720, K541 1R d 10—
INAT gV OIEFE SN BIEEFRITRO L 912720 £9,

C, = Gy = 1.121

C, = 0.09247

(), = 3.195134

The transformation constant a = 10.5529. Attenuation poles of the bandpass filter
calculated with tabulated formula will be

ZEHGER a=10.5529, RFADNXTIHAE I NI AL FRRT 4V Z OWERITIRD X 5 (2
7m0 £,

Q, = 1.162781
Q_ = 0.860007
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—
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)

O

Fig. 5.39. Actual schematic for the example of Fig. 5.38.

—
p—
——

Fig. 5.40. Final schematic.

and the reference values for design are

AT OIS

L, = 4.778 uH
Cr = 2124 pF

Figure 5.42 shows the schematic of a modified bandpass section. The important design
parameter in this case is the value
X 5.42 1%, RNV RR2E7 v a VoKX EZRLTWET, ZOEA, BEEAR
At/ T A—ZIIMETT,
C '
2
rn. = l + _'

Cs

The maximum value of normalized shunt capacitor to insert between the resonant
circuits is:

HIREE R AT 2 EHLT v o ha T U ORKEIZLTO LB 0 TT,
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’ (‘o - ]}Q_ﬂ
(1o — DQ_* + 1]

(1,2 + 1)(Q.2—1)

Cmax = an

The actual capacitor ci has to be chosen smaller than that value. The transformation
ratio K is thereby fixed and can be obtained from the equation

KD T o et ZOMEEY SNSRI MERH D, B KIZZERIZE -
TEES I, ROKXNPLHELND,

K (Q.2—1) - c*}
I:( * aCy'

—KQP=1D1-QH—=(1-Q%H=0

where K is greater than zero.

The normalized element values of the filter are given by the set of following expressions:
ZIZT, KIF0LYVKREWETH D,
7 4V EOEFUL S NIZEREX, LTOXTEZ 6D,

K—1)|"
1 alCy + C, Q.

- a(c,' +Cy % sz_ﬁ)

l; = (acy’)™" 13 KO8 ’:( X
- o oy

L,
c3 = (KLg')™

Cy

€y = Ki [Cy — C/(K — 1)Q,7]

2
alCy — C(K = 1)]

ly
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IC’ 1.0

3

L.

Fig. 5.41. Normalized lowpass.

In the given example the value t0 will be
B A BNFITIE, t0 OIFTIRO & 9512720 £9,

ty = 13.12285]

and the capacitance cmax

¥EAE cmax

Cmax = 0.332.

With reference capacitor Cr = 212.4 pF one would obtain
o T % Cr=2124 pF OBEE. RORXMNELNET,

CITIIK = Cr ' 0332 == ?05 PF

If it is decided to choose C, = 30 pF, the normalized intermediate capacitor will be ci1 =

0.141243 and therefore the equation for the transformation coefficient can be used.
C=30pF ZE&ERT D LICIRELESGA, BT =TT ¢i=0.141243
L BHUREOXEEHTEET,

K*—0442K — 1.156 =0
K = 1.3634

The normalized element values are therefore

IESUE S N EZRETRO LB TY,
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Element Normalized Unnormalized

Li 0.0827  0.3952 uH
c 12.022 2554pF  f, = 5.01 Mc
L, 0.491 2.348 uH
Vi 1.505 320pF  f, = 5.809 Mc
Cy 1.492 317 pF
i 0.9058 4328 uH  f, = 4.300 Mc
G 6.106 1297 pF
E, 0.162 0.774uH  f, = 5.023 Mc
5 30 pF
R, K*R, 279 Q

Q+ Q-

"T’W m

& n—d4 - 1 1 5

" "

= C4 K?

O- O

Fig. 542. Schematic of modified bandpass (from Fig. 5.41).

5.6 DESIGN OF NARROWBAND CRYSTAL FILTERS

5.6 MEEiER T 1 )L —DEE

The basic definition for relative bandwidth was discussed in the previous paragraphs
along with the lowpass-bandpass transformation scheme. In dealing with extremely
sharp filters another general parameter" that of selectivity, must be added to bandpass
theory. The numerical definition of selectivity is

FERH R O BRI ZER T, v — /N AN RN A F— b L & B ITHTO B % TR
LE L7z, EFITHNT 0 Vv F 24 Gd . /N RS ZBERITRIRE & ) Bl o— Ay 723
TA—=FEBNTHLERDY £, BIPEOHEERITRDO LB TT,

S = . (3.6.1)

far, _fc
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where fc is the cutofT frequency and is the frequency of the closest pole outside of the
passband. Design experience indicates that when S is less than 60, the filter can be
realized with coils and capacitors (LC filters), but if S is greater than 60, the filter by
necessity is a crystal filter.

ZIT fe 134y M A TR (TS O e b T OARO JEE T, SREHRRRDND
Sﬂ60%%@ﬁm\74w&i:4wkzyryﬁ(ul74»&)?%ﬁf%i¢ﬂ\
S 2% 60 LV REWEAIE, UK T 4 L Z IR ET,

Because the bandpass filter is the type most used, the catalog information relating to
lowpass networks usually must be transformed into bandpass information. All
transformation formulas used in previous paragraphs are applicable for quartz crystal
filter design.

WU RNRAT 4 NVZITRBILEHINTWE XA T ThDHIcH, m—/XARy NT—7
(ZBE o0 & a JIEBITEE N RANRERICEIR T D0ERH Y £, AR OBV T
MU BT T _T KBIREV 77 1 v Z ORGHIEH AIRE T,

Crystal resonators as filter elements are somewhat different from LC resonators.
Crystals are characterized by their excellent frequency stability and low electrical losses.
The equivalent element values are dependent on the types of crystal, cut, frequency
range, and packaging.

7 4B FEA L LTORBIRSRE, LC R & 13T £, AKX, ENEE
Bz ElE L IRVERBR RS LTWET, FMEFOMIT, KEORE, 7 b
i, B Oy = Lo TR 7,

Crystals in the Filter Network

TA4ILE—2y FT—URDKER

Many filters in the high-frequency domain consist of lumped inductances and capacitors.
All lumped inductances, however, inherit two disadvantages: 1. the loss resistance,
which annot be neglected and 2. an unavoidable distributed capacitance.
BRI DL DT 4 VB IX, A U H 7 F R EERa T U THER STV E
T L, T XRCTOERA U F 7 X ATF, 1 BHETERWIEERLE . 2. #iT 60
RV L VD 2 DD RENRH Y £,
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Since the resistance of the coil can never be eliminated completely, the bandwidth of the
filter cannot be made extremely narrow or sharp. When these requirements are to be
fulfilled, the network elements must possess a superior quality factor and stability.

A NOEE FERIIBRET D22 IR TH L7720, 7 o /b Z ORI 2 M | 2 5% <
L7zl RIRIZLIED 352 L3 TEE A, IO DB ZRIZTIZDIIE, *y FU—
7 ERITEN BRI L CEMNZ A TWDRBERDH D 7,

It is evident that the use of piezoelectric crystals reduces losses by as much as three
orders of magnitude and is the answer to the problem of sharp, selective, narrow
bandwidth filters up to 30-40 Mc range.

JEBERAH AT 2 2 L TRAZHER BT HIRMTE 52 LITHLNTHY . 30~40MHz
ETORBERIICB T, ¥y =7 TEREOE WY V2 Z2RBLT 5 L0 ok
BT DR & 72 D,

Figure 5.43 shows that crystal resonators behave essentially as a capacitor with a quartz
dielectric except in a narrow frequency range. In this frequency interval, the crystal
exhibits a mechanical series resonance. Figure 5.43 shows the equivalent circuit to
possess certain fixed equivalent values. The impedance level is between 10 and 100 M Q..
X 5.43 13, KRR, B 2BV EBEEI 2 R T AR AR R A Vo=
YT E LTEMET 22 L AR L TCWE T, 2 ORI T, KA I AR A 22 B A1 2R
RE R LET, X56.4313, —EOFMEEFFOFHREEZ RLTWES, A E—F A
L1 10~100MQ T,
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Fig. 5.43. Impedance diagram of crystal resonator,

The ratio of parallel capacitance to series equivalent capacitance usually is higher than
150. The information to be presented here will be limited to ladder filters, and the
passband and stopband characteristics will be related directly to the corresponding
resonant frequencies in the series (or parallel arms) of the filter. It is evident that most
pronounced rejection, or a pole of effective attenuation, can be produced only by a crystal
in the parallel arm.

B2 & EA A RO @R 150 A ETY, 22 CTHMT HEMIET ¥ —7 o ¥
WRRE S A, ik & BRI ORISR, 7 4 v Z OES (£7233008) 7T— L2805
KIS 2 AR BT R U 3, S B RLILRE, T2 b AT, W
T — LANDOKEBIREFIZ L > TOARFEBTEH Z LI LNTT,

The attention of the designer must be concentrated on the fact that the losses of
inductance play a most critical role in narrowband structures. It is desirable that the
series arm of the bandpass filter be a parallel combination of one series resonant circuit
with one parallel resonant circuit.

AT, PG ISR WTA ¥ 7 Z o ZRDRD TEHBERER Z R T LW o F
FRICHEE L RTNER S0, /N BRRT 4 v Z OEST — LT, EYEIHRER & 513
REIEOWHFAAGOETHHZ ENEE LY,

Both circuits are to be tuned to the center frequency. This type of schematic is obtained

as the original form of the bandpass schematic after it has been correctly transformed
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from the lowpass prototype. The configuration requires a high quality series circuit with
very high impedance level which is determined from J% Evidently, a crystal element is
best suited for this circuit. The parallel resonant circuit can be regarded as a neutralizing
capacitance.
e & S FLEEEICFRFR S D2 MERH Y £T, 20X A TORIKKIL, v—/X2A 7"
FEATINGIEL BB ENT ANy RARRERE OO E LTHLNET, ZOWHAK
(i3, [l CRIE SN IEMITE A 2 =5 U A LAV & RO A O BRI A5 BT
To BN, ZOEBKITITKSFIRER 2 i T4, WHIRERKIL, PR EL 232
EMTEET,

The following examples will show that only small 6 values obtained from the catalog are
reasonable to use. The relatively distant attenuation peak is not recommended, on the

ground that the parallel resonant circuit will not exhibit a sufficient quality factor.

UTOEING, AZa bbb/ s7 6 DIEOHRNEZLETHLZ ENDND £,
FEHRAOBE N 7o IR B — 7 13, WAIHRIEE S H o 2 i E R B A R S e RS E T
/I/o

Numerical Example of Design

R ET D EHES

A crystal filter is to be designed according to the requirements set forth in the tolerance
scheme shown in Fig. 5.44. The input impedance must be equal or greater than 18 kQ,
and the output impedance must be 1 kQ. The problem is to find:

5.44 (TR IHFARFFH DI > TR T 4 NV F ERET D, AA v E—H AT
18kQ Pl L, HijA =X 2T 1kQ TR IFIUTR 5720, MBI TOEAERD S 2
LTHD,

1. Bandwidth parameter and selectivity.

2. Attenuation at 450 kc.

3. The values of the filter elements. A crystal is to
be used in the series arm (C,/C, &~ 200; L, = 15 mH).
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SOLUTION
15,000
1 = S = = 300
fo =N 50
15,025
S = S - = 100
fcﬂ _fr 150

The distance foo — fc is shown as equal to 150 ke. Both numbers indicate that a crystal
filter is the only possible solution to realize the given bandwidth and selectivity
parameters.

