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ABSTRACT

This thesis presents the method of active filters designed by using double capacitive
layers uniformly distributed RC line (C-DURC). Herein, the thesis describes the applications to
active low pass filters and band pass filters. With suitable arrangement to active filters circuit
configuration in which the circuit consists of C-DURC and active gain amplifier, it is shown that
the amplitude characteristics are good favorable than Ghausi's circuit with the same order for low
pass filters and band pass filters.

The experimental results of the amplitude characteristic of low pass filters and band pass
filters are carried out and the sensitivities are investigated by P-Spice. In addition, C-DURC is
also utilized to video equalizer design. The experimental results show good agreement with

theoretical values.
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AMANIOUIABN (Analog Filter) 1 1¥unszUIUMsURIdRnaniifanFumsasunilag
ABIDIA VIR (Continuous — Time Variable) 1222495A509ANNDNAIABA (Digital Filter)
- 9 o ar a =& ﬂ s - 0 A J' '
nlanumsiszunadygausdnavdailudygiui bidomos wonvnil udleivezinis

v » . N

2993n709RNaMusIavesdudunldlunsadis fie 299InIRIALDYTANIAEN

3 3 s a - 4 2
(Passive Filter) (22993050910 ¥HALONNN (Active Filter)

& x(0 Wudgyguvudvenniemid uay vy Hudyaunesnsinaees

"
- w

n384A210 #9317 2.2 nazernmsmanlaransuanesu (Laplace Transform) vz 14

Y(s) = H(s)X(s) {2:11)

dyarvudn dganmuvioen
E— N X[ 101X 3

X(t) Y(t)
31 2.2 maumuddnyeiveIIINToIN I

A% % - - a
Tuill S=0+ jo WuanutiFadou (Complex Frequency) YT Y(s) uaz X(s)
. ¥V
Wuan)mansmanoiuves Y(s) tay X(s) mudieu uasluiil H(s) fio Aanduves
A b L) of ar 1 o o
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Whngnualasudn
A " 1 = - =1 o a 9 A =
o S =jo (o umiusfouneiui) HedduvenseathuFdou Fowezdou

nai'ladail
H(jo)=|H(jo)e " 2.12)

e
Tuiil |[H(jw)| fionanouduean1aving (Amplitude M50 Magnitude Response)
¢(w) AonanouaupINIANE (Phase Response)
' e = = o o L4 o < a . 5
@o0InH NI ININVININTY M50 NIudesWINFY (Transfer Function) 1

1AUNUI (Delay)

H(jw)=e """ (2.13)



HaneuaueIn e H(jw)=1
nanouaueINIe  ¢(w)=-oT
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A 2.3 n, v, A uamsguaiAvesa, vuna uazvievesdnd H(jo)=e "

; V. Dela
H(jo) FZJ ’
1
0
@ 1 1
slope =-T 5 3 5 -
(n) e () A () n{WAR

gﬂi"‘i 2.3 nueruiid lugaunaues (n) mld, (v) vuie, (n) nf1lRiad

[ ; & 1 L] ar o o = 5] 3 ar
mveInansudusuasnYARsinutdyIn dmiveui lideenisIddyana
1 " ¥ ¥
auilou (Distort) HA191NPOAIINAIVTNTBIANUDUAD TTufip nisouvesdyan vz lifa
4 ¥ = o 4 o
Yunoiommiududu Linear) uaznfilfindnsi vonmmiumanouauosmamauaznfy
- 4 e o @ & oo J "o § L
Adeziinnuddguiol dnegiunummeatdndy
ddqus . o A = Y o ' ' ddy

INsINNNINR IFdmsudenanud Taslddyanarinldluduanudndosns
é =i 1 4 0’: ) ' L] ar o/ c!' 1
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L iﬂ'l:' A 1 d‘d’l L @ { r
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a)C »
[ ' @

¥1iAY999INTINNND luganad uanslugui 2.4 fidail

2995NIDINNUDAHIU (Low-pass Filter)

249INTOINNUAYIHY (High-pass Filter)

2993NTDIHIUUNUAINE (Band-pass Filter)

2993NTOINTNUDUANUAHIY (Band-stop Filter)



Ideal Low-pass Ideal High-pass

71 7l
- Pass -¢— Stop — — Stop—¢— Pass —>
0 @, “ 0 o, @
: Hw)=1 w<o, Hw)=1 wo>a.
f Y
=0 w>a0, =0 w<w,
Ideal Band-pass Ideal Band-stop
iy 7]
- Stop —¥- Pass —§—Stop - k—Pass—¥— Stop—f— Pass—
0 @, @, @ 0 o, @1 |%
a) H(w)=1 wr <o<wcs {3 Hl(w) =1 w<wr ;/o>oc
=10 W<y ;D> 00 >0 ac] < < W

JUN 2.4 HORBUALBIVLIAYDII9INTBIAIWD IUgALRASTIAATI

anwddneew Ao yauionIndivinaveusiiwaninflamosanas 0.707 wh we
-3dB YONUIAGIRA (f, W30 £,) 94 uen P TNEANesveInseanwEHI Bl 500 Hz
minhisasdmveaedyadodunmiiu 0 dB lugresrnudigind1 500 Hz wdsasduves
HSAAUIIANARBISTINUBUNA -3 dB MIDYLIAYDIUTIAUBURA WIYUIA 0707 MWDANS
duodyalugannudinmdqega

Tsadeenn3evioadoow (Roll Off or Fall Off) AiD ANHULMINIARIYBINTAUBIADY
anuddinigaimooaan hilanusannieuiivelainuenifiu dB/octave nuwa

wiyavesilamessranauvirla (dB) dieannudinaeuly 2
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manAnsTeas #aluIneninusatiuil 1iineesonie lawesunldlunmsudanuramiou
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yoadya e Insluuudregiuuug  TuszuumsdadygnaInsimid Taodeesiieiims
U5 TAuN15uNNT DA ZALYBINAMIABUAUBINNVUIAADBAND 443 MHz vosdga u
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adund sz luszvumsdedygaInsimiiu doudesiimsgadonSeifanisan
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noudu Tram Iddggunduwuiaanudaiiow J3deelineesdnle lawesuigoluns
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USuunannuHaismaitl

= do_ ar e ¢
2.4 nguf lwvimasaesriay
do o Qs n‘ﬁ & V1 g ' & = J
lanimdsaesiasmiduitionlFlumiasnaeudeunnies Geosszniavulussuy
v
Tnsiend Wasdanandionsszdhuiyy T uaz 2T dwmsumsansieaeulnsvimiviai uay
o w { @ - o
wupwegaa 207 lmiddsmesililunsasanaouInsimid 3msasivaeulag 'ldlae
o o ar ot 1 3 o r o '
msflou laniidaesiad ifunssuiy udrdunamsnsuansiaie vaeszuudnanie

N1IADUTUBINWUUIA (Amplitude Response) 113 AOUAUDINIAWE (Phase Response)

time Sin Pulse

sync r
, |
1
} Set 10 0.742%
Pulse and | invencd Pulse.and bar
bar edge t pulse for amplitude
switchable | quadrator independenily
Tor2T | distartion variable
' tests 06510075 V
1 |
- 9/_,5 > Set to 0.3+2%
i a=ra Sl o
> 4714123 plg 15us »4— 25—
----- e S 4 115 B

