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ABSTRACT

This thesis presents the realization method of Uniformly Distributed RC line (herein after
is called URC) active filter using one pole of voltage gain. A design of those proposed active
filters has been compared with the circuit using a DC gain for both transfer function and
sensitivity. The thesis also describes about replacement of an active single URC and double
capacitive layers of notch low-pass filter and band-pass filter by using one pole voltage gain. The
experimental results of the amplitude response, stability and sensitivities are carry out. From the
experimental result shows that the URC active filter using double capacitive layers with one pole
voltage gain gives a good amplitude response and low sensitivity then does URC active filters

with DC gain.
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s =jo 19111 voltage gain Aenaannsaoulnilddail

T (o) = [ o)l /4 22)



¥ (o) fovurm e nuilaidu uar go) Ao mafeieu wazaunsavneaunsi
y
2.2) 181mi fadl
T (jo) = e 1@(@)+jf(@)] (2.3)

A ¥ =
&9 o Afemmsgaydo (oss) tas B Aol (phase)

a(w) = —lnp'(ja))l nepers (2.4a)

B =—-¢(w) radians (2.4b)
v ¥
Tuidl 1 neper = (20 log,,¢)dB = 8.686 dB 110 1 radian = 57.296 degrees
amln@ AMITRBLAUBIMIYIA (Magnitude) Y2995ATBIA IRV LLOATIHIZ MY

ferunuuasiimiaedadu nFiua (decibels)

T (jo) = 20logy [T (jow)| dB (2.5)

212 1808300 (Stability) ¥893993050IANIND
= 4 .d Y 4 o w
NSINTIEANUADYTNNYBINIATOIIMBNITUGT B YeIMTODNLULINYS
o a a o =IO ot Y o A ﬂ s
mazaziy ludnoiwuitwendnduativsnmvesszuvitimsfounduiodufiugm
- da ¥ Y -2 o A a o P ¢ &
Tavinn q szuufiimsfounduszsamdsvunauuenien nie eindnuhdines Fuiy
o a 1A £ & o Y Y @ '
ssuviiianu biedosnniu lesnnlussuuiswaudeyaoundusdimainua
a 4 '
n3eeRauTINMIMaInluY eIy
Tuziii 2.2 auylo £ Aeflanubounduusannss uaz o) ApsAsIMIVILYDI0S

P o o o 9 y
FeansoliounsuidiresHaiS iy open loop la@i

T(s)=a(s)f(s) (2.6)
waznsdmesHandu 4 uuulla (close loop) Aaii
___a(s)
A = Y ) @7
+
Vi O0— y > a(s) ———0 ¥,

f(s)

c‘ Aot 9 o g <t
31.]7] 2.2 ISVUVNUMTBUNAVUVUYUIAYY



da a ¥ A < dog do 1y g
ssuuiilliadgsnmezaealianinaunen close loop nswamesiansuegthadhe
' ::y (4 A o o l:f
YBTZU 5 (s-plane) tazdr Ina 11131191590 (root) vesaUMIAUTILUE FallArdail
F(s)=1+a(s)f(s) 2.8)
1 b~ . - ' ) 3/ [y ) ¢ <
ff3una 20log, JFGay | SoniniTuimdeoundu uag tmisesly v wa (dB)
a ¢ a S 4 WY a o y A 0 q
mMidnehiatosnmeesnesiy deldhlianudwapiiuednts mswildms
DvaUIUAMIMNUYBINIIAN q vensnesMsRinssnnTIMsgudnyae Taoia
J to o 1 LY a Ly S @
udy adusnmvesnesesiuegiudumisnnvesaumsnudnyas Taoluinniinusaty
S a ¢ _a ¥ a a . .
fisgimslinneiadesnmeessesdumaiinveslundadlaozunsy (Nyquist Diagram)
& g ° L " l o ar ]
Faimdanmsfe sihsnvesaunmspuanuue n3eovnan ldinhaunmsidiuvemsmd
o oo ° EY = a J 4 aa A
mosHandu whmanudumeafuveslundad Tussuty s-plane Frsiadosnmw oz
doafidumaduves lundanntlndeuyafuiia (Origin)
° [y o s i § o Q’l‘ 4
dmiumsinnzviatosmwyssnesnsesnamduuuudainildda DURC 1y e
a 4 ° d '
anvazanlumslinsed Wldhmsfounlasldineglugtvesszuny p (P-plane) unu

oy P =~
Tageusa@ounsudidestansuvesssuy 1anaeil

_N®)
TR 2.9)
dio N(P) uaz D(P) uIndTudlvavesiumuas Ind Tuifivavosdadaumuddy fegly

t 4
sUveaszu P uazansoilouaunis Ia Inaidadl

Stability region = Re(D(P)) + Im(D(P)) (2.10)
111® Re fi® real part 1Az Im 71D imaginary part Y9IAUNITRIAIU

