o & = —
MUAMDTNANAN WIZROUAAMIANTEL

a d u [y} a Y a d a Aaa ¢ = d
2e9melawesuvulSvvinadyanadasiinuudlaaldaiviesuaanitanendlan

Adjustable Amplitude Chrominance Equalizer by using Uniformly Distributed RC line

JUMEMARIR

d A‘
HIYUIIAFNA Pamnm

d a o v ad
HIINANIY WaaaeadIan

a a J L g 1Y) v A
Baanfnusiiuarunilsvesmsfinnmunangasgaamnssumansiauia
avunalulagnynuuinmy

ANITINITUATNS
]
fauny

ynsisoy.. 0.0 L5 4:!

nonnnn"'um ?Jﬂ“iﬁﬂy.l 2542

M, zaau,?l....i.ﬂ.lg‘z..f’ﬁj

amdumalulagwszeeundIgUNHITIANsTI



v 9 a a L4
10U TYYIUWUT
Tag
S (R
919158NU5A1
NN
Vasdnm

o

20959078 lawesuuulSuvinadyana Tasiuuud
Tag1dgivesuaanitaierdlad

Adjustable Amplitude Chrominance Equalizer by using Uniformly
Distributed RC line

WUIIAanNa  dnnae 40013365

WWAT  WaAdeadian 40013378

TAATAUN  OUTTTHIAY
MANAYANIHNNITY

2542

a J @ @ waq Y
auzImINsTumMans an1uma lulagnszaoundugunmsaiansziiaeyla i

a a d @ qy 1 3 o o/ a
ﬂiiyiy"I‘Ll‘Wu‘ﬁﬂ‘U'U'ul“ﬂuﬁ’JUWﬁQﬂJ@Qﬂ'ﬁﬁﬂ}ﬂWﬁﬂq%SQﬂﬁTﬂﬂiiﬂJﬁWﬁﬁiﬂﬂl“ﬂ@

a a o
AUZATTUMIADVYTYQITNUS

.......................................... Usesrunssuns
( )
.......................................... ATTUMS

( )
.......................................... ATTUMS

( )
USRS RRURURRRR RO ASTUMS

( )
.......................................... ATTUNS

( )

a a a 4 @ Yy v 9
AUANTUDIAUSIAINTTUANTNT ﬁﬂTUul‘ﬂﬂTuIﬁ?JWigi]i’)lllﬂﬁ'lﬁnﬂmﬂ1’7’]5@’1@]1‘1531]\3



v Y a a o a 4 @ LY a o Yy a o
WivelSygniinus  99sdale lawesuuulSuvinadyanu Tasduuudg layldgivosy
a aa I8 =) L4
Aanitamend lay
Adjustable Amplitude Chrominance Equalizer by using

Uniformly Distributed RC Line

v = o &
UNFANY weasendna  Innwadn
4
WeNANY  warAdoaiad
I (=2 a 4

219150MJT 11 IR AT AUD  BUTITHIAY
JEAUMSANE gaTMATIUMAasTada uuna lulag Insauuiny
| =
Unsnn 2542

UnAAEo

Y
[ v o kY] [ 1 @ o
luszyumsdadyanainsiaid  dyguezgndaiuiwsae 9 sauieaeh

[

=<

Ty Gy nnAumane D aLeINNUUIAYIT YU HATIANNDY
a a o Y :d 9 [ a 4 [ =&
Ysyaninusatiuiteldmuenanmsesnuuuinnsonie lawesuuulsuvuads
@ @ { @ a R, a 4
MUTDAATTAUNTOONITZAVVUIAN +34B  vesdyna Insiiuuusaody g gl ud
A a d’l EY s A aa = % : . : " 4 osll
nianuraiisu Taglgrsasuenin@an3iiiane 1 (Active Distributed RC Circuit) ~ WIDUTI
W13 UADITNIN (Stability) NAABUAUBIVBIGroup Delay sazimsilSouisuannu’l
—— U= ' A3 ad
(Sensitivity) ¥9491Un30IH9AININIVTUVVOIBHAITH
a L&Y 1 L} o/
Tumseanuuunesonle lawessinanddu ldhedya unageusogan 20T
do w L4 (] 4 a Y o
lvimdseeaiadingrslumseenuuy  eudanuAaoumeviavesdyanudluszuy
| o o o A . oo o aa & 9
mydidyaaumuininel  Jaslinaseanuraiisumeniiamdvesdyaudiisuantios

vy
@ 1 Y @ 3 ° Y
nAMsnaassainaiuldnalndfostungufuaznisiiaesmsiaudls Tlsunsy

ADUNUADS



Adjustable Amplitude Chrominance Equalizer by using Uniformly Distributed RC line
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LEVEL OF STUDY Bachelor Degree of Industrial Technology in Telecommunication
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ABSTRACT

In color television signal transmission system,video signal which transmitt through any
network and coaxial cable are normally deteriorate the magnitude response at high frequency
This project imply the method of realization of adjustable amplitude chrominance
equalizer by using uniformly RC circuit (herein after called URC) magnitude response of
proposed equalizer can be increased or decreased by * 3dB at 4.43 MHz of color subcarrier with
respect to Luminance signal
Herein,the stability and sensitivity due to the variation of elements are investigated.It is
shown that the sensitivities of the proposed circuit are smaller than the lumped RC network
By the used of the modulated 20T sine-squared test signal it is shown that the proposed
Equalizer can be used to correct the relative gain distortion of chrominance signal without much

relative delay distortion

The experimental results and computer simulation of the circuit shown good agreement

with theoretical
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{ o w 1 U % dy
waznszualihiiye x awdrdu Taofia Distributed Parameter A9 9 §af]

¥ :ﬁﬁﬂ]imﬁWHﬂiu(Resistance ohm/meter)
[ :ﬁ]ﬂ’ﬂlllﬁﬁﬁ?ﬁ?(lnduotance henry/meter)
g : ﬂlﬁﬂ’amﬁW(Conductance mho/meter)

(. ﬁWﬂﬂMi}WﬁW(Capacitance farad/meter)

i(t,x) rAx [Ax i(t, x+Ax)
— —>
ro AN — T ==
V(t,x) gix —F cAx  V(t,x+Ax)
<+ Ax >

U7 2.2 damvieves Ax lumods

= v o =
fﬂ'lﬂglh’l 2.2 IﬂUjaﬁﬂalliﬁﬂullazﬂimtﬁﬁU’ENLﬂﬂg‘ﬁﬂwﬁ (Kirchhoff ’s Law) mmsm%mﬂu

v

auns 1aeail
e
v(t,x+Ax)—v(t,x)z—Ax ZT+ ri(t, x) (2.1)
it x+Ax)=i(t,x) = -Ax(cMaxt’Ax_)Jr gi(t,x,Ax)) (2.2)

v d

$ aa 4 a
VINANMI 2.1), (2.2) dlefmualddiiaves Ax hlndgud v IdaumsiFaeyiusdesie

8v(t,x) 8i(t, x) )
e S :
ox ot rz(t,x) 7
di(t, x) - vt x) av(t, x) (2.4)

ox ot
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V(5,%)= Liv(e,2)] —I (t,x)e " dr (2.5

oo

1(s,x) =L[i(t, x)] fz t,x)e™ dt ' (2.5b)

(=]

ooy iusauns 2.5a,b) Moy xoeld

ov(tx) Tov(t,x) _, d 7 - oV (s, x)
— A\d - \d
L[ o ] J TP axj e A e
ov(t,x) T0it, x) _ d 7. s oI (s, x) .
L g \Id AN A .\IZ — N7
[ ox ] J e axj(”)e o R

Tmmmﬂmamwa111w°luaums (2.3) uag (2.4) 2219

w =—(Is + r)](s,x) @7

X

Bl T L TR 08
ox

4 [ @ = Y
Wowndulsluaynis (2.7) uag (2.8) Wiesdwds@onfo x Sadion de uny Ox LAY
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Vs —(s + ) (s, x) 2.9)
dx
dli;’ %) =—(cs+ g)V(s,x) (2.10)

Y o & ~ o & ~ Tl P Y
mmmgwu'ﬁﬁums (2.9) Uae (2.10) MyunNy x (o r,l,c,g Lﬂummmz"lﬂ
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dV(s,x) ‘;S’x) :—(ls+r)%1(3,x) ‘@)
2

gi%:_(cﬁg)%v(”) (2.12)

Taemsunumiauns (2.10) aslumums 2.11) wazunusiaums 2.9) avluaums
(2.12) %z"ls-ﬁ”fmms‘uaamﬂdmumﬁﬁuﬁm Ao

2
dth—(ls+rXcs+g)V:O (2.13)
dx
d2
yl—(ls+r)(cs+g)1=0 (2.14)
TUM3 (2.13) 19z (2.14) Wuaunseuiussudy 2 Srwnsodon 18t
V(s,x) = A coshTx + A, sinh I'x (2.15)
7 (sl [E B, coshI'x + B, sinh I'x (2.16)
o I zﬂuama:msuwinszmwmﬂﬁu (Propagation Function) Ineiinisaii
F=,/(ls+r)(cs+g) (2.17)

4

2B, B, ilufnail wazannsodimunldganse dmsuaeaa

(Transmission Line) A%A1uewiify 4 Farzidulasationuy 2 nesa Tagmedunnag

15 V(5,0),1(s,0) uazmmmﬁwmflu V(s,d),I(s,d) anmuns (2.15), (2.16) ﬁ, x=0
wld

RV RSN AL A

A =V(s5,0)
B, =1(s,0)

(2.18)
(2.19)

dmeuiutauns (2.15) uas (2.16) Weuiy x ua
(2.10) A wd AU Mvuald x =0 9g

zunumaluaums (2.9) uay



A== B 100y =—Z,1(s.0) (2.20)
cs+ g

5, [lrr Voo YE0 | 331}
cs+g g

e Z, Wunudnym

EN9BNRUAUS (Characteristic Impedance) VOIAEAUV UM UA D

7 AP (2.22)
cs+g

> a ¢ @ ) Ay oy
REHHIUNALazIeMHANDSAva e gd i Idninaums  (2.15)
mnsonansldlugli 2.3

UMy (2.22)

1(5,0) I(s,d)
—p —>
—O+
T /g
Linear two-port
Network Vis.d)
—0 -

W7 2.3 uansBunauazioninane avesaods

dmivlasaineluziil 23 ;wsadoudumsines ABCD lugdvouunsng g
adluums (2.23) Taefi V(s,0), 1(s,0) Whuuseduiazng

SUAVDINDTAN 1 AUdIey Sou
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du V1,

o o a o w = <
wae V(s,d),I1(s,d) uluLmﬂuuazﬂszummwa{m‘ﬂ 2 guany ey

M

V,—I

2 2
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o 1 ~ ' v v = 3 Y g
dnilaseiolugyd 23 TONYANIROFBITUAIUR 2.4 masauianue 931815y

qUNS ABCD a5 fip

% a a b b S ‘/7
_]1 Cu Du Cb DI) _\ [2 C D . 12

A — AuAI) +BaCb B :Ath +BaDI)
§ SO DI Bz CRADE DY

&
1Ja

numuﬁumi (2.18) 4 2.21) asluaunisg (2.15), (2.16) wag uﬂmmwwsmmamm

LJJG]iﬂGIfGNLﬂu Inverse Transmission Matrix 9% "lmmms‘ummamuwammm o

V(s,d) coshTd  Z,sinhTd| [ v(s,0)
NN (2.25)
\ Do
~1(s,d) Z, —1(s,0)
Tudueufoafy Tﬂﬂﬂwsuﬂaaﬁwmﬁﬁma%mmm?nﬁﬂ;ﬂuwwwﬁma'{maa

a

=] L4 a 4 a o
DUNLUA um’ldilitﬂﬂ(Open-Circuit Impedance)“ri?’e)Z~Parameteer2:W?’immai‘umuﬂﬂnmmuw

299580 (Short-Circuit Admittance) N30 Y-Parameter 9 1@

cothl'd  cosechl’d
z] = z, (2.26)
cosechl’'d cothTd



cothI'd —cosechld
r] = — (2.27)
20| —oomephid  cohTd

o d a d
2.2 Ins9a 19U 98 uA IS Iine 5

[ 4 ) [ Y
msﬂssmmTﬂsaa%’mmuauﬁ(Lumped) Lﬁaumuﬂ?fmzﬁwnUTﬂimsmmu
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AANTUIN (Distributed) vy foaldlasevhey 2 wammﬁuauﬂummuwmam Usgnow
SRR IIYRE, 1Jv124 Tavfiusay syaRalivaldniae nmmumnmamaumwuwuwmm

o wva ] a aa J d Y
817 %WUUM%QMEQﬂqUﬂGUVHWUQW@W%guﬁﬂQﬂmHNUﬂmﬂﬂTﬂiﬁﬂﬂﬂﬁﬂiﬂ?ﬂ VYHoYNU

1
=

< < ! ' Sy 33
ANUNEIRTINTIADINT By 9auAR 1S umeunained (Time constant) Y8418 S1L)1

Y o

° ' 1 @ P Y Y
"lﬂ"l@’ﬁsmz%’aﬂ%’mumﬂm‘uENﬂquﬁ'@u1wn%1uauwﬂﬂé’mauuﬁ(lnﬁnnyﬁqi)zvlﬂTﬂsmiw

a aa J
HUUATNTUIN
]n 10 ]: 12 1n+l 1N~l 1N
P e S P —_—» —_— ) —>
O ¥ ¥ ¥ ¥ ¥ —
Vn V] V2 vn VMH VN—I VN
- - » X ™, {= -

3% 2.5 gduuuvealnsanie 2 wesn

ﬁww%"umaﬁ'umuﬁﬁuamﬁﬁﬂ313Jan§1f°fﬂ asaUssua Inold Inseadraveg
AUALILY 2 WoSAS 1IN ANY g Wﬂﬂusﬂw 2.5 "lumuﬁuwamwiﬂa‘lmiﬂsqa'mmm T
mmmimwu%m‘lusﬂw 2.6 ammﬁmmimu“lmmﬂvﬁua 1NNT IAUMTHIANUNT

WHADSIT U 0 1

Z,+2,)1,-2,1 =V (2.28)

n+l n

A —(Z,+Z)I =V (2.29)

n+l



Z] Zl
to——- [ —7 — —o +
]n 1n+l
Vn ' Zz' Vn+l
307 2.6 uamaTnsearravng T-Network
VINTUMS (2.28), (229) w1150:Beu 18 3133 Recurrence Form flo
1% g %4
" 21 —[5—+2zl] g
SR RUAVE W (2.30)
i 145 |
]"“ Zz Zz In
M3 (2.30) snsadoulugduuuwnsngldae
[x.. )=l [x,] (2.31)
2
| 142 _(i+zz,]
(i M] = | 2 (% (232)
1 o
— 1+—L
Z, Z,
|% |4
X, =" lay X |=| (2.33)
[ "I] [I"HJ [ "] [INJ

MNTUMT (231) dwnsadon'ldIngae

(x,] = M1 [x,] (2.34)
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y 1 . o
dedmuald [M] w1800 Bigenvalues voq [M] 1 EBigenvalues 1Jusinuesaums

Auanyuziufe

dequ]—xﬁ]p:xz~2A£§L+1]+1=o | (2.35)

2

e [1] A Identity ¥59 Unit Matrix

Y
v A

v
1 @ 1 v o Jda
1 Eigenxalues Y149 2 A1 91090015 (2.35) AUNWUDNUAIL

A4, - 1 (2.36)

i+ A, (2.37)

Il
—
NN

+
o

VINTUM3 (236), 2.37) Amuald 4, =e5,1, =¢ 1218 coshe = (z,/12,)+1

udamn M ] Taoldmgufives Cayley-Hamilton Tngly

M] = C,Ul+C[M] (2.38)
vwld

(es) = ¢, +C () (2.39)

() = ¢, +C ) (2.40)
VINTUMNS (2.39), (2.40) 9218

C = sinh(n—1) ¢ _ sinhng

sinhg " ™' sinh¢
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_sinh(n-1)¢ . sinhng coshg ~ Z_f+ o7 |sinhng
MT = sinhg sinhg Z, ' |sinhg (2.41)
_ 1 sinhng _sinh(n—-1)g . sinh ngcosh¢
Z, sinhg¢ sinhg sinh¢
TuMs (2.41) Ansodon iy
=sinh(n —1)¢ = —sinh n¢ cosh ¢ +coshngsinh¢ (2.42)

Haz

2 2
- Z—’+2Z1 =Z,-Z, 2L =Z, (l—coshzg):—Z2 sinh® ¢ (2.43)
Z2 z, )

REHUMINTUMST (2.32) Tunsafeon el

coshg —Z,sinh?¢

[M]= (2.44)

_ & coshg
Z,

v

waz (M ] aunsodenldsed

coshg —Z, sinh¢gsinhng

"= 2.45
[M] sinh ng )
- coshg
Z, sinh¢

v
o

AUANMS (2.34) 9218
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Va coshg  —Z,sinhgsinhnc |V,
= : (2.46)
sinhng
I ——— coshg
I, Z,sinh¢ !