1/ 2.5 dnvuzvesdyaa lmifdeaeaiaduaziniluszuy 625 1du



time Sin Pulse Bar

ﬂ”ﬁﬂ‘““ o - AN 7 Pl
st up duration
—L =1

Pulse and bar
amplitude
independently
variable

0.65t00.75 V

» lr

h_, s S\ W /BRR

31 2.6 U nuar dyana lnihdaeaiaduaz i Tuszun 625 1du

Colour Sin
Burst Pulse
-\ WS grior

or 20T

Setto 0.7

B, ;
005V
A

0.25V.

el § E S

Set to 0.7+2%

03V
o, ¢

" a o o w as
51 2.7 pUdnvazdygnavegan lmimdrestaduazini luszuu 625 1du
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Set 1o 0.742%
]
|
|
wya Y

IJ 5 ‘ 0.05V
3 | B
| . | | | ' 03v |

kst -

=) | b 15 25 w
VR 1 S TR be—i B i
+5% | +5% +5%
-~ 63556y — e —
8T L5 = =9

Ui 2.8 ildnvasdagnavegan lalfnssesiaduazmi lussuy 525 1du

o A o o 1 o o g/ P=1 ° o o
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Tugr9nsanany 19y venNunAevesiad¥9ns9na1e (HAD : Half Amplitude Duration)
" . v
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s oo o w o = t =t & dao ' ' & o @ Jl:tyd
dyaa lanifhdsaesing i HAD Ay T 515oniaaaana1331 T vad a1wasiiinay
1 - 1 or A é =) 1 oW
ahadlugeanusisondr 21 wWad dindradunswmiiafGondy 121 Wad

TasAdIMsuIZVY NTSC

2T Pulse i HAD = 0.25 uS

T Pulse # HAD = 0.125 S
amluszuy PAL

2T Pulse 3 HAD=02 uS
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g/ o o w do 9 9 = s = - i) ar
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o A - - 4 @ o (] a0 o. -oane 9
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- blld a o A ﬂ a’u‘ & a o =S - L4
AATNUNITVYIY LUAINANTHLINIDIVUIINT ASUUTYUIUTIHALY (Bar) ﬂQUﬂTSTU'ﬁN

wnlumsimuagudnyusNiryyeuaNunYyIATINa

a o do a o o
31N 2.9 dnvaizves Iwdidsaesiad
aumsves lmisasaeanadnegili 29 sunsodouldfe

sin? '
f@y = 2 (2.14)

~2-(1-—cosa),,t)

Tauil @, = 2%, = 27r}L

P

A 1 9 o o
§113)] TP lﬂu‘ﬁ')ﬂnﬁ.lﬂ?.luﬂ'l']\“]ﬂqwacﬁ

! o e ] ar o _ ar o 1 A 4 =Y
duddydmivnagey lmimhdaesiadie Frananimilaveseundg (T) vy

' 1 o ] o o ar n’:
flﬂ'lWl'lﬂ‘U 1/2 Y999 1INV DINDY (Tp) AIUHU

27 27 b4
a = _ - _— = —
z {i 2T T

(2.15)
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fro01usuluszuy NTSC dnsu T Wadf 9281610.125 us Taoilelnasun3he sMHz

TR e & = [ 1 o & =
uag 2T Wayazual 0.25 x5 ‘HQQ%Uﬂlﬂﬂﬂ‘iUﬂg’N 4 MHz n"m'lm:‘lJUPAL 2T Na¥ITUM

£ ' P ™
0.2 us FINYUOUANUDMNATY 5 MHZ
unum @, Nnaums (2.14) saluauns (2.15) 918

sinzﬂT
Fy = 1( 2m) <t

l—cos—
T

]
=

NNENNT (3.103) ansameuiiulaiddsaeaiad laaasil 2.10

“

(2.16)

0 +
-T 0

31 2.10 lanimdsaesiadiiuu Taad
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Hadduvoslmifdaaeniaduuy T 2T wogian 12.5T wazwegian 20T w147

lumsnan 2.1
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o e a o o - oo o o o
lmimdseesiad Aoy Twan lnihdsaesing
WUu T U 12.5T
S = [0+ [,
. (e e
o = sin > T <t<T £ity = 2sm AT 125T <t <125T
0 [t >T 0 el > 1257
fz(’) 5 fl(!)GOSw,:f
Uy 27 11 20T
S = f]([)'f'fz(f)
o . 1. 1o -
L 2ain?. T W
) - sin T <t <l Vi /4 A3 sin prove 20T <1 <207
0 |l > 27 0 | > 20T
fz(f) = fl(!)COSwr_.f
dyana lnimdieeaiadiiaunisie
Asin? 2L <t
Ap(t) = 2r (2:17)
0 lt|>7
Taoh A riuneuwdgave g
' & a @
T flushasani ueawdgamn T Wos
Wizusnswdesy
4, (@) = j A (e " dr (2.18)
lniidsaeniadiiiuswauginiu
A4 (@) = 2 j A, (1) coswrdt (2.19)
0




unumaums (2.17) adluaums (2.19) 9214

T
Aim)y = 2 IA sin® ™ cos axdt
= 2

3

& o : @ oo
ey ldanlnasunnudvouy T Wasraail

Sin27g'T( 1 )

Ar(f) = AT 27ﬂ 1_(2ﬂ-)2

TuvhusaferduapasunuduoIRaTLY 2T Ao

4 Azrsm“"”( : J

AnfT- 1= (4/T)’

] ¥
anlnaiuaNuDAUgANARYBINLILT Wad uaz 2T Wad fvua ldaatl

_ o sin2n/T 1
A ()= 3T (1_(2m2)

. sindz/T 1
NORS [lq@mz)

as = [ 4 [T @ o
pun ladvesmilnasunnudves uyy T Was uaz 2T Wasuansdagili 2.1

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)
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U 2.11 aulnasuninugaunAues T Wad iag 2T Wad
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anlnasunnudvesuegian 20T Wad uaz 12,5 Was aee ldnandalyil vequan
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Imifdsereswadsznonlifae dymaludwnuddr @yananssbildihnsuegan)

uazdyana lutmnnuiigs (dygrainmsusegeaudd)

dyanaludwnadmiinunsfe

A t
Pl = Sind e

2 40T
fiolnasudeil
A 207 sin 20T
Vi(@)=—-" S
2 : (20(07*] 20T
T
A 20T in40
AL SR St = . ik (2.25)
2 1-(40Tf)!  40afT

Foyanamegoalanimdsresiaduuy 20T Jaumsfe

A

—sin®* —cosw. t [t| <20T

V.@®) = 12 407 £ M (2.26)
0 |t[>20T



Halnasudasl
A 20T ﬂT
V.(w) = — (1 —Cos —) cos wct} coswtdt  (2.27)
2 ; 20t
20T sin(@ -, )20T 20T sin(w + @, )20T
Vc (W) o 3 * 3
2 : 207 (0-o,) (w-w,)20T ) ﬁ!{“’wc) (w+w,)20T
e i o
(2.28)
aumsvessnasuamuao ndou il @R
Vi = B 20T sin(f = £.)40aT . 20T sin(f + f, Y40aT
T 2\ a-[aor(s = £OP (- LA0RT 1-[40T(f + £)F (S +£.)40sT
(2.29)