213 anuhvesdigunsalluresnsesnnud
Ada a Y o dto o -

2193nsBINNNRNNgUAMATzdAelinI TvesdgUnsaiidr Imswdounlas

[ Q’l’ a o o L4 A °
nvwnades anfumsinszimmnonnlvesiiglnsel Sufudesuiluvesnisesnuuy
: 14 o @ @ U4
wvnsesnnd unild 1) AensudeiNeFunuvesiianedn uaz x Aedagunsel
A A g ' A 1 o Cd
n3evaUNAN 9 U293 WU R, C, K, 0 uazdu q saunsammany lussiiginsed

y
@& a2

X AU

AT IT _/X_AT (211)
T



& a a a
M AT =T(s,x +Ax)-T(s,x) LA S; ﬂt‘)mmvlwmmsLﬂauuuﬂawm T ﬁ'll'ﬂ?]il'lﬂilﬂ'li

4 1 a 1 ¢ o . '
wasuntasives x TavUn@ dusrweem AT wuvoynsumdiaes (Taylor series) Aaum

1 4
=~

Ax g a2 ldaunisInudaeii

AX
AT =9 px = x T 2% 2.12)
ax X X
d'l o . P 3 b 9 o dy
UONINT Normalize AAUNITN 2.12 Tﬂumsmsﬁw T 98391 nz"lﬂ U
X
§T - O0T/T _ onT) X ar @.13)
X X /X dlnx ) T AX

Tumalgiad aumsh (2.13) sziimabunidfusirnharnslumsmmnnulovesds
U4 A a ad a 4 o’ s o Y
gunsal vBanesATBIAMURYiiaan q TunnsdifmunsadounsudiiesHedsulded

' o J
0 9 A3

N(s,x)
T(s,x) =X 2.14
(s,x) DG .x) (2.14)
unuaun1sh 2.14) aatuaumsi 2.13) 1214
sT =a_T(.x_ DN -ND'{ D)__[(N'"_D' (2.15)
o \T D? N N D
&
g = woz p=2P
Ox Ox
-~ P} W Yo 4”
139 0199 TugduuyInaladed
ST =s)-s? (2.16)

2.2 Msanaag

’ v td
INNTBBAULUNINTOANND  sznuDfvesglnssidazdmsunnldiu wen
] ¢ a o 3 4 ° {
aemsmgUnsaieda q udszneulden AuluieWmumsmineresildeenuuyuds
o ¥ a 2 e il] 4 ¥ - ° aa 4 v y A o o e '
anldmne Beduunssdedinminerdasniiadunld Wedhnmsdiunfousives
o' ) o a, z o a 4
gunsallfilludfiannsassmidamiosnaaiall S3msifufidenisanads #e33ms

A d P 1
ﬁlﬂﬁmuu‘umﬂmﬂu 359U



- MITNANNUYUIA
- MIMAANNAIG
- MSANANNIUIALAZANND (Magnitude and Frequency Scaling or Element

Scaling Equation)

2.2.1 M3ananmIvuIn

- a 1 a o o o o Y
ﬂ'li’dma‘n‘lsi‘Uu1ﬂﬂﬂﬂ’l5Lﬂﬁuullﬂmmﬂﬂquﬂu%‘Umqﬂﬂimnﬂﬂﬂu’Niliﬂ’Jtm’J

-

{ %
senou &, Taofidufiuauduesginsailurssueniviftamesilsznoyluide
1

ZR =R, Zsza)L, ZC= - (217)
joc
a 4
VUIAVDIBUNIAUS
[zal=R. |z =L, fzc|=—— (2.18)
wc )
] L 4
MNUABATIAIUVRIMSINY Ba Aaoadina &, Aniueeldh
1
km|Zr|=knR ., Kk, |Zo| = koL | &, |Zc|=m;— (2.19)
@ 3 9y [ g o d’
antusz ldsmivesgnseld q faii
Rnew =ka01d (2.20)
Luew =kmLowa (2.21)
1
Crew =7—Cou (2.22)
km

2.2.2 MIWDANNANND
[l a 14 " a A s ] = @ o s '3
VN @ =27f sewuNanud lulinansenudeduiuaugues R uaseiinatuduiuaud
w99 L taz ¢ dusdmualdsasimsainaminy ky

