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ABSTRACT
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1S21GI* = FETE Ty (2-1)

oo € Ao ArAsivoIAININED (Ripple Constant) uaz F, (Q) fin Weridunuanvuy
Y9929930589 Uaz Q fe MuUseud luithazivuald Q wiusuwusauilumioe
siAgusedufivesiasnsosfiunuuriudn (Lowpass Prototype Filter) ilanuiisad
Q-Q, iilo Q.-Q iRguReI U
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L ' A
=,/101‘7—1 (2-11)
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nmslisasnsesAuis Ui ULy (Lowpass  Prototype ~ Filters) Lﬁa’tha'lumi
panuuy Tneiiesnsesauidriusuuuuiiagldasdussnay Element) mnﬂuainaa
lagarnanuauniunsemitiuvasiny Triaiadu 1 Ima‘lumum’l’uamaﬂwmma go=1

WAEANNRARIZYINAY 1 fe Q=1



11

()

&nr1

(n dhwavd)

{(n dhuavy)

(an

a8 Y o w
'iENﬂ’J']ﬁJﬂGl']N'WUWULLUUEHWEU'J\‘]’\]?H?EN?]\ﬂI‘Wﬁ

=
JUN 2.5 19350
(n) Tasaasraasvredule (v) lassainasieeiaiou

dad
AN

2.4.1 19950599ANUDATBILAULUUVBII92TNTDIAMUAUUVUUALAD
A L4 A LP) - = =i
ULUUVDINITNTDIANUARUUUTALR TS NATIAL

A1MTUNINTDIANUDNINIUA
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cosh™1 Q)

luvwaseainsounuen - Ly, deiauggidedesainnisfoundy
. < 1 1 - tJ
(Minimum Return Loss, Lg) %38A1 VSWR gegals fadianugadeiiiosninnis
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(2-17)
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& da = Y
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A dns: WuAAINE U
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g0/ dmiu g, WuAiau
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AunsnanaAIduiLauduadaTIvIe9snIoIR LD ALy
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o 1 v =

i g An Wowuvd qludmsuieasnsesnuiiiE Uil Wesan ¢ axliTudiv
Anlunsudas dufe AesnUssnoumuiumufitnsetdmiurnnsesmnuduiaga o

u
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2.5.1 MIwUaeaINTBIAMAKIUM (Lowpass Transformation)
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¢
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2.6 ©annN15N19UYaelUswnsy ADS
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gﬂﬁ 2.17 HANMIINABUALINTT Schematic (Band pass filter)

mngﬂﬁ 217 WJumaninn1sdiaesnisiinurensasiadistulaeiden S
Parameter 1¥u S(21) Aemsquanisdsdygrunwednd 1 ludwesail 2 aanasv
\flesarnifunsvves Band Pass Filter aziuliindnsinsanvouvesdyanIzanas
So8A Ui9YnEIgATBINTIN 9Nty SnsnsanneuIziinTuiesq luniseenuuy
ANU15098NLULNIIWUUBUlAENInNINe L‘ziugﬂ'ﬁ 2.18 1Wus1aea Low Pass Filter
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JUN 2.18 nawl S(21) wag Schematic v@4 Low Pass Filter

2.7 seihdygyrunldlasaislulasansd

anvuglasadvesaethdygravulasiaislulasansy anansauanslanagua

] =

2.19 Usznavdwan3y (Strip) Jadudrunduastdygin danuniiadu w wagiinu

=

ql s 1 A 1 L2 1 s d" s
nundu t ‘ﬁdllaﬂBmL’L‘TJULLNUIﬁVIEWMEU‘S'Nﬁﬂ‘l:I*EUSLLﬂﬂG’I'NﬂUl‘LI wuaqnumiaanl,muim