0

v
(2

1Y ~ ) @ 1 P @ . Y
Lmﬂuuazﬂsztmiumw n amsunstﬁwmgm%’Nimmzama%s ?ﬂlﬂﬁﬂ?ﬁ‘lﬂ
il

) @ o Y Y
Twsunsdieninadaiensld v, =0 vinaums 2.46) Tnouny o &g N oz 1@

l; = coh s v, (2.47)
Z, sinhgsinh N¢

VINAUNT (2.36) uag (2.47) Mnszueuasusaduluyadi n oz 18

¥ ¥ LAy (2.48)
J Z, sinhgsinh N¢ ° '

Voo cosh(N —n)¢ (2.49)
i sinhN¢g * '

dmiunsdiemiwnisidlald 7, =0 s1ngqunis (2.36) Tngmsunu n 40 N 9214

0 .Smh AL° 4 (2.50)
Z, sinh ¢ cosh N¢

I

NNAUMNT (2.46) Lag (2.50) mﬂs:uﬁuazusaﬁuﬂqﬂﬁ nvzld

;| - _Cosh(N-n)g 2.51)
! Z,sinhgcosh Ng * '

cosh(N —n)¢ (2.52)
’ coshN¢ °
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1 L4
qUNT (2.46) Lﬂu Inverse Transmission Matrix ‘umTﬂiwwu‘uu 2WOTR . WATIN
QW?JW?”W?UL?J@iﬂ“h"U'ENIﬂi\i‘U']UL!UU 2 ‘W@i@] “If\i!!ﬁﬂ\ialuiﬂ‘ﬂ 2.6 ‘WIWW] N Tﬂﬂﬂ']ﬂﬁ’]u n

ﬂ?ﬂ N LLﬁ”LﬂﬁﬂULﬂi@ﬂHﬂJw LWE)Gl‘HmiJ’E‘JuﬂULﬂSﬂQ‘HlJW‘VNﬁEJﬂHiIJ‘V] 23 "l]“’llﬂ

Vi coshNg  Z, sinhgsinh Ng[ V,

_ (2.53)

Sml? Ne cosh Ng
—J Z, sinhg¢ =1

: v a ¢ a s a 2 o & Y
IINTUNS (2.53) ﬂmﬂmmiﬂmf]uwwmmaimaauaﬂummumwmﬂ "lﬂﬂzulﬂ'ﬂ

] coth Ng —cosech N¢

Y=
[] Z, sinh¢

(2.54)

—cosech Ng coth N¢

MINAUNT (2.54) NlAvziuTunilouiuauns (2.37)v091A59918 140U Distributed

o “ [~f o a A 3.
Tngf Z,sinh¢ Lﬁuﬂmaﬂymzmaauwzmucﬁ(Charactensnc Impedance) Vo318

23lnssahanaswiniine Svosdan3ioriond

Insaveuuuiansiie s ansai ldegnisluled  (Passive Integrated Circuit)
Tnodi 2 wosa uaz wTﬂsaaSNﬂﬂusﬂw 27 mﬂsuﬂaunuwmﬂmuma 0 fail Avd MUY
ﬁﬂimﬂwummmmmumu (Resistive - Layer) smaqmzfluw‘uammu (Dleletrlc Layer)
uawummmm (Conductive Layer)  ANUHUWOMARE 523101 10° i1 91903
Lyuadnun (Microcircuits) TaoiiTnsea$ 2 ad1ede Tnsaaag Thin-Film uae Ingagdg
Monolithic 1n598$19M80119(Thin-Film) ﬂszﬂ@umwumamaﬂwmaadw "}?ammfjuuéfﬁ:
ﬂawﬁmm:au(subsnate) AIBONIT UHUUI 9 V845 Dieletric 9199290 Titanate A1y
WHUV  Nichrome Resistive Film Fam90g 38z Conductive Copper—Film 1914
Tidware Furodrwas Dicletric HazoguY Passive Substrate #2658  Vaporization 13
Electrochemical Technique TA598%19 Monolithic ﬂswﬂaumwu‘ummsmmm gnviudu
gﬂﬁmaamaﬂ % WUDistributed Resistance 1831910 L ightly Doped msmmm 18 Distribute

Capacitance 'lﬂmmnmsﬂau"lmmﬁﬂaumwmiafmamﬂu P-N Nﬂwmﬂ%wxgﬂﬁwm

Gl‘lg:fjﬁﬂ/ﬁ U Distribute RC Active Network
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. r(x)Ax
s ——WW °
By (x)
o =elohe 3 glons
RIS @ Q
S Ax L
(M) )

317 2.9 ueraa Taseadaez 2995 Insedeveedngos Ax ¥4 Distributed RC

£ 1 aa 9 PR @ 1 1 ) 1 g
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1 aa 9 g 9 1 aa g g o YA
muveaazsalun manudunuluudazdaniun r(x)Ax gasvualvne

phx

3 2 4 2.55
r(x) W (2.55)

' y A i P '
lﬁ’t’) pLag hl ﬁa'ﬂdméﬁu‘ﬂmmtwwuazﬂ’nuﬁmuuuuwummmumuﬁ XU
= y aa ¥ oA
W aAsaNUNINUDDAUUUNT X

1 B aa Jd [ @ C% 9
@71 Shunt Admittance Y99DAFUNANTON I ludn¥az@eIny  Hulszneudle

MlszquazAnuni ey Dielectric YoIBAWIUTITUAD

c(x)Ax - EWAx (2.56)
h2
g(x)Ax = al:lle (2.57)
2

i ' i . A
o € 1aY O Ao Permittivity 148 Conductivity YBHY Dielectric Llag h, A
ANUMUWUUYDUNY  Dielectric N x
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aa

fldadaves Ax it lndgus manudimy ARRas AR LA

o

r(x) = o (2.58)

c(x) s 22 (2.59)
hz

g(x) - X (2.60)
h2

vee r(x), c(x)uaz g(x) willud sy Rean finFosmnuiuanias

o w

v
S 0 6 o . o IS g a a [ 4 ) [
UAINA (finite) ‘{J’@ﬂWH‘uﬂu Mﬂ’J']llfﬂﬂﬂﬂuﬂ'l'iWi]ﬁiMﬁQﬁiSil‘lﬂﬁ"U?NNﬁﬁ‘W‘ﬁ RIS

a o : vaad 1 1 4 e
TUMIITOUNUT Fanansnuauiian1duinInsaae A998 2 Wosh Yo Distributed
RC Tﬂﬂﬁﬁnymzmﬁauﬁugﬂﬁ 29(%)  dinsanmsiiimes . ¢ yas g wldnluvasd
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ANUYAIVDINITTI 1A (leakage) V09A LT g(x) Tu Dielectric islouiufiveysylg
Il v
oA Conductance fifeiounds Capacitance 110 9 szensadine1 g iel8fel ¢ fieh
Wuaud Yz 18 Tnsshenmudansiniond & s ¢ ldudsalfoun aawen
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Vol x 9UlVY Uniform Distributed RC lunsdi@erdudr » wae uusnlaoumy

@ 4
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g

=

Nonuniform Distributed RC uaasluguii 2.10(n) uvaziidu I vwendaufuny Nonuniform

Tuduld R dudumssvsii Tnsediouy Uniform Distributed RC ffauaaalugudi 2.10(v)
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o [ =1 1 d' . . . é {l (c:/
dmsunsdi laseviefidluiuy Nonuniform Distributed RC Ganeluiluilanyuaiy

FYZAMNEIVOY x ANUFURUTYeuAsuuauseduLasATIUE  INTUNIT (2.9), (2.10)

annsodoulaiiu
%V(s,x) = —r(x)I(s,x) (2.61)
d
El(s,x) = —sc(x)V(s,x) (2.62)

fmeyRuUSauMs (2.61), 2.62) heuiy x wld

2

d—V(s,x) = —r(x)zdx—l(s,x)—l(s,x)%r(x) - (2.63)

2

d—I(s, x) =1~ sc(x)%V(s,x)  BAS! x)%c(x) (2.64)

2

TagMsUNUAAUNIS (2.61) 1ae (2.62) aslugums (2.63) uae (2.64) L!.é}’lﬂuﬂ

aumsTnilay Ansaumevais q Tugdvenszuauasusiiuez 18

— rsc M \&EF/0, (2.65)

-SONN 2 § (2.66)

C

& A . =< o da @ = ﬂ
[HIBIATOINNY prime  UEAIDIMIHIOYRUSIHUNY x Taeh r(x)uas c(x) u

d o { { [ @ 3 & #
Henrunudsumasmuamves x  A9UANAITUDY Nonuniform Distributed RC €13150

= YA
wWeu'ldaoe

i(LiV)— se(x)V = 0 (2.67)
dx| r(x) dx

(2.68)

Il
o

i( 1 iI)—r(x)]
dx| sc(x) dx
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a aa J IR d'dy = :: 1 [ o ~
aanIUmerF(luniivesondu q 71 URC) Aaueraefegaln 2.12

O 1 || O
X
X(Y—l)l:jl []X(Y—l)
(e 9

91 2.12 29951 URC uuv 2 wesn



21

0w ~ Y g = A P a ¢
dmTugln 2.12 uaaliniungWIsEieuYed URC HUY 2 WOSA TIUWIIINNABT

° o ° [ Y a o ~
AMINI(Adimttance Parameter) MuaNMs (2.72)  ausiunaauiadlaslinseigli 2.12

y 4 a o a Jo
ms 1¥ngnszuaveunsssedd vz ldmsdmesanuihluglwadnsdeauns 2.73

XY -X -X¥ -]

] _ -X XY -XX-1) —

=X -1) -X¥-1) "2XF-1)

L .

Amsuaunsi 2.73 gnsothu@eudluieesaiiouyes URC lunsdiil URC A

708 (Floating) Ao

onl] [

= A S
gﬂ‘ﬂ 2.13 WITFUDUUDY URC NTUADODY

Y '
o a

Ay Y o Y a” A a 4 Y o 9/
i)'!ﬂi’lulﬂﬂaniJﬂUW’)‘Uﬂu ’Ni]’ilﬁll?J'L!Llﬁ%W'lﬂMﬂﬂi‘V]\iﬁiJﬂ‘ﬂhlﬂ Liw:umﬂﬂu

a d A (A aa J =
MIAANTIZHITUIANNATNITINOT



unfi 3 nquiitly

[ v

o do
3.1 ﬂqyaﬂmuﬂ1a\3ﬁf’)\?wa‘ﬁ

(e

"lcvﬁf‘hﬁ’aﬁaaﬁacﬁgﬂuﬁ’mmmﬁﬁﬂﬂﬁumsmwaau*ﬁ’amws’m FaorvvziAady
TuszuuTnsvimg ﬁ’acfﬁqﬂﬁnﬁyamﬂuuuu T uaz 2T dwmfuasieaouTnsvimiviig
HazivuLegEn 20T lmimidaesldlumsasaoney Tyl AWmsasaovlan g
Tﬂamsﬂau"lcvﬁﬁwﬁmmﬁaﬁﬂﬁuﬁswuﬂgu uﬁ";f'fammmmauaummm VBITLUUA

naAe msmuﬁuawawmﬂ(Amplimde Response) MINDUNUDIVDUN e (Phase Response)

" time Sin Pulse Bar
e
sync
Set 10 0.7+2%

Pulsc and inverted Pulse and bar
bar edge pulsc for amplitude
swilchable quadrator indcpcndcnlly
Tor2T distortion variable

tests 0.65100.75 vV

‘ ‘4‘ ou s"! Set 10 0.3+2%
+7 e 12;3 I5us de—— 95,
: : baps—no

o w

@ @ @ v & L Y
3.1 3Udnyazveq Yo lsimSeaeaiaduazingluseny sas iy

=n.

Y

ean

. s —_— —_—
time Sin Pulse Baf

sync T

Set 10 0.7

Pulsc and bar
amplitude
independently
variable
0.65100.75 v

0.05v
0.25v
i M‘i’f“ ISps Dle—— 254,
’ i sct up duration
’4\ S2us
64 us

Ui 3.2 3Udnnmey e laideaesiadiaznglussun 525,20

ean



23

Sect 10 0.7+2%

0.3v

L

3N 3.3 38y ”mtymmagxam"lmfﬁwé"aaadﬁ’acﬁmzmﬂmzuu 625 1du

Sct 10 0.7+2%

63.556s
5245 +5%

~ o 7o o v @ 7 Y
g‘lh’l 34 gﬂ NYUS ty@mua@mm%umaaaaawamuazmﬂuizuu 525 19U

@ 4 o w 1 o ~ = o v
Wanvazaaulmimsiges man"hwaawacfﬂ%nﬂﬁawmsmﬁuﬂmummaawam
Tugnsanans @y VIANNNATIYBIHATH 19059084 (HAD : Half Amplitude Duration)

: ' v
Wofmualy HAD Wudygalaimdaesves T YNANUDVOIRaFiife £ = 1/T &1

Y
@ o d Y v Ao

dyanalsifidaeaiads HAD wihdy T 95onfad@inani T viad duiadiiniay

Y ' ' o 4 g ' v
nhadlureunusiSensy 2T Wad ﬁ’m%’mfluﬂ?wﬁanﬁﬂﬂm 12T Wad



24

TaeRd sz Uy NTSC

2TPulse i HAD = 025 uS§

T Pulse il HAD = 0.125 us
amluszuy PAL

2TPulse  § HAD=02 uS

T Pulse i HAD=0.1 us

ﬂ'li1‘]f1°lﬂ~lﬂ'lf‘lQﬂ@\‘lwﬁ“ﬁ%?tﬂﬂﬂﬂﬁlﬂ]ﬂ'ﬂﬂ@ﬂﬂmﬂBmuWLﬁH‘U@Qﬂ’)’]lli‘lnlﬂ'gi]ﬂﬁjﬂ-ﬂﬂw

@

Lagwasy wﬂﬁmaﬂu (Bar) %QLﬂHﬁ?ﬂ?ﬁUﬂmuﬂ’NiJﬂ‘lf’NWIL!ﬂ“’G]'NﬂZﬂQ 1HWTQﬂQUW% 1‘11
2T “ﬁa“f;,T W”acﬁ' uag 12T ‘Wﬁ“lf maﬂmmsmnaauaﬂnﬁmTmmumummmn 4MHz 1954
LﬂSEN‘UU‘VIﬂﬂ']W (VTR) , ’t’JﬂﬂiﬂJT‘ﬂi‘ﬂﬂH‘UH?ﬂ 8MHz uavaﬂﬂsmewaummmamﬂm
AR ET’J‘N’cTiUfUTm?(L'HﬂEJiJ‘lﬂ?J’E)ﬂllU'iJLWﬂe!ﬁﬂi'Jﬁ)ﬂulﬂIﬂﬂnl‘lfllﬂum’t)ﬁ LﬁJ@ﬂfJﬁJﬂ‘lf'N
Gl'?Nﬂa'lx‘illfﬂS‘UEJWEJ‘lllﬂ"l]wmﬂﬂ'IWlJ’JWSE]LﬂHS’JUT]C] YPNNUﬁﬂJi‘lﬂmﬁL‘HﬁﬂM(Bar)%QiJﬂi“’TEJ‘BLI

MTﬂiUﬂWiﬂ?ﬁuﬂﬂmﬁﬂ‘Hm”WLﬂH‘U?NEJ'mﬂ’NﬁJﬂ“D"NﬂSQﬂ'dN

o @ o w v 7
Wi 3.5 uaasdnyaizves lnihdiaoaias



25

o o [ o w ~ = YA
ﬁmmsmm"lcnumammwa%mgﬂw 2.5 mwnsolon 1ddoe

. 2 a)llt
sin” —2-

f@)

Il

3.1
E(I—COSCOP[)

o 1
T ®, = 2nf, = 2p—
P

& & P o @
3V T Lllu‘lf’NL?ﬁ']ﬂT]?Jﬂ'JN"U?NWﬁ“H

ﬁ’JUﬁWﬂﬂJﬁTHSUWﬂﬁ@UVIGHuﬂ?ﬁ\?ﬁ’t’]\iwa‘h’ﬂﬂ %’Nnmﬂswuwaauauwam (T) ve
JJﬂWWHﬂ‘U 172 ﬂJ@Q“If’J\iL'JﬁW‘U'ENWﬂ“b’ (T ) ]

9]
N M \6 W
Taod £, = ol
AT
A19019950 15 e

VU NTSC d Wiy T Wad aeiieo. 125 uS Tawilanasuniig

=0f1 0.25 4S g9 Tminasunig 4 Mig dmlusy
1A10.2 us mﬂaumummnmﬂﬂmw 5 MHz

8MHz U18e 2T Wadpe s YUVUPAL 2T Wadps

U @, N3 (3.2) adluaums (3.1) 92
., T
1

B = lp ﬂ%) =<t (3.3)
—| 1 —C0OS—

2 T

VINAUNT (3.3) mmsm%mﬂu"lcvﬁﬁﬁaamﬁ'acﬂﬁﬁagﬂﬁ 3.6



- 26

~ do o v 4
JUn 3.6 werad laimdaroaiadiuy T waq

Wqﬁ%umm"lcvﬁﬁﬁaamﬁ'acﬁuuu T.2T.u09i09 12.5T unzwoqian 20T v1ldsaumag

Tums1edi 3.