1 v
Tudwesdvanuanlneiunruduewegoanuy 12.5 T vz ladat

A 12.5T sin(f - 7,)254T 12.5T sin(/f + £, )25,
v e £ : (2.30)
eUiast 2 [I TP - OF (f= )25 1-[250( = £ (S + £,)257T ]
1 \ ’/r\
// "
5 / :
.r \\ /’f \
i ' /"
| /
T r/ e e e I P
0 0:25 =05 3.93 4.43 4,93

! a { do a w o
310 2.12 aulnpiuanutvouogan 20T laiiidedesiad
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o 4 o/ o o deo w LY
lunsavesalnasuanuiuuy T Wad awusieauves lniddsaesiad fe

. o
400 - Asin Ef O<t<2F 231

0 2 <t < H

Taofi A Sluvuaues T Wad

H ShugranaveaduanUIUIUBUIVINAMINY 64 1S

i 1 sin 2xTF 232)
H- 1 >@TR)R\\ | | 2E T

Ha |ar(r)| AA

2F ( 1 sin 2= TF ) (2.33)

A— i .
H Fo0 1-(2If )% 217

oz |4-(0)|

i
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w8 |4 (0)] =422 = 00039 A

das oo (dB) 3z la

A, (0

ZOlog—ii—) = 2010g0.039 = ~48dB
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e
/ r‘-\- | . \‘\
Han e
\\ / \ i\_

A / A s
-« 2T > ! .
«——— H ————» Z QLS f[MHz]
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wavea Ted  [4,(f) = 0.00394. S22
1-QTf)* 220f
L6y SRCEINCREIN R
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v v
TuRusafsadueoun latvesanadunnudves 2T flu dB m1dd il
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ad ] = 4 ] o d?
Fmsdmraliinsanangln 215 s¢ldounlalfmuunazduaiedad

U @)+ Af(t-1) (2.34)

L(1) f)-Af(t-1) (2.35)

U a o @ o A
mmmmumaﬂﬂﬂummﬁamﬁm o

= A <T
7= L X1/ (2.36)

0 el >T;

o 7, dluvinaniuntevesnausisnssnanueiad  Tuszuy. PAL nidlves
20T 0245 HAz 12.5 Pulse A0 1.25 »s 091 1U521Y NTSC 20 Pulse 1D 2.5 4§

msmaueun Taldnnnueesdmandonsumumeoums 2.36) asluaums (2.35)
uay (2.34) muday neunlaiaweeildis o ¥ uay ¥, dnsounladdm
vuszh Idimaum 7, uanamsTamiuiveumivoning niveaiad Y, wag Y, A7
wiaisufusnatoaindiiqega ¥, Fueunlalddnannso@uulnlg de

max

(2.37)

NN = fl—+-1ucos£—£cos
4_ AANESV A4 '

Q 0

yannugeuoadugum lnnmsmeyiusvesauns (237) Woudy t uazld

T oar o b £
NI

sinﬁ-Asini(t_—r)= 0 (2.38)
0 T,

NAWNIT (2.38) fvua i

cos?—Acos—”—(t-ﬁ= ! (2.39)

0 0
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Awes ¥, Wuilanduves A uaz T midninmssnidsaums (2.38) vandasen

Mdsauns 2.39) 9214

¥ = :t\/1+A2—2Acos%£ (2.40)
0

[ 1 do w w d 14
YU 'm'Uﬂﬂl?f'llﬁ'l'lnlﬁ"l'lnlﬂ'I\'Hlﬂxnl8@!ﬂﬂ1°ﬂ“ﬂ1ﬂiﬂﬂ\1ﬂﬁ‘ﬂﬂ$1ﬂ

1 nT
Y, = Z(I—A+‘/1+A2—2Acos?o)

1 T
Y, = —(tl-A= 144> ~24cos— ) (2.41)
4 ()
Twihwesdvadumnennugaveseunladdmuuannsaniar lade
1 nT
You 1= (V+ A+ 1+ A% +24cos = ) (2.42)
4 (5
MINAUNT (3.38) LAz (3.39) DATINTVOIVOINBREA Inifdsaoniad ne
P\ KL o Tl
A= (13, k) (2.43)
1+(% + %=1,
< 4
Tauh Yy = ﬁ o A—— Yz

U ~ s o ! da o nnr
mmautﬂaﬂﬁma NNFIUUDIWAK LI ITINITONIA AU DUBDAIDARA (Delay

¥
Inequality) 9INAIYOAVIIAILINUAZAIAUUDY Y uaz ¥, muday Tawld

164
I-@+Bern)le+n-x0)] =
Tauii VS \/1+A2+2Acos?

0
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w4
¥ 81y
$ o= ==l 14 (2.44)
7 [1-@ +1 + 501+ (% +1, - 11)
-~
V30
21, ( 4ry, ] ik
T = Al e—— .
z =¥+ 1)
v :: A a = af 5/ [ o o o
mveastesninanInmMIHAsuvedeunTadddweiad Yy uaz Y, ms
uesuenlad (normalized) A3sigegaveseulodfmun ¥, = ¥ /Y. uoz
o 1 - a et A o &
Yy = Y3 /Y 10viien ¥, uaz ¥, svdludivadianiinseanuioassiuiu ds ¥, suilu

Aweaduusn uay Y, swiludiseasudenn hudugiu
2.4.1 MsAaan]asn RN 1IN T VBB 1aIAND
dtdy 1 J 13 2 c!? & 1 o : [7- = dy
lunsaitiuansdinieen ¥; uay ¥, miladmisiiauiu o dniuee hillawdAamou
qiacfdd 3 n;ainjdqn may @
NWADINATUNAD 7 =0 INIIZRLUUADVAARIUNNAYUIIUAR W AANIUVDIDAT
A = J - ar d:u
e Ay Fensauaadliiiusield Asil

iin ¥, uie Y, Giauilu o aumis (2.44) sznanailu

r
7= —2C0S (1) =0
2

HazauMI (2.43) 'n::nmﬂﬁflu

1'()’1,2) % 1“(}’/ymax)

A: ==

(2.46)
1+(/2) 140/ Yiase)

@ Qs

= - a “ P T o
Ui (YI,Z) 1o Yﬂ1ﬂnﬂ’llﬂuﬂﬁﬂ“53ﬂﬂ IHDIHITINVUIAUDIAITHHAINOUNTUNUD

o o

v ¥
UAIUN 2.16 dmTuaNuARANIUYBIBAT VY (£) HO1TUINANNTT (2.44)

£ ='1—A = Zy/ym&X (2.47)

1+(¥ / Vmase)
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1>V /Y, w8 =Y /Y0 %12V /Y0 wpniondu Relative

W
Chrominance Level (RCL) LAzl 1903 19N38n31 Relative Amplitude of the Color Sub-Carrier