] '
U =i

aniuazeguuturasnululasansuifiniasiladidnnin (Relative Dielectric Constant)
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&p uazilmumundu h dmuwiulavsfiagsuanaasyimiidussuunsmi (Ground
Plane) 98934935

watuvenauimanlW wdsinlulasanduudnaiogseninaniuiussuny
ns1 lagdnwauznisnszarevesaunlih wavauuimanuuanshdyarallasansy
ﬁmam’tuguﬁ 220 audunisunsnszaevesnduilndifednun TEM s Saunaily
wnunuegfeIaienmsnszaemnuuuuidnuuuy Quasi TEM

= . W
e Jl’ fe I
t
h I
: 4
FZHUIUNI IR
sl 2.19 Tasaaiwaslalasansy
a1l
AUMILUAN

Ul 2.20 sULuUMsuRINSEMeauIesmethdyyndlalasansy

2.7.1 seddyarauuululasaasundiyudines
() < o w = PP ar =
mwlirsiisavesaeihdyyrauvulilasansuifiyuvinee angun 221 (n)
el Q s a { s A <t o

wansivaehdyyralulasandunliyuine 900 warlugud 221 (1) uansdisane
s a l s = s 1 é
dyanululasaniunyuvinee 90 wazlinisdayy wazdiulugui 2.22 szuansasauya
vosmahdygalulasansuntiyuinee
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> \\/ < -\ €
(m ()

JUR 221 (n) aneddyanlulasansuidlyuines 9o-
() anethdygralulasaniundiyuines 90 waviin1sdingy

: ‘

U 2.22 1sauyavesasihdyyralulasansunilyuinge

8

2.8 AAUAQNDINY

Radio Frequency (RF) f® ﬂﬁ'ummﬁﬁiwqﬁgﬂﬁﬂmﬂisqnﬁ'l*z’fﬁ’uﬁﬂmiﬁwshm
Tnsanizagabadiunisearsnising lasudazgruaiudasiiaumingautuianis
urazviin pdunwiingdurduusimdnlmihifinuainiiansothdeyann doe was
%’agaﬁuq Wumeshutuemeald 6‘5\1LfJuqmauﬂ'ﬁﬁﬁﬂ‘S::T.wﬁsiamﬁams’lmmumau‘lu
vatusu 1wy szuvingdeasielduuaziewdy  (Amplitude Modulation: AM  and
Frequency Modulation: FM) ﬂﬁiﬁ@ﬂ’]’i%’iﬂﬁaﬁ'ﬁfﬂ Msdeansmameia n1sdeans
Tnsfwitadeudi nsunsnwinsiriuaznisdoansrimuaadion Wy nsudsguaiud
YDIRAUINYFINLNUBIAMRUSINIANLUIANUIUIA (International Telecommunication
Union: ITU) Iduandlilusnsnait 2.1 dfeil
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Fogrumdui AN AMUEIARY
(Frequency Band) (Frequency) (Wave Length)
VLF (very low frequency) 3 - 30 kHz 100 - 10 km

LF (low frequency) 30 - 300 kHz 10 - 1 km

MF (medium frequency) 0.3 - 3 MHz 1-0.1 km

HF (high frequency) 3 - 30 MHz 100 - 10 m
VHF (very high frequency) 30 - 300 MHz 10-1m

UHF (ultra high frequency) 300 - 3000 MHz 100 - 10 cm
SHF (super high frequency) 3-30 GHz 10-1cm

EHF (extremely high frequency) 30 - 300 GHz 10 -1 mm

Uagdugruanuddmmivnisldanuiunilan azeglugiuainud ISM - Band

(Industrial Scientific Medical) FudugunuiiivansUssmasmunlSaanadasiu Tuns
sunalildnuludgeavnisy ermans waznisunmd anansaldaulalaglinsaiv
gruaudildanlunsieasineiill Tnefl 4 gruniud fe