A15197 3.1 Wqﬁ%’umm"lmfﬁm”qﬁmﬁ’acﬁzmu T2T.u0quan 12.5T uazuogian 20T

a do o @ o
aou I i hdsaoariad

UYY 12.5T

Ll —< f](f)‘*‘fz(t)

1. G
Sin *S—gf T<t<125T
%) .= {zsm ar 1257 < 5

., T
sin? — MWy ST

L@ = 2T
0 ]t[ SR

0 lt|>125T

Fal®) = fl(1)coswet
HUY 20T

WYY 2T

fi,(t) = Fi@0)+f,)

i {1sin2i ~20T <1< 20T
1) =

7
SIN"— 2T <t < 2T
L@) = 4T 2 40T
0 M>2T

0 || > 20T

fz(f) = f](t)COSWc[




o ‘o o v I =)
Yo lnimdereaiasiaunsde

Asin® 2 <7
Ar(r) = 2r U7 (3.4)
0 [t|>T
Tavii & iHunoundgavoaiad
T Lﬂuﬂiaqnmﬂ?auauwﬁgmmu T Wadf
Wasinsuduesy
A (@) = 4 @n)e7™q
”lcyﬁﬁwé’mmﬁacﬁlﬁuﬁ‘hmufjﬁ’dﬁu
4 (@) = 2[A (1) cosardr (3.5)
0
Unumauns (3.4) aeluaung 3.5 4
T it
A @) = 2 Asin* Z cos oy (3.6)
o

< Yy @ = v o :ly
“]Nﬁ]ﬁiVlﬂﬁiﬂﬂﬂillﬂ'ﬂuﬂ%@ﬂuﬂll T Waxagy

4077 ATsinZ?g‘T( 1 ]

. (3.7)
20T \1-(2/T)
°luﬁma«ﬁmh”umﬂnm%’wmmﬁmmﬁacﬁmu 2T Ao
i 1
Ar(f) = aorWT[_ 1 (3.8)
AT | 1-(4T)



28

v
v A

@ { a 1Y v d o
aulnasunnudaugaNARve LT Wad uaz 2T Wad fnua ldaail

_ sin2nT 1
_ sin4nfT 1

@ 4 o 4 @ {
wunTalvesalnasunnudves uuy T Wad way 2T Wad uannsgli 3.7

A
1 4

0.5

d‘ Y a a o o v @
g‘lh/'l 3.7 ﬁlﬂﬂﬂ‘illﬂ’)'lilﬂﬂ'lﬂq@}uﬂﬂﬂlﬂﬁ T WasK uas 2T WAy

@ 4 K4 v W Y 1 y
anlansunnudveauegian 20T Wad wag 12.5 Wad aevz ldndade 1 vegan

Inifdeaeaiadisznenldie  dayanaluduanidsm@yananddyldnmueqaa)

wardgyanaluduanudga@yanaihnsuegeauda)

o v A c: =\ A
ﬂlufy'lﬂduﬂ’luﬂ’)'lllﬂﬂ'mﬁuﬂ'ﬁﬂﬂ

A , m
Vi) = Esm 0T

= [ % d’l
alnasuaatl



29

A 20T sin 20T
Vil = =. 2
2 1 20T 20wT
7[ .
V.(f) = A 20T  sind0nfT Ga11)

2 1-@01r)’ " aomT

dyanavegianluiidereaiadiyy 20T Haumsie

Avio
V() = {350 gecosa | < 207
0 | > 207

Vv
Hanasudas

20T
L — Af 1—COS£ Cos @, |cos wrdt
0 20¢

kA
V. (w) A 20T sin(w—wc)20T+ 20T sin(w+w, )20T
¢ = —_— \
2 1 [2T@-0,)Y (@-o,)207 (2T (@+w,) ) (@+0,)20T
{T _(“n“
aummmmﬂﬂm%":mamﬁam%uiwﬂﬁ'”aﬁ
A 20T sin(f - f,)40nT 20T sin(f + £,)40nT
Vc(f)zor = = \2 + 5
1-[40T (s - )P (f=f.)40nT 1-[40T(f + £)P (F+f,)402T
...... (3.12)

iuﬁmmgﬁmﬁumﬂﬂﬁmamﬁmamaﬂmmm‘u 12.5 T 3¢ @il

Ei _ A 12.57 sin(f - £,)25aT 1257 sin(f + /,)25nT
c\J st 5 1—[25T(f—f¢-)]2 (f = f.)257T l—[ZST(f +fc)]2 (f + f.)257T



30

0.5

f [MHz]
0 025 05 393 4.43 4.93

= o a o w v
JUn 38 uaﬂamﬂnmummn‘umm@mm 20T lnifdsaoaiiad

Q { o w o [ {a [~ a
mﬂnmummﬁmm”lcmfmmaaawacfuvumw‘luﬂsﬁﬁﬂmﬂummma

@ { v o w do o 4
’1un5§4mmﬁzﬂnmwmmﬁuuu T‘Wﬁ“l;: ammwmmm"lclfummamwacn ﬁ'@)

., T
AT(t) 2 Asin E U 2R 2 (3.14)

0 2T <t< H

Taoi A Wuvinaves T iae

[ ] =1 Y
H nJummawaazﬁ'ummuuuauammummmu 64 uS

27 I sin2aTf

5 B 2T 1 . SIn2xTf
i 14,0 = A lim( eny ) (3.16)

W 4,0 =1 L‘ﬁammﬁ:mmmum T=0.125 S , H=64 S
2*0.125

wIf 4,0 = 4% =

) =0.0039 A

9AT19818 (dB) 92|

A, (0
2010g# = 20l0g0.039 = —484B



31

JA o}

f [MHz]

1 3.9 vwauiadswauves Wad uazanna sy

v
Y

umnasun e T vz Idnnnsmen A (f) funanud ) MHz Tagls
v

%"mmm&uaﬁé’nﬁqﬁmmmm A 941l

| _sin 2xTf

YAV T fiad 4. (f) = o_()039,4.1 R et

Ar(f)/ Yl asrer i\ 2‘sin27tTf
A 1-Q1f)*  2m1f

v

°1uﬁ1uaasﬁmﬁumwﬂaﬂmmmﬂnmﬁ”ummﬁmm 2T 18y dB w118 eit

/Azr(f), = ] z'sin47sz
A 1-(47)>  AnTy

A
lim /MI =—-424B
=0 A

=

“lumsﬁ'aﬁmmwmmwc?qﬁmmﬁ&hun%’w SMHz Wasnaaoufimuizaudosdiniy
SMHz 91AM13naaeiag 4 ﬁmuﬂﬁacﬂumammswmmﬂ?mauwﬁyﬂ ANUAUAUT
IEHNMANUNTN A Las T Mvualdde £ =1/27) ﬁacﬁézwéauﬁﬂmmmamzﬁ
GRMTIITIESIENTE - RN chxﬂumssmﬁwmmﬂﬁﬂ Overshoot ,Ringing 118 Phase Shift §q
mmm%”lajxﬁﬂéﬁyuiunﬁﬁ"amsﬁmmw "ln'zﬁmum’"lcmi'ﬁwﬁ'qaaqﬁacﬁﬁ'ﬁmmﬂaamzagﬂu

FNANVA NI Y wsuvzhan18en g gy Tumsneaoudroszuuiesy el



32

o o { a ¥ o w v J a
wamﬁm'ﬁﬂwﬂaamzmﬂ Overshoot 8.9% Llamﬁ@i‘fﬂ%ﬁﬂﬁdﬁﬂﬁﬂﬁ“ﬁ%tﬂﬂ Overshoot 13%

< Y < (-2 do w =Y 1 Vo da A
cmua@ﬂwmmmaﬁ«numaqamumm‘lm@msmﬁaumnmwwa%amaﬂu

(v a .: (Y] = Y do w v
32 mylaanaAaieumadanvenataziadlaglfuoqanlmindaesvad
@ wa 1 o @ R4 a J
Tumsdaguautifvesaededimiuauaiu Insimid MInATe QUYL
a d o a a a Y i %
Tnsiiuuudons1voouasAadoudn10an(Luminance-ChrominanceGain and Delay Inequality)
[ 4 o w @ o 4
Tnems 19 dyaasu(Composite  SignahFalsznov i lmimdsasiad  wiolalmn
o @ 1 1 & o o Aot a A = .
Masaetednlasdnin  sauduWaduegaaifinnudaduninzyeed(Color Subcarrier)
Ay 1A a qy a 4? v P ~
Tunsaifi lufianurasunaduniudyanusiy  szliounTal(Envelope) lnommziigiu
@ o { a a . ¥ 1 @
Yo aWaF(Baseline)uiduasaazlunstinnaanuiadiondulussrumsds mnmsdana
v J & a 1Y d A o’o’j
punladvssgiuuesiad  Feowszmadludnvaczvedlal  wielalmithusanse
a a Y | o o d <
wsan ldnneeadalaalal  Tasmsindgoagagauazdgavesgiuvesiad  151fez
o 1w a 9
AunsamuIAMmIASATIveNgLazAE@d |
@ @ 4 9 dgl Yo v 4:;
dyanasiuuegaa 20T Wagaunsaaiwiuldduaaiegi 3.0 Taomsileu
o @ o 4‘ o a LY v 1 = 1 @ a =
20T Wagnnnsesnudagyl (b) Teedyanaainanil HAD mny 2 luTasiuiily
s2UY PAL wag 2.5 lulasduniiluszun NTSC udmegaanuanudnaumnzvedlugl
Y o a 1 1 dl g 1 d' c; ]
@ wlddygudurugl (o TeodyanufiuogaadinsiulignsnsesnnuamiuLY
a 9 A o a a 19y ] @ 1 & 1
HOUANNAANUNENTBARIFS luilnh hideenisesn  diudynmaingdb)diunilazriu
1 4 4 v [ 1@y oy 1
T§ar9s@iad(Delay Network)iivot5u lidanab)uaz () 1diinanfimiiy ud9eiuiens

sudayanu(Addennaz ladyanuswueamn20Tiadlugl(d)

i(a)Subcarrier ; (c)Modulated 20 T Pulse Envelope

Color Balance Low Pass
Subcarrier Modulator Filter
Adder &
Output Stage
20T Pulse Delay
Generator Network (d)Modulated 20 T Pulsc

() +(c)
(b)20 T Pulse

LA

~ [~ a o
317 3.10 vden laezunsuvetrtaswandyanasiuuenan 20 T




33

v
v v

a & o L 9ve o ¢ da o
ﬂﬁﬂWﬂﬂMWﬂLWﬂu‘U@@ﬁﬂJf}}ﬂm 1N ﬂﬂ‘UEﬂﬂ‘]Ncl‘b' tyams;m A L!a$u1°lflllﬂlﬁf) (T)

o
v v
@ v

a
o a =1 @ @ 1 n’/’ v oA
IﬂUNﬁ’ﬂ']ﬂﬂ?ﬁﬂ?”?ﬂlﬁ’lﬂ??ﬂWﬂ!WUH‘ﬂQ Allag (T) VTUNUS UMUoANIT IWa Y “]NGILI‘VIN
<

a wva 1 @ a a Y o '
ﬂg‘Um%wﬁumﬂammﬁmmmwaq? NI mANUAMREuYeaiad  1luseyy

v
nameusziinadedanamiaday Ty w’uizmmﬂaauamﬁwamaﬁmmmwmwauma

.

) .
g ' Q d . . . '
aﬂwusnemﬂmﬁm'ﬁ?ammwmﬁaumaﬁ’mVlmﬁma (Time Delay Distorsion) (fit40 619157
v v Il v
w?aﬁwammmmﬁmﬁﬁwmﬁ’a56151%1&11@13"lmfﬁzaff c?ﬁuuwﬁﬂzuamwamsﬂmmm
a qy 3 @ d 4 1 Y 1 4;0 b !
AINVHANGUNION T Vet Insisias uazmmammTﬂaﬂszmmmaﬂmmwuﬂ?wmm

01/’ q' v @ ~ 1w = { o o o
aaﬂmﬁm‘wgmmmwacﬁ'uazamwmaw"lmmﬂu wog IndAmdfduriugy

o

Y
msﬁmammmﬁmwmmmzﬁmETmwumﬁ"a;a“’nmfnnﬁmmﬁ'ma”lﬂﬁ

f(t) L‘flummmuﬁﬁqﬁ%’umaq"lcvﬁr‘h IToIWad

o [ o w v
L(t) uJumunTaﬂﬁmmwm"lcmfmmﬁmwm

% U v

° @ o
Y, uaz v, L‘f]wummmzﬁ’ugmmumwm"lcvﬁ 189a0Iia

v ¥ v

[~ @ o @ = ' [ @
A Lﬁuamwmaﬁuama@mm"lcm]'mmﬁmwm?muwuﬁiwamzﬂmm Wy

a Co [ o a
Tﬂsuuuuwasmwmaﬂgiymgmzuwﬁ

[ a d’l L) d A ' @ a o 1 £
T Lﬂummmuwaumm"lwmmﬂ o @uvesdyane Insiuuudganieday

w?aﬁmﬁwﬁmmmgﬁuuwﬁ

f(t)

() "lcnﬁﬁwﬁmmﬁacfﬁé’q"lli"lsffmamm



34

(M) wan 1dannis sy Tanalugy () way ()

:(' @ a Qy s a 4 = 4
Un 3.11 anymmaoﬂwswmwaumnwﬁumwumua:maa

3‘Em$ﬁ1mmiﬁ'ﬁﬁmmwmngﬁﬁ 31 s ldounTaUfmuuuasdindedsi

(3.17)

U@y = f+Af(-1)
(3.18)

L) = fO-Af@-1)



35

1 4 do o v A
ﬂ']L‘UiTLLUL!ﬂGU@\?Vl“ﬂUﬂ'mQﬁﬁNWﬁcﬁ 9

1 om
_szﬁ lf| < 1,

f@ = <2 (3.19)
0 >,

il T, Lflwvummmn%waméu&ﬁammnaNmaa"ﬁm}" luszuy PAL nsdives 20 T &p
2HS 10z 12.5 Pulse 0 1.25 4§ daulussyy NTSC 20 Pulse fio 2.5 1§
mimﬂ'uaunTaﬂﬁm‘U‘uua:ﬁ'mﬁwﬁ'wﬂmmumﬁun15 (3.19) aslumums 3.17)
LAz (3.18) mugdgy U laYiua i s ms e Yz Y, druounTaldw
VHz s ms e Y. Lm'i]7nms"fﬂmﬁ'uﬁuauﬁwammgmmmﬁacﬁ Y uag Y, v