2. The equation relating Amax, Amin and Qs for third-order filter is

PEHE fo-fc 13 150ke ERSNFET, ZNDHOHEIEIE, 52 b HIIE & BINE ST A
— X RBT DIE KT AN F PO TH D Z L AR L TVE T,

2.3I7 4 /VZIZRTSH Amax, Amin, Qs DORARNITRDO LBV TT,

8 8
A 4+ 4In )ln——%5n=15
( min + 3 — 0, — |

with n = 3, Qs = 1/2(100)/1/2(40) = 2.5, and Amax =0.0032 N p (which corresponds to
8 % reflection).

n =3, Qs =1/2(100)/1/2(40) = 2.5, Amax = 0.0032 Np (Z Ui 8% DK HZRITFM) D
&TF

15 i

8 Amnx

Q, -1

Amin = = 5.5 Np = 48 dB

3. Using the value of a, the bandwidth parameter, the following relations can be solved
(see Fig. 5.45).

For the parallel circuit:

3. WIIE/ T A—% a DfEEZHWD & U TORGRREMS Z LN TE5 (X545 /),
A A DS E
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L0, aC, w,

A, dB

A"’lil

15,000 f.kc

Fig. 5.44. Tolerance scheme for numerical example.

For the series circuit:
BEAIEEE OLE
R
r r
LQ' [ LQ B

mf

11
aL,’ R,w,

2y =

For the combination of the two circuits, the ratio of capacitors will be

2 ODEIKOMHAEDLEDEE, 2T o VOB IZIXRD L HITH0 14,

C oy
—i£==C2L2a*
2x

The available crystal has the ratio of Cp/Cs = 200, therefore with
FIH ATREZ2fE 1 Cp/Cs Head 200 TH H728,
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the resonant frequency

AR SR
2
o = —— = 9 _ 450
L, C,’ C,,
or
w, = 21.2

4. From the catalog, the set of values which corresponds to filter CC 03 08 03, with K2 =
oo will satisfy the above conditions. The normalized element values are as follows:
4. B Zipb, K2=w OF7 444 CC030803 IZxET HEDE v ME, EFRLOZKME
il LET, EALSNT-EROMITKRD LB TT,

C,’ = 0.3855

C," = 0.0023

C,' = 0.9213

L, = 0.8954

Reversing the schematic as shown in Fig. 5.45 and using the reference values fr and Rr,
and the value of the equivalent motional inductance of the crystal, Ls = 15 mH, the
following can be calculated

5.45 |ZRTRIBKIX A ffis S, JEYEE fr & Rr. 38 JOVUKGEOEMER) A o &7 2 0 A
Ls=15mH OfExZ 5 &, LT EFHETX 5,

I, = Lya = 0.8954 x 300 = 269
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Fig. 5.45. Lowpass prototype and bandpass frequency transformation.

which corresponds to Ls = 15 mH.
ZhUT Ls =15 mH IZHHY T 5,

w, =27 X 15 x 10° =94.2 x 10°
w,L, 942 X 10° x 15 x 1072
L, 269

R, = = 5.25kQ

5. Using the reference values and the normalized catalog values, the actual
unnormalized elements of the bandpass network will be as follows:

5. 2L Bt SNz h # v JfEEZHA LT, Ny RS2 Ry U —27 OEBEOIEEH
EERITRO L D220 £,

L,
Ly = - = 0484uH

!

14
C, = Cy'a C, = 234 pF
L,= L = 0.203 uH
3 d

C; = Cy'aC, = 558 pF

L
Ly, = —— = 81 pH
o C,a g
Cy, = Cy'aC, = 1.4 pF
Ly, = Ly'aL, = |5SmH crystal
1

Co, =—— C,= 29 pF
2 Cra P
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This example shows the design procedure up to the point of actual realization. In the
construction of the engineering model of the filter there may be certain difficulties in the
realization coils on the input and output sides of the filter. It will be more practical to
use auto-transformers instead of straightforward coils and employ an impedance
transformation. The coils can be made of the same value, and be optimized from point of
view of quality factor. Figure 5.46 shows the configuration of the filter after the
appropriate modification.

ZOBITIE, REORIUCE L LT TORGFFIEZRLES, 74 NVF O V=T )T E
TIVOREFUZIRB N T, 7 4 V2 DA E O 2 A4 L OFEBUTIE, W< OO REEN A&
CHAREMEDRH Y 3, Hiilea A LORDOVICA— M T RAEFHAL, A L E—F R
BHAAT O T INEMTT, 3 A /WEFR T TER T & | sEREROBLR O RilEh TE F
T X 5.46 1%, WUIRETERD T 4V Z ORERLZR L TOET,

81 uH

e
——

—1a 1

0.203 uH

13uH  20pF 30pF 8uH
Fig. 5.46. Bandpass crystal filter.

Instead of 0.2 fxH, the input coil is now 13 juH which is easier to realize at the given
frequency. The output coil is 8 //H, also realizable, and the same type of core material
can be used. All circuits are tuned to resonate at the same frequency. The coil in parallel
with the crystal serves in neutralizing the damaging parallel capacitance of the crystal.
ATpaAvid, 0.2pH Tid7e< 18pH L7220 FIEDERE TRILLLT <2 £ L,
1A vs 8pH T, ZAHLEBARETHY . FLHEEO a7 MR TEEd, T
DEEEIXFE CEEERTHRT 2 L OIS TWET, K& IEAIcER Sz AL
X, KEOFFERIINEE LR T D& 2RI L ET,

Theoretically the signal source impedance Rx is assumed to be infinity, and under this

condition the open-circuit transmission factor is identical with the current transmission
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factor. But practically, it is sufficient that the source impedance is large in comparison
with the impedance at resonance of the lossy input circuit.

PERBNCI, BRTRA B =& 0 A Rx IFEER K & AGE S 4L, 2 OS5 T CTIEBAE AR AR
BUTERMERE L R — L 2D, L LERICITAEGZHRA B —F U 2R EEDH HNT]
[ DIARIF DA o B —=F 0 ZUTHARTHIIRE T L,

The partial compensation of losses similar to that mentioned for the case of regular
bandpass filter can be used. The inductive components with high Q (quality factors of
250 can be realized) permits an almost complete agreement between theory and practice
for this specific filter.

WE DN RNAT 4 VE DOEE ERRRIC, BREZESIICHEST 2 TEEZMWD Z &N

TEEY, QM (QfE 250 % FEHAMFE) OFHEMHLEANDZ LT, ZOT A LHIC

BWTITHGRE & FZRMEA TR T 2 Z ERARRIZR D £7,

5.7 DESIGN OF BANDSTOP FILTERS

57 NV FR by T T 1 LEDEFRE

Bandstop filters are characterized by having the reverse properties of bandpass filters:
Signals are suppressed within a certain finite band of frequencies and passed at
frequencies both above and below that band. The bandstop filter presents little
attenuation except in its transition region and, of course, in its stopband.

N RRA YT T4V ZIE N RRNRT 4 N LI OREEZ RO L WD R & ) £
o (B FITFE DA BRE BT RN TIH S, ZoRERE Y BE FoREETITEE L E
To N RR MYy T 74 VEE, BB E IR EZBRNT, FEAEHELEE A,

Figure 5.476 shows the attenuation requirements for bandstop filters. Once again, the
starting point in the development procedure is the lowpass prototype as shown in Fig.
547a. A straight forward transformation will provide a symmetric bandstop response
curve.

The bandstop parameter is defined in similar fashion as the bandpass parameter

4 5.476 1Z, N FA by T T4 W ZOWREFZRLTWEY, 22 TH, FEFIEOH
R, M 547a IR T R — 2T 1 M ¥ A T, HiARAHIC LD | RN R A
by FISEMBRBIE N ET,

WU RAL Y TINGA=FE N RRANT A=Z LERROGIETERSNET,
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am—L (5.7.1)

A, dB

O Qn Q2 Q2 Q—
(6)

Fig. 5.47. Attenuation requirements for bandstop filter.

where f1 is the lower cutoff frequency,fe is the upper cutoff frequency, and fc is the
geometric mid-frequency.

When the relative bandwidth 1/a is only a small percent, the losses because of resistances

in the inductors and other realization difficulties must be taken into consideration.

T 2T, LT TRREEWTE R, fe 1T BB RS, fo I R RS T D D,

FRRP PR 1/a 23 T2 EIE LR WGE A & 7 Z OEFUC L 5K L O 58]

FOREAEBRET 2M0ERD D,

When bandwidth is made even smaller and is only a fraction of one percent of the center
frequency, electromechanical resonators, such as crystals must be used to eliminate the
influence of losses. As a rule, bandstop filters offer much less realization freedom than
the bandpass realizations.

IR 2 S S LCHLEREO DT 1 83—k MREIZT D &, BEROREL
B3 2 72 OITKE 72 £ OESBEMILIRIE 2N T2 LR H D £, —KIZ, S FX B
Y T T AIHNTN RISAT g BN TERBEO BHEN T DR 20 £,
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The design problem consists of simply obtaining the necessary information for bandstop
filters by transforming the information tabulated in the catalog of normalized lowpass
filters. The transformation can be specified as follows:
Et EOBEIL, EHbr — AT g v Z O Ea JIZEE STV A IEREERT 5 Z
WLV AN FR N T T 4 VA BREREIIGT D52 ThH D, BHITRDO LI
fRETE 2,
Qps
- 2
a(Qps" — 1)

(5.7.2)|

Figure 5.48 shows frequency scales that indicate the

[ Passband l Stopband [ Passband ]
| I | [
[ I | |
0 2 Qo e Bandstop
| | 1 1 1
I I |
v s it [ i s sl s
I I [ I
I | 1‘ [
1 1 ]
0 +1 = =0 Lowpass
$oo —Q
Fig. 5.48. Frequency scales.
s
0 —————————————
o .
1 o] l’-—
o - SEp—
o b T
—o— —— 0
a o {
\ |V1 = H(S) / Z‘. = H(/)
o 2 X
=1 [o] -1
x X
l o

Fig. 5.49. Two typical pole-zero plots (lowpass and bandstop filters),
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Figure 5.48 shows frequency scales that indicate the data of bandstop frequencies from
QBS =0 to 1 which can be obtained immediately from the appropriate lowpass data.
For higher frequencies the mirror image data must be used. It is evident that the
normalized frequency Q BS of bandstop filters appear in a form analogous to that of the
normalized frequency of bandpass filters, QBP.

When Eq. 5.7.2 is solved, the following expression for Q BS is obtained

4 5.48 1%, Y20 —/"ATFT=ZNOEERFLND QBS=00 1 £TONRY RA by
JAE DT — 2 e m T AR A r— VR LTV E T,

FVEWEBEEICOW T, BT =2 2T 28 ERDHY £9, N FA My T T 40
X OIEFALJEEEQBS 1%, /N> RAXR 7 0 v 2 OIEHALJE R # QBP L RO THE X
oD EBHLNTT,

X572 %M &, QBSIZOWVWTIROABELILET,

1\ 1
0 =~/1 + (—-) - 5.7.3
Bs 220) 3.0 (5.7.3)

with 0 < Q < oo, Using this equation, the lowpass information from the catalog
bandstop behavior can be specified. For large Q values (practically for all frequencies
above the passband of the lowpass prototype)

0<Q<w OHhE, ZOREEHT DL, WX T DNV RA by TR S 7 — S 2 fF#H
ERETEET, Q OEPKREWVGS (FERIZIEr — A7 1 M A T O@EHR LY &
W T O JE D)

l
—_— ]
2af) «

and consequently the following approximate expression holds true

L7z >T, LFOIEBAR kY S,

1
Qps ~ 1 F Tl (5.7.4)

a

This expression suggests that in case of narrowband filters, the normalized frequency
for the stopband be regarded as relative deviations from the center frequency.

The exact Eq. 5.7.3 for normalized frequencies indicates a reciprocal quadratic equation

5.7 NV KA N7 7 4 VE DG 217 / 241



LC 7 4 V& —DikE
SR/

Z ORI, ek T ¢ L2 OBFE . BRI O EHAV BRI LB D D OFERHE 2 &
LTHIRETHDLZ LR LTWD,
EHAV RSB 9 2 Efe 72 5.7.8 1. W kR EZ R LTS,

AQps) = A QL) (5.7.5)

BS/

which has been shown in Fig. 5.47. When the attenuation specifications are given for
equal arithmetic distances from the center frequency, such as

B 5,47 ITRSNTWND K5 IS, JBERAEARDS tLJE ) & OB RFHTREEC S L TH A b6
TWAH 5,

Q,—1=1-0Q,

then the upper limiting frequency, Q s2 is the critical frequency which must be
considered in the remaining calculations, following in complete analogy with bandpass
filters.

