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ABSTRACT

This thesis presents the realization method of active filter with notch characteristics using
multilayer uniformly distributed RC line (hereafter is call MURC). The thesis describes also the
applications to active low - pass filter, high - pass filter and band - pass filter. The proposed
circuit consists of double capacitive layers URC in conjunction with and three capacitive layers
URC and a single gain amplifier. Herein, the parameters of the circuit are used to improve the
magnitude characteristics. Thus, the proposed circuit has better performance than Ghausi’s
circuit.

The experimental results of the amplitude characteristics sensitivities and group delay are
carried out. From the experimental results shows good magnitude response low sensitivities and

constant group delay in pass band.
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gnanlfuasnszualviinge »  awdidy Tasliddanstaawisiilines (Distibuted

14
Parameter) 71199 A9%)

r o AIANNATUNIY (Resistance ohm/meter)

I annumiloath (Inductance henry/meter)

g : A1 (Conductance mho/meter)

c: f’hﬂ'ﬂuﬂﬂ‘ﬁ‘l (Capacitance farad/meter)

i(t,x) FAX IAx i(t, x + Ax)
+o— NN gooop — o4
v(t, x+ Ax
v(t,x) ? = ( )
gAx T cAx
> Ax >

3UN 3.2 daumsvneves Ax ludaeds
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nngalii 3.2 iisldngussdunaznszuaveanaiyenil (Kirchhoffs Law) f11130

Souduaumsldaei
6z(t x)
v(t, x + Ax) - v(t,x) ~ —Ax| | +ri(t,x) (3.1

av(t, x, Ax)
ot

i(t,x + Ax) - i(t,x) » —Ax(c +gift,x+ Ax)) (3.2)

i o aa 1 o a o d1
MnENMs (3.1) 3.2) dedmualiaiaves ar fdudlndeud szliaumaeeyiusdosie

3v(t,x)__ 6i(t,x)_ :

-~ ) o ri(t, x) (3.3)
at(t,x)___ av(t,x)_

SRS IS G0

110 ¥(t,x) uaz i(t,x) Mmsulasanlaass 1@

V(s,x)=L[v1,x)] = c’j?v(t, xS dt (3.52)
0

I(s,x)=L[i{t,.x)] = Ti(t,x)e‘s’ dt (3.5b)
0

A v o [y
uagzileveyRusaums (3.5a,b) thvudy x 11d

o[ o)) jav(’ %),st gy - O F [v(t, x)e™* dt _ ¥ls.x)
| ox | 5 Ox ax 0 Ox
(3.6)
L_av(t,x) _Taz(t x) -5t gy =2Ti(t,x)e_“dt _ oI(s, x)
| Ox | 0x Oox
Tasmsudasandmaluaums (3.3) uaz (3.4) 9214
W) 154 )1(s,x) 37

ox
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ol (s, x)
Ox

= —(cs + g)V(s, x) (3.8)

é ar L Q”
aaauls luaums 3.7) wag 3.8) Mo ulsReITy fAin x JuToU dx unu ox

dV—Z”‘—) (s +7)I(s,%) (3.9)
di(s,x) =—(cs+g)V(s,x) (3.10)
dx

& o o @ 4 o 1 4
dlovimameyRusvesaums (3.9) uag (3.10) Moudy x o r,lc,g 1Wumnfiez1d

d?v(s,x) d

7=—(ls+r);1(s,x) (3.11)
2

d_;%_x)_=_(cs+ g )—:—xV(s,x) (3.12)

Tasmsunuaaunis (3.10) adluaunis (3.11) vazunuaiaums (3.9) asluaunis

(3.12) 92 17 ldaumsvessedauuvadtaye fe

2

FV—(ls+r)(cs+g)V =0 (3.13)

2

dixTI —(Is+r)es+g) =0 (3.14)

s v o é IS 1
aums (3.13) uag (3.14) Wuaumseyiussudy 2 Femnsadiou 18 lmide

V(s,x)= A;coshIx+ Ay sinh I'x (3.15)

I(s,x) =BjcoshIx+ B, sinhlx (3.16)
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1T o

] o ' 1 . . L 4
o I Wuanizmsunsnse1eueeniay (Propagation Function) 1asiiniastl

F=,/ils+ri—(cs+gi (3.17)

E 4
) o o

dmfumen 4;,4,,8,,B, umeusinsh uazannsadmua’lddeil fie dmiy
1 d‘ 1 as é T o
medeitianue iy d Saihulaseiouuy 2 wesa Taemedunasziiu v(s0),1(s.0)
wazmaeanaidlu ¥ (s,d ), I(s,d) mnaums (3.15) G.16) 1 x=0 w214
A;=V(s0) (3.18)

By=1I(s0) (3.19)

P v < \
Fadmeytusauns (3.15) uag (3.16) oy x uazunuasluauns (3.9) uaz

(3.10) mudrdu fvuald x =0 w21d

== f BT sy -Zies0 ) (3.20)
cs+g

2y I +7 00y V(50) (3.21)
cs+g Zy

{ [ a 4 '
Tauii z, (Hugudnyaen19Bufinaud (Characteristic Impedance) VOITWANUY

e AIGAR)