B F iz AL

044 -

02

34
s
I
<
(O o
w4
E 9

0.2 ~02 -+
(n) SasImsveIom A= 9.1 () IATIMTVNBYY A = 10X
1+y 1-y

1 L] - J ar 1
3N 2.16 AMUUANANYBIAWAANEUYDIOATINITVEEDE1UAYD

2.42 MmsfamoulagANIANA 1Y At 13IRY D
=t é o .4 ' 4 1 1 1 s 1 T
Tunsdl ¥, = -, Sgmwesiadiigyiraiiuaan lmifilisweaniinu udegassdm
1 1] - g a/ - ¥ “ ~ 3 . - 34 -}
Ha@ae3 A NUAANIUN19BATINIEVEIE A IMAAIRBUNIN AT ULUAR IUAAINEUNIIATUA
d A " =)
AR AR CLE

el

1 9 A‘!y
VINAVNIT (2.43) UNUM Y, = - Y, 92 19deil

1+ ]

PINAUNT (2.44) 92 1ailu

r=Ec05‘1 1- 8V /Yoo )
™ b+t /v 2f

(2.48)

TaofogaIn1ens Inadidaunms (2.40) oz 1diilu

T X

x ko f
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T = ﬂtan" e (2.49)
/1 Yo

ad a =) dy o o as w o =) as
1uﬂ‘iﬂlﬂlﬂﬂﬂ‘liﬂﬂmUu‘ﬂ‘i-ﬂﬁ'luﬂlﬁﬂ ﬁ'!'IIJ'I5ﬂﬁﬂLﬂﬂﬂ'I'lHlBQWfI‘b’ﬁzmﬂlﬂuﬂﬂHﬂI::

¥o1 'l (Sine) n30Tnlmi (Cosine) Fananslugzilii 2.17

vvvn?‘?‘?f;
H - ey 0.2

9" @

&

~
(=
L3S
L

- o a ‘: = o = 1 =
31.!1'] 2.17 aNEUSANUAAINYUYDIAQOINSIDYTIALD

[ -
S a L]

2.4.3 DIANDAMIAANBUMIBATNISVEBIaZMIad N oNfY

. v ¥ v
lunsdifufennuiamsunasumy sweansuinuazauiismuandiedauanslugl

2.18

=h.

T SRR .

q' - 1:’ a =t o a
31.'1’1 2.18 ﬂ'J'l?JNﬂLWU‘Hﬂ1\1ﬂﬂil‘\]01ﬂl!ﬁ$ﬂiﬁﬂﬂgﬁmﬂu
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) ¥ ¥ ¥
dennuAamiouiinnies Aniunaguues Y Y, aunsodanalfauns 2.43) uaz

1
(2.44) ooy 1A Insiaail

AE]‘—(}/BYZ)

(2.50)
1+ 1 ;1+ Y, i

'\,l

T =

0 cos‘1[1+ 8y.v, ] (2.51)

? 1—(J/1+y2)2

ozt (v, +Y, ) sowiadieumsdwdnderndou 18l fe

tf £ z;:—cos*‘(1+8y1y2) s%sin“,/m‘iy,yz

4T

T E"—J;O“J" Yiyo

(2.52)

ANUAARIUNIIBAT WHWATUIUAANMS (2.42) uaL (2.50) 92 18a1n Indifoefu

¥ ' v
NNUAZAINAAINEUN A ARIEBA U INAITANNTT (2.44) 1AL (2.52) fad Iduana eiu

sudneuilonagu v,Y, fantes lunsdifl ¥, uay ¥, de il 10%



UNN 3

Aan312a RC uuvaeIty

¥

wma TuTagadelniviulildsvanisesnuunasesdaons1§audoaniud  (Lumped
= i - = . § o g Yt a
Element) HULWIAF @ (Passive) H38uuuueniinl (Active) mniu uads ldinisesnuuulsesh
Haaulseneuilufaniiion RC (Distributed RC) [4,6] TaeldimaTu Taduruddunut (Thick
Film) 50 uAuMdu11 (Thin Film) Tun1swaa'led (Integrated Circuit) minIesauuLAaN;
a o o ot o o At 0 - g v d o o o P . 9
194 RC daliquanyuziag Tnana1 waziivmenidnnininnesauuudud 0154 Feirld

m3eenuuLsinneiaiad RC aunsoth 1 ldhouazgndvsanmdnasugmeans
WA auUuAansim RC idasdunarenuy Sreiusu onvdiulasadiaiy

) ¥
Hdvnanniadmiees (Multi Layers) A% uU93R3111 (Conductor), ATUANINIU (Resistive)
»
uazauIU (Dielectrics) Uszneuandidasiu Tagduvesnnuduniu uozdaieniziya
v A L) - Al 1

ApoRNIMA AN VBUN A ING1 AaNTTIq RC awsredlugiuuyidhu Mult Contacted
3 & o 9y 1 - o o - )
P-N Junction asmananudmmue: l¥adalsznevvousiineudames uazdnivdseyozld
Aaves luneadsidu dmsundnmsimsiimesvesnansiiae RC ISmannsdoaiu

o v . e = 3 =) =t g/ = o N [~
UVBIAIAY (Tranmission Line) WiounafSoumenTnseadn uazmsiiiwessenitadin

B35 uUUsuALAZIULA NG 16

3.1 mgad (Transmission Line)
v 1] at - L "2 ] L] ¥ = -

msasrunas i Iddhwiedsdyanainasdisg wldmaaia (Cable) wieae
1 LS . A& A ] = o & a1 A = °
@4 (Transmission Line) dindnszua I lwarufvediiaumilouduin iamumiienia
(inductance : /), AW 1T (capacitance: ¢, MATMAMMIU (resistive: 7 ) uAzAIAI WD
(conductance: g ) n3zaweganeaniwlumeds duiaimnsiimes / c,r, g Iaamduius
o u; [ 1 1 .‘. % B 3 = 1_ &
Tlllmmﬂﬂittjzﬂ’ldﬁ11?ﬂﬂ’31ﬂ"]ﬂi1’~1.lmﬂﬁ'1l'uﬁ}dﬂ (Uniform Transmission Line) é’ifﬂﬁf.ymml

ninduas ldadmsy a Aiveendudaiiuszer ¢ Svnadess du Ax dagaldi 3.1
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- d >
—
z,[ |
=
Vs
B
< x——“"Ax

317 3.1 enodadyaa

; b : s
iovens Ax een ez ldreesiaiion a1zl 3.2 ¥a v, x) i@, x) seiludnar i

P o o - s an o = o 2 % 1
uaznszualwihiiga x awd iy Teelimiaaniiadmsiiines (Distributed Parameter) A199
il

r : M1AWAUNIU (Resistance ohm/meter)

: =97
[ MANUNUOIN (Inductance henry/meter)
g : 1A 211111 (Conductance mho/meter)

{o: filﬂ’)'lnigllﬂ‘ﬂ‘l (Capacitance farad/meter)

i(t,x) i IAx i(t,x+Ax)
s AN =
Le
W1, x) ghx =~ cA¥ Wt x+Ax)
< Ax >

31 3.2 damveoves Ax Tueneds

N 32 Tasldngussinnaznszuavounessonil (Kirchhofs Law) @11150

yvdy

@ouduaums 1daail

TR —Ax[l %’f—) b x)) G.1)
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ov(t,x,Ax)
t