[ o [ v o = Y U ) " v A
ﬁ)zmmammummmwawqeqa 4 qmmunTaﬂmumqmmsmmau%u% Ao

max

L) = i+icos£-écos”(t—r) 3
4 4 b

0 0

mmﬂmmqwmzﬁugmm"lﬁ'mﬂmsmmgﬁ’uﬁmmﬁums (3.20) tiguriy ¢ wag Iy

Autans 1§
. T(t—-1
SIn—— Asin ( )— (3.21)
0 1,
MNAUNT (3.20) Mnua ey
it T(t—1
cos~—Acos¥: il (3.22)
T, T, :

GAUEN Y Lfluﬂaﬁ%’umm Auaz T m'lﬁ'mnmsﬂnﬁﬁqﬁums (3.21) U?ﬂﬁlﬁﬂﬂﬂmﬁﬂﬁwm’i

(3.22) w14
T
Y = % /1+A2~2AcosT (3.23)
0

Y Y Yo o ¢ v
"UUW]%BQLﬁU§1uﬂ1uﬁ’N‘UENJJEJ@LaﬁqWUﬂWQQﬁ@Q‘Wﬁ%%L"lﬂ



36

% = (1A |14 A7 -5 Ac )
L=y OSTO
l nT
Y; = Z(I—A—\/;AZ—ZACOS7) (3.24)

0

1uﬁ1uauﬁmf‘i’u‘ummmJqwmmunTaﬂﬁmuummsnmmVlﬁ'ﬁa

1 > T
Fw = 71+ A+ 1+ A2 + 24005 ) (3.25)
4 T,

@ o w v
VINTUNIT (3.24) 1az (3.25) E]ﬁi?ﬂ?i“UfJ']fJ‘U'fJ\ﬁJ@ﬂmﬁbl“ﬁuﬂ?ﬁ\iﬁ@\iWﬁ“ﬁﬁ@

1=(§+% +7,) -
1+ +v,-xy) |

5
Y

max

Taui AE

)
L)

mmaunTaﬂﬂmmmgmfuaawamﬂmmmmmﬂmUauamaam

(Delay Inequality)
i)'lﬂﬂ’]U@ﬂﬂ\iﬂ?ﬂ?ﬂ!lawﬂ1ﬁﬂs{1@\3 Yllﬁu

Y, mwiay Tl

[1-(7 +¥ N1+ 4y -vy)] = 104
1 2 =) 1 2 142 1+A,ya

o T
Tngd Y, = \/1+A2+2Acos?

0
awla

8YY.
T = —cos |1 } 3.27)
n [rwx+n+xnﬂbux+n—xnﬂ



37

150
2, . (  ary,
‘ T (1—(Y+Y) J

"o J 4
ﬂ186ﬂ1’l\3ﬁ801’]mﬂi]'lﬂﬂﬁNﬂL‘WUH‘U’B\‘iLﬂHL’JTaﬂﬂ'mﬁ'N‘UEN‘Wﬁ%’YLlauY mmsuasuaa"lm

(normallzed) mumgegaveuetn Talg iy b= VY, mey, = v,/r Ty

max

‘anuawY m;ﬂuw«mmmmmmwmﬂmwmm “NY mﬂuﬁwawé’uusn uag Y, v

Lﬂuﬂwaaﬂaumnﬂumuﬁm

3.2.1 ﬂﬁNﬂ!WﬂuTﬂUﬂ?1N!!ﬂﬂﬂ]\i‘ﬂ@\?ﬂﬂ‘i]‘llﬂ"lﬂ?)ﬂ]ﬂ!ﬂﬂ?

v
LY

v
1uﬂsmuxsaﬂqawﬂ1ﬂaﬂ1’l taz ¥, ﬂﬂﬂmﬁuwmzﬂuﬂuaﬁauu%x”lmﬁmmwmwau

‘wwﬁmammuﬂﬂa T=0 L‘wswmwuummwmwaumnﬂ?ﬁu%q LLGiﬂ’NJJNﬂLWEJHVIN’E)ﬁﬁ‘UE’ﬂEJ
' = < Y g =T
DYNIUAYY mmmsmmm“lwmmﬂ"lﬂmu

e ¥, wie v, Trnilugudaums 3.27) wnarudy
o N
Bl|§ > cossiiE=ssn
T

UaETUNT (3.26) v naney

P P 7 )

= 3.29
1+(,‘2) 1+(Y/Ymax) 2.28)

; = ¥ v Jdo
bR (Y,,) W30 Y endnduuinuioay Lummmnwm‘ummmwmwau NAUNUTAY

¥

miﬂw 3.12 mmummwmwaummamswaw () ﬁmimmﬂﬁnmi(&w) Al

1-A s Ymax (3.30)
€= BRUSA |
G [>> Y/Y %ﬂ{:{ E= 2Y/Y °§:Q 2Y/Y nmsamﬂu Relative Chrominance

Level (RCL) uay ‘]JNﬂS\mﬂL‘iEJﬂﬂ Relative Amplitude of the Color Sub-carrier



s ol 1_ [ I+
(M) 9ATINTVBIEH A= ]\y ) amnms‘umaqa A= Yy
+y

' v
3Ui 3.12 meﬂammnmwmmmﬁmﬁaumaaé’mﬁmﬁmmﬂamamm

a & ' SPDDLES )
3.2.2 ﬂ‘]ﬁNﬂlWUuTﬂUﬂ'ﬂN!!ﬂﬂﬂ'l\?‘llﬁ)\?ﬂmﬂﬁ]ﬂnﬁ!ﬂﬂ?

& @ ] o) 4 L4 U
lunsdl v = -y, Fagmvoutadiyysadundy o i
Y
naes i ludinnuAafouniegns g

v
IS 1

a dy f:; a a qy = o
mmwmwaumnmummmmwmwaummm&
B8R

v

MINTUMIEG.26) ununi ¥, = -y, 92|81

1+(r/y,, )
A= ——ml 0
1+(r/y,,)
NAUNIEG.27) 92 185y
2
T = Eco 1= S(Y/YW)Z 5 (3.31)
& 1+(Y/me)]

38



39

lavorfiugasnen3Tnags aums (3.31) vz ¢y

27;) -1 2Y/Ymax
T = —tan .

(1-(rrv,, )')

(3.32)

A a a q’l P! L4 @ v J
11Jﬂiiu‘ﬂLﬂﬂﬂ’J’]JJWﬂLWEJUVINﬂLﬁU ?f'll!ﬁﬂﬁﬁ!ﬂﬂﬁ?ﬂ‘lj@ﬂ’m"ﬁ%

a I~{ v
sinaludnyaz ey
Tonn3'o Tn Jany Awaaslugyii 313

'

3Un 3

N uammsﬁmﬁau‘nNﬁmzﬁﬁmedmﬁm

)

3.2.3 nsmﬁaﬁﬂﬂ7;1m‘?mxﬁﬂu°nNé’mﬂmwmmmzﬁméw%uﬁ’u
v E7 vy
1uﬂsmmﬂﬂ'memﬁauﬁaﬁwmu MYBANIUINLAL

auﬁﬁumnﬁwﬁuﬁmaﬂﬂu
N 314



40

iﬂ‘ﬁ 3.14 zmmmmwmwaummwmmmymaa

V

LlJE]ﬂ'J']ilWﬂLWEJUIJﬂ'IU@EJ muuwaﬂmmm Y Y mmsamm'lmmms (3.26) uag

G270 Wou Iny Ias e

1-{Y, +¥%

WIS (% +7) (3.33)
L+(% +1,)
i 8YY,

T = —Zcos| 1+ —— (3.34)
z L-{r+1,)"

st (% +7,)" << AAATIUMR g T o lny 1dge

T 21,

T = —cos(1+8YY,) = Zlog,- -41Y,
w T

T = 4, S 4 (3.35)

n

ﬂ:memwemmNamwmammmmaaums (3.26) uaz (3. 33) 3y "lﬂm‘w“lﬂmﬂamumn
uagy mmwmwaummmﬂmammmmaaums (3.28) uaz (3. 35) ﬂm‘lmmnmqnmwmmﬂ

uaamawaﬂm Y, Y, Uanjey Tunsdidi Y uaz ¥y, dien'ldidu 10%



41

[ o w o d 4
3.3 ManeUaUevAIFANAEgIan 20 T lrifidsaesagaesasfiosnuuy

1 dy Y o = do w 4 @ Aot
ae liises Ihimguiveawegan 20 T lmidideaosias wmaaeuiunsivlil

e

{ a y [ o o a Lo
A ﬂymzﬁzﬂmmmmtﬁu Lﬁﬂﬂﬂﬁﬂ1‘ifJﬂ5$ﬂﬂllﬁzﬂﬁaﬂizﬂﬂ"uaﬁﬁﬂﬁg'lmTﬂ‘imluu“ﬁﬂ@

drynnaigiiuuud
FyanasauNegian 20 T Wasaunsauaa ladaunis (3.36)
f.() = 05[g®)+g()sinw,z] (3.36)
Taol o, = 27/T, dusnudvesnaunvzvesdygyud
= T
g(t) = sin*— <= (3.37)
i )

A IS A ) d! a
we T, uﬂufluammwaq‘mmmﬂimauwajgﬂ (HAD)

lunsalfludyane 20T lnidderesiadesiin T,y 40T Faluszu PAL e

Ay 4 uS uaznnaums (3.37) Inaunsolouaums (3.36) 1alnsdail
. () @ 0.25[(1 —cosat) +(1—cosat)sin a)ct] (3.38)

dosmuald a =27/ T,,c=2m/T,

de llauuRduniinanevaruosmavinadeniud duilsddula 9 du F 5

=

v
aunsodeudueynsuyiSes i

N
fo® = a—OZJiO— % z F, (ak coskat +b, sin ka)t) (3.39)
k=1

dM51 a, uaz b, ansam lannaunisi (3.40)

2
a, = ?J‘fi(t)coska)ptdt
0

P



42

T,
2 14
o= — ! f(Osinka rdt (3.40)

p

A
woe o, = 27r/Tp

2 va o ot
NNUUITIWITANIAN j,ak,bk I&eadl

1 |sina,7, cosi(c+a)T,}-1 cosfle=a,)r 1} sinfu1+ K)aT, }

Y | I Ae+a,)  2fe-a) | 21+Ka
sin{(k T l)an} cos{(1+k)a+c}T, ~1 cos{(1+k)a— T, —1
- 2k—1)a 4 H+Ka+c} 1+ k)a-c}
cos{(k - Da + c}Tp ~1 cos{(1-k)a+ c}Tp -1
Hk-Da+c}  — a{l-k)a+c)
...(3.41)
1 [1-cosq,7, cos(i+K)aT, =1 cos{(k+DaT,}~1 sinf(c+ak)T,}
be = 2T, e 204Ka T ke 2erad)
sin{(c - ak)Tp} si{(1+Kk)a+c}T, —1  sin{(k +1)a - )T,
’ 2(c - ak) i {1 +k)a+ c} N 4{(k +1)a- c}

si{(1-k)a+c}T, —1  sin{(k - Da + cJT, -1
 {i-Ka+ c} " H{k=1a+c}

...(3.42)

o a=1.571,c=27.83.T, =4



43

A Y g v W Y a @ do w v
e lfifunamsonszRuFuyanaidrTanndygraveqan 20T ledmdsasawad
FRTaNNA I

F, = 10%7% | 0<k<18

: = o 1
MANUDIUDYLAN 20 T Wwag11d0n — = 0.2MHz
TP
' 4.43
mEwsama N een ——=18
0.2
fk (t)|dBl
2
0 20

= P 9 v W do @ 4
Z"lJV] 3.15 llﬁﬂQWﬁﬁ@Uﬁu@Qﬂi“ﬂiuﬂ'ﬁUﬂigﬂU yaanoian 20T ‘lGIfUﬂ'Ia\iﬁ@\iwacﬁ

IS

[l 4
AUUATUIABIMTEATTAUTY MR +2dB Mved F, azliAaail

+2dB = 20log10™"

:——2—:20

20%5x107°

AT k=18 (51eNINInenTERUveITyanuNeAE@n 20 T Wad lAfia

F = 10™4%¢ _ 134B

k(dB)



44

fo(@®)
LOf--- M-
0 fal Mk t(uS)
2.0 4.0

a — Y ° do o 4
Elh’l 3.16 Hﬁﬂ\‘iﬂﬁﬂﬂ'ﬂﬁuﬂ\i‘ﬂblﬂ%']ﬂﬂ'IU'Jm‘U@Qllﬂﬂmﬂ 20T ll“l)'Uﬂ']ﬁQﬁﬂ\jwa“D'

= Y& o o 7 o @ &
‘U'lﬂ'g:l"l’l 3.16 Llﬁﬂ\3GlﬁtﬁuﬂﬁﬂWiﬂﬂixﬂUﬂ]ﬂﬂﬁfyfy'lm 20T ‘lcnumm’dmwacﬁ maﬂau
{ o § 1 { o @ k4
N’dﬂ@'ﬂﬁu@ﬂ‘ﬂN’Uu‘]ﬂ’ﬂTﬂﬂNﬂiﬁﬂTﬂ?i@ﬂmlUU @Qﬂ?ﬁ‘lg{iﬂﬂﬂ'ﬁﬂ1u'Jmﬁ"lﬂﬂ'iﬂﬂﬂﬁzﬂﬂulﬂ

Useuna 1.92 4B Tﬂﬂmsﬁm:Jf,u%znszﬁ1'l¢’1’mﬂauﬂ1s(3.29)

a d A
3.4 MIUANCHIAYINN
< = Y @ v q’: Y =1 a a
Nﬁ)ir’lﬂqﬂmwiﬁﬁnmsﬂmanymzzmummuu‘lumiaammmmmnmsamsww
= A4 A v o o Y =
WRITNMNUDITSUUIRUD mamz'lﬂ‘nsm‘tlamﬂmmswmummaws Tﬂam"lﬂummaﬂsmw
K -4 1 o L} (v =Y o a
‘*uaaszuniﬁuagﬂumumuasmﬂjmﬁnmmmaﬂymz Tﬂﬂmmmﬂzﬁmﬁﬂsmm:umﬂuﬂ
. . $ o o o 7 duy o .
U3 Nyquist Diagram mﬁl‘lgfl c'1112\3’3%ﬂ"li‘ﬂz‘Ll1'51f]91’.]fT’Il‘L!“U’eN‘VI?ﬂut’(lfl/\l’E)':T‘iﬂ\'lﬂ‘lf‘L!(Denommator)
o a EL o @ a a aa <o =
NMINTUATICH U S-Plane ’m‘H’iUﬂTi’JLﬂ’iWﬁﬁHﬁﬁﬂiﬂ”lW‘U@Q?Q%i!tﬂﬂﬁﬂﬂﬁﬂiﬂ’mE]’I"If

4 ' > du do
tienmazAIND19ezIfac oy lugilveep-Planeinz Idnsudinlofedsy VYBITTVUAD

N,+N,P+N,P+..+ N, P
D,+D,P+D,P*+..+D, P"

T(P) = (3.43)

o N(P) way D(P) L‘f]uTwﬁTmﬁaammﬁamyuazTwﬁimﬁammﬁadaumnﬁﬁv
taz ey 1131vo9 P-Plane

) [ s a = o (0 9 1 £ 9 Y a

NTVIITINAETDITAIN INvesTuMsMEIuIzAseg lunTudeuazidumady

a <Y Y o A ..
‘UENLluﬂﬂlﬁ‘ﬂﬂmﬂﬂa@wgﬂmLuﬂ(Ongm)