Zg= | 5XT (3.22)
cs+g

H Yy a ¢ ¢ y duy 2
ﬂguuvn\?ﬂ'luﬂu'ﬂWUﬁgl@”mT’!ﬂWﬂﬁﬂ”ﬂﬂﬁ’]Uﬁ\? ﬂhlﬂ'inﬂﬁilﬂ-li (3.15) OITUNIT

(3.22) awsarinn@oudugy1ddegai 3.3

A



15

1(s,0) I(s,d
s —_— . - ©°
[ «— L, T
Linear two-port
V(5.0) @ Network V(s.d)
._—_.-——o_

& a ¢ ¢ .
5'1]7! 3.3 DUNWALASIDIAWANDIAVBINIYT

TaoTasevielugda 33 aansadouldegluglwisfimes ABcD Millueunis

wasnaldnsluaunis 3.23)  Tauf ¥(s0),1(s0) HuusafuLaznIsuaveInesa

o_ @ & <] @ o
awddy Fedowdu vp,1, was V(sd)I(s.d) Huussdunazaszuavsineiai 2

D

.

o v 4
audreu dedoudly v, -1,

[—Vﬂ t [g zﬁ] [_Vd (3.23)

31N 3.4 m3delaseielugiin 3.3

4 o ' { ' v o { o [
dimiInseviwluglii 33 aesgaundeSueiudegin 3.4 szldwasunenuaiiv

duN15 ABCD LA3N Ao

a a b b
VI _ A B A B V2 _ A B V2 (3.24)
I c® p%| |c® pb| [-1; c D| |-,

A=A%4% + BoCh B=A°BY + B2Db
C=C%4% + pec? D=C%B® + DeDb
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gazdunuauns (3.18) 81 3.21) adluaums 3.15), (3.16) wdmnsudas
] = Py A G a a W a
AMWITRe U LASNY FuduBues ansuainguunSNd (Inverse Transmission Matrix)

1 v
o2l daunisvesaedauuuainaue fadl

V(s,d)| [coshId Z,sinhId| V(s,0)
=| sinhI” cosh I (3.25)
—1(s,d) Zy ~I(5,0)

° LY 1 a o Py L4 = d
Tuueudoasy  arsudasamisiwesvoanasns  ldifluwislinesves

a 3 . { v 1 o 4
Bufiuaud299518a (Open-Circuit Impedance) 11301580731 Z-Parameter LAZATNITABI VO

a o [ - 1
UOATIALAUEII958A (Short-Circuit Admittance) ¥30N38n71 Y-Parameter 9216

cothld  cosechld

Zy (3.26)
cosechld cothld

[2]

cothld —cosechld

—Z— (3.27)
0| -cosechld cothld

[¥]

b2 o d a d
3.2 iﬂ‘NﬁiN‘Uﬂ\‘iﬂ‘NﬂW'ﬁTNlﬂi’)i

'
& °

@ q’.: o -~ o
Tumsdszualnseaduuudus  (Lumped) MwdiovhwiinisSeuneuny

-~

a aa 1 S o v & o
TaseadrupuAanitig swdedldlnseisuuy 2 wesaimiloudwiudaunaiega

Y ¥ v o o 2 ' ¥y A d Ao A a ' P
ﬂizﬂﬂu&‘u']ﬂ')UﬂuﬂQEﬂw 34 “ﬁdl&ﬂﬁz‘lgﬂﬂﬂ\mﬂm‘lmaﬂ URASUIMTUIUUINIUDINYUADHUN

] & o o o 1 9 A a v [}
HNUAWAINYTI cmmmmgmmmmiJzmmmwmwamzuﬂmﬁ‘luﬂmﬁnummﬂmww

a aa o 3 t @ a - 9 ] aa 9 ] -
ATNTUIA ITVUDYNUANUINUIATINITIINDINIG Lla3‘lf'NﬂT\llﬂ?’l‘l‘lfclu‘lf?\‘]nﬂ']ﬂﬂﬂﬂlﬂﬂ'CT'IU

Y

Aq 9o 9 Vv v dq YA o 9 ] @ o
uaz‘luquyg‘l‘vmmuﬂgmmﬂquﬂau‘uaﬂﬂimswuuuauﬂ"lﬂummuwﬂﬂﬁ'ﬂmuuﬁ

R A e o [ % Y a an o
%QilﬂiuﬁlmﬂmEJUm‘lﬂ‘UIﬂEQﬁTNLLUUﬂﬂ‘VI5U’Jﬂ

1, 1, 1, A Ly Iy, 1,
—» > — > oy —»
& 3 F ¥ E3 ¥ +

v, 4 v Y, Veu Vi Vu

o

31# 3.5 juuvveslasaie 2 nosanaodiuTnseaduuudansion
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dmsumedwuuainaueninnuesida simunsaninsdszuna'ld Tasnsld
g o o d o [ P o ‘i‘_] 1 & Y
13905 19009aNALLY 2 Wosad UMDY ¥a Aeluglh 3.5 Miludiunisvesay Taslv
1 o 4 -y a [ [ o
ilnssadradiunuy T fawnsadion1ddegilii 3.6 TasauudanziSuduldliswiiugud
HAZ9IN9T o NIsmIaNMSUUDLSIRDS IsUTez 18
(Z;+2Z)M, =251 =V, (3.28)