1. gauauden (Low Frequency: LH) #inia 150 kHz

4 Ei'ﬂummﬁq& (High Frequency: HF) 13.56/27.125 MHz

3. thuennuigeds (Ultra High Frequency: UHF) 433/868/915 MHz

4. ghuarudlalasin (Micowave frequency) 2.45/5.8 GHz

2.9 nufjvasadunsivinluiia

nMnsnsnsedmudmililasansulunuideierliisnsuseuresniy
(Wave lterative Method) fiusznauseaaunnnsznu A7 uasAduATaUNSY By, uu
Tnssadisvenasadussunuiiiadulssaninsasiounduniiu Sy ﬁag}'mﬂ'lunéaq
fnh wasiirduUszansmsasounduidndewiasavini Iis

fmualiiuiilag Ailedundoufiriutazondumuduiussznitedunannseny
wavaduagiaundufiaunisii  (225) awsadouaunsvesaunliih  E;  uaz
awnuawan H; luwndudafdnlfwesessasening 2 fnane feaunnsi (2-26)
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A; = e (E; + Z,:H;)
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Z,; Fodufiuaudvesniu
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(2-25)

(2-26)

:kLy o w a daw 2 @& a a o ¢
asnseanlgansthdyyinunuululasansundidnewusdutu siinveduitaudg
nudnuediliraiiias (Discontinuities Characteristic Impedance) #49g3enineminses
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Jl%

A
duilunuduuuTY (Step-Impedance Filter) Asuansluzui 2.23 wazadsauyauandfagun
2

A
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o—yuo

JUN 2.23 1995au3ave99snseduinauduuuiu
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Zy—2Zy
o, {Z: ’, O
o, -0

JUM 2.24 2995auyaradlasatg Ui

W Z;; Asdufiwaugnnadune (Impedance Input)
Z,, fesuiiuaudaslougoundu (Revers Transfer Impedance)

nsmelagUssnameasauyavesasidygnlusuil 220 HAduiuaud
Andnuagsmunavemshdyaaasiivnalng uaziduiiuaudaudnuzdien
g anunirsvesanadygazivunadn muananiiaohdyaauuululasansy
mesayaluzUil 2.20 xiidnuaziaiioulassineguit (T-Network) faunnsAuanm
Aniinedufiuaudanauduiusves ABCD msiined anunsaiduulddsaunsi
(2-27) uay (2-28)

Z| B2, S5 = jZg cot Bl (2-27)

le - Zz-]_ = % = _JIZU CSC) ﬁl {2—28)

druvsznovvasdufiuaud Z; venasauyaguil (T-Equivalent Circuit) mlan
aunsi (2-29)

o IR e} o 0
X, =Z,p¢ i

Q Q O -[. <O

(n) 1 Z, Hengy (1) ¢ Z, feh

= fa o ¢ & oA a0
EUVI 2.25 ’de\]‘iﬁumua’ﬂEN’J\‘H]‘5LST,‘ULULG]E]‘E?JEJWLLG\WULLUU"UULNB Bl HUATAN
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cos fl-1

Zy =21 — 21y = —ji o

= —jZ, tan (%) (2-29)

dmiudiudsznouvesduiiuaud Z; v0999sauyalasiteguisiawiniy Zy,
fadudiAaura Bl < /2 dilssnevvesduiiuaud Z, vsilarsuenuaugiduuan
<1 s o o a a a « -] £ o
wanswaldummilend) vusidulsznavuesduiiuaud Z; slauenuaudiuay
- s o % 5 P = = [ = o 1 1
(wanwaidumiiulszq) Awiudleieueuiuiasiugui 2.23 aunseAuIumAIfigg

I Faaunsh (2-30)

£ Z¢'Tan (‘B ) wy B = —sm Bl (2-30)

franuddinnugvesaehdyaauiivunduadesd Bl < /4 wazd
Suflunudnnudnunsiiings Suzuandnuusiuissaiyaluzuil 2.250) Famienise
WuuaunTw) darduannisi (2-30) agUsmnaildanesduisuuwnudes =0

&rmuem [ vesaehdnapafiunemiuwazaduiusudaudnvusiih g
wuanadnuwziuisauyalugull 2.25 (4) Fifvdssguuunn) Fafuannisi (2-30)
zUsEInumlamnu X=0 uagA1ues B = Yc,ﬁl