4
as

lagh k, =277, uaz £, Aeanudinesd vearesnseannudiiu q

auiuszla
Rnew =Rold (2.23)
1
Ly =—Lyy (2.24)
kg
1
Cnew =—Cald (225)



2.2.3 MIANANMIVINAUASANIND

inﬂﬂ'ﬁ'd[ﬂﬁ‘V]'N1111'lﬂllﬁz‘}’n\iﬂ’J'Illﬁﬁﬂﬁ"l')ﬂ'l‘i’l"lx‘w’llu Lﬁﬂﬁ'lil’li?ﬁﬁuilzvlﬁ

Ruew =kpnRou (2.26)
k

Lpew =;m— ‘old (2.27)
!

C = C 2.28
new km kf old ( )



o o Y ad a o oo P ' 2
TuilsgiumaluladmednBiaanseindaislmifiaiuegiaus Feninszesn
s o daa I'd 4
weesaaoms gUnsafiuududdauiun (Lumped Element) fufluuuuwiadv wisuuy
woniiiuda Falimalulatdu q Tavmwizmaluladildesnuuurasitidanlsensuii
a aa o . . H . .
HULRaNSTae 0133 (Distributed RC) [3117] Taeldina TuTadusduNaunua (Thick-Film) n3e
' s . . a Y B | a aa & o
WAL AULNQ (Thin-Film) Tunswan'le® (Integrated Circuit) Fufinnesauuuaaniiang 015%
da o & da a dd v 4 ¢ w daa Y & a2 o QY
ifiguanyaizia 9 1Wignh vaslivinei@aniuimneiauuuduasamun 013% el
d P a aa ¢ _ _da o o '
A1SEENIUVNITHINNeSALLURaNS T8 8135 wiuamnsath 15 184w
54 o a aa o S-S a o a A g
ifinneiauuuAanstn 0% legdreunmsuuy Asesundiedieie Taseain
1 o a o 4 o’: o o
uRuAd v uTadtawes (Multilayer) Hi¥uvoIni1 (Conductor) AUAIUNIY
14
(Resistive) 1R (Dielectrics) Usznoudaidiodu Tasduvesnnudumu uagdnh
- 3 - ) a an o P ' a
p199zilyadoeBnuIMaaTive N RAIdNYBsAmSTR 0135 fonegluguuuiid
~ 4 o ] 4 o o >
Multi Contacted P-N Junction Seaanudumusziudulszneuvesaisninh wagia
< Ao dw o o a I'd a o o an o
wudszgezdunavesluweaniandu uazdmivlunsliaswininineiveransuon
) o =) & @ o ¥ - : ° a ]
0155 vz 19msnmsiAuIdufunann1svesawds (Transmission Line) 1as9eyiinsdinsisng

Y o ] v a an o o o a aa o n’:
Tﬂi\i’d%”NllﬁZW'ITI!JWIﬂiﬂiN’d'IUﬂQ AIATNITUIA ﬂ'li‘?i HATAATNITUIN E]’]i(‘% HUUADIHU

3.1 NguYMed

o t

Tumsdaiundsny it viemsdsdyanadnasae q fldaonda (Cable)
- o &~ ' 7] ° A @ a e P °
nIodIsaIUY lllﬂllﬂi8llﬁvlﬂﬁ'l‘lﬂaN'Iuﬂi!SVl'N'lulﬁllﬂuﬂU'J'l UATAIUIMUYIUT
(inductance : [) ﬂ"lﬂ'.l‘m'q'lﬂﬁ1 (capacitance: ¢) MANUATUNIY (resistive: 7 ) HazAINIINUI
1] 1 1 o '
(conductance: g) UWINsTIWBYARBAMY UMY Tasdwisiiwes I,c,r,g AN
o o o J 13 ar J 8 o' . - . .
ﬂuwuﬁ'ﬂmm"luwﬂmzuxma %:.’I?Uﬂ’n UAUUVENNAND (Uniform Transmission Line)
a o -y o o fd'ag o =) v ] ]
uazﬁmﬁmmas l,c,r,g UANUAUAUINVUNUISUENT WITUNN ’C"f'lUﬁ\lll'U'leu
i taue (Nonuniform Transmission Line)
© o a o Y (] a =Y d'n::' Py Py v
'(T'lﬁi‘l]ﬂ']ﬁ")lﬂ513“Tﬂi\?ﬁi1~1ﬁ1ﬂﬂ'\11ﬂ’]'ﬂﬂ1uwuﬁuilzl{lUﬂ'Ii'JlﬂleﬂYllﬂuﬁ'mﬂ\i
° v o Ya v o 1Y [ v 9 o a 9 v
551501 b URINa p13) muumumsmﬁmufmmsnnmum"lﬂuqmuiu u ‘nmamnmumtﬂuszuz X