Zyly, —(Z1+Zy M sy = Viyss (3.29)

e n=0,1,...,N+1

Zl Zl
+o o o -+
I,, In+l
7, L | >

311 3.6 Tnseerd19uny T-Network

Tavnnaums (3.28), (3.29) esasimlion1d1¥eylus1 Recurrence Form 1431

Vasl 1 14
el IS LT STl | I
Z, Z,

(3.30)
Z
_L ]+_1 7
Lyt Z, Z, n
dievhaums (3.30) sudeuliey luguuuuasng fie
[Xner]=[M] [x,] (331)
2
, 1l <[ Ha)
e [M] = 22 2 (3.32)
__1_ ]+.£1_
Z3 Z;

AQADODAT
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[X,e1]= [V"”} wae  [Xx,]= [V”] (3.33)

In+l
AN (3.31) Windou v ldh
[x,] = [M]" [X,] (3.34)

defmuald [M]" m189n Eigenvalues 483 [M] uaza Eigenvalues (ilusinves

aumsnadnyuziufe

det |[M]-2[1]| = 4? -u[-ﬁ-’-uju =0 (3.35)
2

& =

P A a o o 4 P ] a o & ]
e [7] Aewaindiondnuel nToNEunN WATNENLINUY

1 u’: 1 v o Jdo Y
A1 Eigenvalues 114 2 A1 9103 (3.35) szlianuduiusiuasil

/11/12 = 1 (336)

Z
AR 2(—’+1j (3.37)
Z;

PINAUNTS (3.36), (3.37) AmuAld A, =S4, =e5 9214 coshg =(Z;/2Z,)+1

udwn [M]" Tavldngufves Cayley-Hamilton Iagld

MY =c,r1]+Ci[M] (3.38)

Gg)’= C04-C]%g) (3.39)

(eg )” =C,+C (e—g ) (3.40)



INAUMT (3.39), (3.40) 9214

c, =_sinh(n—1)g . C; = sinhng (3.41)
sinh¢ sinhg
_sinh(.n—l)g_l_sinhn.gcoshg —[—Z—IZ—+ZZIJSi’.1hng
[ M]n - sinhg sinhg Zy sinh¢ (3.42)
_ 1 sinhng _sinh(n—1)g N sinhng cosh¢
Z, sinhg sinhg sinhg

Fevnaums (3.42) wnsorhndonldn
—sinh(n —1)¢ = —sinh ng cosh ¢ + coshngsinhg (3.43)

Uag

2 2
Z
—[Z—1+2z,] =Z, —zz[ZIZ: 2J = 22(1-cosh2 g): ~Z, sink? ¢ (3.44)

i Y
FaiuINauns (3.32) azweu id Iy

coshg -7, sinh? c

=] (3.45)
-— coshg
Z;
uaz [M]* Ao
coshg —Z, sinhg sinhng
M= (3.46)
_ sinhng coshg

Z, sinhg



¥y
FaiuvInaNns (3.34) 3214

Va cosh¢  —Zysinhgsinhng |V,
= , (3.47)
sinhng
—-— coshg
I, Z, sinhg I,

Tasawssdunazpssualugad n dmiunstingadegniaens uazdaees 9

9 o ::’
ansan ldaail

ionsiiiodnadaiesld vy =0 uaznnaums 3.47) Taounu n 420 N 92'ld

I, = .COSh e Vo (3.48)
Z, sinh ¢ sinh Ng

MNAUNT (3.36) LA (3.46) wxiimnszud uazusaulugah » Ao

cosh(N —n)c

I
- Z, sinhg sinh Ng )|

(3.49)

cosh(N —n)s y

3.50
sinh Ng <k (3.50)

) o o
uazgdmFunsdiodnares@ald 1y =0 vinaums (3.36) laumisunu » A N

1, sinh Ne 0 (3.51)
Z 5 sinhg cosh Ng
4 oy o P
Fanaums (3.47) uae (3.15) wiidnszuduazussdugai » 021d
[, = —<oh(N-n)s (3.52)
Z 4 sinhg cosh Ng
v, = MVo (3.53)

cosh Ng
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d| '
Tavaums (3.47) Wuauns Inverse Transmission Matrix ¥841n5e%101UY 2 WOSA
4 o ° as a o ' ¢ P P
FawasamnanuadmivmaindueaInseouuy 2 wesa Muaadlugyhn 3.6 o gt N Tao

° { 4 4 v o Jdo { o
SN 7§28 N tagiimsnlfeuniesing e ldduiuiiugld 3.3 Wufe

Vn coshNg Z,sinhgsinhNg | V,
= (3.54)