Pole-zero information for bandstop filters can be developed from the lowpass pole-zero
information given in the catalog, s, which belongs to the complex frequency plane, is to
be substituted for jQ . From Eq. 5.7.3

T2&, ERREEHQs2 (X, N RARZT7 o2 L RRKRIC, KD OFETER LT
TR B2V L 220 £, XU RA My T 7 4 VX OBERERIT, WX 171
RS TV r— 2T 4 VE OBERERPHLEE T Z LN TE, BRABREEH
BT %5s 7 jQIRALET, 573 LD

me=taifi- (L) s
BS =3 J =15 (3.7.6)

LAa8s

From this expression, it is evident that for every sBS, corresponds two bandstop
eigenvalues. All lowpass information, even that pertaining to infinity, must be taken into
account.

Figure 5.49 shows two typical pole-zero plots. They can serve to illustrate the

transformation procedure.
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ZOERNS, TRTOsBSIZH LT 2oO020 R by ZEGMEBFET D 2 &R S0
TF, HRIEIZEAT 2 b DO b E O, TR TOMRBORIRE R Z BEICANDLERH Y F7,
B 5.49 1%, 2 SOMMPRBFELRT Ty NERLTWET, ZHDIEERFIREZFHT 5
DI HET,

For narrow bandstop filters

el 7« V& DA

1 .
Suys A — +
BS Yas J

since the expression under the radical of Eq. 5.7.6 is

X 5.7.6 DIRZHNOAL

1
— KL 1
2as

The original lowpass pole-zero geometric appears reflected, but twice displaced on +j.
The knowledge of pole-zero distribution permits the evaluation of the steady-state
properties of bandstop filter: its phase, attenuation, and group delay.

The actual element values remain unknown; denormalization proceeds with given
reference values which can be represented as a set of design equations.

TED T —/RA T 4 )V F ORRFEFBLEIL, + 8 L CTREE L, 220 2 T N2 E THNLE T,
MBERLELZMD Z & TN FR Ny T 7 4 ZOEFRERE (VAR B, BRI
AEHMECTEET,

FEEOFEFEIIRMTH D720, Rt HFBRRNOES & L TR D EEHEZ HWTIEERIL
RELAATUVE T,

From the physical point of view, the problem of lowpass to bandstop transformation
represents the case when the lowpass inductive element must be substituted by one
reactive element with places of "transparance" at Q = 0 and Q = oo, The reactance
with this property is a parallel resonant circuit. Consequently, for the dual lowpass filter,
the

capacitor must be substituted by a reactance having to block frequencies at Q =0 and
Q = oo, The reactance with that property is a series resonant circuit.

MBI BSOS & m—NAT A VB NHNY RR Ny 7 4 v Z~OEHREIT,
R—RAA BB AFZTE, Q =0 & Q= [ZBWT IFEllk) 28>0 727 %02
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FRPCEEWIDOVNERNH DL —AHY LET, ZOL ) RFEEZFESY 77 % A,
WHIIIEFBE T, Lo T, TaT7ha— 27 4 AZOeEE, 27z, Q=0
L Q= [ZBWTEKEEAEW T2 77X R EEBAXDVLERHD ET, ZDLD
IREEEE ROV T 7 2 A, EABEERIE T,

In Table 5.5, the relationship between lowpass and bandstop elements is shown along
with the relations which provide the element values.

Every lowpass structure not dependent on mutual coupling can be transformed into a
bandstop structure.

K55I, B—=RARF LAY FR by TRFORER, BILUORFELZRET S BERAN
RINTWET,

MEREE IR LW NTORr —R2ET, N2 A by FHEICARTE £,

But in transforming the parallel resonant circuit from the lowpass model, it is more
sensible to use the alternative equivalent BS schematic which includes two parallel
resonant circuits in series than the schematic consisting of a parallel combination of a
series and parallel

resonant circuit.

L2rL, B—=/NZET 0 HAFIPBERMAI A ES 2 BRIZIE, EAIILARENEE &0 51 SR A3
N ABERe L 7B K0 & 2 DOWHIILRBIEE 2 B AEEE L 7o RO BS (B8 2
WLHRE DA TH D,
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Table 5.5 Lowpass to Bandstop Transformation

LP BS BS Values
L L LR
— T — a o
v a 1
c C ==
— L' R,w,
a R,
— - o
c c=5!
—_— a R,w,
Where L" and C’ are Where L, C are unnormalized
normalized values values
a
L e’ = I’(l + ﬂ+’)
a
—[ } l E: l_ ¢, = % (1+Q3
1
c L=t
c_
| o
I~ Iy L= o
Q = 1 Where ¢_’, ¢,", L', I, are
Y e normalized values
¢= c4 .
_— 1+ 1+, = a_
Q 1 Ly !
* + 2Q.a) T 2Q,a
R e
A, dB
%
A
max W]
3

f, ke
Fig. 5.50. Prescribed attenuation.

The unnormalized element values for this schematic are

Z ORI O IEIEF L EFRHEIE

57 N RANv 77 4 V2 Di%EF
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1 a 1
C, = =—(14+Q°
o, L. L )m, .
1 a 1
C_= =—(14+Q.°
L. K ( g )w,R
where
Q —J|+( ' )2:1; :
* aQ,/ ~— aQ,

and L' is the normalized inductance from the catalog.
LA #a 7\ SN TW D IER LA v ¥ 7 & AT,

Numerical Example Number 1

BB 1

A bandstop filter is to be designed consisting of four resonant circuits. Figure 5.50 shows
the attenuation requirements.

The level of guaranteed attenuation in the stopband Am-m must be found if the reflection
coefficient in the passband is allowed to be 8 %. Figures 5.51 and 5.52 show the lowpass
prototype. The transformed canonic schematic of such a filter is shown having an input
and output resistance equal to 8 k Q. The steps to follow for the solution are:

4 OOIRFENEINBIRD N RA Ny T T 4 NV E B EGTT D, 5.50 IR EA A~ T,
A3 1T D AR 8% F THFA SN 256, FLIERIICIS 1T 5 (RAEE & Am-m
TSRO DHMLEND 5,

551 BL U 5.52 1T r—/"AT 4 W F ORIEKEZ R, AL L A 8kQ & 72
D& EMESNTARERKN Z R, A RODFIRITLLTO LB TH D,

1. Calculate the stopband parameter a.

1. PRIEFEANT A—% a ZEtHE L ET,

/
_ VLS _ Y23 x3_831_ .
fo—fi 23—=3 20

a

With the coefficient of such magnitude, the design based on the theory of lossless reactive

networks is possible.
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TDEIRRKRESOBREERNDZ LT, HROBZWI T 7T 40 T3y FU—27 OEGRIC
HONWTRREIRAREL 72 D,
0.922

c J_ ]_ o
1.0 0.692 - 0.692 1.0
-|— 0.127 T

o : s

Fig. 5.51. Lowpass prototype for design example.

2. The required response is geometrically symmetric and, therefore,

2. RSN D ISEITRNTERNIHFRTH D720

Q5251 = Q,Q,

Knowing that the critical side is the upper side, the modified lower limit is

BRSS I CH D Z L 2> TWAHDOT, EIESN PRI

fofh _23-3
=2 = = o531
Is1 f = 13

This figure indicates the importance of distinguishing between geometric and arithmetic
symmetry. The lower limit of the stopband must be moved even lower in order to ensure
the necessary amount of attenuation at 30 ke.

Z D, BT FRORI R & BRI E 2 XRS5 2 & o EEM A R L TV D, 30kHz T
VLI B A MR T AT 012X, PRIk O TREZ & HITIELS TH0ERH 5,

3. Using the normalizing equation (5.7.2), the bandstop limit for the low-frequency
prototype can be calculated.

3. EME (5.7.2) ZMAWT, KA T v & A T OIEFHIRA 257 Tx %,

113 fsl(fl fl = 2
fu® = fofy

.60
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From the catalog for n = 3 and p = 8 %, the closest precalculated lowpass filter is CC 03
08 23 which corresponds to Qs = 2.56. The guaranteed attenuation in the stopband
between 8 and 13 kc is Amin =25.6 dB.

n=3, p=8% DU X TPLH, LIEWHEAFIRFEAD R =27 (L 21F CC 030823
THH, ZThid Qs =256 (T3S LET, 8~13 kHz OFHIEFIIZ I T 5 PREERER &%
Amin =25.6 dB T,

4. From the lowpass normalized schematic shown in Fig. 5.51, and using known relations
for the reference inductance and capacitance,

4. 4 5.51 (R B — SR EBULRIEN G | JEHEA 77 2 0 2 L FAER B OB O Btk
EV i 1A

L=2_1s32mH
wi’

1
C, = = 2.394 nF,
R,w,
101 mH 212 mH
211 LHO0
5k .
8k < 921 mH 6?{ ¢ l3|3;kc 92.1 mH
83ke 1f I 83ke 8ki2
saanF 3.84nF 1.73nF o
. A n
T T

Fig. 5.52. Bandstop realization.,

the element values of the bandstop schematic can be evaluated with the formulas for the

shunt circuits.

N RA by TR OZFEIE, ¥ > FEEORXZ W TEHET 5 Z & A TE 5,

Li=Ly=-—-L =921mH
Cf

1

C,=Cy=2C, =3980nF
a

The normalized frequencies where the peaks of attenuation will take place can be

calculated with the equations from Table 5.5.
O v — 7 DREAET D ERLEE L, £5.5 OXNEHWTEHETEET,
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Q+=Jl+( : ),+ L _ 1599
2Q . a 2Q . a

Q_=Jl+( ) )’— 1 = 0.777
2Q_a 2Q a

The values of elements which constitute the parallel resonant circuits are:

BRI 2 il 9™ D ZR OEIZLL T O LY T,

C.= %(1 + Q.2)C, = 3.84 nF

I~

L = —L =101 mH

C-I
C, = %(1 + Q.%C, = 1.73nF
L, ==L =212mH

ol

The resonant frequencies of the circuits in Fig. 5.52 are

5.52 OD[R1 & o HAR e 1%
+=Q+f,=133kc and f_ =Q — f, = 6.5kc.

A dB Group delay,
b, Rad s §
1
Phase with
dissipation in L |
W‘é Attenuation Phase delay :
|
|
1L
50 50
f, ke f ke

Fig. 5.54. Attenuation, phase, group, and phase delay responses of a lowpass filter (n = 3).

FAEH 1 225 / 241



LC 7 4 V¥ —DexE
SR/

270

180

=270
Fig. 5.53. Bandstop phase response curve.

Numerical Example Number 2
IEH 2
The phase response for a bandstop filter with bandwidth parameter a = 1 will be

calculated.
WIHE/RT A —% a=1 OV AN T 7 4 NVEONMISEZFELET,

1. By using the frequency transformation process, the bandstop filter from lowpass
prototype CC 03 08 25 is developed. The load impedances are unequal, and the design is
accomplished with K2 = oo,

With catalog data, Qs = 2.37, and Q2(=Q o) = 2.70, the following set of data is
generated by using the equation for QBS .