flurnados q dlu Ax daiuaaslugali 3.1
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———x—F ),
5UM 3.1 medadaana

dommsvoiodan axoenly erldesiadion faguit 32 F1 v(x)icr,x) szih
dnanIWihunznszuaiiiign x awddy TaeddRansdadnisiiines (Distributed
Parameter) A 9 ﬁ’a'ﬁ‘
r o MANUMUNY (Resistance ohm/meter)
! ﬂHﬂ’J”ﬂJmﬁU'Jﬁ'l (Inductance henry/meter)
g: A1 7713111 (Conductance ohm/meter)

c: fhﬂﬂlli]vlﬂﬁ‘l (Capacitance farad/meter)

i(z,x) rAx IAx i(t, x+ Ax)

+ o— AN AT Lt ¥ N
v(t,x+Ax
V(t,JC) § — £, ( )

c
ghx
- O O -
< Ax =

31l 3.2 daumsveeves Ax lumeda

nnglit 32 diel¥ngussdunaznszuavsaneisendl (Kirchhoff's Law) o150

t 4
/)

Wouduauns'1daeil

v(t, x + Ax)-v(t, x) = —Ax(lgi—(at—;{)- + ri(t,x)) (3.1)
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c av(t,x,Ax)
ot

it,x + Ax) - i(t, x) ~ —Ax( + gi(t,x,Ax)) (3.2)

4 o aa 1 o a v d
nnaums (.1) waz (3.2) diedmualidtiaves ax Haudhindgud eeliaunisiaeyiug

U =)
uDuUnND

wx) _ ailtx)
P ! o rt(t,x) (3.3)

ai(t, x) . ovt, x)

” P gv(t, x) 3.49)

10 v(t,x) uag i(z,x) mslasanlaraes @

V(s,x)=LIv(t,x)] = cj?v(t, x)e™ di (3.52)
0

1(s,%)= L3, )] = [ie, 2)e " (3.5b)
0

4 v o LY
uaziBMIOYWUS IS (3.53, b) Houdy x 9z'ld

A3

L-av(t,x)_ $ Tav(t,x)n_s, & 0 °j? Wt )~ dt = oV(s,x)
| Ox ox ox o Ox

(3.6)
o[ 2] _F0) 9 Tt x)etar = 253)
| O&x | o Ox ox Ox
Tasmsuasaaraluaums G.3) uaz (3.4) 9214
?%i):_(zm)z(s,x) 37)
ol (s,x) _
= (es+ g)V(s,x) (3.8)

& ar L. Q'I
aadaulsTuauns (3.7) uag (3.8) Iivadulsifer ufe x SuTou dr uny ox

wdanez 14
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ch(; x) —(Is +r)I(s,x) (3.9)
dj—gxﬂ=—(cs+g)V(s,x) (3.10)

WehmsmeyRusvesanms (3.9) uaz (3.10) foudy x e r.l.c,g Wumnedies 14

__d VSX) _ frsar) 2 I(s,x) (3.11)
2
d—@ (+g) V(s,x) (3.12)
dx

Tasmsunumaums (3.10) asluaums (3.11) wasunusiaums (3.9) asluaums

(3.12) se I ldumsvosmuasnuuainme Av

2
%;V—(Is+r)(cs+ gV =0 (3.13)
d2
?1 ~(s+r)cs+g)=0 (3.14)

o/ @ w & =1 1]
aums (3.13) uaz (3.14) Wuaumseyiussudy 2 Fsmusadou 1dlnife
V(s,x) = A cosh I'x + A,sinh I'x (3.15)
I(s,x) =B,coshIx+8,sinhIx (3.16)

1 o

A v A . . - i
e I l{luﬂﬂ'ljzﬂ']ill‘V‘iﬂiz9101‘3@?\3“ (Propagatlon Function) Iﬂﬂlﬁn U

F=,ﬂls+rics+gi 317
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[] b 4
dmiumen 4;,4,,8,,B, Humeumaan uazannsedmualdasii ae dmdu
L4 ﬁ' \ . é 1} -
dwdeilinnweriidy d dailulasshonwn 2 wesa Taomsdunaseiiiu v(s50),1(50)
wasmueawaidiu ¥(s,d),I(s,d) vnaunms (3.15) G.16) 7 x=0 924