M coshN¢
—Iy Z, sinhg -1,

9 a o =Y o o ol o 9
NAUNIT (3.54) muﬂmmﬂiﬂcmi‘]u‘w15mmei‘umLmﬂummum‘wamws ﬂzblﬂ'.)']

cothNg  —cosechN¢
(3.55)

[¥]

23 8inhS} eosech N¢  cothN¢

A ' o 4 1
HFIVINTANNIT (3.55) %ztﬁu"lé"n milouduaums (3.37 ﬁlﬂuﬁﬂﬂ'ﬁﬂlﬂﬂiﬂiﬂ‘lﬂﬂ

a ana o @ a L3
wuudansiog 1aell Z, sink ¢ WugudnyugnBuivanguesa

v Py aa ¢ (=
3.3 Ins9an9vesAanstan 813%
a aa d o { ° [

Tassadreuuuaanitad s dlulnseadiiaunsailieglugdvesled (Passive

b . o ~ 2 =1 1w { 3
Integrated Circuit) 14 1aoi Inseai1adalugd 3.7 Favzwin1aan dlassadnnysensuiiv

¥ ¥ ¥ v b4
9IndIuANY feil fie dmtuuugaiiuduvesnauRiuniy (Resistive Layer) 3uaAnu
2 & g & X o .

Lflu‘nwuammu (Dielectric Layer) uawqu%mﬂuwmmmm (Conductive Layer) Tagli

1 q’/’ -5 Qy ] q,: ® o 9 P} o & o ]
anunuvesaaztulssaa 2070 Taviniu Seihldseslivwabnun dedalaseasig

d ' aa
amnsoaield 2 wuvie Tasead U uNSUIANLI (Thin-Film) uag Insead1aTuTudns

'3 1 n’l’ o t i 1

(Monolithic) TasTaseadrafiduwiuuie wilsgnovdrnsuvesiagraigedin N1 weguu
Sanafimuizavvesas ladidan3n Dielectric) ©1992gN Titan ate ALY Nichrome
Resistive Film U149 Ta8219 A muunasiiu@1imeauad (Conductive Copper—Film) 3271

Yy ] y g t 9 a d = . 9 Ay . .
134 mane LLﬂ’JHMﬁE)ﬂ’JUﬁ‘]iVlﬂﬂmﬂmﬂ UALINUY Passive Substrate 913995 Vaporization

3

. ) aa o &

¥30 Electrochemical Technique aaulasead1eluludfia swalsznoulude duvesmsis

o o d g yd oA g _ ' 4 o o dd
Fahfignsindugi@masuifing 19U Distributed Resistance 1 TAu191AmsAed iy

L]

Lightly Doped 140 Distribute Capacitance 71 ldx191an1sflouluteandudrevessesroniolu

. & 2 d o y a aa J da d ¢ 4 o
P-N Junction %Q?Q'ﬂiﬂlu'lﬂﬂjuﬂzgﬂu’lﬁ’ﬂ‘]ﬂﬂu')ﬂ%iﬂﬁﬂiﬂ'Jﬂ 913%Y lu’flnﬂiﬂllﬂ'ﬂllﬂﬂﬂﬂ
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Y ~ / Va
|

- ® ‘ ( -
0—4—1__ AN A LN L» ¢
! —/ / \ !y
1
Resistive. Dieletric Conductive
layer layer (metal) layer

4 L3 a aa 4
517 3.7 Tnssa$e 2 wesnuuudaanidog 0153
9 o aa o 1) - o @ 3 o ~
waznnTaseadeuuuAmmid 0198 aunsadoudaydnuel lddazii 3.8

ielectric Layers Resistive Layer
Conductive Layer RC

?vvvvvvvé’/ " and °2
\

5 Substrate é

(@) ()

c; 9 o o d =y d a aa o (L=
51N 3.8 Taseade uazdydnusivesgiivein Aaniion 015%
o a Iy " 1 a aa o o ~ ~ o S A
FmTunsAnI ey InseiiouuuAansiag 015% mugin 3.7 wwlinedn 2 weinfioy
melditeuly ms'lnavesnszuanisiva 1 AN (One Dimension Current Flow) lag
L] 1 1] ) o Q' lg 1
Tasetisazansoutieeniiudiudoss uagiswnaiviiufiazdruvosnnunniiu 4

aaaaelugili 3.9

1
i
&
13
=
o
¥

() ()

4 1 1 ' a aa o J
311 3.9 Tnseathauazees Tnsedevesdauges Axv vesdanIiog 13
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' 1 aa I o ' v T [~ < o '
Aanudumuveudazdfwiunineynsuiuey uudazdiu ssduilsndumuisu