45

a d d
3.5 myunnernnulivesgilnsai(Sensitivity)
1 H [ r{ 1 A
ﬂmam"la(Sensitivity)LfluwamfNﬂmﬂﬁﬂuuﬂmﬂwmqﬂmmimqi]'s wunsilagy
o 9 1 v @ Y '4!
wasvesaiaiumu MANUYUIANNUszy tazdasimsveoveseetuend Hudu
o & o { A o ] = o
Humaldnsudmleslaniuvearesnfouladling  wuamadimldmsnlfounasss
YA A o qU Y o @ 2 a da I ad o
naHesngansom Inanaszdesmiladedulseneulunmsnaantvuiadbn QUNHUNA
9y dy a a d%l [ 1 < ° Y 3 ; IIL
21N 15Uz ANUTUN IRV uavgne lsnauezinsmvesaesiugeiuay
Y [ 1 n’/' v A i :,’ g ad P [ &t
e Tasmsianinnu lniuesdanmaasunlasvesnutadsnileiasuaemsndouag
a L( a wva
WMeeT Il ialuaces

v
msmany hvesginsalaunsom IdanaumsG.4aases [duansse luf

. X. 0
Siial—{r ~ gl 1 SaVyd
b y T(s) oX, ()
= Re(Xi(%~ Dlgs) )) (3.44)

o T(s) Shumnudmlosiledan
N (s) AuTna Tudivawvuea T(s)

D(s) dluTwalufsadmvoa T(s)

ez N'(s) = %N(s), D'(s) = %D(s)

1

3.6 MIAINAAI (Scaling)
. . & = P a o ¢ ¢
L.MIANANNYUIA(Magnitude Scaling) fomsnlasuuasmouiinaugvesginyal

o 9 @ Aa o 4 L= dy
nnaaeilseney K, Tasiiduiiuaudvesgunssitiaiaetl

Z, = R
1

Zc| = oC

z,| = oL (3.45)



A Y
demmnanuuiae 1a

= wLK

46

(3.46)

A a 1 = 1 d v A’/’ A
2.MIANANNANUD llN’dﬂE]ﬂ']itﬂﬁﬂuuﬂaﬂﬂ'l‘llﬂdqﬂﬂim Cuag L IMUUIUDIIN

a 1 { 4 { a 4 { { { 9
dufiuaugiawlsauanud uazieivz Iddufiuaudaaiinisdountasnnudezdesgn

£% U d' 9 s [ dy
FALFIAIYAINTDAANDINUAIU

|ZC| 7| ™ R

|z, | ~EIGy =

1o Kf rﬂuﬁmﬂsamamammﬁ

9y
=

agumsanalaea

new

new

new

1

1

K,0(/K,)C

1
Kfa)——L =

K,

(1R

m= " old

K, aC

K ;O ()

new

(3.47)

(3.48)



UNN4

a d LY [y a d
ms’e)ammuNmama‘hwaiuunﬂsmumamﬂtymimmmum

“lmz‘uum5deé?agnunmv‘i’a‘lﬂﬁﬂﬁmmﬂﬁ’ﬂmﬁﬂymwaqmmﬁﬂmszummﬁwﬁ
qA (Maximally Flat Amplitude Characteristic) (4@l 1UL4NTAB19RBINTINTZAUNTDAATEA
(Equlize)  ¥OIdQIRU19T900A m}umsn,u,f’f'lmmmﬁm‘fwyﬂumwummmé{”ﬂgﬂpmﬁ
(Chrominance) TUs UM IAITYYIUNIN(Video)

mﬂgﬂﬁ 4.1 ﬁ]mqﬂ'iuanﬁvm?mn‘jyaﬁma"lawm“'ﬁ?ugmuuuﬁuﬁuﬂucﬁ?{mmm
FRANC BRGLEZ [1] Fafinaidnyaizvesranevaussmaviiadennaiiu luauiidosns
fuhBainasdindiduuemadumsinngiuazeonuuy Moad1nnesdnielamed
mJ‘uﬂ%’uﬁwm%ﬁmﬁ"uﬁwm'mﬁ’"lﬂm'Jmﬁmﬁﬂumwmmaaé’r’muaunmﬁﬁa%’nmﬂﬁaURCTﬂﬂ

A o Yy Yo ~
’N%i‘Vl‘l’nﬂ'li@8ﬂLLUULL@’Jﬁ'UJ']'iQLLﬂﬂQVlﬂﬂQE‘]J‘VI 4.2

A1 AW
R a % R a
AD 843 P
+ VQU(
\A
Ve 2
@ Vi, R Vg’_|_|:"/\/\/\/—°': SwW
Z(S) R, !

v
I A

= a a A o =
g‘]J‘VI 4.1 u’dmN%iam@"lameiwuymmuauwuﬂummm

o o a I'd a o o P 9 o v o Y
dmsulumsinsiziiesonie lawesuuvilsuvuia nlddmsuimsud lu

v '
ANUAANEUNIUINAvedyaud Iaold URC(Uniform Distributed RC) sianeraalugiliia.2
4 q‘l a acy r'd [ @ 4
Womauminsudmeslanduansoinszr lasldas Tualianme  uazldanuduiug

Yoaaums2.73)luuni 2



AD 843

@ V. vajg' URC b

|[|

~
<
>

. - W/ )
Ui 42 naassesdane lawesi 18vinises auu Taold UrRC

1n3Uh 4.2 nsdindenaiag ludadwmiadi 2
Node A

Vi *VA +Vo —VA

2\
Ral RaZ
WiV, )
o s VK
Node B
R—B+XYV2—X(Y—1)V3 =P
14

wsawsiui Tuadug 9214 v, =v, =v, unuadduaums@.s)

KV, +V, XY(KV,+V,) X1y
+ s T
R,(1+K) 1+K :

0
KV, +V, + R, XY(KV, +V,)- XR, (1+ K)(Y - 1)V,

=0

4.1)

4.2)

(4.3)

4.4)

(4.5)

48



(xYR, +1)(KV, +V,)

T U X(@-00+ KR,
Node C
V.-V,
—X(Y -V, +2X (Y -1V, - 3R L = O
KV, +V, v
iy V, = asluaums@.7) +2'1a
1+ K

{0+ B+ X(r-DKR, , + X(¥-DRY,
/ (1+ K)1+2X(¥ = 1R ]

3

haums@.e)uulseuieunuaumsé.8)zla

(xYR, +1\KV,+V,)  10+K)+X(Y-DKR,V, + X(¥-1)RY,
XY -1{1+K)R, = (1+K)[1+2X(Y-1R,]
v,  K(+X¥R, )J1+K)[1+2X(r-1R,]
2.8 [x(r-DFR,R,(1-K)

~[0+K)+x(¥-1)KR, J0+K)X (Y -1)R, ]
[x(-1FR,R, (1-K)

P R R
Y=coshP ,o=— ,B=—X,P=+/SRC
Rsnhp ° L= CoshPLa=am f=1r,

0 0

unum X =

o a J I'd n’c:/
waemrualisasvens K=1 lagunmsnsudmesiendu

BP*(cosh p —1)°
(cesinh P + BP cosh P Ya:sinh P +2P(cosh P —1))
(20csinh P + P(cosh P—1))BP(cosh P —1))
- (ccsinh P+ BP cosh P Xosinh P+ 2P(cosh P —1))

. s .
o 7(P) Wlunsudwlostanduvesnasiisieenuuy

49

(4.6)

4.7)

(4.8)

(4.9)

(4.10)



50

nsdin@enaIad 1Udaiumyadi 1
o v W 4 a @ o [] { a o
luiuesRoinudunsaind@onadas ldsdumusii2 s dmsevimaums

nswdiesHendufsauns (@.11)

(2asinh P + P(cosh P—1))(P(cosh P — 1))
. (crsinh P+ BPcosh P)(asinh P+ 2P(cosh P — 1)) i
v . BP*(cosh P—1)? '

(asinh P+ BPcosh P)(asinh P +2P(cosh P —1))

P o Py { = o o oA
nanudmesdensulunsdindonadad 1Udsduviuen 1 Wumsanuuinves
3 1 dd‘ A a @ o 1 d‘ ‘:' [
o daunsaindenaiag lfdumued 2 L“T]unmwmmmamﬂgtym Tagaunsa

[ 4 % ° o a 4
U AINAAD U T UDINNUYUIANDAIIND “?\3%31«!']?{1’?!'15 (4.10) uaz (4.11) MIMSAATIEH Iag

@

14 Tusunsy MATLAB [1] uaas1@aasalfi 4.3 uaz 4.5 nintiuagunsori WaSeudounalag

U

Y P @ :: a o’/’ 1
15 Tilsunsu Pspice [2] uanal@dagilii 4.4 uae 4.6 Fuiaaealilsunsuvzinsanianouns

ANADWDSHAINITANAT

H PN o (rad/s)
0.1 1 10

7143 uanamanBUAUBINNYLIAYBINITBOAUUUAB UINAAIAIS MATLAB



51

S e g S R |

o db{¥(Vol) ) o db(V(Vo2) )

Frequency

1144 uamaranoUaUBININIIAYBINIS IDRAULYAB NG A3 e Pspice

= < 1 1 H [ @ @ 3
mﬂnmﬂiamﬁammmiﬁ’mu’nwawauaummwmﬂmamm'ﬁﬁanym:ﬂﬁwnumuu

ansori lladesesesaly

& 7 1Y A v o PY= Ao s o c?// =
LWﬂlﬁﬁTNWiﬂﬂﬂizﬂUﬁiﬂﬁﬂizﬂU fy’fll'lﬂlllﬂﬂﬂ'ﬂllﬂ VUALIYT 4.43MHz A9UUIN

()

mmsanaaanannud 11U 4.43MHz

@_,,5(RC 10
(RC),,, = - )”"; = —~ = 35926x107
21(443%10°)  27(443%10°)

v
auiy R =1800Q,C = 200PF
dwsumanudumu R, R, aunsomian 180n a, B mudisy

Tavfi o = R/R,,B=R,/R,

NANINATEUMIAI o, B natw q A1 15192 181 o= 10uas B = 0.375,0.25,0.125

Wmildansoansequnsosnseiuiion +3dB,+2dB uaz +1dB awsduduilusifmuneay

=1

' R 2 ' H P ~ Y
diovhmsanadaudmaneuaussmevinadennuiuansldds it 45 uas U 46 4

u

T15un31 MATLAB 1@z Pspice musigy



/R O A SO SN
2
o T
2 ot e
N A i T forenencnesad -------- -
Do : : ’:::::i(o(rad/s)
109 107 108

11 4.5 uraamaneUaUBINIVINAYDIINITTBBNUUUNEMARAIG I8 MATLAB

d‘ o 1
WaNUUAn1 o =10

o DB(V(Vol)) o DB{ ¥(Vo2))

Frequency

37 4.6 urasmaneuaLBIMIVINATEI NSRRI IINA Aad s Pspice

Wetmualdm f=1,a=10



53

o @ ~ . 1 v o 9
dmSumaneuauedh 1ae1n11sunsyu MATLABU® Pspice 81992UANANAUANUBY
A A o a ) ' ad yy Y
M31215189910 URC Mhundinsgriaie MATLAB wiluaimsgaunadaldna1nunudaly
N 2 1A Insead1evesd URC uadmisy Pspice 1d 151 1A$1a04n15%1191190967 URC
v J o a 1
dolaseaunududerdiuau 10 ga(Section) Iaslumagaundudlainaudiumusiy
! o 9 o Yo s v o K o I ¥
HAEMAMIRTINYE URC  vzdeamidsnnugavesodiauiuetiug Jwsildla
9 a aa J [ 3 ~ [ o
TasarSauuuaanidved duiunansuauesnaviai lannmssiaesnsiinueIssy
b4
TamAeuiion 1y
1 o a ' %) 4 o
ao lisvziimsnsizvikaneudussninidamd  Taoisnhauns@.10)uaz(4.11)
g o o < @ a { o °
Fudunnudesfadduvesnasonte lawesi ldmmsesnuuy uhmsnudaveeIees
:/l o v A @ A Y o A =)
(6(e)) nmivszimsmoyRuiiouny o Alauduaus g ldnirfmdne

nnanuduRusedlenos lUanEadeuni

cosh(t+jt) = cost-cosht + jsint-sinht (4.12)

sinh(t+ jz) = cosz-sinht + jsint-cosht (4.13)

9
i ldmaaed

0(w) = LT (w)
wameuaueInaniHamin ldan
d
= —-0)

nnaumsd (4.14) ez ldnmaneuausaneniWind Fuounsouaadldglil 47 wazgUil
49 Tael¥TUsunsy MATLAB dauglil 4.8 wazgdit 4.10 TasldTalsunsy Pspice dmsy
szuumsasdaana Insimisasinsnlfsunaseniidnd linsziu 50ns msrzdl
sunafundiissilfansadiuavesnn g

wingii 4.9uas 4.10 uaraalifiuineessaie lawen 1deenuuy 1 nansuauea
‘vmﬂ%fvxlﬁmfﬁf]u"lﬂmuﬁéfaqmiﬁu‘fummsaﬂnmiﬁaammu'l"i"lﬂa%’mf]uawsﬁqﬁﬁwa

1 a :3’ I'd @ a < ' o’:
aeANuARiounIniWAndvesdyanadiisuandoomniu



Delay(sec)

0.044

0.02 4

.......

0.02 1

..........................

0.04

N : P E':Essiw(rad/s)

5 1 10

Wi 4.7 uansmanetueInMInviAiadue s ioenuuReUMNAAIGI8 MATLAB

Taofmmualian o =10

100ms --—E 3 = _ & Toeoenool =~ VI At W 7 109090 2¢8) o) om BN :

! 1

! 1

[ 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! !

! 1

! 1

| 1

Ds—{ :

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

! 1

| 1

! |

—100ms e el S SR i it P S I

10mh 100mh 1.0h 10h
o g(V(Vol) ) o G(V(Vo2) )

Frequency

= = 1 Ay .
U1 4.8 uamwmanouaueImMeniWAdvessivenuuuieuaNaAIdIE Pspice

Taotmualian o =10

54



Delay(sec)

-15n

Ui 4.9 uanwanovTueINInIWRIadu s HeenU YA AINA A 318 MATLAB

Taosmualdar o =10

USJI
1
1
i
1
1
1
1
[}
|
1
1
|
—dns 4 ~mmene e e s PN e e |
100Kh 300Kh 1.0Hh 3.0Mh 10Kh

o G(V(Vol)) o G{ ¥(Vo2))
Frequency

il 4.10 uaasmaneuTURIMINiHAR IV TTIDRNUU LN A IENA A0 Pspice

Taodvualia o =10

55



56

v [

dmsuiadosmmvesszuutiuldnantadtmsdmaz Budr luduieveauni 3

e 9 o a =1 a o 1 1 9
Feaz ldinninsanadesnuvedransonle lawesuuudsua Taeld URC Tasaunse

ulyw ~ o 4 a P \ Ay v A ¥ v

uaaalddegii 4.11 Mellisngdnsedludiuvewmai ldnnmsmnadaauniniu mszee
° Y ' ' {a ' & {
ami 11 ludmvesmmeassluunde i Tasannsdfiosanudidsingi1 Welunsdii

[ g v oo { [ a .4
2sTmsenseaunsoanseaudyuszay + 3dB, + 24B uaz + 1dB 29950970 lawwos

Y 1 [ a o 9 dl Y o a =
LL1J'1J‘lJS‘lJﬂ1%u1ﬂﬁﬂluﬂlu1mjﬂimmu°ﬁiﬂﬂi% URC m':n”lﬂ'nmﬁaaﬂuumzmmaaﬂsmw

BT e it LSt Rty LR Sty EERE L
r Stab}lity of 1Active l’:JRC qupalizerd)oosx) r 1

LA { Stability of Actiye URC Equalizelcut) | E

L=

—200 i i i i

(V) UAAUADITNINYBITZ VUMD NITINTAATZATT Y

~ = a s Y
71/l 4.11 usrauadosninvesnasanie lawesnesnuuylayly URC

A o

9 3 a a a dy o ﬂ 9 o 1 lll
LW@“VI'IGlW'N"t]5%@0L51uuﬂﬂ5$ﬁﬂﬁﬂ1wu1ﬂﬂlu (319 UUUADININITHINIAIU IV