N1388NULULIRINTBIBURUALTIUUTY T,manwwumﬂmawmwmumniaqmmnm
tufidaen1saEmITeRuLUy  Tagaesnsesaudfuiuuiinnuddneen O,
1 sieusotund deduiusiuanivszauazaranaumdonhildlumsadunuuaud
mnanLﬂummnmm’tuamwcamwﬂua's\mm'mmLUumaaaaﬂLLUU’meu’lﬁlmmmmmﬁﬁ
fipanis 1wy mwienvaveglumiteiladsng (KHz) winnedsnd (MHz) wdeenmaziy
Anzidsnd (GHz) faiunsusuAnanammi (Frequency Scating) Tudsanudifineaanisdadl
ausuliuogeds uensniuudanisuiumainaduituaud (mpedance Scaling 2wdl
anuddn Uiy semarafina1y deRinisaniduiuaudvsauvaaiie sufusudvos
nanuayeuiildanannsamuugunsaiineg 16

i DL

o ) < v al ¢ Z
EUW 2.26 N‘O‘iﬂ‘ia\ﬂﬁiylfgﬁm‘ﬂmﬂidﬁi'wLL‘UUE]iJ‘WLLﬂU‘tiLLUU‘Uu
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L= GRa.c =) ) (25

AsAaAIANeT (1) veseihdygalilasansudufiuauduuuiulaes
sarUsEnaUTBIRIME1 (L) fifnduiiuaudnndnuundu Z,. wasiiiulszy (C) fe
5uﬁLmu%ﬂm5ﬂw§uxLﬂuﬁagﬂﬁ 2.26 gRDIANIUMABUALAUS (&,.) F}mauﬂ’ﬁmmﬁ
lodidna3aduiug Amusneduresaniy (1,) AAsfiveanisunsngsans (Propagation
Constant) wavAAIMNS WA (Phase Velocity) Befeudenmdufiunudnudnvusleglu
Qouly Zoe < Zp < Zp, Wl Z, #e Adufinaudveandudedidn 50 Tevin a1t
e (1) emaunisi (2-32)

=MoL .~ (@l ]
I, = sin (zm,) e ="Esin™ w,CZc (2-32)
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N159NRUULALNITIAIIUTY YWD

My [ =l - o a & ao

Alendluuarludewesmguiuazudnnsueseasnsesnnnud seluanduisns
° a Y Y o o I3 A o v
u'lLEJﬂwqw{]LLaBwaﬂmimmuuu’mmﬁaﬁLﬂﬁx'ﬁﬁ“i’%‘i’mﬁ]i LW@W@SUWIUU?%Qﬂ?ﬂﬁQ']U
maly

3.1 N19oanuuUU

v o 6 o v a6
MUIMYBIIITNTOIANUDAH Y (Low-pass Filter: LPF) A9 agvaulinnuisiau

1 v o | [ ' P ¢ a o <l ' <
wayazliganlinnungeinllld Ssavdrelunsaameurimuiensueiniuyg Aldlaens

a o 1 S = v o ) i A ver
weilnii 1 Feenalusuniugruanundu deiuiiesinsanneudyaialudiudliio
Weeigame LPF

3.1.1  A1SAIUIN

TAssauiiodur99snIe A UUaEUIEBNY3D2999NTDILUUNIATN #135084
Chebyshev dafiuuuu AllPole Filter LC Low-pass filter @1unsaaonuuulasnsiain
msnieienlilunianuan 2mesnsesfimnzaususuusnisdendonldvdnnus sy
Atvualilumearuan wd3resimsainacmauimsuiunudlilanuiidonts udse
UnAmuumsasadululasansy

3.1.1.1 nM3AUIA Low-pass filter 800 MHz

Tumauil 1 Busumenisiuanisesiuuuulnewidn frequency scaling factor
(FSF) 929puANR9In1sANaNn1sh (3-1)