9 ] aa Y o 1 1Y) ] aa y o ° 93
AIUATUNTUUDIUUAATDTLUUN TﬂUmmmmumu“lutmazﬂamu‘n r(x)Ax %zﬂmuﬂ‘lmw

r(x)ax = ’—OW;% (3.56)
1

{lo p wag A, Ao ANMUATUMUS UM UAZAMUHUWUUVOWHUATINAIUMUN X

4 y aa ¥ d4
Uag W aABANUN INYIDAUUNN x

o -~

[ oY 4 aa [ o
’muuimummummummu‘umamﬁ'uw ﬁm15ﬂ141'1¢’1’1uaﬂymzmmﬂu ﬁmz

-

' 1 ° 1 ad a aa o o
Uszneu lde snnuguazmanmiwewnu ladaansnvesdauiuiiume

) (3.57)
hy

glx)ax = GZVA’C (3.58)
2

& & Ay Dt [ ad a P
B & 1Ay o A0 Permittivity 118 Conductivity ‘llflﬁllﬂuvlﬂﬂlaﬂﬂﬁﬂ as h2 1o
1 ] a d a {
ﬂ'J']Uﬁu']uuu‘llf]\‘]llﬂu‘lﬂf)mﬂﬂiﬂ ﬁ X

v yaa 9 9 d Y ' o |
ﬂ'lalﬁ'ﬂﬂﬂ"l]f]\i Ax l‘Uﬂﬂﬁf}f‘HU AINIVATUNIY, AINTNY HAagANUUIRDUUIYIAINUY

o1 19
r(x) 2 (3.59)
Wh]
cx) = & (3.60)
h;
glx) = = (3.61)
hy

4 a1 d o a a A a1 a

Farwes r(x), c(x) oz g(x) selnufludmausis Hinfosmmuduuinuaziing
o W [3 ¥ o o a o a o & 4
#1fia vindedmuail azlinnudidglunmsiioisands nodwsvesaumsideeywus Nuaaq

wady ¥ ' 4 a aa o ey ot 9w A @
Aaauian lden Tnsedonuy 2 wesnvesdaniiag 0134 Tavli Inssadnansuzmiiouny

P & ¥ a a 4 ' Aa s
5171 3.90) Fadinsamnndimes », ¢ uag g 91491 luvuznlinnugudeainms

Y

o

o o ad a dai 9 g A Y A v o’
3?1“@”@‘39?1““1 g(X) cluvlﬂﬂmﬂﬂiﬂ ﬂilﬂ’luﬂﬂlﬂumlﬂlﬁnhlﬂ HAasiuoAINDUANALAULY



’ () a 4 o Ky T Vg
anfesnimanhduauduing szannsodam g Held ndfeld g Hauilugud fees'ld

' a aa o A4 Y ' a
Tﬂﬁ"’ﬂ‘ltﬂlﬂ‘ﬂﬂﬁﬂiﬂ’m 1% ¥INT r  URS ¢ hlll“ﬂilﬂauuﬂ’]n ATUYIIUDY x ﬂglﬂu

d a

' a an J 4 [Y :
Tnssheupugiivesy Aan3ian 015@ uazlunsdlideordud » uaz cudsfoumunny
1 = ¢ a aa o st A v o s '
1o x sufulasetwnvuueuyiiveiuaaniiog 015d Fedgydnusiveslnsediy

a aa o 4 [y { < v { @ o o o o
uuuAan3iag 0138 aunsouaasiegiii 3.10 sziu 1 idundalddydnyeida r duilu

@ W o

o o = 3 4
duTdaudadnusliuuuougivedy uazdudundald R Wudusssezifludydnueives

o

v =Y ¢ a aa o 4
Tasetouvugiiiesy Aansiag 0153

RC URC
° MW\ —0 ° Wy ©
o 2} (¢} ©
(n) usugiinesu (v) yilWesy

3 v o U4 o aa o o
31 3.10 dydnualvesdananiiag 0139

L4
=t

P a a ¢  w ‘i‘_' o o =Y d a aa o o Y g
‘If\?clquﬂ']uwuﬁﬂUUUQZ umimlmmguﬂﬂiu ATNIUIAN B1IY 1]’11‘]117]11!14

L4
LYY J o/

a | a d a aa o dat b n’: ] dy
Wiy wznarmwizmsimssinduuuuyinesuaniion 015 wintuds e lud
1 a d a aa o d 1 g { '
Tasewuuugivesu Aan3iiang 0158 seiia R uaz € 0 lwlsulavunusives x
@ o d { @ ]
Taollanuduiusvesmsasuinlasuesusaduuasnszua milouaunis (3.25) idluaunis
a o L4 ° ta o ¢ ' o o
yosgiinesularl (Uniform Line) Tnufimuald adudndiiv (1) uaz Arneudndnv (g)
o 1w s & o o A Y 9 q’:
fiauidugud Fedmivaweilinnwes 4 wldnwasanvesanudumunimuen R
b4 b4
I 7d HAZHATIVYBIAMANUINIMUA CINNY cd RLUUINTUMST (3.26) Lag (3.27) A2

= d a aa o o2 ) 1 a A 4 ) J o [ 4
guﬂmn ATNITUIN B13% ’d'm'lim‘UU‘LlilgﬂuEﬂﬂOQONWLLﬂN"ﬁW'ﬁTNLﬂBi laziorualiauey

v
Yo A4

= o
WITTUADT 'kmauﬂa

(3.62)