A5 =V(s0) (3.18)

By =1I(s0) (3.19)

4 v v o - ar '
FOMBYWUTTUMS (3.15) Uag (3.16) WLy x uazunumasluaums (3.9) uag
(3.10) My dmuald x=0 w2l

Ay =~ / X A 1(5,0)=-Zpl(s,0) (3.20)
cs+ g

By / REQJy U \C W (3.21)
cs+g Zy

Taon z, WugudnuuznaBuRuaus (Characteristic Impedance) YDA WAL
aduaye

Zg= (3.22)

i Y a ¢ ¢ 1 dyy ]
RiuNNAUBURALazInREANDSavesIsdY Nldnnduns (3.15) Aeaunis
(3.22) anunsoinnd@euiiugy 18dag1a 3.3
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1(s,0) I(s,d
) S
[ «— I,
Linear two-port
LI omars /(o)
. L .

117 3.3 Bunanaziorawesavesauds
Tavlassiioluzdil 33 awnsadouldeglugiwisiiines ABcD Adluaums

wasndg 1aaaluaums (3.23) Taoht ¥(s5,0),1(s,0) thuusesutosnszsiaueanesan 1 am

o o/ é s . o L.
fwu dadoudhu 7,1, wag V(s,d)I(s.d) Wuussduiazassiausanoiai 2 muddu

[—V;I] X [g ﬁ] [_szz] (3.23)

Il ]l _[I 12
—> +— —> <+

2
gudowiu v,,~1,

v, N N v,

o -

Q1 =4

31 3.4 msas Tassvielugilii 3.3

] [ v ¥
diohlnsetelugilit 33 aesgrindeoaiudaglii 3.4 ez'ldmasauianuadiu

4un1S ABCD [Iasnd Ao
14 a pa b gb] [w A Bl [V
. (4 B Ab Bb 2| = 2 (3.24)
I c® D] |c® Dp°| |-12 Cc D| |-I,

s A=A%4% + Boct B=A°B% + Bap®

C=C%4% 4+ pac? D=C%B% + DD
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uazﬁ'nmuﬁums (3.18) 5\1 (3.21) m‘luﬁnms (3.15), (3.16) u’r’f’Jmﬂﬁuﬂﬂ\‘lﬁm‘lﬂ
a o a o & a 4 a o a ¢ . . o
UINDTUBIUAINGY cmLﬂuaunasawsmaummmmnm (Inverse Transmission Matrix) mz”lﬁ'

N ¥
AUNITVOIA WAV VT UATUD AT

V(s.d) [coshrd Zz,sinkId| v(s,0)

=| sinhI” cosh.Iid (3.25)

~I(s,d) Zy - 1(5,0)

° @ ' o « a o =Y a
111711116(\1%8’]?’111 msmJmmmsmmawmmmsnm 11]&]11‘7‘{1?]“19]8{‘“6\1011171
uAug93lA (Open-Circuit Impedance) M30N50n71 Z-Parameter LASAMISTINBIVO

o 4 o . . = 4 '
HBANALAULINTAR (Short-Circuit Admittance) 30N30 T Y-Parameter 9218

coth I'd cos echld
[Z] = Z, (3.26)
cos echId  coth I'd

coth I'd —cos echI'd
(3.27)

1
Sirvaw
O ~cos echI'd coth I'd

b2 w a 4
3.2 iﬂi\‘iﬁ‘i'l\i‘llﬂ\‘lﬁﬂﬂﬂ'li'mmﬂ’i

b4
d @ A o

lumadszinaTassadwusududiuiiothurimsilSouiousu Tnssadrauuy
a aa o 1 f o o °
aamsiag szdealdlnsevienuy 2 wesanmilousudiuimounaygn wnssnoudhday
v o P P I Y o d a0 a4 o R ' &
A 3.4 daudazgadestivinadn uasiifnanndiofsuseniimysanues &
° A o ' .4 oS a Pri oy T s aa o J '
Taugaminndessdesliivmwefiszuaauihiguanifvealassiaaniiod  Tastuey
Y] a d'sl ) a:;d' [] a ] aq 9y
Muanuiieansefidesms uazguandildlusunandivesaiods uazlumanguild
TnugavesnguisuvesIaseadrauuudud i maud lndmedud Suiguamni@ifioy