FSF = 2Zitf. (3-1)
salusaudene element values for Chebyshev lowpass prototype filter 310

o o v 14 ! 1 =
m1919913.2 Tuneeuan Taeiansangainnsmudainfipassband ripple(L,,) fif1 0.1dB 34
L e v n‘n‘-l 17 a o a | q‘ =0
slanuaniinuidednts 1wsnsespuifidesnisldnsetu n ddiuil 9 (n=9) Feilan
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i 73 1 1 1 s d dl o .
ANMUATUNTUYDIUNAIIBUAENNTE INNUN 1Q (Rg = R, = 1@) W8¥1115 normalize
low-pass Iaeld Z = 500 uay frequency scaling factor (FSF) muaunisi(3-1) e
o o I ow g o i & o PN
ihludwamaRmuAudse0) muaunisi (3-2) wazArvnainmisaiil) auaEunsi

(3-3)

8
w al

annsalnuAadluaunislase

FSF =2nf. = 2m x 800 x 10 = 5.0265 x 10°

Gy

L,

1.1957

5.0265%102x50

1.4426x50

5.0265x10?

2.1346

5.0265%102%50

1.6167x50
5.0265x10°

2.2054
5.0265X109%50

1.6167X50

5.0265x10?

2.1346
5.0265x109%50

1.4426X50
5.0265%x109

11957

5.0265%109%50

4.7575

14.3499

8.4933

16.0817

8.7750

- 16.0817

8.4933

14.3499

4.7575

pF

nH

nH

pF

nH

pF

nH

pF

(3-2)

(3-3)
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. i d 5 1 i
Normalize low-pass filter #ldluniseanuuuiuanslunisiaiy agiunassng
nszualudunmdenuurinuegiudiimu 1o Feauyaturesilduvasineusssuiy
dunanilddunueynsuey geruaiuisandulufnwimquiveunidu (Thevenin’s

Theorem)

I = ° ' ¢ a o o -
Tupoun 2 Awnaresnusenavvaslulasansuldanaunisy (3-4) way (3-5) Tag
l9ams1Tmasnun1san 3.1

AN51a7 3.1 Design parameters of microstrip lines for a stepped-impedance
lowpass filter

Characteristic impedance (ohms) Lot Zpi= 50 o = 93
Guided wavelengths (mm) RoomaBs VS Maeiiz  ARS 118
Microstrip line width (mm) We=4.0 Wy = 1.1 W, =02
= faL =1Lk
I =<3 (ZG.L) (m) (3-4)
(T e
lC = ;‘;Sln (O'Jcc Zoc) (TH) (3-5)

anunsnnuAnadluaunisianatl

C, = 10.2149 mm_ L, = 16.6676 mm
C; = 26.2500 - mm L, = 19.7827 mm
Cs = 26.2500 mm Le = 19.7827 mm
C; = 26.2500 mm Lg = 16.6676 mm

Ce = 10.2149 mm
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3.1.1.2 MSAMUIN Low-pass filter 900 MHz
MIAMIIIsWIslaunuiu filter 800 MHz
URDUN 1 HANISAUINNTAULUULAANFILAUUSEAC) wazArvnalInmilett(L)

K

Qe

pr e
Zhe

FSF = 2nf, = 2m x 900 x 10° = 5.60 x 10°

1.1957

G = o = 420 pF
L, = =222 = 1280 A
Cyf = o = 762 pF
L, = =222 = 1440 nH
G5\ e = 787 pF
Ly = ?6106:——;59 = 1440 nH
c, = ﬁ% = 762 . pF
Ly = = 1280 nH
@ =C o = 420 pF

5.60x102x50
PURoUN 2 nan1seulna1adrUsznavtadlulasansuldned

10,1350 NPt L,

L = = 14.8977 mm
C; = 26.2500 mm L, = 17.8048 mm
Cs = 26.2500 mm Lg = 17.8048 mm
C; = 26.2500 mm Lg = 14.8977 mm

C, = 10.1355 mm



3.1.1.3 nM13AUI Low-pass filter 1 GHz

nsAMIABviiouiuiy filter 800 MHz

= o kg Yiow @ ' = °
Tunauil 1 nansAnuNeTAULUUIAREIAUYTEY(C) wazAvnalnmienil)