1. JABEERLE 2 T, v— SRR E CC 03 08 25 D/ R A b v 777 4 )V 2 %[
FLELE, AfA L E—F 2 ZFIAFETHY, K2=0 TRETEZITTVE LT,

B aTT—4%Q0s =237, Q2(=0w) =2.70 Z T, OBS OANHLFOT =41 v b
AL E LT,

Q 0 1 2.37 2.70 @

0 0.618 0811 0.832 1

OBs o 1618 1233 1.202

2. Pole-zero data (00, 01, Q1, Q2 ) for the lowpass prototype are used to find the

phase of the lowpass model
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2. B—/"AT 8 N A TOWMERT —H (00, ol, Q1, Q2) ZFEHL T, B—RET /L
ONFEZ RO E T,
b(Q2) = tan™? 2 + tzem_IM
Ty 0
29+9Q,
ay

+ tan K

withK=0or = for Q< Q2or Q > Q2. Acorresponding set of figures is shown below.
Q<Q2 F7-1k Q>02 DA, K=0 £/ o 725, T HMELLFICRT,

Q o +1 237 4270 4+
o 0 £7280 22024 21270 £90°
M +224° +32.7°

3. There is significant phase shift inside of the passband. (See Fig. 5.53). The relationship
between the phase and attenuation (in first approximation) for minimum phase network
is given by

3. WIBAIRIIC KR E RS 7 P OMFET D, (X5.583 W), /MRy FU—27128
TN EEORR (—RIEE) 13k TREND,

da

b~ —

dw

The phase response can also be obtained graphically from bandstop pole-zero diagram.
Figure 5.54 illustrates the total performance of a simple prototype filter with n = 3.
ARG L, N FA by THERMNG 77 7G5 2L b TEEY, X5.54 1%, n=3
DR T 0 N Z AT T 4 N ZORERRMEREZ R L TV ES

1. Order of polynomial n

2. Reflection coefficient, p (proportional to Amax as given in Table 2.2).
3. Modular angle 0.

4. Minimum attenuation Amin, above Qs.

1. ZHXOKE n

2. HHRER p (R 2.2127RT X 912 Amax [ZHH),

3. EV=2T7—H 6,
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4. Qs %2 D /NEFE Amin,

The filters are of the CC type, Chebyshev in both bands, and pay tribute to Cauer and
Chebyshev. Every filter could be classified by

TANE—IZCCHRIT, MAN FebF b= THY AT —F o = 7ITH
BaRLTWD, HET7ANF—IIUTOLIITHETE D,

CC n p b K2,

The even-order filters (n = 4, 6) are of the type b characteristic (see Table 5.1).

Given are filters of complexity n = 3 throughn =7, with o =1, 2, 3, 4, 5, 8, 10, 15, 20,
25, and 50%.

BEIR 7 4 V2 (n=4, 6) 1&. ZA 7 b OFMEEE> (K 5.15M),

ZZTIE,. n=30bn=7T FTCOEMEEZFFOT7 4 VL FZIZHONT, p=1, 2, 3, 4, 5, 8,
10, 15, 20, 25, 50%D%HE &R,

Besides the normal element value information, other data are presented pertinent to the
transmission function. With this, the phase and group delay, and transient response can
be calculated. The tables also include component information for open-circuit (or short-
circuit) loads.

W OFFEERIINZ T AREREBICEE ST 2 2007 — 2 bFKrshES, ZhiC X
O (LFRIRIE, BEERIE, B LOWEEISEAFHR TS £, R FRAR (EI3EKA
fif) OFMEIFROZENLTVET,

FE 0

[LtAct)] OHGEL T % & Qs=Xs & 2 0 IRREEICET D A £ DT,
o () ITEEEIR D U 7R L o O & @ik o U 71 atp(dBIZR A CTEHRTE £7,

attp
atp = 20-logl0(———) BL® p=,1-10"10
b 8N

o OfE & @\ D Y 7L atp(dB) xRS
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LC 7 4 VX2 —DikE

B %
o0 % atp dB o0 % atp dB

1 0.0004 10 | 0.0436
2 0.0017 15 0.0988
3 0.0039 20 | 0.1773
4 | 0.0070 25 0.2803
5 0.0109 50 1.2494
8| 0.0279

LT DRHED LC 7 4 W DR 2 ET 5720121%, TLtAct) TZ 4V F — %G
HIFIZATITH37 A—=2 DWW, Xs & attp(dB) & atts(ABIZUT VWK DF % B0 5 MBN
b ET,

Xs 1 Qs T, atts (FAmiIn IZFHY LET, £ L Tp & attp 1L EORIZHIS L TWET,

KD EIZ K2=coDMOBEAEH L E T, XO—F FIZ L1, L21, C2.. 3% 4TI,

71y b AT RS Fe, AAFHRPUED R OBAIZITEOKE Ln, Cn 2RO X D IZFHHE L
£

Ln-R cn
ILn = . Cn = — (1)
2'1t'Fc 2 FCc'R
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LC 7 4 V2 —D&EF
B

Tix., 3kFEHEEEY 7L 0.1dB fHY4 »F T,

TERLS 2 7 4 v 2 DFERBIEITROTERIR DT, ROLRD 4 [HOLUEZFIH L £,

'

10

—_—
1 2 3

FO—FTOITOHEMMLIEIZLS, C2,L2, L1 EFRENTWHETAN. C21LC1 DFETT,
F 7z L1 idAv, L3 13T,

0. Qs DFE Amin DFZFEH LET,

0 =20 D& T Qs=2.9238, Amin=34.86 ODHUEHER TE 3, T DT DL O FEFE
0 H LE4, Ll=0.4379, L2=0.0923, C1=0.9648, 1.3=1.0565

°| @ @ | % | % a, |[8; |[ChCy Cp | Lp| €y [ €y | Ly | Cy

1.| 57.2087 | 113,19 | 0.97227 | 0.48595 | 1,20782 | 66,1616 | 1.0285 | 0,0002 | 1.1468 | 0.5141 | 0.0002 | 1.0843 | 1.0878
2.| 26.6537 | 95.13| 0.97271 | 0.48560 | 1.20789 | 33,0839 | 1.0281 | 0.0008 | 1.1461| 0.5136 | 0.0008 | 1.0834 | 1.0875
3.| 19,1073 | B4.56 | 0.97343 | 0.48502 | 1.20800 | 22,0595 | 1.0273 | 0.0018 | 1.1449 0.5126 | 0.0019 | 1.0819 | 1.0871
4.| 14.3356 | T7.06 | 0.97444 | 0.48420 | 1.20816 | 16,5483 | 1.0262 | 0.0032 | 1.1433| 0.5113 | 0.0034 | 1.0798 | 1.0865
S.| 11,4737 | 71.24| 0.97574 | 0.48316 | 1.20836 | 13,2424 | 1.0249 | 0.0050 | 1.1411| 0.5096 | 0.0053 | 1.0771 | 1.0858

6. 9.5668 | 66.48 | 0.97734 | 0.48168 | 1.20861 | 11.0392 | 1.0232 | 0.0072 | 1.1366 | 0.5076 | 0.0076 | 1.0738 | 1
T7.| 6.2055 | 62.45| 0.97923 | 0.48037| 1.20890 | 9.4661 | 1.0212 | 0,0098 | 1.1355| 0.5051 | 0.0104 | 1.0699 | 1.0838
B.| T.1853 | 58.96 | 0.98143 | 0.47863 | 1.20922 | 6.2868 | 1.0189 | 0.0129 | 1.1320| 0.5023 | 0.0137 | 1.0654 | 1.0826
9. 6.3925 | 55.88 | 0.98393 | 0.47665| 1.20959 | 7.3700 | 1.0163 | 0.0163 | 1.1260| 0.4991 | 0.0174 | 1.0603 | 1
10. | 5.7588 | 53.12 | 0.98674 | 0.47445 | 1.20999 | 6.6370 | 1.0134 | 0.0202 | 1.1235| 0.4955 | 0.0215 | 1.0546 | 1

11| 5.2408 | 50.63 | 0.98986 | 0.47201 | 1.21042 | 6.0377 | 1.0102 | 0,0245 | 1.1186 | 0.4915 | 0.0262 | 1.0483 | 1.
12. | 4.8097 | 48.34 | 0.99330 | 0.46934 | 1.21088 | 5.5386 | 1.0067 | 0.0293 | 1.1132| 0.4872 | 0.0313 | 1.0414
13. | 4.4454 | 46.24 | 0.99706 | 0.46644 | 1.21137 | 5.1166 | 1.0029 | 0.0345 | 1.1073 | 0.4824 | 0.0369 | 1.0339
14.| 4.1336 | 44.29 | 1.00116 | 0.46331 | 1.21188 | 4.7552 | 0.9988 | 0.0402 | 1.1010| 0.4773 | 0.0431 | 1.0258
15. | 3.8637 | 42.47| 1.005590 | 0.45995 | 1.21241 | 4.4423 | 0.9944 | 0.0463 | 1.0941| 0.4717 | 0.0498 | 1.0171

1.0761
1.0742
1.0720
1.0688
16, | 3.6280 | 40.77 | 1.01038 | 0.45636 | 1.21296 | 4.1688 | 0.9897 | 0.0529 | 1.0860 | 0.4658 | 0.0571 | 1.0078 | 1.0674
17, 3.4203 | 39.17| 1.01551 | 0.45254 | 1.21352 | 3.0277 | 0.9847 | 0.0601 | 1.0791 | 0.4594 | 0.0650 | 0.9979 | 1,0848
1.0622
1.0504
1.0565
1.0535
1.050%

19, | 3.0716 | 36.22 | 1.02600 | 0.44422 | 1.21466 | 3.5224 | 0.9738 | 0.0759

1
1

18. | 3.2361 | 37.66 | 1.02102 | 0.44850 | 1.21408 | 3.7137 | 0.9794 | 0.0677 | 1.0709 | 0.4527 | 0.0734 | 0.9875
1.0623

20, | 2.9238 | 34.86 | 1.03317 | 0.43972 | 1.21523 | 3.3505 | 0.9679 | 0.0846 | 1.

0531/ 0.4379 | 0.0823 0:“0.
2L | 2.7904 | 33.56 | 1.03984 | 0.43500 | 1.21579 | 3.1951 | 0.9617 | 0.0939 | 1.0436 | 0.4299 | 0.1028 | 0.9526
033

1
22.| 2.6695 | 32.32 | 1.04602 | 0.43005 | 1.21634 | 3.0541 | 0.9552 | 0.1037 | 1.0335| 0.4215 | 0.1141 | 0.9398
23.| 2.5503 | 31.13 | 1.05443 | 0.42488 | 1.21687 | 2.9256 | 0.9484 | 0.1142 | 1.0230 | 0.4126 | 0.1261 | 0.9264
1
1

3 1.0473
24.| 2.4586 | 20.99 | 1.06238 | 0.41949 | 1.21737 | 2.8079 | 0.9413 | 0.1253 | 1.0121 | 0.4033 | 0.1390 | 0.9124 | 1.0440
25.| 2.3662 | 28.89 | 1.07079 | 0.41387| 1.21784 | 2.6999 | 0.9339 | 0.1371 | 1.0006 | 0.3935 | 0.1528 | 0.8979 | 1.0407
26. | 2.2812 | 27.84 | 1.07967 | 0.40804 | 1.21828 | 2.6003 | 0.9262 | 0.1496 | 0.9688 | 0.3833 | 0.1675 | 0.8829 | 1.0373
27.| 2.2027 | 26.82 | 1.08905 | 0.40200 | 1.21867 | 2.5083 | 0.9182 | 0.1628 | 0.9765 | 0.3726 | 0.1833 | 0.8672 | 1,0339
28. | 2.1301 | 25.83 | 1.09694 | 0.39574 | 1.21900 | 2.4231 | 0.9100 | 0.1767 | 0.9637| 0.3614 | 0.2001 | 0.8510 | 1.0304
29.| 2.0627 | 24.88 | 1.10937 | 0.38928 [ 1.21928 | 2.3438 | 0.9014 | 0.1915 | 0.9505 | 0.3497 | 0.2182 | 0.8343 | 1.0269
30.| 2.0000 | 23.96 | 1.12036 | 0.38260 | 1.21948 | 2.2701 | 0.8926 | 0.2071 | 0.9369 | 0.3376 | 0.2375 | 0.8171 | 1,0234

31, | 1.9416 | 23,06 | 1.13194 | 0.37573 | 1.21962 | 2.2012 | 0.8834 | 0.2236 | 0.9228 | 0.3249 | 0.2582 | 0.7993 | 1.0189
32, | 18871 | 22.20 | 1.14412 | 0.36866 | 1.21966 | 2.1368 | 0.8740 | 0.2411 | 0.9083 | 0.3117 | 0.2604 | 0.7810 | 1.0165
33| 1.8361 | 21.35 | 1.15605 | 0.36139 | 1.21962 | 2.0765 | 0.8643 | 0.2596 | 0.8934 | 0.2980 | 0.3043 | 0.7623 | 1.0130
34| 1.7883 | 20.53 | 117044 | 0.35393 | 1.21947 | 2.0199 | 0.8544 | 0.2792 | 0.8780| 0.2837 | 0.3299 | 0.7430 | 1.0097
35. | L7434 | 10.73 [ 1.18464 | 0.34629 | 1.21921 | 1.9666 | 0.8441 | 0.2099 | 0.8623 | 0.2689 | 0.3575 | 0.7233 | 1.0064