(Y o aa J
lﬂ']flﬂiﬂiﬁﬁ%"]\lllﬂﬂﬂﬁﬂin']ﬂ

1, 1 1, 1, Loy 1y, Iy
> > —_— — == -3 LAY
+ + + + + + +
Y, 4 Va v, Voo P Va

317 3.5 Juluuuves Tnseiie 2 wesnideiu Tnseaduuuvaanstog
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o o ' o da oo ° 1 4 ¥
dmdvmeduvuminaueilianueniiia aansoinsdszinald Tasmsld

o & d o ar 4 { 1 ] 1
Tnssadavesduduuy 2 wesasmaumnats q ga falugdd 3.5 Adudunilvesaeds Tao
Tifilassadrathuiny T fannsadonlddgli 3.6 Tasmn@anmzduduldismis

1 o d
ﬂuﬁ HAZINNVT lﬁﬂVl'lﬂ'liﬂ']ﬁllﬂ'lillnﬁlu‘lflﬂﬂ{ﬁ'H'Vlilzvlfsl'

(Z1+2Z)0, =230,y =V, (3.28)
Zoly —(Zp+Zy ) pyp = Vst (3.29)

o n=0,1, ..., N+l

Zl Zl
+o— F 91 N1 —o
In ™\ n+l
I/” []Z Vn+l

31 3.6 Taseadrauy T-Network

o

14
1NAUMS (3.28), (3.29) annsaimdiou ey lugil Recurrence Form fail

1 4 2
"t 1+§—’ —(g—'uzlJ Vn
= Ve A3 (3.30)
...1_ l+ﬂ
1n+l Zz Zz In
A4 o IS Y o d v
diotheaums (3.30) in@eudeglusduuumaing 0z1dh
[Xner]=[0] [x,] (3.31)
2
4 + 2 -[Z—’+22,J
we  [M] = | %2 \Z (332)
__I. ]+ﬁ
Z, Z;

49207
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[X,.1]= [V””] waz  [x,]= [V,,J (3.33)
In+1 In

MENMS (3.31) nudouiniidh
[x.] = (M [x4] (3.34)

diedmuald [M]" mlRnndleiiu (Bigenvalues) vo9 [M] uazarlediu Husin

YOITUMIUANULUUAD

det |M]-alr]|= 2 -2/1[5—% 1]+1 =0 (3.35)
2

-}

A A a o o U4 Ao a o A '
U8 [I] fIBIUATNLIDNANHU NIBVUTUNI LUATABHUINUIY

* o n’: v o @ o Jduo c:’
m"lmﬂu 14 2 11 91NTUNIT (3.35) WUATIUTUWUTAUAIU

MAgz =1 (3.36)

A’l +A.2 = 2(;—;4— IJ (337)

VINANNT (3.36), (3.37) Amual 1) = ¢S, 4y =€ 9218 coshe =(2;/2,)+1

udamn [M]" Taoldmquijues Cayley-Hamilton Taulst

M) =cC,[1]+C M) (338)

(eg )" =C,+C (eg ) (3.39)

(eg T =C, +C (e"g ) (3.40)



nAauMs (3.39), (3.40) 3214

c,=- sinh(n - I)g

sinh¢

_sinh(n-1)g + sinhng coshg

[M]” _ sinhg

sinhg

_ 1 sinhng
Z4y sinhg

_sinh(n-1)g N sinhng coshg

_sinhng
sinh¢

2 .
—(Z—l+221}smhng
Zy sinhg

A 3 ]
PINNAUNIT (3.42) mmmmmﬁuu"lﬁ"n

sinhg sinhg

—sinh(n —1)¢ = —sinh ng cosh¢ + cosh ngsinh ¢

laz

zf
-|2L+22,|=2,-2Z
72 1 2 2[

Zl +Zz
2

Y
AaUINTUMS (3.32) 9zou laln

uay [M]* Ae

)=

[}

2
J =2y (1 — cosh? g): -Z, sinh? S
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Novel Active High Pass Filter with Notch Characteristic
using Uniformly Distributed RC Line
K. Janchitrapongvej' P. Tangtisanon, C Janin',N Panyanouvong’, and S. Saetia”

* +Research Center for Communications and Information Technology, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang Bangkok, 10520, Thailand
(Tel : 66-2-739-2382; Fax : 66-2-326-4176 ; E-mail: kjkanok@kmitl.ac.th)

Abstract=A novel of active high pass filter with notch characteristics using uniformly distributed RC circuit (URC) is presented.

The proposed circuit configuration a active high pass URC with cascade a notch filter circuit by three capacitive layers URC. The
frequency response of the proposed circuit gives a steeper slope than does the conventional high pass filter. Also, The URC will be
suitable for LSI fabrication.

