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Abstract

Inverse Chebyshev function can realize the same order of Chebyshev function under the
same specification. In general. inverse Chebyshev function has the preferable
characteristics in terms of the delay characteristics and the time-domain performances
compare with Chebyshev function. However, for the even order n. inverse Chebyshev
function does not realize in the doubly-terminated ladder network which has preferable
sensitivity characteristics because of the finite value at @ =oo,

In this paper. the modified inverse Chebyshev function with |H{je)|=0 s proposed to
realize the passive doubly-terminated ladder network for the n even or odd. The modified
inverse Chebyshev function characteristics are studied in the frequency and time domain,
and then. realize the passive doubly-terminated ladder network.

I ME
*IEER, BdukS BRI
{(Dept. of Elec. Eng.. Chonbuk Nat'1 Univ.) Az Aels de] AR g e T
HZHFE - 19934 28 14 efel] we} Butterworth., Chebysheve} #4e

(620)

o

.j.
S



A 5 Aol A FE 8
H(all pole) &=~2} inverse Chebyshev, elliptic
g9l e fEl(rational) @42 FER} A
(1)& inverse Chebyshev &2 FUZ AAA)
F7ol4 A4 344l Chebyshev &2} 5943
Az AEE 5 Qo

22 ¢yl

H(s)=K ni-$5 (1a)
’ H (s=p)s-p)
K th-142 s2+w2
H(s)= 7]
) s II e 714 (1b)

E3] inverse Chebyshev #4-= E3u|ddl4]<]
Ho Heh S Fel FHIdNY Tt (equal
ripple) & Z++ Chebyshev #ell wlaled z]d &
Az AZEE 9 S5 SAde] sl ol2it HE
5 7% 554 Ha2 Addsid g, 2483 A
3 Ri. R} B3 7% Ad Aydgo] sbesta
A2 Wl uhE g G2 gt Exle] anle #
2= Rte] =2 (eap frog). FDNR(Frequency
Dependent Negative Registor) =25 2|3t
% RC Fe], 294z Al e el AAE 5
slch. 28y inverse Chebyshev &4+ $4 4
oAlA A (la)e} e} Ad g9 £2, Bt $d
gk aprh =lo] 23 2(0IHE @ =coof|A] | H{jeo) |
b frataks Z2A Hel 4 A4 inverse
Chebyshev &% 4% &5t 32 Ade] E7b5
3}_‘:}‘ [2)

B =i 4 AeE 23T ZE Agel o
3ty w =coofl X A =277} |H(joo) =0 o] =&
H3E inverse Chebyshev #+& Aletstz $+
atel AAE Eslo] widlEl 3o Fulge 54
2 A7 54E 7129 inverse Chebyshev &2}
vt £ £5 BEE AxHE 32 g Aot

[. #H3E inverse Chebyshev &4

71&9] inverse Chebyshev &2 =7 EA-&

2)9} g},

[H(je) =

olf, Cn(x) : n3 Chebyshev t}ah?]
e @ S e] 4] Al
7 Fupgelrt,
2)1el1M Gi(x)9] B34 w =0ellA] Hcsyet

w;

Al
]

S5 AR 32 Ado] 7hed H¥Y

2 inverse Chebyshev 34l g o 89

27 2] inverse Chebyshev ¥2] z7154i7}
.,4; 2l Al 0 =cool|4] |H(,m|—\f1+[scn J] 2]
friks 2l El°1 e EAol $slm, wdit
Fke 2 7 2 ARl ey ¥ 19

PERS oq AR 32 Alse] BrPssit,

B

=5

I3 1 F B 3=
Fig. 1. A passive doubly-terminated network.

1HG @)

(b)
3%} 2. Inverse Chebyshev &4 27|54
(a) n=52F, (b) n=62t
The magnitude characteristic of
inverse Chebyshev function.
(a) n=5 order, (b) n=6 order.

Fig. 2.