FSF =2nf. = 2 x 1 x 10? = 6.2830 x 10°

v
a

C, = 10.2149
Cs = 26.2500
Cs = 26.2500
C, = 26.2500

Co = 10.2149

1.1957

6.2830%107?x50

1.4426X50
6.2830%107

2.1346

6.2830x1092%50

1.6167x50
6.2830x10°

2.2054

6.2830%109%50

1.6167x50
6.2830x107

2.1346

6.2830%10?%50

1.4426X50
6.2830%10°7

1.1957
6.2830x102x50

apnm

mm

3.8060 pF
11.4800 nH
6.7940 pF
12.8656 nH
7.0200 pF
12.8656 nH
6.7940  pF
11.4800 nH
3.8060  pF

Il

s

JURBUN 2 WansAuAIasaUsenavtedlilasansulaaatl

16.6706

19.7865

19.7865

16.6706

mm

34



3.1.1.4 M3AIN Low-pass filter 2 GHz
ASANUREEIBIMTaUAUNU filter 800 MHz

FSF = 2nf, = 2m % 2 %107 = 1,2560 x 1019

¢, = ﬁ‘fﬂ"%a = 19000 pF
L, = e = 57400 nH
G = i = 33990 pF
L, == = 64300 nH
G | = ez = 35110 pF
Ly = i = 64300 nH
O, =l g 2 13,3990, | |pF
Lo L= /2 = 57400 nH
G, =i\ e =/S18000 HF

1.2560x1019x50

& = o l I3 a vo &
YUADUN 2 Naﬂ']'iﬂ'lu’JmF’]r]a\‘iﬂUiﬁﬂaUma\ﬂﬂJIﬂsﬁﬂ'ﬁUlﬂ@\?U

C, = 23306  mm L, = 166706
C; = 56256  mm L, = 19.7714
Cs = 60000  mm Ls = 19.7714
C, = 56256  mm Lg = 16.6706

Ce = 2.3306 mm

mm
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3.1.2  nsadslulasansudtasslulusunsuy ADS

5 & ¥ ql o :; o U = 1
ludumnounsaineilileviiniseanuuuIeesnIoInud MuINAIMISEnaSA99

L4 1 a: -‘J o 5 1/ 1 2/ -] 5 1
Twsasiadauysal ae§indaiviuntugnaemielididasinig simulate glulusunsuneu

i Moy & - [V i < o v [ v o
Twanleidunumelavseli udfaresuseneurasauagunseinlaliasudiu uddeey

o cawy v o as ] v dd v = @ [
tgsaudsilaiuiunvsvudddilinanavausimisauiinesnisingiasosilaufuusa
A139 fevglananeely

n1seanuuulaglylusunsy Advanced Design System (ADS)

TUsunss Advanced Design System (ADS) aguanamtinsaiilddmsuosniuy
2995 lnglddydnualunugunsniniagluases Sonda “Schematic”  Tngluwiisneilil
gunsaiudennuviia Widenldlunisesnuuuinninelasnisihgunssiannmadudneves
PAVQT RRTTRURIV T ok ﬁdLLaﬂalugUVi 3.1

A A g e e Y
Gewr Ao Wk Syra Mo ot Senie et Oynamalion - Deupiliode e

B L S0 2C .0 LG Y WES L S BN

e OB ARNE 00 AE)E

[ .

i

2 40§ o4

U TRTR 7S FRTRTE P vt o -1

Wb a)eE 20 1) 8% 8) 2f a

JUR 3.1 misinalusunsu ADS dmiueaoniuuims

' < o w & . - v |
nountunisuiAiuyse99n Schematic ¥199NLUUAININRTNRDINTT TnsAld
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¥ Capacitor P )
< % Pacsmeter Entry Mode e S o
Instance Hame (rame{<stactistops]) (R I —
d c1
Cooc ]| selectPacamerer 2
e ool C=10pF - EE TN
18 Temp= ' 2 il o
RS Trize= l Equation Edtor,..
3 Tnom= Tune/Cot/SLDOE Setip.s.
e | [h e T % :
2 e | !
5 wBV= |
Lt InitCend= 1
4L Models 5
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UM 3.2 nseenuuurAdivlsyy
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i 1 dl o 5 2 o 1 7 L2 1 s L d
Ingewine Admuaidldinannsdinadudetuivadiiuusey uaneigun 3.3

i s ong
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U7 3.3 nMseaniuummiumy