Keywords: URC, TURC

1. Introduction* Analysis of Fig. 1-c as an distributed RC Transmission line for
Active low pass filter using uniformly distributed RC line one of the bottom conductive plate 5 is ground. The admittance
(URC) have been published in many care [1] [2]. In this paper, parameter [ ¥;;] of the URC in Fig 1 is given as follow:
an active high pass filter (HPF) with notch characteristics
using three capacitive layer uniformly distributed RC live
(Herein after called TURC.
The structure of the URC with three capacitive layers shows in

Iy Y -1 —-oy(Y-1) —as(Y-1)]W
Fig. 1-a. The circuit symbol of Fig. 1-a and Fig 1-b are

I | Y —oy(Y=1) —ay(Y-1)]V,

illustrated in Fig. 1-c. This URC consists of 3 layers. It is make \\irg %4 oa(Y-1) —oy(Y-1) o A V3
up of a uniform resistive sheet, a uniform dielectric sheet and a Iy —ap(Y=1) —oy(Y-1) A v vy
conducting sheet, where a dielectric sheet is located between ()

resistive sheet and conductive sheet. The capacitance (C) is
divided into 3 parts C,, C; and C; deposited on a

dielectric sheet.

where
9 =0 {(1 - oy )Psinh P + 20, (Y = 1)},
A =ap{(1- 0z )Psinh P+ 2a2(Y 1)},
dieechclayer resishe layer
(a)
G)r v =a1a2{2(Y —1)- Psinh P},
czl Q@ o
cz wemeeeses0  C1
—t—3 O re co @
o—1 © X=—_£——, Y=coshP, P=4+/SRC ,
@ ®° RsinhP
coy
©)
@L F) Ci=qC, Cr=0C and C=C+Cy+Cy
(b)
R and C are the values of total resistance and
Fig. 1 Structure and circuit symbol of URC capacitance of the multilayer URC structure. o, and o

. . are the ratio of C; and C, with respect to C. S is the
with three capacitive layers

complex frequency.

1330



ICCAS2002

69

October 16 - 19. Muiu Resort. Jeonbuk. Korea

2. High Pass Filter (HPF) with Notch Characteristics.

Fig 2 shows the HPF [3] with single layers URC and Fig 3
shows the proposed HPF with notch characteristic by using
three capacitive layers URC (TURC).

Fig. 3 Proposed Active HPF with three capacitive layers

The transfer function T(p) of the circuit in Fig. 3 is given as

follows:
)= -(coshP2 —1)41!:1!(2 — @)
KK 2 +coshPy {a;B N PPZ gomhP +5}
2
Where

¥=1{y —(1— ) )P, sinh Py —2a;(cosh P, 1)},

‘V={<P+2a|(coshP2 —l)+M+x} .

¢ =(1-at)Py sinh P,

X =a2%cosh PZ +M] N
o2
8 =cosh P {{l—(a) + 2 0 +c},

_ 01B(P, cosh P,~sinhP,)

5 >

1
0=p{|K, - P, -Kyb,
B{[ ® 1- oy +0y ]COSh 2 2}

NN, - SRR, . SO
Cao+Cy +Cp2 C20 +C21+C22

C
B= '%n P =ySRCy , Pr=ySR,Cy

Cia =Cyo+Cypy+Cypp,

o

K; and K; are positive gain
3. Simulation results

With an appropriate choice of the parameters, we choose the
values of the circuit elements as follows.

R; =30KQ,R; = 62KQ,

Cy =30pE,
Cy0 =2117.5pF,Cy| = 81.4pF,C), = LIpF
C, =24.485pF

0y = 0.037, &tz = 0.0005, B = 20.4202
K; =099,K, =0.94

The simulation by P-Spice of the frequency response is shown
in Fig 4. It is seen that the proposed active HPF with notch
characteristic has steeper slope than does the HPF using single
layer URC.

s iy W R i 1w
Frequescy )

Fig. 4 Comparison of frequency response of the HPF

between single URC and TURC
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4. Sensitivity

The sensitivity is defined as a ratio of the normalized
incremental change of the transfer function T(p) due to

the normalized change of circuit parameter X;

arl) _X;

T(P) _
5= & T(p) =

Fig 5-a. shows the proposed circuit sensitivities of magnitude
with respect to amplifiersK;, K with single URC. Fig 5-b.

shows sensitivities of magnitude with respect to resistive R,
Ry . Fig 5-c. shows sensitivities of capacitiveC;, C, and

Fig 5-d. shows sensitivities of magnitude with respect to
parametersa;, a and P respectively. It is seen that the

sensitivities of the proposed circuit are small in the pass band.