% 19945 5

webi 7]E8 g a¥ 2(a)et 2ol
7b @ =cool|A] | H(joo)[=00] Ei= 7]
st 95 Aroie 5 BEG 3
Fhssict,

DEs7] s kg 21

[H(joo}|=0 : n = 7|5, $%
[HGO) =13 |HGD =1/ vTv e
& WEE] fsted A (2)9
(3)3} 7to] Wajgiel,

3l 4

(3a)
(3b)

Al (3)& (el dHgigt WyE inverse Chebyshev
g His) & the3t 3o,

— (4)

(@)2] Fuol 0] Eajsto] no) 715, ¢4
& ol Aol o 7 AR el B
2ha]5he ?@g ZAEe) 24 (1% HEF) A3

ol Cn (ws /w)=1Yd of & o =w o4 It
Aejgre 2w e (5)°) gg el 7l g,
li(jw)| =~ L (5)

\,l+[gC ]w

HYH gat Axgedel Yo zhashe

it 5 w7l A3 2] A9} 7Fo] 7|22
inverse Chebyshev &l wlate] Fal-Qglo] =t
opbrf Fubg of Aol 2] AAEA T} A7 dedox]e)

s Alehest S4de] AMAETE
(transition region)el#2] 2t FAle:= 43 p
zke} inverse Chebyshev <ol B)3lo] ghukslx)ut
n-1xbel vlasbd A (6)9] A 2 e/ (1+ eH)*?
2 AAbE G4 s

=R Aol 9y

Lol _ efiesno)]
do . (1+e%)"
W& paboinverse Chebyshev & (6a)
d|H, ,(jo) __&flhe)
do | (l+£2)1'2
71%2] n-1# inverse Chebyshev & (6b)

BT % Em

#® F3LE BRE B

eld. f(nw)~—C <a>){ c<w>} olc}.

Al (7)) T3Y &4 a9 AR £33 09
Jehe 73] a7} AAGAIZAA o8 A4
] u} 7]&9] inverse Chebyshev 59| 253 A

%)
=
Abshs Aol wEd ghare] ApE Talis 3AAl
- Cinis - 2]
& 0, =10 logll+ €} a, =10 log[1+(e0,C,.,(0,))'] & ©]&-
s A (Th)sb 3}
_ cosh™ Vyfilofilrx 1)(100]“ 1),,’
- cosh™ o, (78)
-1 J,,i,,,m,a l 0.la, _ 05
o0 000" —h et
cosh™ o,

Il. $48= inverse Chebyshev 8= MA|0

e,
1. Al
¥ 19 AAEAZR % &t 7129 inverse

Chebyshev &<} W g2 7‘3}7] fAsped 4]
(7) ol &3le 25 74]*‘}3}‘31 27k n=5.23 n=5.8
atelet, zeh} AlA Al Appis Agolmg
F g BF n=63te|ch
H 1.
Table 1.

AA A 24

Design specification.

¥side B4 g 3 [dB]

AN e o, 1.3 [rad/sec]

AR 14 q 28 [dB) 1%

(2)s} (HE FE FId

o 7zte] g A
chit 2

R

(@) = (8a)
V1+2l78474403c (,,)
1
Ao =~ (8b)
v1+480 257676a)C (/ 3
% 32 F g mrIEHeR 28 3(b)e) 3o
HEYH s Ax|dAdAe] xxFEae R2E A

b WA G A2 Ga wek P} 2
SApel R 34 2717} @ 0ol A) | £jeo) |=0 o]
Hol 2 (D& BEFE & 5 Ak F Faof =

d.o9d. 5H-Q 7S E2o AAFAT)

(622)



SR A T Aolld 45 HEot AAs 52 Ade] 7ksd MES inverse Chebyshey &l w3l o1 91
2 3. 4 nm a8 3. #2784 n=6%
Table 2. Comparison of Poles and Zeros. (a) inverse Chebyshev &4
(b) ¥3% inverse Chebyshev %4
Inverse Chebyshev ©4 FHs) Fig. 3. The magnitude characteristic. n=6 order.
= (a) Inverse Chebyshev function,
B @ > (b) Modified inverse Chebyshev
- 1378562 £ j 0578280 054 1345859 function .
- 0641719 + j 1.004633 093 1838478
T + § Loweoiz 296 5022813 =gk 1% 4 W% inverse Chebyshev ¥