R cothA|SRC cschVSRC
[z] = \/S_C“
cschVSRC  cothNSRC
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iag

coth/SRC  —cschySRC

_ s
[¥] = - (3.63)

—~cschvSRC  cothN SRC

P ' @ = a aa o 4 {
nnf idna1nudrludhedu dgiivesy Aaniiog 0158 Tlaseadnfidsznouly

y & v H o o o o Yo o
AU FUYDIAIIUMNUNIUY YUUYDIRUIU HATHUHUDIRIUT ﬁ‘ll]ﬂllﬁﬂth?ﬂ‘iil]ﬂ 3.9 Iﬂtﬂufni

9

'Jmﬂmmniﬂw 3.9(0) fustlinamwesnnui dalavdndAudaeziidntosnn 1510218

TasetsuuuRansiog o15% m;ﬂ'ﬂ 3.11

W 7
PTTITT A o
Eerel i S

4 a aa ¢ d 4 4 ° 1
317 3.1 Tnssadravesaaniing 0138 demanuth g aniesann o

A:i - ] é J 9 J =
Iﬂﬂgﬂ‘ﬂ 3.11 WUANHUSMIABDULY T FIAINITUATUNIUTIUUAZAININYISUMN
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(4.10)

& v
HIAUUINTNUY
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=
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Abstract — This paper presents the realization method of
active filter with notch characteristics using multilayer
uniformly distributed RC line (hereafter is call MURC).

The proposed circuits configuration consists of 2 MURC
and a single positive gain amplifier. The circuit has a steeper
rate of magnitude response at cut off with constant group
delay and low sensitivites in the pass band. H-SPICE
simulations are included to show their behavior of the
proposed circuit.

I. INTRODUCTION

It is known that Uniformly Distributed RC elements
(URC) have several advantages over lumped RC network.
The structure of distributed RC elements in thin — film
technology is built using smaller substrate area, less
isolation and parasitic problems at high frequency.
Distributed RC elements may have many from structure.
For instance, one capacitive layer, double capacitive layer
and multilayer thin — film structures. The structure of the
general URC consists of layers of conductors, resistive
layer and dielectrics can be sandwiched together in many
permutations. The resistive or conductive layers may be
contacted at various points around their edges. Other
advantages are applied to active filters. For instance single
capacitive layer URC [1], [2], Double capacitive layers
URC [3]in conjunction with amplifier in literature
respectively.

To improve the behavior of the active low pass filter
mentioned above, the circuit with 2 multilayer layer URC
network and a single positive gain amplifier are proposed.

The structure of the MURC with three capacitive layers
shows in Fig. 1-a. The circuit symbols of Fig. 1-a. and
Fig. 1-b. are illustrated in Fig. 1-c. This MURC consists of
3 layers. It is make 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 (C) is divided into

3 partsCy, C; and C, deposited on a dielectric sheet.

Analysis of Fig. 1c. as a distributed RC transmission
line for one of the bottom conductive plate 5 is ground
yields. The admittance parameter [Yj;] of the URC in

Fig. 1. is given as follows:

Shirou Sudo and Mitsuo Teramoto
School of Engineering,
Tokai University,
JAPAN 259-12

conductive layer

dielectric layer resistive layer
(a)
ral
'} g o
@ C2 W ....... o C1
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£91
®
ol
(¢)
(b)

Fig. 1. Structure and circuit symbo! of MURC
with three capacitive layers

11 Y -1 —-a,(Y—I) —az(Y—l) Vl
I, -1 Y —a,(Y-1) -a,(¥-1)|v;
= X|
13 -'(ZI(Y—I) —a,(Y—I) 9 A V3
I, ~a,(Y=1) -a,(r-1) A v v,
1)
where

8 = a;{(1 - a;)Psink P+ 2a,(Y - 1)},
A =ay{(1-a;)Psinh P+ 2a,(Y - 1)},
v =a,a,{2(Y - 1)- Psinh P},

P

=m, Y=COShP, P=VSRC,
sin

C;=a,C, Cr=a,C and C=C;+Cy+Cj

14-10
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R and C are the values of total resistance and
capacitance C of the multilayers URC structure. «a;, «a,

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

II. ACTIVE LPF WITH NOTCH CHARACTERISTICS

The active low pass filter with notch characteristics circuit
using 2 MURC with three capacitive layers is shown in

Ll [olle

. C, 5 -
VIWW

A

e %Vl:wcs &

Fig. 2. Active low pass filter with MURC circuit

From (1) and Fig. 2. after some mathematical
manipulations, the voltage transfer function T(P) of Fig, 2.