! : E’[néu:ﬁun} § @
L Parameter Entry Mode !
Instance Neme {name{ <startiston>]) [standard -
L1
SelectParameter % L
L=10nH 1 2 otk
R= it -
Teli= | ! | EquationEditar... =
Trise= '8 Tune /Opt/Stat/DOE Setup...
Tnom= :1
Tc1= 14
TC2= |
InitCond= :
Noise=yes i A
Medel= T\ [ Display paceme it o tc
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U 3.4 mfwuesmnilnes
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] INADIUUUYBIMINA 1T D
idonfl Simulate>>Simulate w3enady F7 winlifidefiawaialusunsuasuananiising
. v T = a o

Simulate uazniFaERINTIMAIFI | UBRTTINAZOU Haguil 3.5
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3.2 LOWPASS PROTOTYPE FILTERS AND ELEMENTS 41

3.2.1 Butterworth Lowpass Prototype Filters

For Butterworth or maximally flat lowpass prototype filters having a transfer func-
tion given in (3.7) with an insertion loss L,, = 3.01 dB at the cutoff Q. = 1, the ele-
ment values as referring to Figure 3.10 may be computed by

go=1.0

[ @i-Dm )
g;= 2 sin =B\ | fori=1ton (3.24)
En+1 = 1.0

For convenience, Table 3.1 gives element values for such filters having n = 1 to 9.
As can be seen, the two-port Butterworth filters considered here are always sym-
metrical in network structure, namely, g, = g,.,, £, = g, and 50 on.

To determine the degree of a Butterworth lowpass prototype, a specification that
is usually the minimum stopband attenuation L, dB at {) = (), for (0, > 1 is given.
Hence

Dflirode
2log(lO A4S — 1)

P (3.25)

For example, if L, =40 dB and (), =2, n = 6.644, i.e., a 7-pole (n = 7) Butterworth
prototype should be chosen.

3.2.2 Chebyshev Lowpass Prototype Filters

For Chebyshev lowpass prototype filters having a transfer function given in (3.9)
with a passband ripple L, dB and the cutoff frequency (1, = 1, the clement values
for the two-port networks shown in Figure 3.10 may be computed using the follow-
ing formulas:

TABLE 3.1 Element values for Butterworth lowpass prototype filters fgo =1.0,Q.=1,
L, =301dBat(})

n &1 £ g3 &4 £s (] &7 8s 89 Eio

2.0000 1.0

1.4142  1.4142 1.0

1.0000  2.0000  1.0000 1.0

0.7654  1.8478 1.8478  0.7654 1.0

0.6180 1.6180 2.0000 1.6180 0.6180 1.0

0.5176 14142 1.9318 1.9318 14142 0.5176 1.0

0.4450  1.2470  1.8019  2.0000 1.8019 1.2470 0.4450 1.0

0.3902 L1111 1.6629 19616 19616 1.6629 1.1l111 0.3902 1.0

0.3473  1.0000 1.5321  1.8794 2.0000 1.8794 1.5321 1.0000 0.3473 1.0

Kol <R IR« LV T SR P N




42 BASIC CONCEPTS AND THEORIES OF FILTERS

S0~ 1.0

- enl3)
gl_')/Sln on

, [(25—1)71 ) [(21‘-3)77}
4 sin 2 -sin

R 2n

= Dar fori=2,3,-"'n (3.26)
¥+ sinz[——}

n

1.0 for n odd

Enr1 = ‘8
coth? " for n even

where

“ifeon( 1755
B=1n|co 739
y= sinh(—@—)

2n

Some typical element values for such filters are tabulated in Table 3.2 for various
passband ripples L ,,, and for the filter degree of n=1to 9.