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

nnauMs 3.1) 3.2) edmualiadaves Ax $lndgud sz ldaumsiFeoyriusdosie

o) _ _0iltx) ri(t, x) (3.3)
ox ot

oift,x) _ __ ov(t,x)

- 3.4
ox ot g(t.x) Ga

10 v(t, x) wag i(t, x) dnsimlasgnwantamezla

V(s,x)= Lv(t,x)] = c]'v(t,x)e"'dt (3.52)
I(s,x)=L[i(t,x)] = ?i(r,xk‘f‘dr (3.5b)

iomeyWuT M3 (3,58, b) 1louiy xozld

L[av(gx)]=76v(t x). Stdt__a;“} (x-St = av(s, x)
0

ax ). ox ox
(3.6)
L[av(,x)}z J-af(t,x)‘inwsr =if ¢ x)e‘“dt:af(s'x)
ox 0 ox Xo ox
Tasmsmlasanmanhaluaums (3.3) uaz 3.4) 9218
B s i) a7
ox
M = —(cs + g)V(s, x) (3.8)

Ox
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Woanndmlsluaums (3.7) uaz (3.8) tifesdmls@orfio x Julou de uny ax

udanz'lé

ch(;’ S —(Is+r)I(s,x) (3.9
" S)'C e eV (3.10)

v

fmeyRusaums (3.9) uaz (3.10) eud x {0 7,7 ¢, g Wuminsfiez1d

d*V (s, x)

=5 ~(Is +r)—I(s x) (3.11)
=
{ fig’x) ~(cs +g)—V(s ) (3.12)

Tasmsunumaums (3.10) asluaums G.11) uazumumeayns (3.9) adluaunis

(3.12) 92 1@ aumsvesmeodaupuainaus Ao

2

%V—(ls+r)(cs+g)l/=0 (3.13)
2

El —(Is+ r)(cs +g)1 A (3.14)

o L ar é = ]
aums (3.13) uaz (3.14) uaumsoyiussudy 2 Feansaden1dlntde
V(s,x)= A, coshI'x+ 4, sinhI'x (3.15)
I(s,x) =By coshIx+ B, sinhIx (3.16)

' [ L d
dio I iWluaniemsuninszaouesniu (Propagation Function) Tauiissail

r=./(s +rics+gi (3.17)
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[ E 4
dwsumen 4,,4,,B,,B, dlusnei uazannsodmualddaiifie dmivavds
ﬂ;q i o J 1 -
(Transmission Line) fiinmo1ivy d #avziiiuTassiiouuy 2 wesa Tasmadunasaiilu
V(s,0), I(s,0) wazmaoanaidu ¥V (s,d),1(s,d) mnaums (3.15) (3.16) N x =0 vl
4, =V(s,0) (3.18)

B, = I(s,0) (3.19)

dmeyWusaums (3.15) ay (3.16) Mouiy x uazunumasluaums (3.9) uaz

(3.10) mudeu fMvuald x=0 1d

A4, =~ s e 1(5,0) = ~Z,1(s,0) (3.20)
Ves+ g

L Is+r V(s,0) =~ V(s,0) (3.21)
\J cs+g .44

2 ar A o o of s '
we Z, 1ﬂuf]mﬁnumzmmuwuﬂum (Characteristic. Impedance) VY23@UAIUIUY

AN UAUD

Zy NL2E (3.22)
cs+ 4

azrfuduyauazimAanoTavatmedei Idninauns (3.15) Seaums (3.22)

aunsouaas 1d lugili 3.3

1(5,0) ! 1(s,d)
o R S e
& —b]l: e b
- Linear two-port
V(s.0) @ : Network V(s.d)
O ——————l) -

711 3.3 Bumauazionanesavesduds
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dmivlasselugld 33 annsadvudhumsiives ABep lugilvoaunindld
asluaums (3.23) Taoh ¥(s,0), 1(s,0) Whuusaduuaznszuavoanasai 1 awddy Wou

du V.1, uay V(s,d),I(s,d) uusesfuuaznszuaveanedaii 2 awdidy @owdiy

Vz —1 2
V. 4 HiE
= (3.23)
-1, c pller
o e T Rl
:—" 1 4+ = —> [ Q—+
$ N A N : v,
e e e Gl o My

3N 3.4 msdeivaiuveslaseiolugli 3.3

dnhlassielugdin 33 assgaundeifuaiudgn 3.4 masmrienun oz 18y

UM ABCD a3 fio

| A~ BPD |, 3B v, A B ¥, /|
¥ £ (3.24)
i A D) £C7) B Tl C.. D|p-4,

4 A= A4 + B°C? B = A"B® + B*D®
C=C"A" &L D=C*B* +D°D*

Aumuauns (3.18) 81 (3.21) asluaums 3.15), (3.16) uazudassmisiimesves
= b a ) =
wasngrutudunesans waiadumn3nd (nverse Transmission Matrix) 9 1Aaunsves

AU IaND Ao

V(s,d) coshI'd Z,sinhTd| [ ¥(s,0)

= | . (3.25)
sithl'a coshI'd

—I(s,d) Z - 1(s,0)
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o a ' = o = o =
Tuieudeadu Tasmsutasniwisiiwesveswasng  lilumisiiinesves
BuRuaug29930A (Open-Circuit Impedance) M3® Z-Parameter HATATNIIIADIYD

- o s . = .
HOATIAUAUDII95AA (Short-Circuit Admittance) 130 Y-Parameter 92 18

coth'd cosechl'd
2] =2, (3.26)
cosechl'd cothl'd

cothl'd —cosechl'd
(3.27)

1
£ -
0| —cosechl'd  cothT'd
v ar i d o <
3.2 Inseari19vesauAnINiimes
asszauTnssaduuuaud (Lumped) distiwiniFoumoudiuTaseadiamy
Aan3iag (Distributed) 9zA0a19Inssvionuy 2 wasafimilounuswaunaioys amlsznou
¥ v @ P a Y - o a0 A A ' & '
Whdaeiuasgin 3.4 Tashiusazgaasstivinamn uasiidwavnndedmoudenilianiiay
o ' 4 é sy 1 - - J 1 ar
AL Sauyavesnguieuiifivaweiisvuansnuauifves Insehefanitin Yuegiu
& 4 w : a C_a
ANUINLIATINTIABINS 1azF29n2 1R 1 umennn1nsf (Time constant) vosay duily
T 1disnzdesldtwmgavasnguionldilwiudhlndmeriug (nfinity) 399214 Tns9

- aa o
adauuudaniiag

—L -ty — —p Ly —
4 ¥ ¥ i ¥ + 4 ¥ je———rl,
s 4
’/f? I/I VZ I’:r Ln‘l I N4 VN
= = = . = - % e =

U7 3.5 uuuvesinsaiie 2 wesa

dmivmeduuaiuaueniinnueniine aunsodszualasmsldinseadis
s o o d. 1 A
vodudluY 2 wosadmaunasy yadaluzii 3.5 ludrunilsvesas Tasldiilnseada
é e { = ‘; 1 ar
wou T Feenansodoulddlugln 3.6 auu@annzsuduldviiugud 1nleesTasnis