36. | 1.7013 | 18.95 | 119957 | 0.33847 1.21883 | 1.9165 | 0.8336 | 0.3218 | 0.8461 | 0.2535 | 0.3872 | 0.7031 | 1.0032
37.| 1.6616 | 18.20 | 1.21528 | 0.33048 | 1.21833 | 1.8692 | 0.8229 | 0.3450 | 0.8206 | 0.2375 | 0.4194 | 0.6825 | 1,0001
38, | 1.6243 | 17.46 | 1.23180 | 0.32233 | 1.21768 | 1.8245 | 0.8118 | 0.3697 | 0.8126 | 0.2200 | 0.4541 | 0.6615 | 0.9972
30, | 1.5890 | 16.73 | 1.24018 | 0.31402 | 1.21689 | 1.7823 | 0.8005 | 0.3950 | 0.7953 | 0.2036 | 0.4918 | 0.6401 | 0.9945
40. | 1.5587 | 16.03 | 1.26745 | 0.30556 | 1.21504 | 1.7423 | 0.7890 | 0.4237 | 0.7776 | 0.1857 | 0.5327 | 0.6184 | 0.9920

41| 1.5243 | 15.34 | 1.28668 | 0.29697 | 1.21483 | 1.7044 | 0.7772 | 0.4532 | 0.7595| 0.1671 | 0.5772 | 0.5964 | 0.9898
42, | 14945 | 14.67 | 1.30691 | 0.28824 | 1.21354 | 1.6684 | 0.7652 | 0.4847 | 0.7411 ] 0.1478 | 0.6258 | 0.5740 | 0.9879
43, | 1.4663 | 14.02 | 1.32819 | 0.27940 | 1.21206 | 1.6343 | 0.7529 | 0.5183 | 0.7224| 0.1278 | 0,6790 | 0.5514 | 0.9863
44, | 1.4396 | 13.38 | 1.35050 | 0.27046 | 1.21040 | 1.6018 | 0.7404 | 0.5541 | 0.7033 | 0.1070 | 0.7372 | 0.5286 | 0.9850
45. | 14142 | 12.75 | 1.37416 | 0.26142 | 1.20853 | 1.5710 | 0.7277 | 0.5924 | 0.6840 | 0.0854 | 0.8013 | 0.5057 | 0.9842

46. | 1.3902 | 12.14 | 1.39898 | 0.25231 1.20645 | 1.5415 | 0.7148 | 0.6334 | 0.6643 | 0.0630 | 0.8719 | 0.4826 | 0.9839
47| 13673 | 11.54 | 1.42511 | 0.24313 | 1.20416 | 1.5135) 0.7017 [ 0.6774 | 0.6444 | 0.0398 | 0.9501 | 0.4595 | 0.9841

46. | 13456 | 10.96 | 1.45262 | 0.23390| 1.20164 | 1.4868 | 0.6884 | 0.7246 | 0.6243 | 0.0156 | 1,0367 [ 0.4364 | 0,9849

49, | 1.3250 [ 10.40 | 1.48160 | 0.22464( 1.19890 | 1.4613 [ 0.6749 | 0.7754 | 0.8039 |-0.0094 | 1.1332 | 0.4133 | 0.9864

50.| 1.3054 [ 9.84 |1.51212| 0.21536| 1.19563 | 1.4369 | 0.6813 | 0.8301 | 0.5834 |-0.0355 | 1.2409 | 0.3903 | 0,9885

of a, [Ag.| 9% | 9 8, |8, L‘,-L'1 vy |l ey [y | ey oLy
(db)
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LC 7 4 V& — D3
SR/

Fc=1KHz, R=50 & LT, R THEHHEZFETIE, ROXK I 9,

LL1=3.484m, 1.2=0.735m, 1.3=8.41m, C1=3.07u
ZDOFAEEMIFEXIZAT LT [LtSpice] TV 2 b —3 3 35 & ROJE R ED

BCEET,

3XEMBEMO—/\AH
in A WLE; L1 out
8.41m 3.484m

-
vi @ gng Ro
0.735m 50

SINE(O 1 1K)

AC1
~ |a ~
.ac oct 50 0.01 1meg T
3.07u
7

hy A T7RAEHIE 1KHz, R{EBES 34.86dB, 2.92KHzCBEREEISETS, FOREED,

=l=]=]

Viout

BIRDT 4 )V Z DEEIE, ROGUWND THEOBME THEFHERDET,
TIRDT 4 V2 OEEIE, RO D 10 8O THE L2 RO ET,

231 / 241

HE o



Bk

LC 7 4 V& — D3

3 R¥EMBE% 1) J)L 0.0004dB HH

! -
A | 2
[r=3] . Lo =
Tawl 5 .
0 i 1 2 3
110; @
|
Q,
x¥:10 xi:m
ola g o ceci| ¢y | c c L c
. ‘&lf o 1 a, gy |51°9G] € 2 1 2 2 3
c| o ® |2.83850| 1.41925] 2.60631| o | 0.3523 |0.0000 | 0.6446| 0.17615] 0.00000 | 0.45558 | 0.49845
1 |57.2087| 89.57 | 2.84045| 1.41737 | 2.60634 | 66.1616 | 0.3521 |0.0004 | 0.6441| 0.17570 0.00050 | 0. 45408 | 0. 49841
2 |26.6537 | 71.51 | 2.84634 | 1.41174 | 2.60647 | 33.0839 | 0.3513 | 0.0014 | 0.6427| 0.17436| 0.00202 | 0, 45312 | 0.49830
3 |19.1073 | 60.94 | 2.85622 | 1.40239 | 2.60665 | 22,0595 | 0.3501 |0.0032 | 0.6403| 0.17212| 0.00457 | 0.45002 | 0.49812
4 |14.3356 | 53.44 | 2.87016 | 1.38935 | 2.60681 | 16,5483 | 0.3484 | 0.0057 | 0.6369| 0.16896| 0.00819 | 0.44568 | 0.49789
5 |11.4737| 47.62 | 288828 | 1.37266 | 2.60687 | 13.2424 | 0.3462 |0.0090 | 0.6326| 0.16488| 0.012906 | 0.44010 | 0.49763
6 | 0.5668 | 42,86 | 2.01074 | 1.35297 | 2.60671 | 11.0392 | 0.3436 | 0.0131 | 0.6273| 0. 15083 0.01894 | 0.43329 | 0.49735
7 | 8.2055| 36.83 | 2.93771| 1.32856 | 2.60619 | 9.4661 | 0.3404 | 0.0180 | 0.6210 0.15381 | 0.02624 | 0.42426 | 0.49710
8 | 7.1853| 35.34 [ 2.96944 | 1.30136 | 2.60517 | 8.2868 | 0.3368 | 0.0237 | 0.6138| 0.14676 | 0,03501 | 0.41599 | 0.49691
9 | 6.3925| 32.26 | 3.00620 | 1.27084 | 2.60348 | 7.3700 | 0.3326 | 0.0304 | 0.6057| 0.13865| 0.04540 | 0.40552 | 0.49683
10 | 5.7588 | 20.51 | 3.04832 | 1.23713| 2.60091 | 6.6370 | 0.3280 |0.0381 | 0.5966| 0.12042] 0.05764 | 0.39384 | 0.49690
11 | 5.2406 | 27.01 | 3.09616 | 1.20041 | 2.50726 | 6.0377 | 0.3230 [0.0468 | 0.5865| 0.11902| 0.07200 | 0.38099 | 0.49721
12 | 4.8097 | 24.74 | 3.15015 | 1.16083 | 2.50233 | 5.5386 | 0.3174 [0.0566 | 0.5755| 0.10738 | 0.08883 | 0.36680 | 0.49784
13 | 4.4454 | 22,64 | 3.21080 | 1.11861 | 2.56589 | 5.1166 | 0.3114 |0.0678 | 0.5637| 0.09440 | 0.10855 | 0.35190 | 0.49888
14 | 4.1336 | 20.71 | 3.27865 | 1.07396 | 2.57772 | 4.7552 | 0.30%0 [0.0803 | 0.5508| 0.08000| 013172 | 0.33575 | 0. 50044
15 | 3.8637 | 10.91 | 3.35433 | 1.02721 | 2.56750 | 4.4423 | 0.2981 |0.0943 | 0.5373| 0.06407 | 0.15003 | 0.31863 | 0.50268
16 | 3.6260 | 17.23 | 3.43854 | 0.97856 | 2.55520 | 4.1688 | 0.2908 |0.1101 | 0.5226| 0.04648 | 0.19140 | 0.30063 | 0.50874
17 | 3.4203 | 15.67 | 3.53204 | 0.92842 | 2.54063 | 3.9277 | 0.2831 [0.1277 | 0.5076| 0.02709 | 0.22997 | 0.28187 | 0.50982
16 | 3.2361 | 14.20 | 3.63569 | 0.87710 | 2.52344 | 3.7137 | 0.2751 |0.1475 | 0.4916| 0.00571| 0.27625 | 0.26247 | 0.51512
19 | 3.0716 | 12.83 | 3.75038 | 0.82501 | 2.50350 | 3.5224 | 0.2666 |0.1697 | 0.4748(-0.01781| 0.33219 | 0.24263 | 0,52101
20 | 29238 | 1155 [ 3.87710 | 0.77255 | 2.48096 | 3.3505 | 0.2579 |0.1946 | 0.4577|-0.04371 | 0.40032 | 0.22253 | 0.53049
21 | 27904 | 10.36 | 4.01686 | 0.72016 | 2.45553 | 3.1951 | 0.2490 |0.2227 | 0.4399|-0.07225 | 0.48403 | 0.20237 | 0.54116
22 | 26695 | 9.25 [4.17071 | 0.66828 | 2.42731 | 3.0541 | 0.2398 |0.2542 | 0.4217|-0.10368 | 0.58771 | 0.18242 | 0.55432
23 | 2.5503 | 8.22 | 4.33972| 0.61737 | 2.39637 | 2.9256 | 0.2304 |0.2897 | 0.4033|-0.13830 | 0.71715 | 0.16292 | 0.57037
24 | 2.4586 | 7.27 |4.52490 | 0.56784 | 2.36285 | 2.8079 | 0.2210 |0.3298 | 0.3646 |-0.17644 | 0.88000 | 0.14413 | 058976
25 | 2.3662 | 6.40 |4.72726 | 0.52009 | 2,32698 | 2.6999 | 0.2115 |0.3749 | 0.3659|-0.21848 | 1.08641 | 0.12627 | 0.61298
o| a, ‘&f % 9y Q, | 8y [Ly=L'§ LYy | €5 | LYy LYy C'y L'y
1
10 7
o—
—F W
@ —
t 1 2 3
-
(-]
o
X
3 WFEMBEI% U 7 /v 0.0004dB 34 232 / 241
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LC 7 4 V& — D3