¢ A o o a o o a £ v
gulasal Mrhunlszaeudhiunsesdaie lawesuuulsumdyana lasiinuug Tasly URC
nné Ysznevlfemanudumu R R uazR, fufiulszy ¢ Fuilumaamlave

a (aa I'd P 1 a (aa A 1 9 ad
Wmaasawuy saudemsmainny husweninddmunaes K laosiazlenssuisms

a Y 9 ' 41 d' U l}l

wuazunsenale 1Usunsy MATLAB Iags1a1unse Maunis (3.44) luuny 3 maanu

c:’ a8 (aa aa 7 o a =
yoanauenfindanuiasmadwdamundeannsouanalddagii 4.12 fagili 4.22



Sermnvn‘v ()f K (boost)
05}

108

= 1 o (aa J A v v
3 4.12 uaasmnu lvesuenindawus K ieresunss Yy
& oy

TaaulSouionse 1919957319898 RC f1 URC

Sem‘mvttv of K (cut)

4

i 4.13 uaasmnnu Tvewenfinddnmm K iionvsanszaudyano

a4 9 Y

TaoilToumense 1192995093 19828 RC 11 URC

57



Sensitivity of R(boost)

0.6 Py orr
_iUR.C E

¢
04 feteet
0 v
—0.1 P a)(rad/s)
10° 10° 10’ 10°

1

{ 1 A (aa d 4 a
717 4.14 uarasaiany hveswadudamui R Werwsenszaudyyiu

Taen)Seumouszra91995ne319828 RC 11 URC

Sensitivity of R(cur)

0.2 gt s v p e pareey
0

L%y, Y B4

04 |-t

PR Hil PiiEED wlead /)
10° 108 107 108

517 4.15 uaasinnu lvesmadWdanu R lenesanszavdygya

TaonlSeumeusenina1995Ne319d28 RC 1 URC

58



59

Sensitivity of C(boost)
nE e

a)(rad / s)

10° 108 10’ 108

[ [

~ 1 s (aa Jd A
51 4.16 uaasaany lveana EWaALUN C WoNITBNTZTAVTYY I

TaoSeuousz 192995319828 RC A1 URC

X sy b | [ o
‘_§URC
¥-1d!
1.2 froeios
0.8
0
10°

517 4.17 uaaasany hyesmnaduddwud C iennesanszaudaygo

TaolSoufouszrieeasnadiedae RC AU URC



o(rad/s)
10° 10° 107 108

= 1 oS (aa 4 A v
E‘IJ‘VI 4.18 LLﬁﬂQﬂTﬂ’JW&JLI’J‘iJBQLl?Jﬂ‘VI‘V\lE)’mJL!VI Ro W9NNT8NTTAY Y

TeanlSoufeuseniiaesiad1agy RC £ URC

Sensitivity of Ro(cut)

(g D ] R Vg B T S g § (& i R A (ARG

0.6 _RC

0NN bbb

~ 1 A (aa 4 & v oo
E‘}J‘VI 4.19 uammmm"lwmwmcnwaauuw Ro BNT005EAY YU

TaglSouionseni191995ia 319818 RC 51 URC



Fenunvm of Rv(boost)

1.2

0.8

0.4

= 1 o (aa J & v v
glh/l 4.20 llﬁﬂ\?ﬂTﬂ’JnlvhaUﬂQWT(‘T“BV\I@NNN‘VI Rv lU933958n52AY YUY

TaonlSouieuszri191995iad19818 RC 71 URC

Sensmvm of Rv(cut)

0.4

.......

10° 108 107 108

a)(rad /s)

Ui 421 uansmanu hyssmadndiwusd Ry diersasanszdy Toyayal

TaoilSoufoussninaransiia1edas RC 80 URC

61



62

a g ~ [ a a 4 o dy o a g
miamﬂwmmm"hmzﬂmﬂuﬂ5muigmwuﬁmmmsmzunmiﬂma"lmcms
v LIK:" a o H o o =9 [
mnnJ'5‘11m'df,umwmTﬂsmmuﬂﬂﬂ%’URcﬁWmmu'e)mué'ammnﬁuliamﬁfmﬂmq%i

- ~ I~ Yy
u@nmﬂmmmaama"lammﬂsﬂ‘w 4.1 °1N‘1]1ﬂ§‘ﬂ‘ﬂ 4.12 wazgln 4. 1azmiulanaanula
ﬂlmu'e)mnwaamummmmmsﬂmaa’mswﬁﬁwumﬂm URCuu%zummm"hmnmnws

Y @
ﬁﬁﬂﬁumﬂammmﬂmiﬂw Rv Lﬂaﬂuuﬂmﬂmzvﬂuwaﬂﬂwmmm"hwmanmw
aa o A v dg’ @ s a = < 9 P =\ @ v
Samut K vediansnadieiuninda URC iandasunlauiisaaniod HoMIUNUINTANA
= P 1 1 Aq ¥
1% °lumm:ma°lumumma°l%am
mﬂ‘j‘ﬂﬂ 4.14 , 'i‘]J“VI 4.15 uawa'ﬂ‘vm 18 miﬂ‘n 421 'm,mu'lmwmmm"hmmwmw
Sﬁmmn1nu,’cmamgﬂmammsmﬂwumnm URC uu%‘”nmmm‘lmmﬂanwsm'ﬂwu
v I'4 H v o 1
nduded lassld Ry W2 plassezdunariidmanilvesgunsaimadi R , Ro
A v d%l o = a = < 9 A A @ v =
1AL Ry U947909nadaduenda URC dmnlasuuilauiisaanioy oMo uNUI9TaNADE
Tuvae ma‘lumumma%am mummm'lwmaﬂﬂimwmw C muﬁﬂﬂusﬂﬂ 4.16 1Y
ﬂ‘ﬁ 417 uu“Iumuﬂum'mﬂiwaﬂwumnmURc uumemu‘luuﬂmﬂaﬂuuﬂawsam"’lﬁ

v
1T A

ﬂ’mﬂ\i‘ﬂuul’ﬂﬂlmt’('lﬁS‘UGI,‘L!ﬁ’]u‘ll’t)\‘l’N%Sﬂﬁi"l\i%'lﬂailﬂﬂ'lcﬁ"ﬂ”L"L‘ﬁﬂutlﬂﬁﬂﬂﬂu‘lﬂﬂﬂﬂ



UNA 5

A1SNAAIUATMINATIUM IMNINUUDIIDT

a 4 1 o a o EY ~
NMeonuL193saAde lawesuuulsuvinadyaa Insduuud Tagly URC 7
1 9 o '3 o $ !
uinldgaiimssassmamsiauddnsnSoudousenan 2 Tusunsy fis MATLAB
[ 9
iaz Pspice Usngiinamsaouausmavinasenud Indifssdudniulaaunsaiing
Y o do @ @ o 9 A a
naanens laslddaanauegan 20T lanimdaiadinldlummaaeyluFeavensin
&:’I [T 4
Meumvinauazniwad
Tumsnaaesziloudyananninies TSG 271 PAL Television Generator H113493
a I o @ a
30 lawesnimseenuuy liudr lanansuausaniesadlad Il
{ a 4
g1l 5.1 uaaarasmeluvesdade lawes Ysznoy iy
-Video amp (AD 843) 17 -ANUAIUNIU 3 72

-Uniform Distributed RC 1 /2 anudumulsuala 1 éa

~ a 4
51/ 5.1 uraaaesmeluvesdaie lawos



64

o

Taoduanuuoaan20T 191 f18IWas91nAT0ITSG 271 PAL Television Generator

oo U

P

udnaladagiii 5.2

LeCroy
Auto LS140
CH1 11 Jan,13:52:37

CHi< AC, BUL:Fuil

URCenter -288mU
1asnu t@Center 9.230us

ius

—

cHk:... PN

" of 4 .55uUS8

Smart Probe on CHi TRIGGER on CH1
Not Connected
Ruffsors on cuf)  —JULLHFL = -425mU=D6 on

Holdoff 1 events
CH1 MEASUREMENTS
-= -1,9115V dutymn 43.8% freqlil 4.525MHz
---  ?271.8mY max 1.09v widp il 97 .0ns
Ay 2.6833V min -320mY  riselll 66.0ns

{ o o w L4
510 5.2 uaesdyanameqaa 20T Tanimidsdesiads

= = o = A
5]'1ﬂ§1h’| 4.2 L'ﬂuQQ%S‘V\@@ﬂLLU‘UﬁTN'ﬁﬂW'lﬂ'liﬂﬂﬁﬂ\i')\i%ﬁiﬂﬂll 2 NTUND

[ <

L a J [ a J a Y
s.1msnameumsanszavTyanalasiuuusaodyaagluuus(nstaInsh 2)

v o

ansoannaldnna = 1+(Y/Y,,) (5.1)
1- (% :

1 do @ o = A 9 a ! P

nadyanauegan 20T lximdsasaiadlugii 5.2 dietloudasgate’lawein

v 9 v

maseenuuy (@ a=10,4=0.125) awrsaldlunisnageuaiiuraiouia
o EL= 4 [ a 1 a 4 o o a c{

sarwenesuaz Inifadvesdayana Insiinuudregiiuuud Wiohudumanuiaiiou

Vo v
MUNNAINAINNAUNT (5.1) a1

_ 1+(0092/1.5072) _ oo

1-(0.092/1.5072)




65

20logA = 1dB

<} Y1 9 a cf @ a Eal a sy Y
ﬁ]siﬂullﬂ'nNaﬂ']ﬁ!ﬂﬂ'l']lmﬂL'Wﬂus\.l@QﬁigﬂJuTmIﬂiuuuucﬁﬂagulluu“ﬁﬂVlﬂﬂ’lﬂﬂ’li

3

[ a g1 a o ]
m\aaﬁammmtm'izmruummaaffmumumimmmucmagmmucﬁﬂszmm 1dB Llﬁz‘hlfl

[

a c? by o 4 a d 1 a o Y v =~
fm11wmwﬂumamu”l‘nmuafmmammmTﬂﬁJuuuwaqmmumuaﬂﬂﬂmgﬂm 53

g o

LaCray
40

Auto LS1

CH1 11 Jan,13:565:58
CH1< L AC, BULIFuil
252m¥ === B . = - e e — e | U@Center -256mU
ius t@Center 430ns

I
CH 1 }ﬂ: -
13

Smart Probe on CHi TRIGGER on CHi
Not Connected
CURSORS on CH{ _MUILMFL -425mY DC ik

Holdoff 1 events
CH1 MEASUREMENTS

--— 1,1640v duty 55.5% freqil 4 .488MHz
--- -343.2mVY Max 352mY  widp il 123.5ns
Ay 11,5072y Mmin -1.15¢ risefl 62.5ns

A 1Y s a 1 a 4
511 5.3 namansenszauvuIavesFyanu Insiuuudaegluuudszunn 1 dB
@ do w v ~ A 9 a P
nndygramegan 20T leisaseeaiadlugli 5.2 Wetloudiessale lawesn
v v 4

AmsesnuuyB@r1a=10,=0.25) awsaldlunisnaasuanudaiious

[ =0 4 @ a a1 a L4 & o [ a =?
sas1veuaz Indfndvosdyanu Instuuudaogiiuuug WetlunmuiumanyHaioy

muiina1uEdInauns 6.1 12 1d@

1+(0.192/1.68)

= 1.2578
1-(0.192/1.68)

20logA = 2dB



66

< Y 7 a dy 1 a d a o v
ﬁ]zmuhlmwNamsuﬂmmwmwau‘umﬁﬂmmiﬂsmtuumﬁagmmumw"lﬂmﬂms

1Y

o a 1 a 4 [P}
nAavIRAINITENTERUVLIAvesT YR e Insluuudaegiiuuugszun 2 dB uag Tl

o

a & Y o a P a 7 Yo a
mmwmw&ummm"lﬂnﬂ!,atlﬂjmﬁmmmTﬂiuuuuwegmmumuﬁm"lﬂmgﬂw 5.4

o o

LeCroy
Auto LS140
CHl 11 yan,13:07:52
CH1 2 DC, BULIFull
.5V URCenter 32mV
ilus t@eCenter 384 .50us

—_ -
L

=
Nde—t

CH1 Ferer et

Smart Probe on CHi TRIGGER on CH1 'l
Not Connected ‘h
CURSORS on CHi UL -388mY AC, BUL R

Holdoff 1 events
CHi MEASUREMENTS
--— 186.00MY ampl & 1.488V freql 4 .4901Hz
---  -1.49400V max 176mY  widpil 126.5ns
Ay 1.68000V min -1.49v risell 58.0ns

710 5.4 ueraamsenszavvInveIFy e Insiuuudaegiinuudlssuna 2 dB

o do o P { 4 a s
nndyanuuegan 20T lanimhdsdesias lugili 5.2 Wetlowdeesdnie lamesh
[ kU o’/l 1 1 a ¥
mmseenuuy 13 mma =10, =0.375) e l¥lunisnaaeunenNuEaiioy
o’z‘ 1Y L L4 [ a 1 a 4 o o a
mamswmﬂuaz'lmﬁmﬂeumamuﬂunmiﬂ'iuuuwﬁmguuuucﬁ dethnfiuiamanuin

dy = 1 9 F4
WYUMUNNANUULAINNTUNTT (5.1) i]zllﬂ

1+(0.352/2.01549)

1.423
1-(0.352/2.01549)

20logA = 3dB



67

a L4

< Y1 v & A o ' a sy Y
%3Lﬂl‘lhlﬂ’l'lWﬁﬂ'lﬂlﬂﬂ'ﬂllNﬂlWﬂuﬂJﬂﬂﬁﬂJi‘ngTﬂiﬂltuu“ﬁﬂﬂQﬂlluucﬁ‘ﬂllﬂ‘lnﬂﬂWi

1Y o a 1 a 4 [P=
nAasfoAINITnENITAUVIIAYeIT R Tasiuuudaegiuuudlssann 3dB waz Lill

a o Y dt o o a P a o Yo =
mmwmwaumamu%mLaﬂﬂlamtgmumaTﬂimtuuwaqmmwﬁuﬁﬂﬂﬂmgﬂw 5.5

Hilgga] LeCroy

Auto LS140
> . 5
CH1 G 11 aanpen spms
5V UeCenter 32mV
ius t@Center 384 .50us
Iin
O oo “n ’H‘Fﬂ’ m"

Smart Probe on CHi TRIGGER on CHi
Not Connected
cursors on cHg  — UL -388mv AC, BUL L
Holdoff 1 events

CH{ MEASUREMENTS
--— 346.00mY ampl & 1,664V freq L 4,486MHz
---  -6.00mY Max 336mY  widpnn 131 .5ns
AY 352.00mY min -1.66Y risell 54.5ns

{ o @ a 1 a C4
717 5.5 ugasmsenseauvLInvesdy i Insiuuudaogiuuugszanm 3 dB

U

[ a J LY J a ¢
5.1MInaTeuMsanIEAUTyaalaHIUUTAd Y IMgRINUT(NIHaINTT 1)

v v v v

somuInlenn A = L/Y‘““) (5.2)

1+(¥/v,. )

o 1 de w o o a A ) a ¢
nndyauuogaa 20T leifdsdeaiadlugda 52 detlewdhiwsdaie lawes

[ vy v v
immseonuuui@m o =10, =0.125) aunsalFlumsnageuanuraiounions

o 4 o a d 1 a L4 ¥ o o a dy a
vnguas Indamdvosdyana Instinuudaegiuuud Weriundulsmanudaiionuaui

AAVAINNTUMIG.2)e 18

1-(0.0726/1.2575)

= 0.8908
1+(0.0726/1.2575)




68

20logA = -1dB

< 9 v a n:?‘ [ a ol Aa Sy Y
‘03L‘Hu'lﬂ'ﬂWaﬂ']‘iLlﬂﬂ'J'UJWﬂLWﬂu‘Uﬂ\iﬁﬂJuﬂluWifl‘liﬂilllluucﬁﬂﬂgﬁlluu“ﬁﬂqﬂi]TﬂﬂWi

a

1Y a J a 4 1
naassAvaNInansTAuvINAvesda N Insiuuudaogiuuugiszua 1 dB was Ll

[

a dy 9 I 4 a d a 4 Y o =
m1:mﬂL‘wUu‘nNmuvlwumawmammmiﬂiuuuummgmmummmhlﬂmgﬂ‘n 5.6

g g

LeCroy
Auto LS140
Chis: - S 43, spgppeiaeiae

u UueCenter -256nmU
izfn t@Center 430ns

L=
. 1
ol = d

Rilil

Smart Probe on CHi TRIGGER on CH1 z#
Not Connected
CURSORS on CH1 JTUUFL  -425mv DC X