'3 's
WIAUMSImADS U 14



(ZI +Zz)In =yl =¥,
Zzln _(ZI +ZZ)In+I i Vn+1
lf}a n=0_1;..;;N+1
Zl Zl
4o R FETEE = - 4=
In In+1
V;. l 221 Vn+I

31N 3.6 Tns99313909 T-Network

VINAUNTS (3.28), (3.29) wsandion 1 1nailugal Recurrence Form /i

v, % V
o Pl -(5'—+2zlJ ;
= 2 Z,
_...1_ 1+_Z_|
]m-l Z; 22 Ir \

auns (3.30) annsodoulugtiuuuaios 1dfe

X, }=[mllx, ]

2
: 1+£‘~ —(z—‘+22,]
R g A R e
....i 1+£
ZZ ZZ

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

36
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InaumMs (3.31) annsaould lnufe
[x,] = [M]" [x,] (3.34)

diofmuald [M]" m11891n Eigenvalues w01 [M] 1 Eigenvalues iiusinves

[
o

auMsHuANYUZIUAD

L4

det [M]-A[1]| = 22 —2,1(2 1)+1 =0 (3.35)

2

2 - a o AP g | a o & 1
e [7] Aewmsndiondual nse waindmilaniioy
¥

¥
i Eigenvalues 42 11 1INAUNT (3.35) ﬁuﬁuﬁ'ﬁ’uﬁm

A, =1 (3.36)

A+ = z{?—n] (3.37)

VINAUMS (3.36), 3.37) fimuald 4 =e® 4, =e 928 coshe =(Z,/2,)+1
udmn [M]" Tauldmaquives Cayley-Hamilton Tao1#

[M] = C,[11+C [M] (3.38)
wld

() -c,+cle) (3.39)

() - c,+c ) (3.40)

1NAUMS (3.39), (3.40) 9214

C _ _sinh(n-1) c. = Sinhng

; 341
‘ sinh¢ ' sinhg o



_sinh(n—~1)g _ sinhngcoshg —(?-!2-+zz ]sinhng
[M]n = sinh¢ sinh¢ 5 ') sinh¢ (3.42)
_ 1 sinhng _sinh(n-1)¢ i sinh ng coshg
Z, sinhg sinhg sinh¢g
aums (2.42) aunsadou 18y
—sinh(n — 1)¢ = —sinh ng cosh¢ + cosh ngsinh ¢ (3.43)

L

Z2 2.+ Z s
2

v
ALUUNAUNT (3.32) Funsawey 1ainy
coshe —Z,sinh’¢

[M]= : (3.45)
T coshg
Z

¥
uaz [M]" aunsoionldal

cosh¢ —=Z, sinhgsinhng

[M] = Ll g (3.46)
Z, sinhg
duuaums (3.34) 9218
e cosh¢  —Z,sinhgsinhng ||V,
5 _ _sinhng sl 40

I Z,sinhg I

38



39

o " a/ A o J
ussAuuaznszualugai n dmiunsdigadegnillaiees uazdalees Fevaunsom
e
1Adatl

dmiunsdiiednadalees 14 ¥, =0 vinaums (3.47) Taounu n do N oz 18

I, = il ¥, (3.48)
Z, sinh ¢ sinh Ng

VTN (3.36) HoT (3.46) Anszuauazussdulugai n 9214

1N (3.49)
Z,sinh gsinh Ng

cosh(N - n)g
V. = ————2) 3.50
% sinh Ng = ° b

dmiunsaieianadeesilald 1, = 0 vnawns (3.36) Taonisunua dae N ax'ld

7 AN SR 3.51)
Z,sinh ¢ cosh Ng
VNAUMS (3.47) Uy (3.15) MnsEuaLazusIAUYAT o 9214
N co-sh(N =n); v (3.52)
Z, sinh g cosh N¢g
_ cosh(N -n)s
yy < SR, (3.53)

v
auns (3.47) ﬁju Inverse Transmission Matrix U84 AT 8ULY 2 'wa{ﬂ HAFIUNG

i , % Ry
wuadmivmasndvesInssionuy 2 wesa Fuaaslugzii 3.6 figail N Tasn1sunu o fan

1] . ¥ " ¥ H
N uaznlaswnieamng e limilounuiniosminovsaeslugiii 3.3 o214
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Vy coshNg Z,sinhgsinhNg | V,

={ . (3.54)
M cosh N¢
=k Z,sinh g =1,

- _ o = o = o o & 1
NTINGT (3.54) ﬁ’mﬂmmmnmﬂuw15mm&)wmuaﬂnmmumw'saﬂ ‘11'\11]315’31

{ coth Ng —cosech N¢
SIS oosech N¢ cothN¢

] ' =3 ) v a aa o
INANNIT (3.55) WM UIVNBOUNVANNT (3.37) Vol a0 IuuUUAaNTUIA 1Ay

Wz ,sinh g Lﬂuqmﬁnym:mﬁuﬁuﬂwf (Characteristic Impedance) Y94818

3.3 Insaaiavedian3tif RC

Tnseinsuuuaanition RC awsoiilfegnivlu’led (Passive Integrated Circuit)
Taodl 2 wesn uazii Tasaadedalugyil 3.7 Fnlszneumudumindausi q Al Aedauuu
qmzaﬂuﬁ?ﬂuﬂmmmﬁ’mmu (Resistive Layer) smmmﬁ'lu%gwﬂwmu (Dielectric Layer)
HazFuYead 1 (Condictive Layer) s dnsslEaa 10° 19 sevihliaeesi
VWIAANIN (Microcircuits) Taoii Inssadrs 2 ad1afle TaseadWil@iuduung (Thin-Film)
uazInsead1eluTuann  (Monolithic) TaAzsadafan MY ﬂsznauﬁauafumaﬁﬁmmm
8618 F9nseguudInmaiinnnzang vens lndidan3n (Dielectric) 819959N Titanate A2
UL Nichrome Resistive Filin- 3921908 @ mumsiriudnimewns (Conductive
Copper—Film) 19 3% wdre Haniokasans ladifinasn uazeduy Passive Substrate #2633
Vaporization 138 Electrochemical Technique 103971319 Monolithic Uszneugissuvesasig
dni gaviuiiugd@maoudng 9 Distributed Resistance 1811910 Lightly Doped a1379%72
11 uaY Distribute Capacitance lanoinmistlou luueandudsvessesraonislu pP-N 2393

A9 gniiun1Fd M5y Distribute RC Active Network
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1
- L 7 .
A
2 § I i A / =
A A R Y AN N .|
|! '/ "/ \ 2
Resistive Dieletric Conductive
layer la,er (metal) layer

71 3.7 Tassadsves 2 wesnuuuAaniiiag RC

° J o Qs e e
msiume ihenlassadhs Yuegiudnyuzvssiagquazginsimasvindia
- H Py 4 ' o - w 0
FinshezlFlunsndavuegiudedmuavinaveslasiadn  uosquanyuznhiay
o . = = - & ' Qs ﬁi
fwet1n Tassadavensesgiliesudeniiiad RC [41 Feegmoluleduansdsgili 3.8(n)

as o a/ d
uaedidydnuaivedd995At3UN 3.8(v)

ielectric Layers Resistive Layer
Conductive Layer RC
8 ANNEON oy
T, 1 ¥ MA’ r 2
Substrate
3
() (W)