For the required passband ripple L, dB, the minimum stopband attenuation L ,,
dB at () = (), the degree of a Chebyshev lowpass prototype, which will meet this

specification, can be found by
[ T00 ]
cosh T Iy R A

£3 cosh™ Q) ¢l

Using the same example as given above for the Butterworth prototype, i.e., L4, = 40
dB at (), = 2, but a passband ripple L4, = 0.1 dB for the Chebyshev response, we
have n = 5.45, i.e., n = 6 for the Chebyshev prototype to meet this specification.
This also demonstrates the superiority of the Chebyshev design over the Butter-
worth design for this type of specification.

Sometimes, the minimum return loss Ly or the maximum voltage standing wave
ratio VSWR in the passband is specified instead of the passband ripple L ,,. If the re-
turn loss is defined by (3.4) and the minimum passband return loss is L dB (Ly <
(), the corresponding passband ripple is

Ly =10 log(1 — 10%1£r) 4B (3.28)
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TABLE 3.2 Element values for Chebyshev lowpass prototype filters (g, = 1.0, .= 1)

For passband ripple L, = 0.01 dB

n £1 £ &3 84 &s 43 gy &3 & £io
1 0.0960 1.0

2 04489  0.4078 1.1008

3 0.6292 09703 0.6292 1.0

4 07129 1.2004  1.3213 0.6476  1.1008

5 0.7563 1.3049  1.5773 1.3049 0.7563 1.0

6 07814 1.3600  1.6897 1.5350 1.4970 0.7098 1.1008

7 07970 1.3924  1.7481 1.6331 1.7481 1.3924 0.7970 1.0

8 0.8073 1.4131 1.7825 1.6833  1.8529 1.6193 1.5555 0.7334 1.1008

9 0.8145 1.4271 1.8044 1.7125 19058 1.7125 1.8044 1.4271 0.8145 1.0

For passband ripple L, = 0.04321 dB

n &1 &2 &3 84 8s (3 &7 g3 89 E1o

0.2000 1.0

0.6648  0.5445 12210

0.8516  1.1032 0.8516 1.0

0.9314  1.2920 1.5775 0.7628  1.2210

0.9714 13721 1.8014 1.3721 09714 1.0

0.9940  1.4131 1.8933 1.5506  1.7253 0.8141  1.2210

1.0080  1.4368 19398 1.6220 19398 1.4368 1.0080 1.0

1.0171 1.4518 1.9667 1.6574 2.0237 1.6107 1.7726 0.8330 1.2210
1.0235 1.4619  1.9837 1.6778 2.0649 1.6778 1.9837 14619 1.0235 1.0

O 00 bW —

For passband ripple L, = 0.1 dB

n £1 &2 £3 84 &s 8o g7 43 £y g0
1 0.3052 1.0

2 0.8431 0.6220  1.3554

3 1.0316 1.1474  1.0316 1.0

4 1.1088 1.3062 1.7704  0.8181 1.3554

5 1.1468 1.3712 1.9750 1.3712 1.1468 1.0

6 1.1681 1.4040  2.0562 1.5171 1.9029 0.8618 1.3554

7 1.1812 1.42285 2.0967%1.5734.,,2:0967~, 1.4228» 1418127 10

8 1.1898 1.4346  2.1199 1.6010 2.1700 1.5641 1.9445 08778 13554

9 11957 1.4426 2.1346 1.6167 2.2054 1.6167 2.1346 14426 11,1957 1.0

For example if Ly = —-16.426 dB, L, = 0.1 dB. Similarly, since the definition of
VSWR is

vswr = ~—ul (3.29)
L= |50l
we can convert VSWR into L, by
L,=-101 [1 (VSWR_I)l] (3.30)
ar =08 T\ swR + 1 '

" For instance if VSWR =1.3554, L, = 0.1 dB.