63tsh 7122 G4 53 63F waat Hoe o)

WAH inverse Chebyshev @4 H(s)

dofell A WYF Rael n AA} F1ES G4 oo

P P

12 Bop of §A%E o 5= Aok
[*] @y

- 1289833 t j 0.474931

053 1.366901 '

- 0675892 * j 0.969718

- 0183686 + j 1.003803

087 2211692
.o .9
278

AaY 2

IHG )i

a3 4 37|54 6l
(a) 5&% inverse Chebyshev &=
(b) 62 #1138 = inverse Chebyshev
Riss
......... » (c) 67} inverse chebyshev &4

T Fig. 4. The comparison of magnitude
(a) characteristic.
(a) 5th order inverse Chebyshev
function,

(b) 6th order modified inverse
Chebyshev function,

(¢) 6th order inverse chebyshev
function.

——

2. W3 inverse Chebyshev 35 £4 Al 9

okl
E 204 AlAjghutet o] WgEl P 71E9
/Tx_T‘c‘T(TTl'F ol Blale] FA-@Rro] zlo} Ful ododol g
n o T ¢ Al 5ol ¥ 591 o] WA o] x|d BA
Aol Hubslw, a7 68 Ajzbddelx e A
b) H A& vInE AR Wy P o9y

(623)



Time delay

92 19944 58 EITHERX

E (overshoot)7} #fo} A 2 (settling) A|Zke] Wz
71E2] jrrc} WH¥R 39 EXo] $-45gdc),
gk 2y T2 A7 Ald) ZAg #AE e A4
EAS 7Zle 2 #W¥E inverse Chebyshev
o] o SAe] 19 59} o] dalxle] 7]EL
’E}Tiﬁl B354 ddellx] AHql S dec)

W)

Unit step response

a3 5. Ad 54

(a) inverse Chebyshev &<

(b) modified inverse Chebyshev
g

The delay characteristic.

(a) inverse Chebyshev function.

(b) modified inverse Chebyshev

function.

Fig. 5.

a3 6. HAGSH B4
(a) inverse Chebyshev 3
(b) modified inverse Chebyshev
R
Fig. 6. The unit step response.
(a) inverse Chebyshev function,
(b) modified inverse Chebyshev
function.

(624)

A 31 Bl OFO5H

o ([rad/sec]
.4 . 1.2 1.8 2

] —_— l [ ]
T T T T L]

@
"
é -Ill*

=270 4

=380
a8 7. 94 54
(a) inverse Chebyshev 3

{(b) modified inverse Chebyshev &<
Fig. 7. Phase characteristic.

(a) inverse Chebyshev function,
(b) modified inverse Chebyshev function.

V. == S&t MK g2 A

W35 inverse Chebyshev &5 28 13 #
<> FE BTH 3R Adsr] fs Y E
H(s)=P(s)/E(s)® #2|8la, Feldtkeller &4
Flo)& A (9)9) #eon

F(8)F(-s) = E()E(-s) — P(s)P(-s) 9)

¥ 239

=6 L

Al (10)o)c},

H2 gee 9% P54 edas

Zis) = R Loal9) = Ko (9)

: (10)
E, () + F (5

0][[}] E(S): Ee»'en(s)+ E)dd(s)o]l F(S): Fe‘ven(S)"’

Foaa (s) o]t}
' °
sk

Aot

HES060 =t
5 B2 AAE 2 n=63
The passive doubly-terminated
ladder network. n=6th order.

HpIST0 el
a3 8
Fig. 8.