is as follow:
sinh P, sinh Py
a + B Ha;——=+ y K
{ p *f H T "}

{ag __anz 5 + (1 -ay )cosh P, }5 - {a 3 —sm: 2. + z}gp
2 2

T(P)=

@

Where

ﬂ = az{coshpl + _I__M} 5

a;

z= a4|:COShP2 +L__(_aﬂ4):|,

Qay

o= {alf—'})}i—}i’—+ (I—aI)coshPI +y} ,
1

y= a'{a3 (Slnh.Pz _Pz})z COShI,Z) + [1— (a_; + a4)]V} s

1 .
v = {[m - 20!4:|cosh Py +a,(2+ Py sinh Pz)} ,

Q= {o-{a3smpﬂ+x}+[l—(a, +a2)KcoshP, —I)K},
2

oo {& (1-a,)P, sink B, + 2a(cosh P, —1)}

CII (1—a3)P2sinhP2 +2(13(C03h1)2—1)

o C,

a = y G = »
C1+C2+C3 C1+C2+C3

a3=c———’ Qg =——"—""—"7"">
4+C5+C6 C4+C5+C6

P =ySR,C; s Py=ySRyC,; ,
Cr1=C]+C2+C3, C‘2=C4+C5+C6,

and X is the gain amplifier
III. SIMULATION RESULTS

The simulation result by H-SPICE of the frequency
response is shown in Fig. 3. The use of Distributed RC
elements by mean of thin film process in any integrated
circuit are immense complication compared to the well
established lumped circuits. Herein, the capacitive layers
URC is approximate by the ladder RC lumped elements of
10 sections and the amplifier is LF351. We choose values
of the circuit elements as follows:

Ry =R, = 200k02,
C;=31.395pF , C4=17.94pF ,
C; =0.0175pF , Cs =0.01pF ,
Cj = 143.5875pF , Cs = 82.05pF

$

2

S
S
W

Magnitude (dB)

&n
k=4
T

-S0F

100

L4 L pidiil i g qliiiil i i

P U I

1K 10K 100K M 10M 100M
Frequency (Hz) -

Fig. 3. Frequency response with different K

With appropriate choice of the parameters given above,
it is seen that the proposed circuit will produce a filter
having two transmission zeros.

Fig. 3. show the behavior of the proposed circuit for
K=08, 13 and 26, a;=01794, a,=0.0001,

a3 =0.1794 and a, = 0.0001 respectively.
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In Fig. 4. the figure also shows the frequency response

of the proposed circuit for

a;=017%4,

K=13,

PP R

is defined as the ratio of the
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normalized incremental change of the transfer function

7(P) due to the normalized change of circuit parameter

X; as follow:

1.3 by H-SPICE

Fig. 4. Frequency response K

&)

The magnitude response is directly associated with gain
amplifier X and the group delay characteristic for the
circuit is constant in the pass band as shown in Fig. 5.

cebet-t

SRR S L

.15}k

Frequency (Hz)

Frequency (H2)

Fig. 7. Sensitivity Sﬁ(P)

Fig. 5. Group delay characteristics

Fig. 7. show the sensitivity of T(P)to the change of
amplifier gain X . It is seen that the magnitude sensitivity

become large as X increasing.

The stability of the circuit can be obtained from the
denominator of (2). For stability considerations the

Nyquist contour is encircled at the origin as shown in

Fig. 6. It is seen that K 2 2.6 the circuit is conditionally

unstable.
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1K 10K 100K M 10M 100M
Frequency (Hz)

Fig. 8. Sensitivity SZI(P)

In Fig. 8. and Fig. 9. shows sensitivities of T(P) to the
capacitance ratio C; to C,+C,+C; (a;) and 7(P) to
resistance R, alone. It is seen that their sensitivities are
differentially small and unaffected in the pass band.

§Te)
. 60

S0+

JzzzIisy

40

30

20}--+

10K M 100M
Frequency (Hz)

7(P)

Fig. 9. Sensitivity S R,

V. CONCLUSION

The low pass filter with notch characteristics using
multilayer URC circuit with the applications to active low
pass filter is proposed and discussed. Herein, the
parameters of the circuit are used to improve the behavior
of magnitude response. Thus, the magnitude response of
the designed circuit has a steep slope at cut off with
constant group delay. In addition, the sensitivities of
circuit parameters have low and computer simulations by
H-SPICE are carried out. The proposed circuit can used
for antialising/smoothing filters and will be suitable to
fabrication by LSI process.
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Abstract

The paper describes the new notch frequency
adjustable type filter using uniformly distributed RC line
(hereafter is called URC) with three capacitive layers.

The proposed circuit consists of one URC with three
capacitive (Cy, C, and C;) layers and a single gain
amplifier. a;, a, of the circuits are used to adjust the

notch tunable frequency and K is used to control the
minimum stop band loss. The structure reduces an amount
of circuit complexity and is simple to use for filter
applications. Finally, The computer simulation results
showed good agreement with theoretical values.
Sensitivities are also carried out.