3 R¥EMBEELY Z)L 0.007dB

o —

=) |y g g
I - : <
! 1 2 3
0 1! o
:&
Q,
x¥ 10 Kiem
€l 8y |Avmw | T Oy | @y | 8y [|CCy T Ly ©p | © Ly | €
(db)
c| » ® | 170806 0.85303| 1.71261| e | 0.5862| 0.0000| 0.9321] 0.20307 | 0.00000 | 0.71071 | 0.75012
1 | 57.2087 | 101.62 | 1.70853 | 0.85255 | 1.71260 | 66.1615 | 0.5860| 0.0002| 0.9318| 0.26280 | 0.00032 | 0.71931 | 0.75008
2 |28.6537 | 83.55 | 1.70806 | 0.85117 | 1.71270 | 33.0839 | 0.5855 | 0.0010| 0.9308| 0.20195 | 0.00127 | 0.71807 | 0.75801
3| 191073 | 72.98| 171061 | 0.84888 | 1.71285 | 22.0595 | 0.5846 | 0.0022| 0.9201| 0.20053 | 0.00287 | 0.71598 | 0.75862
4143356 | 65.48| 1.71419 | 0.84567 | 1.71306 | 16.5483 | 0.5834 | 0.0038| 0.9268| 0.28855 | 0.00512 | 0.71308 | 0.75822
s |11.4737 | so.66| 171882 | 0.84155 | 1.71332 | 13.2424 | 0.5618 | 0.0062| 0.9239| 0.28589 | 0.00804 | 0.70934 | 0.75772
6| 9.5668 | 54.90| 1.72451 | 0.83652 | 1.71361 | 11.0392 | 0.5799 | 0.0089| 0.9202| 0.26286 | 0.01164 | 0.70478 | 0.75712
7| 82055 | s0.88| 173128 | 0.83060 | 1.71391 | 9.4661 | 0.5776| 0.0122| 0.9150| 0.27914 | 0.01596 | 0.69940 | 0.75642
8| 7.1853 | 47.39| 173016 | 0.82377 | 1.71423 | 8.2868 | 0.5750 | 0.0160| 0.9110| 0.27483 | 0.02101 | 0.68317 | 0.75%63
9| 6.3925 | 44.31| 1.74817 | 0.81606 | 1.71452 | 7.3700 | 0.5720 | 0.0203| 0.9053| 0.26993 | 0.02683 | 0.68615 | 0.75478
10| 57588 | 41.55| 175835 | 0.80747 | 1.71478 | 6.6370 | 0.5687 | 0.0253| 0.8981| 0.26440 | 0.03347 | 0.67827 | 0.75385
11| s.2408 | 30.05| 1.76973 | 0.79801 | 1.71490 | 6.0377| 0.5651 | 0.0307| 0.8921| 0.256825 | 0.04147| 0.66058 | 0.75287
12 | 4.8097 | 36.77| 178238 | 0.78770 | 1.71510 | 5.5386 | 0.5611 | 0.0369| 0.8243| 0.25148 | 0.04939 | 0.66007 | 0.75185
13 | 4.4454 | 34.67| 179629 | 0.77654 | 1.71511 | 5.1166 | 0.5567 | 0.0436| 0.8763| 0.24405 | 0.05878 | 0.64976 | 0.75081
14| 41336 | 32.72| 181156 | 0.76455 | 1.71497 | 4.7552 | 0.5520 | 0.0510( 0.8674| 0.23595 | 0.06925 | 0:63862 | 0.74976
15 | 3.8637 | 30.91| 1.82824 | 0.75175 | 1.71467 | 4.4423 | 0.5470 | 0.0591| 0.8579| 0.22717 | 0.08086 | 0.62669 | 0.74874
16 | a.6280 | 20.20 1.84630 | 0.73816 | 1.7m1416 | 4.1688 | 0.5416 | 0.0679 | 0.8477| 0.21768 | 0.08372 | 0.61397 | 0.74778
17 | 34203 | 27.60| 1.88608 | 0.72380 | 1.71340 | 3.0277 | 0.5350 | 0.0775| 0.8388| 0.20746 | 0.10796 | 0.60046 | 0.74885
18 | 3,261 | 26.00| 1.88730 | 0.70860 | 1.71237 | 3.7137 | 0.5208 | 0.0878| 0.8254| 0.19648 | 0.12368 | 0.58618 | 0.74603
19 | 3.0m6 | 24.66| 1.91041 | 0.69285 |1,71103 | 3.5224 | 0.5234 | 0.0991| 0.8133| 0.18473 | 0.14111 | 0.57115 | 0.74535
20 | 2.0238 | 23.31] 1.93523 | 0.67633 | 1.70933 | 3.3505 | 0.5167 | 0.1113 [ 0.8006| 0.17217 | 0.16039 | 0.55540 | 0.74486
21 | 2.7904 | 22.01) 1.96196 | 0.65015 [1.70725 | 3.1951 ) 0.5007 | 0.1244| 0.7872| 0.15876 | 0.16176 | 0.53802 | 0.74456
22 | 2.6695 | 20.78| 1.99070 | 0.64134 |1.70473 | 3.0541 | 0.5023 | 0.1386 | 0.7733| 0.14446 | 0.20548 | 0.52175 | 0.74453
23 | 2.5503 | 19.60| 2.02157 | 0.62295 |1.70174 | 2.9256 | 0.4947 | 0.1540| 0.7588 | 0.12924 | 0.23184 | 0.50394 | 0.74482
24 | 2.4586 | 18.48 | 2.05471 | 0.60402 |1.69624 | 2.8079 | 0.4867 | 0.1705| 0.7437| 0.11304 | 0.26123 | 0.48551 | 0.74548
25 | 2.3862 | 17.402.09027 | 0.58458 |1.69419 | 2.6999 | 0.4784 | 0.1884 | 0.7280| 0.09582 | 0.29408 | 0.46649 | 0.74658
26 | 2.2812 | 16.36 | 2.12838 | 0.56472 |1.68955 | 2.6003 | 0.4698 | 0.2078| 0.7118| 0.09316 | 0.33087 | 0.44608 | 0.74820
27 | 22027 | 15.36 | 216922 | 0.54446 |1.68420 | 2.5083 | 0.4610 | 0.2287| 0.6951| 0.05611 | 0.37224 | 0.42700 | 0.75043
28 | 2.1301 | 14.41)2.21296 | 0.52387 |1.67638 | 2.4231 | 0.4519 | 0.2513 | 0.6778| 0.03748 | 0.41886 | 0.40660 | 0.75332
29 | 2.0627 | 13.49 | 2.25679 | 0.50301 |1.67178 | 2.3438 | 0.4425 | 0.2757| 0.6602 | 0.01559 | 0.47170 | 0.38590 | 0.75701
30 | 2.0000 | 12.61|2.30000 | 0.48196 |1.66447 | 2.2701 | 0.4329 | 0.3023 | 0.6420 | -0.00765 | 0.53173 | 0.36495 | 0.76159
a1 | 19416 | 1077 2.96350 | 0.46077 |1.65644 | 2.2012 | 0.4231 |0.310 | 0.6235 | -0.03233 | 0.60022 | 0.34385 | 0.76719
32 | 1.88m1 | 10.06 | 2.42081 | 0.43953 |1.64765 | 2.1368 | 0.4131 | 0.3622 | 0.6046 | -0.05854 | 0.67868 | 0.32270 | 0.77393
33 | 18361 | 10.19 | 2.48207 | 0.41831 |1.63812 | 2.0765 | 0.4029 | 0.3962 | 0.5854 | -0.08637 | 0.76895 | 0.30161 | 0.78196
34 | 17883 | 9.44 | 2.54740 | 0.39710 |1.82782 | 2.0199 | 03925 |0.4331 | 0.5659 | -0.11563 | 0.87326 | 0.28069 | 0.79143
35 | 17434 | 8.74 | 2.61734 | 0.37626 [1.61677 | 1.9666 | 0.3621 [0.4734 | 0.5462 | -0.14734 | 0.99435 | 0.26003 | 0.80250
36 | 17013 | .06 | 2.69185 | 0.35558 |1.60499 | 1.9165 | 0.3715 |0.5173 | 0.5263 | -0.18070 | 1.13541 | 0.23980 | 0.81536
37 | 16616 | 7.42|2.77127 | 0.33525 |1.59249 | 1.8692 | 0.3608 | 0.5653 | 0.5063 | -0.21617 | 1.30056 | 0.22008 | 0.83019
38 | 1.6243 | 6.82 | 2.85585 | 0.31533 |1.57931 | 1.8245 | 0.3502 |0.6177| 0.4863 | -0.25388 | 1.49458 | 0.20100 | 0.84720
39 | 15890 | 6.25 |2.94583 | 0.20591 |1.56548 | 1.7823 | 0.3395 |0.6751 | 0.4663 | -0.29396 | 1.72348 | 0.18266 | 0.86659
40 | 15557 | 5.71|3.04147 | 0.27704 |1.55106 | 1.7423 | 0.3268 [0.7380 | 0.4464 | -0.33657 | 1.99444 | 0.16517 | 0.68856
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1. | 57.2987 [ 113.19 [ 0.97227 | 0.48505 | 1.20782 | 86.1615 | 1.0285 | 0.0002 | 1.1468| 0.5141 | 0.0002 | 1.0843 | 1.0878
2| 28.6837 | 95.13 | 0.97271 | o.48560 | 1.20789 | 33.0839 | 1.0281 | 0.0008 | 1.1461| 0.5136 | 0.0008 | 1.0834 | 1.0875
3. [ 101073 | 84.56 | 0.97343 | 0.48502 | 1.20800 | 22.0895 | 1.0273 | 0.0018 | 1.1449| 0.5126 [ 0.0019 | 1.0810 | 1.08T1
4.| 14.3356 | 77.06 | 0.97444 | 0.48420 | 1.20816 | 16.5483 | 1.0262 | 0.0032 | 1.1433 | 0.5113 | 00034 | 1.079 | 1.0865