511 3.8 Taseadanardndnyaivespinesudanita Re

dmiulasssuuudanidon RC amlugli 3.7 §i 2 wesanieldiRoulums lna
¥9an32Uan3 1ua 1 AAM3 (One Dimention Current Flow) Iasavisannsagnuiailudiu

tog 9 Suuwiiniazauvesn e uiiu Ax dwanslugilii 3.9
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HAx
o AN\ ]
=—c(x)Ax § glx)ax
i
Gq Ax -;Q
(M (V)

31 3.9 Tnsaadraunzaaes Inssnguesdanidey Ax vesdiem3tiag RC
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r(x) = ﬁ“ (3.59)
1

EW
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(x) A
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Baoyius  Fuaaquauian ldenlassihouy 2 weinvesamn3ad rRe Taviidnuus

P o o a a o ' atla o
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% I(s,x) = —sc(x)V(s,x) (3.63)
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d? d d
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d’ d d
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RX Z (3.66)
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R 2
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Pcosh P : -
_ | RsiohP? ~ RsinhP
Hel = P Pcosh P G.72)

" RsinhP Rsinh P

e ; F i
Wt muaIl X =———— , ¥ =cosh P uaz P =+/sRC
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=
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P X o
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dmsuauns 3.73 aunsoin@sudulesiaieuves URC 1alunsdifl URC e

UUVAnY (Floating) A®
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fimuatiuiisziond: DURC) awmsaadielfeglugilnietiled (Passive Integrated circuits),
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Diclectine
layer

Resistive layer (R)

) o
i

o

31U 3.14 Tassad e uazdgydnuaives DURC



48

317 3.14 (0) uay (v) uarasdaInssadraves DURC uazilii 3.14 (A) uansdaydnyel
malWhwesda DURC

dmiumslinngimawenaiiauaud [v] vesasvsiiingesn DURC aunsadaliiyl
-y s d’
auMIIAT Y IAd el

[ij] Iy, (3.75)

Iy(x) o73
16
L $T4.- A R | V(x +4x)
e m VWA A iy g
‘ )
T f

1 =1 i v =
31 3.15 2svanimes ni 1 lums A wealianaud

1INgUN 3.15 9gMIAn K5 1A

X
—
Vy B S Vs (3.76)
o, 5,
G
Vs = 7% :
2 BT 3 (3.77)

C; 2

Tasdmualst =
Cl o (.—2




Vs =als (3.78)
uaz
Vi (x) = Iy (x)Rax + V(x + ax) (3.79)
[V (x + Ax) -V (x)] = 11 (x)Rax (3.80)
avix) -
) R (x) (3.81)

11113 Take Limit

Lie L+ )= Vi)
Ax >0 ax

~Riy(x) (3.82)

d (cashad)~1 , . L
?;{al/3{1—coshlx+ == /.smh,ld}]_-Rll(x) (3.83)

alcosh »d 1)

Acosh AdVs = —-RI 84
e cosh rdVsg 1(x)  (3.84)

Vyad sinft Ad +

17; x=0wld
T
13 Y3 =—%X=0 [RSIﬂMd}a(cosh/d 1) (3.86)
= Rs,f’ s alcosh P -1) (3.87)
Tagit P =ad

Yi3 = ~Xa(Y -1) (3.88)
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(3.90)

(3.91)
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XR

LY =C0ShP, P=+sSRC IINE a=
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L m circuit complcmylnd simple to
upphuuons. The simalation by P-SPICE of
respouse and sensitivities are also given,

A. Introduetion

i irmuly distribited RC line have been
111, [2]- The frequiency response

mlaclwurk is much better than that of

ork for higher fraquency range

upo using” double capagitive layers
h wxctlmand the applications to
v pass fillerare presented.

¢ af the double capacitive layers -

15 illustrated:in Fig. 1-a. the circuit symbol
id Fig. 1-b. are iltustrated in Fig. 1-¢:
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Fig. 1 u-gh'eus follow

I ¥ 4 -uf -1) #’l-f
{111}44 ¥ ~afy -1) idh
1 el 1) o -—"-’"ﬁ-——-u“’;"l) £

” ¥ o~
b SRR W o S
Where e RO Vs

C=Cy 10y
G =(~ak (2)
€=

Where R and '€ are the values of the total
resistance and eapacitince of the DURC, 4 is the ratio of
¢pand ¢, soyand S is the complex frequency variable.

2, Circuit using double eapavitive layers URC
The three type of novel notch characteristics
circolts using. double “capacitive layers uniformly
distributed RC line are shown in Fig.2 (a),(b).(c)

O'—-—‘\N‘vmw\)

i

(a)
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(c)

Fig.2. Notch characteristics circuits using double
capacitive layers URC. The voltage transfer
function T (P) of Fig.2 (a) is given as follows:

fmh 2P + (1= a) @

gy e e ey u'%g m
Here, assuming

PSR « fjw o 2 e jfel T, i oD
The N(P) of eq. (4) can be expressed as follow:
w-],i’i‘i_’_’id.;_‘i.r.};.&m:w. + ycash rmﬁ:)'f—}‘-’.
v-—;;(Mrmucﬂhtmr)&%g;;%‘muiu—ﬁhrmr) )

At ¢ = 5r /4, theimaginary part and real part of
€q. (4) should be also zero to get notch characteristics, At
=57/ 4in eq.(4), we obtain a=0,179

s

At =yJw/2 andor @y =2*, we obtain
Wy

sz}
wy =2x o =30.84.

"i. e. the notch characteristic obtain for case of o =30.84,
2=0.179.

The frequency responses of the three types of
notch characteristics circuits using double capacitive
layers URC are shown in Fig.3.

f1-24

11

Fig.3. Frequency responses

3. LPF with the transmission zero

Fig.4 shows the proposed active low pass with
transmission zero.

. x[._.uI "5 ea)

- {#ﬁ»«mu{!ﬂhw,}}a-

®)

(5 nfg )

Where K is the voltage gain of amplifier. o, A,
Band g are given from Equation as follows :

C4
Cy+Cy

=

Cs
C) +C,

I-a soh #y
A= 2 ,B-[ ) h«l}

_Cy AP, sink Py + eosh P, -1)
Cy APy sinh Py +2{cosh Py —1)

o i TR )

]

i
7

and

Fig.4 Active LPF with two DURC



4. Simulation results
The simulation by P-SPICE of the frequency
. response is shown in Fig. 5. The double capacitive layers
. URC is approximated by the ladder lumped RC elements
of 10 sections. And the amplifier is made by 424741
| Fig. 5 shows the behavior of the proposed circuit with
amplifier gain K. We chose the values of the double
capacitive layers URC elements as follows:

Rl = R2 = 100402

C1=2000pF, C2 = 430pF

C3=1000pF, Cd = 20pF (6)
K =0512

a=018

Fig, 5 Frequency response

It is seen that the combination of two DURC éi!suiu will
produce a filéer having transmission 2eros at stopband
and the magnitude peaking occurs'as K greater than 1,

5. Sensitivity
The sensitivity 5, is defined as the ratio of the
normalized incremental change of the transfer function
T(P), duc to the normalized change of circuit parameter
¥

B PYE 55
S &, T(P] @

FREQUENCY(] ;
Fig. 6 Sensitivity 5]

1125

Fig:7 Sensitivity s/,

Fig. 6 shows the sensitivity of T(P) to the
change of amplifier gain K and Fig. 7 shows the
sensitivity of T(P) to change of capacitive Cs,

It is-seen that-the-sensitivity of T(P) 1o the
Change of emplifier gain K and circuit elements C, ; are
differcatially small in the pass band.