Holdoff 1 events
CH1 MEASUREMENTS

—--— 2B2.6mV duty m S4Y A% freqll 4,519MHz
o= 994 .MV Max 288nmVY widp 120.5ns
AY 1.2572V min -992mVY rise 7?7 .5ns

{ o o =) 1 a o
51091 5.6 ugasmsanszRuvIad Y Inshuuudaogluuudglszans 1 dB

o o w o & = A v a I
nndaanauegaa 20T lsnimhdsaesiadlugili 5.2 Wetleudinsdnielaes
v 9 v Y
Mmseenuuy’ld @ema =10, B =0.125) aunsaldlumsnageuanuiaiiouns
o I o [ a Eakl a J A o o a dy
gas1weouaz Indamdvesdynu lnsiuuudaogluuudiioinndmuramanudaiiou

MuNnaMdInnaumsG.2)az la

A = 1-(0.1344/1.184) _ —

1+(0.1344/1.184)

20logA = -2dB



69

< ' a o @ a Jd 1 a Ay Y
wiiulddwanisudnnudaiisuvesdyana Insiuuudaegiiuuudi ldain

[ o a 1 a L4
mMInaassfemINInanszRuvavesdn Insiuundaogluuudlssina 2 dB uag

'
o

1= a d" 9 =8 L4 a g a L4 9 @ =1
"luummwmwaumdmu'lmmmammﬁmmm%muuuwagmmummm‘lﬂmsﬂw 5:7

g g U

Recalibration Suggested (SYSTEHM CONFIG Henu) MpEa LeCroy
Auto LS140
CH1 11 Jan,14:31:01
== . S

1us t@Center 430ns

D
CH 1 L«u::::::::::::::::J

A

s N T

Smart Prob CH1 TRIGGER on CHi
Not Coﬁnggted m
CURSORS on CHi UL -425my DC s

Holdoff 1 events
CHi MEASUREMENTS
--— 95 .20mV duty Ml 50.7% freql 4 .502MHz
---  227.80mY max 237mY  widpl 112 .5ns
Ay 1,18400v min -960mY  rise 1.1845us

{ o [ a Col a 4
517 5.7 ugmanmisaaszauvuInvesdy e Iasluugasgliuuugysyuna 2 dB

o do @ VA ~ A 9 a o
nndyanamegan 20T lnimdereaiadlugdii 52 dieflowdhisesdaiolawes
[ v v b4
MnmsesnuuuB3@em o =10, =0.375) dunsaldlunmsnageunnuaaiionien
= 4 @ a 1 a ¢ A o 3
wnenaz lnidmdvesdyana Tnsluuugaogiiuuud Wothundnnum Ay

a dy d’ 1 Y 9
wmwaumuwnanmummnﬁnmi(s.z)fnz“lﬂ

4 = 1=a1o2n12638) oo

1+(0.192/1.12638)

20logA = -3dB



70

o < 1 7] 9 a c? @ a a1 a St 9
IV mmammﬂmmmLwauﬂlmﬁfgﬂunmiﬂ'immucmagmmucw"lmm

[

A o a 1 a
mi‘ﬂﬂaaaﬂﬂmmiﬂamzﬂmmﬂmmatymgmTﬂimmucfﬂagmmwﬁﬂszmm 3 dB uae

o

vl-.:: s Y vl P a o a o Yo =
YUANTUAANIUNINATU ‘vmmaﬂeumﬁtuuq,nmTﬂ511LmuwaQmmummm%mgﬂ‘n 5.8

Recalibration Suggested (SYSTEM CONFIG Henu) Sigaay LeCroy
Auto LS140

L CHI 11 yan,14:37:45
CHi— AC, BUL:Full

2V UGCenter -422mV

1us t@Center 430ns

CH 1 pHHHHHHHHHHH A

Smart Probe on CHi TRIGGER on CH1
Not Connected
CURSORS on CHi JUUML  -425my OC P
Holdoff 1 events

CHi MEASUREMENTS
--— 898.58mY duty N 48.2% freq L 4 .508MHz
---  227.80mY Max 243mY  widplil 107 .0ns
Ay  1,12638V min -896mY  rise 1.1755us

d‘ QI 4 a 1 a
gih’l 5.8 HAANNITAATSAUYUIAUD tuutymTﬂsmmm?ﬂaqmmu%ﬂizmm 3dB



UNNG

a <
unajluazIianseina

a o o o a P 9 a 9 o
'Nfl]i@ﬂ"]’f)‘lﬁL“lf'f)illﬂ‘l]l]ﬁﬂ‘ilu']ﬂﬁmﬂﬂmIﬂ'illlluu‘]f‘ncl‘lf URC L'ﬂu')ﬂi]i‘ﬂal‘lfﬁﬂizﬂﬂ

g g

a1 o a

A 1 [ a el a dy A o o Jda
1’756Elﬂizﬂ‘lJ‘Uu’]ﬂ‘U'E]\'iﬁiy,ﬂlu']ﬂ!Tﬂiﬂl!uucﬁﬂﬂﬁﬂlﬂﬂﬂlﬂﬂuuuWﬂi]ﬂ')’]ﬂNﬂLWfJu‘ﬂcb'ULlﬂﬁﬂiﬁ

L) Q

1 v Jda v W do w 4
443 MHz luszuumsdaInsiaid laserdedaanunadevuegan 20 T lyuiddesiad
< ~ < v . v P A o v o
Frwsivnadniszneu e Video Amp,URCHAzAMUAMUMuULies liid Iaszda,
a o o A ' A v
Sudnmesoonlinniees Welumsananugenvenestazanilrinean i
v [ { vy o
TUATNARBISANANDUAUDININYUIARDANNAYDI219959 TdnaveninInalfvady
nafi 101N TS 1aeeamsTauvednesarellsunsy MATLAB uag Pspice  lAgHans
NARDIANNTABNsEAUNToanszaulan +3dB Taeit S wRadoumedu Indfamd
mﬂmmJ5fmmsmmﬂ:zm“hmmﬂﬂﬂsmiwmnaa%i FRANC BRELGZ f2993fi
sonuvunIaslHURCHAISING N mmm"l’mmqﬂnimﬂ"lﬂaanunu"hamwmmumm“lw
< 1 o 1 i % 1
fiund 14 URC unu galnsal RC vz Idmanu lanidind
1 1 s d’l
UAINMINAR993 1510 NTTyrIAail
v 1 ' s
Lszdunsesuineldny lod fiszau + 15V avildiRannudouniar ledun Auiu

TanszdunseRuanni £5V madsing i led lufannuiou

Cd A o A Py 03/’ [] Ay 9 Y] 3 = 9 1
2fhglnsal RC Mmsanadamennudunivliamsamae1d - dufuvdlem
Ja 1 Y a = o
ginsaintmlnasangayniiminaaes
1 L4 W { o 1 1 1 { a o 9
3.m1g9Unsal RC fannaasifedadwdr lildmmuiiszy o ldnams
IS a d”
naasaiinnuraiou )
L4 i o @ qu’! P A [ a dy
swesgUnsal RC Minnnaasimswzdaliduigametlosiuaiuaiioums
vy LG 4
dulngddiad
v
o 1 1 1 a J =) o 9y
5 2995 INsRensEaUNI ponszdy 1§ £ 3dB uavziiaa Tnaldmduuale
a ey 9 c:y ° @ 1 ﬁ
911299359070 laesn lneenuunil wazilymveamsmausinassduiuInm
1Y o 1 a a d? Yo o v a a o
Tumsfudauaiannaesimiffidss@nsamunniunsaasdiaimiansyanunus

b4 [l
afuilazdhnlsz Tenidedndeamsanyide 1 luowan



19NA15919949

[1] MR, UN. A5. §5ITN ASIANY 1WA, WFuns nsefona , “MATLAB sﬁ"ammf’{ﬂzym
MaAINTIN”

[2] $1aw anagnla, Tdsunsudmnesdliihuazddonseting” . aunuduasumalulad
(vlm-m'iﬂu),zszto

[3] FRANC BRGLEZ , “Minimally Active RC Variable Equalizer”,JEEE TRANSACTIONS
ON CIRCUIT AND SYSTEMS,PP.688-691,VOL CAS-22,NO.8,AUGUST,1975

[4] Chan Chan Chan , “ Analysis of Linear Networks and System”,Addison — wesley
Publishing  company,1972

[5] Kanok Janchitrapongvej, “ Equalizer of the Relative Luminance-Chrominance in Gain
Video Signal Transmission” Journal of the Institute of television Engineering ,JITE,PP.786-790

,PP.786-790,V0l.40,No0.8(1986)



L = Yo o D = = o | v o v % 1Y
wenansiiluenansianulidmiunsldnuiensfnyirindu lieygaliihluldusslemisunisen

lunsailag edu Snvienudilvidauaalienuazdesdnsdadainvesenalsynasminisiiluly







ANALOG
DEVICES

34 MHz, CBFE'
Fast Settling Op Amj

AD843

FEATURES

AC PERFORMANCE

Unity Gain Bandwidth: 34 MHz
Fast Settling: 135 ns to 0.01%
Slew Rate: 250 V/us

Stable at Gains of 1 or Greater
Full Power Bandwidth: 3.9 MHz

DC PERFORMANCE

Input Offset Voltage: 1 mV max (AD843K/B}

Input Bias Current: 0.6 nA typ

Input Voltage Noise: 19 nV/VHz

Open Loop Gain: 30 V/mV into a 500 Q Load

Output Current: 50 mA min

Supply Current: 13 mA max :

Available in 8-Pin Plastic Mini-DIP & Cerdip, 16-Pin SOIC,
20-Pin LCC and 12-Pin Hermetic Metal Can Packages

Available in Tape and Reel in Accordance with
EIA-481A Standard

Chips and MIL-STD-883B Parts Also Available

APPLICATIONS

High Speed Sample-and-Hold Amplifiers
High Bandwidth Active Filters

High Speed Integrators

High Frequency Signal Conditioning

PRODUCT DESCRIPTION

The AD843 is a fast settling, 3¢ MHz, CBFET input op amp.
The AD843 combines the low (0.6 nA) input bias currents
characteristic of a FET input amplifier while still providing a

34 MHz bandwidth and a 135 ns settling time (to within 0.01%
of final value for a 10 volt step). The AD843 is a member of the
Analog Devices’ family of wide bandwidth operational amplifi-
ers. These devices are fabricated using Analog Devices’ junction
isolated complementary bipolar (CB) process. This process per-
mits a combination of dc precision and wideband ac perform-
ance previously unobtainable in a mmonolithic op amp.

The 250 V/js slew rate and 0.6 nA input bias current of the
AD843 ensure excellent performance in high speed sample-and-
hold applications and in high speed integrators. This amplifier is
also ideally suited for high bandwidth active filters and high fre-
quency signal conditioning circuits.

Unlike many high frequency amplifiers, the AD843 requires no
external compensation and it remains stable over its full operat-
ing temperature range. It is available in five performance grades:
the AD843] and AD843K are rated over the commercial
temperature range of 0°C to +70°C. The AD843A and AD843B
are rated over the industrial temperature range of -40°C to +85°C.
The AD843S is rated over the military temperature range of -55°C
to +125°C and is available processed to MIL-STD-883B, Rev. C.

REV.D

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patentrights of Analog Devices. ”

CONNECTION DIAGRAMS

16-Pin SOIC (R-16) Package Plastic (N-8) and
Cerdip (Q-8) Package

./
NC [: ° 16| ne
ne (2 15 | ne
C AD843
sauance 3] 14 BALANCE
-INPUT E 1] v,
aweut [3 ﬁ>—— 12 ] outpuT
-V, E 1] Ne
NC 2 10 | NC
NC [:, TOP VIEW _T_] NC
NC = NO CONNECT

NC v NO CONNECT

TO-8 (H-12A) Package

LCC (E-20A) Package

4 5
2 -]
NC 2 2
BALANCE NG - -
5 5
g 8
25 28 ¢2
BALANCE 3 2 1 20 19
NC 4 18 NC
- INPUT ouTPUT
NS 17 ey,
NC 6 16 NC
+INPUT V-
R 15 our
NC 8 14 NC
NC
TOP VIEW 9 10 11 12 W
"
NOTE CAN TIEDTO V+ g% 2%

NC = NO CONNECT
NC = NO CONNECT

The ADB843 is offered in either 8-pin plastic DIP or hermetic
cerdip packages, in 16-pin SOIC, 20-Pin LCC, or in a 12-pin
metal can. Chips are also available.

PRODUCT HIGHLIGHTS

1. The high slew rate, fast settling time and low input bias cur
rent of the AD843 make it the ideal amplifier for 12-bit D/:
and A/D bulffers, for high speed sample-and-hold amplifier:
and for high speed integrator circuits. The AD843 can re-
place many FET input hybrid amplifiers such as the
LH0032, LH4104 and OPA600.

2. Fully differential inputs provide outstanding performance i
all standard high frequency op amp applications such as sig
nal conditioning and active filters.

3. Laser wafer trimming reduces the input offset voltage to
1 mV max (AD843K and AD843B).

4. Although external offset nulling is unnecessary in many ap
plications, offset null pins are provided.

5. The AD843 does not require external compensation at
closed loop gains of 1 or greater.

© Analog Devices, Inc., 1

One Technology Way, P.O. Box 9106, Norwood. MA 02062-9106, U.
Tel: 617/329-4700 Fax: 617/326-¢



AD 843_SPEC l FI CATI 0 NS (@ T, =+25°C and +15 V dc, unless otherwise noted)

ADS43J/A ADS843K/B AD843S!
Model Conditions Min Typ Max | Min Typ Max | Min Typ Max Units
INPUT OFFSET VOLTAGE! 1.0 2.0 0.5 1.0 1.0 2.0 mV
Taon-Taax 1.7 4.0 132 2.0 3.0 4.5 mV
Offset Drift 12 12 35 12 uv/eC
INPUT BIAS CURRENT Initial (Tj = +25°C) 50 40 50 pA
Warmed-Up? 0.8 2.5 0.6 .0 0.8 2.5 nA
T Tavis: 60/160 23/65 2600 nA
INPUT OFFSET CURRENT Initial (T} = +25°C) 30 20 30 pA
Warmed-Up? 0.25 1.0 0.2 0.4 0.25 1.0 nA
Taun-Taax 23/64 9/26 1025 nA
INPUT CHARACTERISTICS
Input Resistance 1o 100 10'° Q
Input Capacitance 6 6 6 pF
INPUT VOLTAGE RANGE
Common Mode *10 +12, *10 +12, *10 +12, i \%
-13 -13 -13
COMMON-MODE REJECTION Ven =£10V 60 2 70 76 60 72 dB
TP hax 60 72 68 76 60 72 dB
INPUT VOLTAGE NOISE f =10 kHz 19 19 19 nV/NHz
Wideband Noise 10 Hz to 10 MHz 60 60 60 HV rms
OPEN LOOP GAIN Vo=%10V
Rioap 2500 Q 15 25 20 30 15 30 VimV
ThondT i 10 20 10 25 10 25 VimV
"OUTPUT CHARACTERISTICS
Voltage Rioap 2500 Q *10 1.5, *10 +11.5, *10 +1145, v
-12.6 -12.6 -12.6
Current Vour =10V 50 50 50 mA
Output Resistance Open Loop 12 12 12 Q
FREQUENCY RESPONSE
Unity Gain Bandwidth Vour =90 mV p-p 34 34 34 MHz
Full Power Bandwidth? Vo =20V p-p
R12500Q 25 3.9 Zns5 3.9 il 3.9 MHz
Rise Time Ayer = -1 10 10 10 ns
Overshoot AycL = -1 15 15 15 %
Slew Rate AycL = -1 160 250 160 25v 160 250 Vips
Settling Time 10 V Step
AvcL = -1
t0 0.1% 95 95 95 ns
t0 0.01% 135 135 135 ns
Overdrive Recovery -Overdrive 200 200 200 ns
+Overdrive 700 700 700 ns
Differential Gain f=4.4 MHz 0.025 0.025 0.025 Y%
Differential Phase f=4.4MHz 0.025 0.025 0.025 Degree
POWER SUPPLY
Rated Performance 15 415 15 A%
Operating Range *4.5 *18 +4.5 *18 *4.5 *+18 A%
Quiescent Current 12 3%, 12 13 12 13 mA
TrnTigay 123 14 123 14 125 16 mA
Rejection Ratio t5Viwtl8V 65 76 70 80 65 76 dB
Rejection Ratio Tan-Tamax 62 76 68 80 62 76 dB
TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0°C to +70°C) AD843] AD843K
Industrial (-40°C to +85°C) ADB843A AD843B
Military (-55°C to +125°C)* ADB843S
PACKAGE OPTIONS
Plastic (N-8) ADB843]N AD843KN
Cerdip (Q-8) AD843AQ AD843BQ AD843SQ, AD843SQ/883B
Metal Can (H-12A) AD843BH ADB843SH, ADS43SH/883B
LCC (E-20A) ADB843SE/883B
SOIC (R-16) ADB843]R-16
Tape & Reel AD843]JR-16-REEL
AD843]JR-16-REEL7
Chips ADB843]JCHIPS AD843SCHIPS
-2- REV. D



AD843

NOTES

'Standard Military Drawings Available: 5962-9098001M2A (SE/883B), 5962-9098001 MXA (SH/883B), 5962-9098001 MPA (SQ/883B).