5. | 104737 | 70.24| 0.97574 | 0.48316 | 1.20836 | 13.2424 | 1:0249 [ 0.0050 | 1.1411 | 0.5096 | 0.0083 | 1.0771 | 1.0858
6.| o.668 | 66.48|0.97734 | 0.48188 | 1.20861 | 11.0392 | 1.0232 [ 0.0072 | 1.1386 | 0.5076 | 0.0076 | 1.0738 | 1.0849
7.| 8.2085 | 62.45 | 0.97923 | 0.48037| 120890 | 9.4661 | 1.0212 [ 0.0098 | 1.1355| 05051 [ 0.0104 | 1.0699 | 1.0838
8. 7.1853 | 58.96 | 0.98143 | 0.47863 | 1.20922 | 8.2868 | 1.0189 [ 0.0129 | 1.1320| 05023 | 0.0137 | 1.0654 | 1.0826
9. e.3925 | 55.88 | 0.08393 | 0.47665 | 1.20950 | 7.3700 | 1.0163 [ 0.0163 | 1.1280| 0.4991 | 0.0174 | 1.0803 | 1.0812
10| 57588 | 53.12 | 0.98674 | 0.47445 | 1.20099 | &.6370 | 1.0134 | 0.0202 | 1.1235 | 0.4955 [ 0.0215 | 1.0546 | 1.0797
11| 5.2408 | 50.63 | 0.98986 | 0.47201 | 1.21042 | 8.0377 | 1.0102 | 0.0245 | 1.1186 | 0.4915 | 0.0262 | 1.0483 | 1.0780
12.| 48097 | 48.34 | 0.09330 | 0.46934 | 1.21088 | 5.5386 | 1.0087 | 0.0293 | 1.1132| 0.4872 | 0.0313 | 1.0414 | 1.0761
13| 4.4454 | 46.24 | 0.99706 | 0.46644 | 1.21137 | 5.1166 | 1.0029 | 0.0345 | 1.1073 | 0.4824 | 0.0369 | 1.0339 | 1.0742
14| 41336 | 4429 | 100116 | 0.46331 | 1.21188 | 4.7552 | 0.9988 | 0.0402 | 1.1010 0.4773 | 0.0431 | 1.0258 | 1.0720
15| 38637 | 42.47 [ 1.00550 | 0.45995 | 1.21241 | 4.4423 | 0.9944 | 0.0463 | 1.0941| 0.4717 | 0.0428 | 1.0171 | 10608
16.| 3.6280 | 40.77 [ 1.01038 | 0.45636 | 1.21206 | 4.1688 | 0.9897 | 0.0529 | 1.086| 0.4858 | 0.0571 | 1.0078 | 1.0874
17| 34203 | 3917 | 1.01851 | 0.45254 | 1.21382 | 3.9277 | 0.9847 | 0.0601 | 1.0701 | 0.4594 | 0.0650 | 0.0979 | 1.0848
18.| 3.2361 | 37.66 | 1.02102 | 0.44850 | 1.21408 | 3.7137 | 0.9794 | 00677 | 1.0708 | 0.4527 | 0.0734 | 0.9875 | 1.0622
19| 30076 | 36.22 | 1.02600 | 0.44422 | 1.21466 | 3.5224 | 0.0738 | 0.0750 | 1.0623 | 0.4455 | 0.0825 | 00764 | 1.0594
20. 2.9238 | 34.86 | 1.03317| 0.43972 | 1.21523 | 3.3505 | 0.9679 | 0.0846 | 1.0531 | 0.4378 | 0.0823 | 0.9648 | 1.0565
21| 2.7904 | 33.56 | 1.09984 | 0.43500| 121579 | 3.1951 | 0.9617 [ 0.0939 | 1.0436 | 0.4299 [ 0.1028 [ 0.9526 | 1.0535
22, | 2:6695 | 32.32 | 1.04692 | 0.43005 | 1.21634 | 3.0541 | 0.9552 | 0.1037 | 1.0335 | 0.4215 | 0.1141 [ 0.9396 | 1.0505
25, 25593 | 31.13 | 1:05443 | 0.42488 | 1.21687 | 2.9256 | 0.9484 [ 0.1142 | 1.0230| 0.4126 | 0.1261 [ 0.9264 | 1.0473
24, 2.4586 | 20.99 | 1.06238 [ 0.41949 | 1.21737 | 2.6079 [ 0.9413 [ 0.1253 | 1.0121| 0.4033 | 0.1390 | 0.9124 | 1.0440
25.| 2.3662 | 28.89 | 1.07079 | 0.41387| 1.21784 | 2.6999 | 0.9339 | 01371 | 1.0006 | 0.3935 | 0.1528 | 0.8979 | 1.0407
26.| 2.2812 | 27.84 | 1.07967 | 0.40804 | 121828 | 2.8003 | 0.9262 | 01486 | 0.9888 | 0.3833 | 0.1675 | 0.8829 | 1.0073
27, 2.2027| 26.82 | 1.08905 | 0.40200 | 1.21867 | 2.5083 | 0.9182 | 0.1628 | 0.9785 | 0.3726 | 01833 | 0.8672 | 1.0339
26| 2.1301 | 25.83 | 1.09894 | 0.39574 [ 1.21900 | 2.4231 | 0.9100 [ 0.1767 | 0.9637| 0.3614 | 0.2001 | 0.8510 | 1.0304
20.| 2.0627 | 24.68 | 110037 | 0.38928 | 1.21928 | 2.3438 | 0.9014 | 0.1915 | 0.9505| 0.3497 | 0.2182 | 0.6343 | 1.0260
30.| 2.0000 | 23.96 | 112036 | 038260 | 121948 | 2:2701 | 0.8926 [ 0.2071 | 0.9369 | 0.3376 | 0.2375 | 0.8171 | 1.0234
.| 10416 | 23.08 [ 113194 | 0.37573| 1.21962 | 2.2012 | 0.8834 | 0.2236 | 0.9228 | 0.3249 | 0.2582 | 0.7995 | 1.0199
32.| 1887 | 22.20 [ 114412 | 0.36866 | 1.21966 | 2.1368 | 0.8740 | 0.2411 | 0.9083 | 0.3117 | 0.2804 | 0.7810 | 1.0165
33.| 18361 | 21.35 [ 115695 | 0.36139 | 1.21962 | 2.0765 | 0.8643 | 0.2596 | 0.8934 | 0.2080 | 0.3043 | 0.7623 | 1.0130
34| 17883 | 2053 [ 117044 | 0.35303 | 1.21947 | 2.0199 | 0.8544 | 0.2792 | 0.8780 | 0.2837 | 0.3299 | 0.7430 | 1.0097
35 | 17434 | 19.73 | 1.18464 | 0.34629 | 1.21921 | 1.9666 | 0.8441 | 0.2999 | 0.8623 | 0.2689 | 0.3675 | 0.7233 | 1.0064
36.| 17013 | 18.95 [ 1.19957 | 0.33847| 1.21883 | 1.9165 | 0.8336 | 0.3218 | 0.8461 | 0.2535 | 0.3872 | 0.7081 | 1.0032
a7.| vesie | 18.20| 121528 | 0.33048 | 1.21833 | 1.8692 | 0.8229 | 0.3450 | 0.8296 | 0.2375 | 0.4194 | 0.0825 | 1.0001
36.| 16243 [ 17.46 | 1:23180 | 0.32233 | 1.21768 | 1.8245 | 0.8118 [ 0.3697 | 0.8126 | 0.2200 | 0.4541 | 0.6815 | 09972
39.| 1590 | 16.73 | 1:24918 | 0.31402 [ 121689 | 17823 | 0.8005 [ 0.3950 | 0.7953 | 0.2036 | 0.4918 | 0.6401 | 09945
40.| 15887 | 16.03 [ 1.26745 | 0.30556 | 1.21594 | 1.7423 | 0.7890 | 0.4257 | 0.7776 | 0.1857 | 0.5327 | 0.6184 | 0.9920
4L | 15243 | 15.34 | 1.28068 | 0.29697 [ 1.21483 | 1.7044 | 0.7772 [ 0.4532 | 0.7895 | 0.1671 | 0.6772 | 0.5064 | 0.9898
42| 14945 | 14.67 [ 1.30691 | 0.28824 | 1.21354 | 1.6684 | 0.7652 | 0.4847 | 0.7411 | 0.1478 | 0.6258 | 0.5740 | 0.9879
43| 14663 | 14.02| 132819 | 0.27940 | 121206 | 1.6343 | 0.7529 [ 0.5183 | 0.7224| 0.1278 | 0.6790 | 0.5514 | 0.9863
44| 14306 | 13.38 [ 1.35059 | 0.27046 | 1.21040 | 1.6018 | 0.7404 | 0.5541 | 0.7033 | 0.100 | 0.7372 | 0.5286 | 0.9850
45.| L4142 | 12.75 | 137416 | 0.26142 | 120853 | 1.5710 | 0.7277 [ 0.5924 | 0.6840| 0.0854 | 0.8013 | 0.5057 | 0.9842
46.| 1.3902 | 12.14 [ 1.39808 | 0.25231| 1.20645 | 1.5415 | 0.7148 | 0.6334 | 0.6643 | 0.0630 | 0.6719 | 0.4826 | 0.9830
a7, | 13873 | 1054 | 142511 | 0.24313 | 1:20416 [ 1.5135 | 0.7017 | 0.6774 | 0.6444 | 0.0398 | 0.9501 | 0.4595 | 0.9841
46.| 1.3456 | 10.96 [ 145262 | 0.23390| 1.20164 | 1.4868 | 0.6684 | 0.7246 | 0.6243| 0.0156 [ 1.0367 [ 0.4384 | 0.9849
49.| 13250 | 10.40 | 1:48160 | 0.22484 | 119890 | 1.4613 | 0.6749 [ 0.7754 | 0.6039 |-0.0094 | 1.1332 [ 0.4133 | 0.9864
50.| 1305 | 9.84|151212| 0.21536 1.19593 | 1.4369 | 0.6813 | 0.8301 | 0.5834|-0.0355 | 1.2409 | 0.3903 | 0,9885
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57.2987| 117.81 | 0.74343 | 0.37180| 1.07910 | 66,1616/ 1.3451 | 0.0002 | 1.1412| 0.6725
0. 0.6720