6. Conclusion

The low pass filter with notch characteristics
(three 1ypes) using double capacitive layers URC line
and the applications to active low pass filter with
transmission ‘zero are propased and discussed In
eddition the sensitivities of circuit parameters are
investigated and computer simulations are carried our,
The proposed circuit wilf be suitable to fabricate by LS
process:
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Abstract The admitiance parameters [Y] of the URC with ¢
three capacitive layers in Fig | is given as follows: |

The paper describes the new. notch frequency
adjustable type filter using uniformly distributed RC line

(hereafter is called URC) with three capacitive layers. [0, ¥ -1 -aly-1) —wz{hl}{rf; sl
The proposed circuit consists of ene URC with three l;,, / -1 r ~ayly-1)  -mlf-11{% ,§

capacitive (C, C; and C;) layers and-a, Single gain ~aylp=1) —atly -1) g i ygt e

amplifier, @y, @pof the circuits are used to adjust the I4 <y 1) ~aylr=1) i v i

notch tunable fregbency and K s sed Io control the
minimum stop band loss. The structure réduces an amount
of circuit complexity and is simple-to-use. for- filter
applications, Finally, The um{pmt simulation resulis

showed good . agreement: with | ;{mum values,

Sensitivities are ﬂsocamcdout kg o

L lntmdueﬁcn 9

The struetdre of the.URC with theee capacitive layers
shows in Fig. 1-a. The cireuit symbol of Fig. 1-2 and Fig.
1-b are illustrated in Fig. t=c. This 'URC consists of 3
layers. It is make up of a uniform. resitive sheer, a
uniform dieléctric sheet and a conducting sheet, where a
diclectnie sheel is located between resistive sheet and
conductive sheet. The eapaeitance {C) i divided into 3
parts Ci, Cy and C; deposited on a dielectric sheet.

wherd: 9= ayff -aj)e s 2 s 2 -1},
1=afl-m) smbpi2aiy-1),
v = maly -1-P s P,

a"“-—"—-‘y -
X’”’ {MPFJM

G =aC, Geat and €« GG+
1 2

R and’C are the values of (otal resistance and

capacitance C'of the multilavers URC structure. &y , @y
are the ratioof C,, C; with respect to Cand § 1§ the
complex frequency,

I, LPF with Notch characteristics

The low pass active [iiter with adjustable notch
characteristics circuil using URC witly theee capacitive

layers is shown in Fig 2,
b s % @ ‘
1
4 ®
61 O
L] v QE
— St N e )
s —a o *c “ o
L s #
® l . {
(o) » 1
Fig. | Strucure and circuit symbol of URC Fig. 2 Noteh characterisites circuit using URC |
with three capacitive layers with three capactiive layers i
i
1
1

0-7603-6253-5/00/$10.00 ©2000 IEEE.




From eq.1) and Fig 2, after some mathematical Fig. 3 shows the relation of normalized angular
manipulations, the voltage transfer function T(p) of Fig. 2 frequency @, to @y and a; where @, is lied in between
~ isas follows: 20 < @, <30.84

. . bl

B R A

']

a. @

(2) L1}
[1H ay
{
1:[ - . ’{.’v;-}?l’-?a;J, o1
g Ifa;+.q] =
0.06]
i = o e 2 bd e
"'Jﬁc_ﬂ?mz”w'g "J: i \A\x
bz
@ [} \\\-
From eq.(!). Here, assuming tcg LPEbE R = i
The notch angular frequency (w,) can be obtained ol o)
from the numerator of eq.(2).
Herein, the N(P).of eq.(2) can be expressed a5
fallow: Fig, 3 Relation between notch angular frequency
and @y , @
Mo}« emp] s (P} 3 T G
- L x IIL Simulation results
Re= .f;lﬂb" taostvsitcosht) ) The simulation by P-spice of the frequency response
iy cush LE0stV 1 g+ 1y 5 0) is shown in Fig- 4. It is shown that the behavior of notch

frequency adjustable active filter withan appropriate
choiee of the parameter @y and @ of the circuit, Herein,
we choose the valoes as given in Table }with gain K=0.8
The three capacitive layers URC is approximated by the
Form ¢q.44) and eq.(5), ayand ‘@ can be obtained.  laddec lumped RC elements of 10 sections and the

m:%(m:mr,wrwrjm,wmt-u (3)

i amplifier (u4741) is used in the experiment.
" T v =\
= (sinb t cont + sin ¢ co - cosht cos ty -1
- s ¢ eos)) ) s Gy C 7 G =
D 92 R 0.08 0 0
@ 1; 7 (N @D | 86.24 4 004 | 976 | 00976
D" 832 2 002 | 148 | 0148
A e L. D 78 | o 0 8| o8
g st sint
5 Table 1, Cg. C), and C, are in pF
Itis found that ¢ is lied in between 7 < ¢ S.::r And R = 100K, C=100pF
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Fig. 4 Fregueney response of table |

It 1s seen that by adjusting the eircuil parameter @y,
ap will tend fo ¢hange notch frequency. If ‘ay, @y is
assumed zero (@ = a; = 0}, it become Ghausi’ s URC
circuit as referred in literature [1], with: 23 = Dand
ay # 0 or Vice Versa il becomes a double capacitive
layers URC |2} and [3]

IV. Sensitivity
The sensitivity SL{P) is defined as the ratio of

normalized incremental change of the fransfer funiction
T(P), due to the normalized change of circuit paramuder X;

5?) - ‘fgf_’_’ % (®)

Fig. 5a

3

- SO - O - O ¢

o

abob bog 3

Fig. 5b

Fig..§ sensitivitics of T(P) with the change of K and R

Where R =20 K@, € = 5600 pF
L afpapad
2. o =008, 5 =00
3. ay su,ﬂ“, az = 0.0976

Fig. Sa shows the sensitivities of T(P) witls the change ef
amplifier gain K and Fig. 5b shows the sensitiviiies of T
Py with the change R respectively.
It is seen that the sensitivitics of T(I") for both cases
+ are differentially small in the pass band, when compared
to literature (1], 2] and [3],

V.. Conelusion.

The low pass filier with notch charagteristios using
flizee capacitive layers URC circuit with the applications
16 active filter is proposed and discussed. In addigion, the
sensitivities of cintuit parameters are inyestigated and
camputer simulations by P-SPICE are carcied oul. The
proposed circuit can be suitable o fabricate by LSI
process,
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