I. Introduction

The structure of the URC with three capacitive layers
shows in Fig. 1-a. The circuit symbol of Fig. 1-a and Fig.
1-b are illustrated in Fig. 1-c. This URC consists of 3
layers. It is make 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 (C) is divided into 3
parts Cy, C; and C, deposited on a dielectric sheet.

conductive layer
@

M-mmn
dlcteculc Jayer resistive layer
L
qe )
.
ct @
€2 Ovm——
[ sessesessed C1
AMA
O— ct p——O @ RC ce -]
[ [
co
(]
| .
(B) (c)

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

0-7803-6253-5/00/$10.00 ©2000 IEEE

The admittance parameters [Yj] of the URC with
three capacitive layers in Fig 1 is given as follows:

I Y -1 ‘“I(V ‘1) -az(}’—l) i
I =X -1 Y ‘al(l"l) 'az(}"l) V2
L “leaqp-1) -af -1) 9 i vy
1, _al(}'_i) —az(}'-—l) A v Va

1)
where  9=a;{{l ~e P sink P + 201 -1)},

i=ar{t- )P sink P 4220 -1)},
v = a2 —1)-Psink P},

=L,Y =cosh P ,P = SRC ,
R sinh P

C,=aC,C,=aC and C =C, +C, +C,

R and C are the values of total resistance and
capacitance C of the multilayers URC structure. @, a,

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

II. LPF with Notch characteristics
The low pass active filter with adjustable notch
characteristics circuit using URC with three capacitive
layers is shown in Fig 2.

v2

Fig. 2 Notch characterisitcs circuit using URC
with three capacitive layers

568



From eq.(1) and Fig 2, after some mathematical
manipulations, the voltage transfer function T(p) of Fig. 2
is as follows:

aysinhP +ay|cosh P+1—(a1+a2) K
P az
" P+l -layra; )k + xcoshP +a, (i -k )2 +PsinkP |}

@)

7()

.82 (sinhP — PcoshP )

where B 3

1
x—l:m'f(z a]-I)K-ZaI],

(1) [0
P=JSRC| =\/'w=J:+'J——-
RC =1 J 2 / 2

From eq.(1). Here, assuming ¢ = ‘/g SP=t+jt

The notch angular frequency (m,,) can be obtained

from the numerator of eq.(2).
Herein, the N(P) of eq.(2) can be expressed as
follow:

N{P)=Re[N(P)]+ 1m [V (P)] 3)

Re = %% (sinh t cos t +sint cosh t) (4)

+ay cosh t cos t +1-(a1 +ay =0)
Im =Z—f(sin t cosh.t —sinh t cos t )+ @y sink sint =0 &)

Form eq.(4) and eq.(5), a;and a, can be obtained

@ = - ©)
-ZT(sinh t cos t +sint cosh t)+(1—cosh t cos t)y—l

2= ™
Where _ (sin t cosh t —sinh t cos t)
’ sinh t sint
It is found that t is lied in between 7 <t < Z-n-

0-7803-6253-5/00/$10.00 ©2000 IEEE
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Fig. 3 shows the relation of normalized angular
frequency @, to ajand a, where @, is lied in between

20 <@, <30.84

a1, Q&
018
018}
044}
012} a;
0a}
o008}
008}
004} a
002}
ol
e 2 2 2 26 P 30 32

, (rad / sec )

Fig. 3 Relation between notch angular frequency
and o , ay

III. Simulation results

The simulation by P-spice of the frequency response
is shown in Fig. 4. It is shown that the behavior of notch
frequency adjustable active filter with an appropriate
choice of the parameter @ and «, of the circuit. Herein,
we choose the values as given in Table 1 with gain K=0.8
The three capacitive layers URC is approximated by the
ladder lumped RC elements of 10 sections and the
amplifier (,uA741 ) is used in the experiment.

Co G ) C as
D 92 8 0.08 0 0
D 86.24 4 0.04 9.76 | 0.0976
D 83.2 2 0.02 14.8 0.148
@D 82 0 0 18 0.18

Table 1. Cy, Cy, and C, are in pF

And R = 100KQ, C=100pF
569
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Fig. 4 Frequency response of table 1

It is seen that by adjusting the circuit parameter ¢,
a, will tend to change notch frequency. If o), a, is
assumed zero (al =qy = 0), it become Ghausi’ s URC
circuit as referred in literature [1], with «, =0and
a; # 0 or Vice Versa it becomes a double capacitive
layers URC [2] and [3]

IV. Sensitivity
The sensitivity § f ®) is defined as the ratio of
i

normalized incremental change of the transfer function
T(P), due to the normalized change of circuit parameter X;

X;
X T ax; TP) W

d 1
Frequency (Hz )

0-7803-6253-5/00/$10.00 ©2000 IEEE
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10 i
Frequency (Hz)

Fig. 5b
Fig. 5 sensitivities of T(P) with the change of K and R

Where R =20 KQ, C= 5000 pF
. g =a =0
2. a1 =008, ap =0.0
3. a =0.04, ap =0.0976

Fig. 5a shows the sensitivities of T(P) with the change of
amplifier gain K and Fig. 5b shows the sensitivities of
T(P) with the change R respectively.

It is seen that the sensitivities of T(P) for both cases
are differentially small in the pass band, when compared
to literature [1], [2] and [3].

V. Conclusion.

The low pass filter with notch characteristics using
three capacitive layers URC circuit with the applications
to active filter is proposed and discussed. In addition, the
sensitivities of circuit parameters are investigated and
computer simulations by P-SPICE are carried out. The
proposed circuit can be suitable to fabricate by LSI
process.
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