Z‘éﬁfiﬁi 571. '?—/F i}.ﬁ:oﬂk] —)f% %’%‘

meba s=0oll EA3H= A FHE AA3L
£ dis Az A" 5 23 AAy 32
a7 8% o}

23 9= 1Y 8 329 ek aalghs 84l
A2 Ao FIb 3 400Hz2 Fabe AAd 3 sl
SPICE Z2 1302 AlE#He|Agt 5423 dAA
ZA3 ¢ Algdold Aol dAFS o 5 Ut

Date/7:me run /25/% 17 empergiure 27 0

P ——

A2 %4

23 9. SPICE Al&del4
Fig. 9. SPICE simulation.

V. 828
B =R AAR W39 inverse Chebyshev
e ARG A AHAA %}il EAE 73 w =0
AM g4 =77} 00] Hol &5 AFelMm 75 &
b AxE 32 Ade] rbgsith webd gk
inverse Chebyshev &4 221 WEo] WE 3%
EAo] 43 5% B35t AAY 32| EAe] 1
g2 f%Ee W78 =, FDNR 2o s
%% RC "¢, as8lx= A el g 5 25
AME AT 5 e},
22lz W3E inverse Chebyshev &5+ 247}

o A2 32 Ao 7153 WY inverse Chebyshev 3ol #3 |3

(625)

93
St 71edd A k9] spite] A F

gh F-g A9 A AR el zobd A
AA sHel ek mah, AR didellAe] Al
A s AAddx et 3Fe] SHH-Qgte] 7]
Z2| o} ulaste] zolxlmz 2ol BAe] Hwt
shar. oA T S fiate] Ad SA= A
slol 7% AzAe) s de] dAC $-831d de] &
e NdE 5 ok

2 3K

(1] H. K. Kim, S. S. Song and D. Y.
Kim. “Some prominent aspects of the
inverse Chebyshev functions.,” IEEE
Trans. Circuits and Systems, vol. CAS-
38, pp. 320 322, Mar. 1991.

[2] R. Schaumann, M. 8. Ghausi and K.

R. Laker, Design of Analog Filters,

Prentice- Hall. Englewood Cliffs, NJ,

1990.

G. C. Temes and H. J. Orchard,

“First-order sensitivity and worst case

analysis of doubly terminated reactance

two-ports.” IEEE Trans. vol. CT-20.

pp. 567-571. Sept 1973.

Z 3 3|2k B Y 34

A 71&ks], 1990.

H. K. Kim, “The effects of lower Q

values on the filters having equal

IEEE Trans.

Circuits and Systems, vol. CAS-39. pp.

305-309, Apr. 1992.

A. S. Sedra and P. O. Brackett, Filter

Theory and Design @ Active and

Passive, MATRIX Publishers. Portland,

1978,

(3]

(4] Abetiial gt
[5]

ripples in passband.”

(6]



94 19944 58 & IHERGE B 318 Bl F5%

& R EEEH)

19624 37 14H4. 1988% 2R
Auiets 1) gstet 243
4B, 19904 21 A&t 27)
) Fatah Mabets) 35 19924 2
: ARy A7) ek wialyg
» hﬂ SR, FUA ok 3w

A g ohdza AuAe $.

& ® FEGE®R)
1945% TH 31H%. 19674 27
Auoist Holgsta 29 (3
Ah. 1973% 2H AEdista A7)
Fosh AALSHS] A5 19844 5
L B 7ot shjEnldista A7)
UL i peeb A5 19795 -
19844 shic} nhyEnpdte A7)33t 74
19735 ~ WA Agoshe AT 2e 1992
F o~ A Agdgn 24 Ar)A2ggd T
2, FRA Pohs HEw P4 F opdEa AE

el 4.

(626)

F g BUEES)

19624 7H 8A4. 19854 2A

A5zt A7 F¢ (5

Ab. 19874 28 HEdstw A7

TEF Ak #H5. 19924 8

. A 14%%% A7)g3e wals
A am  ZFA Hol= 3| guf 3}

3 OPLéil Az A %%l

T
o =