Comuc cewnm

26
27 | 2.2027| 3143 [0.81307 | 0.32279| 1.00172 | 2.5083| 1.2299 (0.1505 | 0.6062| 0.5503 | 0.1526 | 1.0404 | 1.1777
28 | 2.1301| 30.44 (0.81884 | 0.31506| 1.09248 | 2.4231| 1.2212 (0.1720 | 0.0653| 0.5406 | 0.1660| 1.02%8 | 1.1730
29 | 2.0027| 29.40 [0.62489 | 0.31525| 1.00324 | 2.3438| 1.2123 (0.1860 | 0.6741| 0.5311 | 0.1801 | 1.0108 | 1.1683
30 | 2.0000 | 28.57 |0.83124 | 0.31128| 1.00399 | 2.2701| 1.2030 |0.2016 | 0.9624| 0.5208 | 0.1950 | 0.9952) 1.1634
31 | 1.9416| 27.67 |0.63791 | 0.30717| 1.00473 | 2.2013| 1.1034 (0.2172 | 0.0504| 0.5109 | 0.2108 | 0.0792 | 1.1584
32 | L8871 | 26.80 |0.84490 | 0.30293| 1.09546 | 2.1368| 1.1838 (0.2335 | 0.9380( 0.4993 [ 0.2275| 0.9626 | 1.1533
33 | L8361| 25.95 |0.85223 | 0.20855| 1.00817 | 2.0765| 1.1734 (0.2507 | 0.9252| 0.4879 [ 0.2453 | 0.9456 | 1.1481
3 | L7863 | 25.12 (0.85001 | 0.20405) 1.09688 | 2.0199| 1.1620 (0.2687 | 0.0121( 0.471 | 0.2641| 0.9281| 1.1420
35 | L7434| 24.32 [0.86795 | 0.28041| 1.09752 | 1.9608| 1.1521 (0.2678 | 0.8086| 0.4639 [ 0.2841| 0.9101| 1.1378
36 | 17013 | 23.54 |0.87637 | 0,28484 | 1.09818 | 1.9165| 1.1411 [0.3078 | 0.8847| 0.4512 | 0.3054 | 0.8916 | 1.1322
37 | 16016 | 22.17 |0.88519 | 0.27974| 1.09878 | 1.8692| 1.1297 [0.3288 | 0.6704| 0.4382 | 0.3280 | 0.8727| 1.1267
3 0.4247 | 0.3520 | 0.8533 | 1.1213
» 0.4107 | 0.3777| 0.8336 | 1.1156
w0 0.3963 | 0.4050 | 0.8133 | 1.1163
41 0.3815 | 0.4343 | 0.7927 | 1.1048
“ 0.3681 | 0.465¢ | 0.7716 | 1.0060
“ 0.3503 | 0.4991 [ 0.7502 | 1.0038
“ . 0.3340 | 0.5351 [ 0.7284 | 1.0884
45 | 14142 17.22 |0.97240 | 0.23608 | 1.10173 | 1.5710] 1.0284 [0.5447 | 0.7438| 0.3172 | 0.5737 | 0.7062 | 1.0831
48 11017 | 1.5415| 1.0145 |0.5792 | 0.7265| 0.2098 | 0.6154 | 0.6838 | 1.0779
“ 11017 | 1.8135 1.0003 [0.6158 | 0.7089 | 0.2619 | 0.6804 | 0.6610
@ 1.10164 | 1.4868 | 0.0858 |0.6547 | 0.6910| 0.2035 | 0.7091 | 0.6979 | 1.0678
“ 1.10142 | 1.4613| 0.6711 (0.6961 | 06728 0.2445 | 0.7620 | 0.6146 | 1.0631
%0 1.10109 | 1.4380| 0.9562 (0.7402 | 0.0543 | 0.2248 [ 0.8194 | 0.5910 | 1.0585
51 1.10065 | 1.4137| 0.0410 (0.7673 | 0.6355| 0.2046 | 0.8520 | 0.5673 | 1.0541
52 1.10009 | 1.3914| 0.6255 [0.8378 | 0.6165 | 0.1837 [ 0.9505 | 0.5434 | 1.0501
53 1.00941 | 1.3702| 0.9009 (0.6918 | 0.5073 | 0,1622 [ 1.0255 | 0.5194 | 1.0463
54 1.00860 | 1.3488 | 0.6040 [0.9498 | 0.5778 | 0.1400 | 1.1080 | 0.4953 | 1.0420
55 1.00766 | 1.3303) 0.6779 [1.0123 | 0.5582| 0.1171 | 1.1991 | 0.4712| 1.0908
56 109857 | 13117/ 0.8615 [1.0797 | 0.5383 | 0.0935 | 1.2090 | 0.4471 | 1.0072
1 109534 | 1.2038| 0.6450 [1.1526 | 0.5183 | 0.0000 | 1.4110 | 0.4231| 1.0951
58 100305 | 1.2787| 0.6283 [1.23916 | 0.4081| 0.0438 | 1.5967 | 0.3902 | 1.0395
5 | 11066 [ .31 |1.23299 | 0.14508 | 1.00242 | 1.2603| 0.8114 [1.3175 | 0.4779 | 0.0178 | 1.6765 | 0.3785 | 1.0026
60 | 11547 | 8.69 125684 | 0.13825| 108073 | 1.3448| 0.7944 [1.4111 [ 0.4575 | 0.0001 | 1.8337 | 0.3521 1.0923
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C ® 0. 0.0000 1022752 | 1373172 | 0.0000 1.548193 1635121 | 0.0000 1.63519 1.365613
1i0 5.2408 146.39 0.3970 0.0069 10139 1.3510 0.0229 1.5099 1.6069 0.0139 16140 1.3%2
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160 16280 123.40 0.3898 0.0147 1.0039 13285 0.0493 14674 15757 0.0296 1.5904 13456
17.0 34203 119.66 0.3881 0.0167 10014 13193 0.0559 14571 15681 0.0335 1.5847 13430
180 1.2%) 116.13 0.3862 0.0187 0.9988 L3127 0.0629 14461 1.5600 0.0377 1.5786 1.3403
190 10716 1278 0.3841 0.0210 0.9960 1.3057 0.0704 14345 15515 0.0421 15721 13374
20 29238 109.60 0.0233 0.9931 1.2984 0.0784 14223 1.5426 0.0468 1.5654 13344
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310 1.9416 82.03 0.3501 0.0594 0.9498 11929 0.2034 1.2484 14162 0.1170 1.4682 1.2905
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U0 1.7883 76.08 0.3385 0.0730 0.9342 1.1562 0.52 11886 13732 0.1428 14346 1.2152
30 1.7434 7420 0.3342 0.0780 0.9285 1.1432 0.2703 L1675 1.3581 0.1521 14227 1.2698
3.0 1.7013 72.36 0.0832 09228 1.1298 0.2894 1.1459 1.3427 0.1618 14105 1.2642
370 1.6616 70.56 0.3253 0.0886 0.9168 11161 0.3095 11237 13269 0.1719 1.3980 1.2585
0 1.6243 6881 0.0943 0.9106 11019 0.3308 1.1010 13108 0.1824 1.3851 1.252%
ET 1.5890 67.09 0.3157 0.1003 0.9042 1.0874 0.3533 10777 12843 0.1933 13719 1.2466
00 1.5557 65.41 0.3106 0.1065 0.8975 1.0724 03771 1.0539 1.2776 0.2047 1.3584 1.2404
410 1.5243 63.76 0.3053 0.1131 0.8907 10571 0.4024 1.0295 1.2605 0.2164 13446 1.2340
20 1.4945 62.14 0.2997 0.1199 0.8836 L0413 0.4292 1.0046 1.2431 0.2287 1.3304 12275
40 1.4663 60.55 0.2940 01271 0.8762 1.0252 0.4578 0.9792 1.2254 0.2415 1.3159 1.2208
“uo 14396 53.99 0.2881 0.1346 0.8686 1.0086 0.4881 0.9532 1.2074 0.2547 1.3011 12139
450 14142 5146 0.2819 0.1425 0.8608 0.9316 0.5206 0.9268 11892 0.2685 1.2859 1.2069
%0 13902 55.94 0.2755 0.1507 0.8527 0.9742 0.5553 0.8998 L1707 0.2828 1.2704 1.1997
4.0 1.3673 54.46 0.2678 0.1594 0.8443 0.953 0.5925 0.8723 1.1520 0.2977 1.2546 1.1923
480 1.3456 52.99 0.2617 0.1685 0.8357 0.9380 0.6324 0.8443 11331 03132 1.2384 11848
40 13750 51.54 0.2546 0.1781 0.8267 0.9192 0.6755 0.8159 L1140 0.3294 L2219 11770
50.0 1.3054 50.11 0.2471 0.1882 0.8175 0.7999 0.7220 0.7869 10948 0.3462 1.2050 11691
510 1.2868 48.70 0.2392 0.1989 0.8079 0.8802 0.1725 0.7576 10754 0.3637 1.1878 L1611
520 1.2690 4131 0.2311 0.2101 0.7980 0.8599 0.8275 0.7217 10559 0.3820 1.1703 11528
530 1.2521 4593 0.222% 0.2220 0.7878 0.8391 0.8875 0.6974 1.0364 0.4011 L1533 11444
5.0 1.2361 05 0.2137 0.2345 0.7772 08178 0.9534 0.6667 10163 04210 11340 11358
550 1.2208 412) 0.2044 0.2479 0.7663 0.7959 1.0260 0.6357 0.9973 0.4418 11153 11270
%0 1.2062 4187 0.1947 0.2620 0.7550 0.7733 1.1065 0.6042 09779 0.4636 1.0962 1.1180
510 1.1924 40.54 0.1846 0.2770 0.7432 0.7501 1.1963 05724 0.9586 0.4865 1.0766 1.1088
580 1.1792 9.22 0.1740 0.7311 0.72%1 1.2970 0.5403 0.9395 05105 1.0566 1.0994
%0 11666 3791 0.1628 03101 0.7185 0.7014 14107 0.5079 0.9207 0.5358 1.0361 1.0898
60.0 1.1547 , 0.1511 03285 0.7054 06758 | 15402 0.4752 09023 0.5624 L0151 1.0800
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n=7
p=15%
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2] nﬁ AN C) Cp L, C3 E; Lg C _Ct- L C

C © © 0.589187 | 0.0000 1.289299 | 1622103 | 00000 1710023 | _IH%T 0.0000 1739136 | 1473850
110 5.2408 156.02 0.5841 0.0054 12816 1.6002 0.0207 16139 1.7692 0.0131 LI 14632
120 48097 150.70 0.5632 1.2801 1.5961 0.0247 16671 1.7638 0.0156 11133 14612
130 L4454 145.79 0.5821 0.0076 12785 1.5916 0.0290 1.6597 17579 0.0183 1.7088 14590
140 4.1336 L 0.5810 0.0088 12768 1.5867 00337 1.6517 11516 0.0212 1.7040 14566
150 3.8637 137.00 05798 0.0102 12149 15815 0.0388 16431 1.7448 0.0244 16588 14541
16.0 3.6280 133.03 0.5785 0.0116 12129 15159 0.0443 16339 1.73715 0.0278 1.6332 14513
170 3.4203 19.9 05771 0.0131 12708 1.5700 0.0501 16241 1.7298 0.0315 1.6873 14484
180 3.2361 125.76 0.5756 0.0148 1.2685 15637 0.0564 16138 1.7216 0.0354 1.6810 14453
190 30716 1241 0.5740 0.0165 12661 1.5570 00630 1.6029 17129 0.0395 16744 14421
200 29238 119.23 05723 0.0183 1.2635 1.5500 0.0701 15914 1.7038 0.0439 1.6674 14386
210 2.7904 11620 0.5705 0.0203 1.2608 1.5426 0.0775 1.5793 16943 0.0485 16600 14350
20 ;ms 11330 0.5687 0.0223 1.2580 15349 0.0854 15667 16343 0.0534 1.6523 14312
230 zﬁ 11053 05667 0.0245 1.2550 1.5268 00938 1.5535 16738 0.0586 16442 14272
40 2362 Wg 0.5646 0.0267 12519 15184 0.1026 1.5398 16629 0.0640 16358 14231
0 0.5625 0.0291 1.2486 1.5096 0.1118 1.525 16516 0.069 16270 14187
2.0 2.2812 102.83 0.5602 0.0316 1.2452 1.5005 01215 15106 18398 0.0756 16179 LA12
210 2027 100.45 0.5579 0.0343 L2417 14910 0.1317 14952 16276 0.0818 1.6083 14095
20 2.1301 98,15 0.5554 0.0370 12319 14812 0.1425 14792 16149 0.0883 1.5985 14046
20 20627 5.9 0.5528 0.03% 12341 14710 0.1537 14621 1.6018 0.0951 1.5882 13996
300 2.0000 93.76 05502 0.0429 12300 14605 0.1655 14456 1.5883 0.1022 L5 13943
310 19416 91.66 0.5474 0.0460 1.22% 1.M96 0.1778 14281 15744 0.109 1.5667 1.3889
320 1.8871 8962 0.5445 0.0493 12215 14384 0.1908 14099 1.5600 0.1173 15554 1.3833
330 1.8361 81.64 0.5415 0.0527 12170 1.4268 0.2043 13913 1.5452 0.1254 15437 L3775
uo 1.7883 &.71 0.5383 0.0563 12123 14149 0.2185 13721 1.5301 0.1337 1.5317 13715
350 1.7434 8383 0.5351 0.0600 1.2074 1.4026 1352 15144 0.142¢ 1519 1.3654
%.0 1.7013 819 0.5317 0.0638 1.2004 1.3900 0.2489 1302 14984 0.1515 1.5066 13580
310 16616 020 0.5282 0.0679 11972 137170 0.2652 13115 14820 0.1609 14935 13525
380 1.6243 0.5246 0.0721 1.1918 1.3637 0.2823 12903 14652 0.1707 14800 1.:458
390 16.72 0.5208 0.0764 11862 13501 0.3001 12685 1.4480 0.1809 14661 1.3389
400 1.5557 75.04 0.5168 0.0810 11804 13360 03189 1.2463 14304 0.1915 14519 13318
4o 1.5243 73.39 0.5128 0.0857 L1744 13217 0.3386 1223 L4124 0.2025 14374 1.3245
420 LANS nn 0.5086 7 1.1682 1.3070 03592 1.2004 13941 02139 142 13170
3.0 14663 70.18 0.5043 11618 1.2919 03809 1.1768 13753 0228 14071 1.3093
o 1439 68.62 04998 0.1012 11552 1.2765 04037 1.152% 13563 02382 13914 13014
450 14142 61.09 0.4951 0.1068 1.1484 12608 04277 1.1280 13368 0.2510 13754 12933
460 13902 65.57 0.4903 0.1126 11413 1.2446 04530 1.1029 13170 0.2644 13590 1.2850
470 13673 4.9 0.4853 0.1187 1.1340 1.2282 04797 10174 1.2968 02783 13U 1.2766
480 1.3456 0.4801 0.1250 11265 1.2113 0.5079 10514 12764 02928 1.3250 1.2679
90 13250 6l.17 04747 0.1316 11186 1.1941 05377 1.0250 12555 03078 13074 1.2%90
50.0 1.3054 59.74 04691 0.1385 1.1106 1.1766 0.5693 0.5981 12304 03235 1.2895 1.2499
510 1.2868 58.33 0.4633 0.1458 11022 1.1587 0.6028 09708 1219 0339 12712 1.2406
520 1.2690 56.94 04573 0.1533 1.0936 11401 0.6385 09431 L1912 0359 1.2525 12310
530 12521 55,56 0.4511 0.1612 1.0847 11217 06765 09150 11691 03747 12313 1.2213
540 1.2361 54.19 04446 0.1695 1.0754 1.1026 0.7171 08865 11468 03933 12138 1.2113
55.0 1.2208 5284 04379 0.1782 1.0659 1.0832 0.7605 08575 11242 04127 1.1939 12011
56.0 1.2062 56.50 04309 0.1873 1.0560 1.0633 0.8072 08282 1.1013 04331 1173 1.1906
510 1.1924 50.17 04236 0.1969 1.0457 1.0431 0.8575 0.7986 1.0782 04543 L1528 1.1799
580 1.1792 4835 04160 0.2070 1.0351 1.0224 05118 0.7685 1.0549 04767 L1317 11690
59.0 1.1666 .54 04081 0.2176 1.0240 1.0013 08706 0.7381 L0314 0.5001 L1100 L1578

| 600 11547 (3] 0.3998 0.2288 10125 | 09798 1.0347 0.7074 1.0076 0.5247 10880 :
7 RFEM A% U 71 0.1dB 324 241 / 241
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