4ol
a1

10‘
Frequenci HD

Fig. 5-a. Sensitivity sE("l

Frequency (WD)

Fig. 5-b. Sensitivity sJ,{I(f’,}Z

1
R

Frequency (He)

Fig. 5-b. Sensitivity slgf‘(PCl2

) UHDXHOA + )

- . o o IT(p]
Fig. 5-a. Sensitivity Su;vﬂz.B

5. Conclusion®

The HPF with notch characteristics using three capacitive
layers URC with applications to active filter is proposed. With
the suitable parametero;, ay, B and amplifiers K, and
K2 thus the magnitude response has steep slope. In addition,
sensitivities of the circuit parameters are investigated. The
proposed circuit will be suitable to fabricated on LSI.

(1

(2]

B3]
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Abstract

The paper describes notch type filter using uniformly
distributed RC line (herein after called URC). The proposed
circuit configuration consists of one notch type filter using
lumped URC with three capacitive layers with bridging
capacitor (C,) parallel connected across it and a positive

single amplifier. The structure reduces an amount of circuit
complexity and is simple to use for applications.
Experimental results of SPICE simulations are carried out
and sensitivities of circuit parameters are also investigated.

1. Introduction

It is known that URC circuits have several advantages
over lumped RC circuits. For example it structure of
distributed RC elements in this film is built using smaller
substrate area, less isolation and parasitic problems at high
frequency.

We have presented papers on active notch filter using a
single capacitive layer URC [1] and double capacitive
layers URC [2]. In this paper, the notch filter using three
capacitive layers URC are proposed.

The structure of the three capacitive layers URC is
shown in Fig. 1-a. The circuit symbol of Fig. 1-a and
Fig. 1-b are illustrated in Fig. 1-c. This type of URC
consists of 3 layers. It is makes up of a uniform resistive
sheet, a uniform dielectric sheet and a conducting sheet
where a dielectric sheet is located between resistive sheet
and conductive sheet. The capacitance (€) is divided into 3
parts where Cy, C, and C, deposited on a dielectric sheet.

Analysis of Fig. l-c as an distributed RC transmission
line for one of the bottom conductive plate 5 is grounded.
The admittance parameter [ ¥;;] of the URC in Fig. 1 is

given as follows:

I Y -1 —ay(Y-1) —a(r-1)][%
L -1 Y —oy(Y=1) —a(Y=-1)||¥,
L “|-a-1) -a(r-1) 9 A Vs
Iy —op(Y-1) —ay(r-1) A v Va

0))

dieechciayer resishe layer
(a)

°1

! .
22 OZQ‘_:.'....og c1

N| 1@ © m - a @

- ®
cn'
®

ol [,
(b}

Fig. 1 Structure and circuit symbol of URC
with three capacitive layers

where
3= oy {1~ )Psinh P+ 22, (Y- 1)},
A=a,{(l-a,)Psink P+2a, (Y1)},
v = a a5 {2(Y =1)—Psinh P},

P

—_-—,Y_—_ hP,P:‘JSRC,
R sinh P o8

Cl =a|C, Cz =(12C and C=C| +C2+C3

R and C are the values of total resistance and
capacitance of the multilayer URC structure. «; and a,

are the ratio of C; and C, with respect to C. S is the
complex frequency.
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2. Notch Filter Circuit

Fig. 2 shows the proposed notch filter circuit using one
distributed RC elements with three capacitive layers and
one lumped element (C, ). The filter realized form Fig. 1-c.
Where the edge point 4 contacted at 1, edge point 3 is
floating and 5 is grounded. C, is a bridging capacitance.

The proposed passive notch filter circuit using are
distributed RC with three capacitive layer and a bridging
capacitor C, are shown in Fig. 2.

Ca
® ®
o A o
® R——c @
O 0

Fig. 2 Passive notch filter circuit

The voltage transfer function 7(p)="2 7, of the circuit

is given as follows:
Y+ —a'lﬁ%'i“" 22} cosh P+ ﬂ[] —(al +a2)]

7(p)= : 2)
y+ aJB(sthP— Pcosh P) + Al (o + )]

Where

v ={1l—a,)Psinh P+ 204 (cosh P -1},

1-a
A= L__coshP,
l—ial +az)
(& &
ﬂ=—’" a,:—'—, ay "_2’
Ca G G

C’ =C0+C1 +C2, P= SRC,

Fig. 3 shows the proposed activ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>