*Specifications are guaranteed after 5 minutes at T, = +25°C,

’Full power bandwidth = Slew Rate/2 ntv peak.

*All “S” grade Tanv-Taax specifications are tested with automatic test equipment at T =-55°Cand T, = +125°C.

Specifications subject to change without notice.

Specifications in boldface are tested on all production units at final clectrical test. Results from those tests are used to calculate outgoing quality levels. All min ar
max specifications are guaranteed although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS' METALIZATION PHOTOGRAPH
Supply Voltage .................... . ... ... . +18V Contact factory for latest dimensions.
Internal Power Dissipa[ionz Dimensions shown in inches and (mm).
Plastic Package .................... .. . . .. 1.50 Watts i .
Cerdip Package ................ ... .. . 1.35 Watts BALANCE SALANCE
12-Pin Header Package .......... .. .. ... . 1.80 Watts
16-Pin SOIC Package .............. .. ... 1.50 Wars
20-Pin LCC Package ................... ... 1.00 Wate | ;lew]
Input Voltage . ................... .. ... .. +Vs
Output Short Circuit Duration .............. . Indefinite
Differential Input Voltage ......... . ...... . +Vgand -Vg 3987
Storage Temperature Range (N,R) ....... -65°C to +125°C
Storage Temperature Range (Q, H,E) .... -65°C to +150°C
Operating Temperature Range
ADB43JR ..... L SN\ 0°C to +70°C
ADB43AB ... o o NN -40°C to +85°C : . |
AD843S ... J . . .. . .e— -55°C to +125°C I 2 5601 =l
Lead Temperature Range (Soldering 60 sec) ........ +300°C
ESD Rating S . . . e X AN/ 10 500V R STMATEGoNNECTED O v,
NOTES

'Stresses above those listed under “Absolute Maximum Ratings” may cause

permanent damage to the device at these or any other conditions above those

indicated in the operational sections of this specification is not implied. Exposure

1o absolute maximum rating conditions for extended periods may affect device

reliability.

*8-Pin Plastic Package: 6j4 = 100°C/Wart

8-Pin Cerdip Package: 6ja = 110°C/Wart

12-Pin Header Package: 6ja = 80°C/Wart |
16-Pin SOIC Package: 6ja = 100°C/Wat

20-Pin LCC Package: 6j4 = 150°C/Watt

REV. D 3=



AD843-Typical Characteristics
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AD843—Typical Characteristics
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Figure 23d. Buffer Cap Load Figure 23e. Buffer Cap Load
Large Signal Pulse Response. Small Signal Pulse Response.
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AD843

GRO'UNDING AND BYPASSING

Like most high bandwidth amplifiers, the AD843 is sensitive to
capacitive loading. Although it will drive capacitive loads up to
20 pF without degradation of its rated performance, both an
increased capacitive load drive capability and a “cleaner”
(nonringing) pulse response can be obtained from the AD843
by using the circuits illustrated in Figures 20 to 23. The addi-
tion of a 5 pF feedback capacitor to the unity gain inverter con-
nection (Figure 20a) substantially reduces the circuit’s
overshoot, even when it is driving a 110 pF load. This can be
seen by comparing the waveforms of Figures 20b through 20e.
To drive capacitive loads greater than 100 pF, the load should
be decoupled from the amplifier’s output by a 10 Q resistor and
the feedback capacitor, Cy, should be connected directly be-
tween the amplifier’s output and its inverting input (Figure
21a). When using a 15 pF feedback capacitor, this circuit can
drive 400 pF with less than 20% overshoot, as illustrated in Fig-
ures 21b and 21c. Increasing capacitor Cg to 47 pF also in-
creases the capacitance drive capability to 1000 pF, at the
expense of a 10:1 reduction in bandwidth compared with the
simple unity gain inverter circuit of Figure 20a.

Unity gain voltage followers (buffers) are more sensitive to
capacitive loads than are inverting amplifiers because there is no
attenuation of the feedback signal. The AD843 can drive 10 pF
to 20 pF when connected in the basic unity gain buffer circuit
of Figure 22a.

The 1 kQ resistor in series with the AD843’s noninverting input
serves two functions: first, together with the amplifier’s input
capacitance, it forms a low-pass filter which slows down the
actual signal seen by the AD843. This helps reduce ringing on
the amplifier’s output voltage. The resistor’s second function is
to limit the current into the amplifier when the differential input
voltage exceeds the total supply voltage.

The AD843 will deliver a much “cleaner” pulse response when
connected in the somewhat more elaborate follower circuit of
Figure 23a. Note the reduced overshoot in Figure 23b and 23c
as compared to Figures 22b and 22c.

For maximum bandwidth, in most applications, input and feed-
back resistors used with the AD843 should have resistance val-
ues equal to or less than 1.5 kQ. Even with these low resistance
values, the resultant RC time constant formed between them
and stray circuit capacitances is large enough to cause peaking
in the amplifier’s response. Adding a small capacitor, Cg, as
shown in Figures 20a to 23a will reduce this peaking and flatten
the overall frequency response. Cg will normally be less than

10 pF in value.

The AD843 can drive resistive loads over the range of 500 Q to
e with no change in dynamic response. While a 499 Q load was
used in the circuits of Figures 20-23, the performance of these

circuits will be essentially the same even if this load is removed
or changed to some other value, such as 2 kQ.

To obrtain the “cleanest” possible transient response when driv-
ing heavy capacitive loads, be sure to connect bypass capacitors
directly between the power supply pins of the AD843 and
ground as outlined in “grounding and bypassing.”

GROUNDING AND BYPASSING

In designing practical circuits using the AD843, the user must
keep in mind that some special precautions are needed when
dealing with high frequency signals. Circuits must be wired us-
ing short interconnect leads. Ground planes should be used
whenever possible to provide both a low resistance, low induc-
tance circuit path and to minimize the effects of high frequency
coupling. IC sockets should be avoided, since their increased
interlead capacitance can degrade the bandwidth of the device.

Power supply leads should be bypassed to ground as close as
possible to the pins of the amplifier. Again, the component leads
should be kept very short. As shown in Figure 24, a parallel
combination of a 2.2 pF tantalum and a 0.1 UF ceramic disc ca-
pacitor is recommended.

+Vg

2.2pF

v, ‘@%

Figure 24. Recommended Power Supply Bypassing for
the AD843 (DIP Pinout)

0.1puF

USING A HEAT SINK

The AD843 consumes less quiescent power than most precision
high speed amplifiers and is specified to operate without using a
heat sink. However, when driving low impedance loads, the cur-
rent applied to the load can be 4 to 5 times greater than the qui-
escent current. This will produce a noticeable temperature rise,
which will increase input bias currents. The use of a small heat
sink, such as the Mouser Electronics #33HS008 is recommended.

OFFSET
NULL

Offset Null Configuration (DIP Pinout)

-8- REV.D
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SAMPLE-AND-HOLD AMPLIFIER CIRCUITS

A Fast Switching Sample & Hold Circuit

A sample-and-hold circuit possessing short acquisition time and
low aperture delay can be built using an AD843 and discrete
JFET switches. The circuit of Figure 25 employs five n-channel
JFETs (with turn-on times of 35 ns) and an AD843 op amp
(which can settle to 0.01% in 135 ns). The circuit has an aper-
ture delay time of 50 ns and an acquisition time of 1 ys or less.

This circuit is based on a noninverting open loop architecture,
using a differential hold capacitor to reduce the effects of pedes-
tal error. The charge that is removed from CH1 by Q2 and Q3
is offset by the charge removed from CH2 by Q4 and Q5. This
circuit can tolerate low hold capacitor values (approximately
100 pF), which improve acquisition time, due to the small gate-
to-drain capacitance of the discrete JFETs. Although pedestal
error will vary with input signal level, making trimming more
difficult, the circuit has the advantages of high bandwidth and
short acquisition times. In addition, it will exhibit some
nonlinearity because both amplifiers are operating with a com-
mon-mode input. Amplifier A2, however, contributes less than
0.025% linearity error, due to its 72 dB common-mode rejec-
tion ratio.

To make sure the circuit accommodates a wide £10 V input
range, the gates of the JFETs must be connected to a potential
near the =15 V supply. The level-shift circuitry (diode D3, PNP
transistor Q7, and NPN transistor Q6) shifts the TTL level S/H
command to provide for an adequate pinch-off voltage for the
JFET switches over the full input voltage range.

The JFETs Q2, Q3, Q4 and Q5 across the two hold capacitors
ensure signal acquisition for all conditions of Vyy and Voyur
when the circuit switches from the sample to the hold mode.
Transistor Q1 provides an extra stage of isolation between the
output of amplifier Al and the hold capacitor CHI.

When selecting capacitors for use in a sample-and-hold circuit,
the designer should choose those types with low dielectric
absorption and low temperature coefficients. Silvered-mica
capacitors exhibit low (0 to 100 ppm/°C) temperature coeffi-
cients and will still work in temperatures exceeding 200°C. It is
also recommend that the user test the chosen capacitor to insure
that its value closely matches that printed on it since not all
capacitors are fully tested by their manufacturers for absolute
tolerance.
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Figure 25. A Fast Switching Sample-and-Hold Amplifier

A PING-PONG S/H AMPLIFIER

For improved throughput over the circuit of Figure 25, a “ping-
pong” architecture may be used. A ping-pong circuit overcomes
some of the problems associated with high speed S/H amplifiers

by allowing the use of a larger hold capacitor for a given sample

rate: this will reduce the associated feedthrough, droop and ped-
estal errors.

Figure 26 illustrates a simple, four-chip ping-pong sample-and-
hold amplifier circuit. This design increases throughput by using
one channel to acquire a new sample while another channel
holds the previous sample. Instead of having to reacquire the
signal when switching from hold to sample mode, it alternately
connects the outputs from Channel 1 or from Channel 2 to the
A/D converter. In this case, the throughput is the slew rate and
settling time of the output amplifiers, A2 and A3.

REV. D

A high speed CB amplifier, Al, follows the input signal. Ul, a
dual wideband “T” switch, connects the input buffer amp to
one of the two output amplifiers while selecting the complemen-
tary amplifier to drive the A/D input. For example, when
“select” is at logic high, Al drives CH1, A2 tracks the input sig-
nal and the output of A3 is connected to the input of the A/D
converter. At the same time, A3 holds an analog value and its
output is connected to the input of the A/D converter. When th
select command goes to logic LOW, the two output amplifiers
alternate functions.

Since the input to the A/D converter is the alternated “held”
outputs from Al and A2, the offset voltage mismatch of the tw¢
amplifiers will show up as nonlinearity and, therefore, distortio:
in the output signal. To minimize this, potentiometers can be
used to adjust the offsets of the output amplifiers until they are

—9-



AD843

equal. Alternatively, an autocalibration circuit using two D/A ther improves these specifications by using ground pins between
converters can be employed. This can also be used to calibrate the signal pins. With an input frequency of 5 MHz, crosstalk
out the effects of offset voltage drift over temperature. and isolation are -85 dB and -75 dB, respectively. A limitation
The switch choice, for Uls, is critical in this type of design. The  ©f this switch is that it operates from a maximum -5 V negative
DG542 utilizes “T” switching techniques on each channel for supply, making b‘9°1‘“ operation more difficult. It is recom-
exceptionally low crosstalk and for high isolation. The part fur- mended that amplifiers A1, A2 and A3 operate from the same

=5 V supply to minimize any potential latch-up problems.

ur
SELECT —J—L- ¢
—1 IN1 IN2
D1 D2
GND GND
L] £
— S1 S2
=5V — DGS420J —O
OUTPUT
S4 s3 TO
A/D
[]ono eno CONVERTER
= 4 D3
!
CHANNEL 1
CHANNEL 2
EQUIVALENT FOR AMPUFRIERS A1 TO A3,
SIMPLIFIED ADD BYPASS CAPACITORS
DIAGRAM TO EACH POWER SUPPLY PIN
AS SHOWN IN FIGURE 24
Figure 26. A Ping-Pong Sample-and-Hold Amplifier
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Figure 27. Settling Time Test Circuit
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MEASURING AD843 SETTLING TIME

Figure 28 shows the dynamic response of the AD843 while op-
erating in the settling time test circuit of Figure 27. The input of
the settling time fixture js driven by a flat-top pulse generator.
The error signal output from Al, the AD843 under test, is am-
plified by op amp A2 and then clamped by two high speed
Schottky diodes. S

[ 5] T T T T Teg
“!I

\]

Figure 28. Settling Characteristics: +10 V 10 0 V Step.
Upper Trace: Amplified Error Voltage (0.07%/Div)
Lower Trace: Output of AD843 Under Test (5 Vi/Div)

The error signal is clamped to prevent it from greatly overload-
ing the oscilloscope preamp. A Tektronix oscilloscope preamp
type 7A26 was chosen because it will recover from the approxi-
mately 0.4 volt overload, quickly enough to allow accurate mea-
surement of the AD843’s 135 ns settling time. Amplifier A2 is 3
very high speed op amps; it provides a voltage gain of 10, provid-
ing a total gain of 5 from the error signal to the oscilloscope input.

A FAST PEAK DETECTOR CIRCUIT

The peak detector circuit of Figure 29, can accurately capture
the amplitude of input pulses as narrow as 200 ns and can hold
their value with a droop rate of less than 20 UV/ps. This circuit
will capture the peak value of positive polarity waveforms; to
detect negative peaks, simply reverse the polarity of the two
diodes.

The high bandwidth and 200 V/us slew rate of amplifier A2, an
AD843, allows the detector’s output to “keep up” with its input
thus minimizing overshoot. The low (<1 nA) input current of
the AD843 ensures that the droop rate is limited only by the
reverse leakage of diode D2, which is typically <10 nA for the
type shown. The low droop rate is apparent in Figure 30. The

detector’s output (top trace) loses slightly over a volt of the
8 volt peak input value (bottom trace) in 75 ms, or a rate of
approximately 16 uV/ps.

TOP TRACE: PEAK DETECTOR OUTPUT
BOTTOM TRACE: INPUT, 8V PEAK (@ 125Hz

Figure 30. Peak Detector Response to 125 Hz Pulse Trajr,

TOP TRACE: PEAK DETECTOR OUTPUT, 8V

BOTTOM TRACE: INPUT VOLTAGE, 8V PEAK,
650ns PULSE WIDTH

Figure 31. Peak Capture Time

Amplifier A1, an AD847, can drive 680 PF hold capacitor, Cp,
fast enough to “catch-up” with the next peak in 100 ns and still
settle to the new value in 250 ns, as illustrated in Figure 31,
Reducing the value of capacitor Cp to 100 pF will maximize the
speed of this circuit at the expense of increased overshoot and
droop. Since the AD847 can drive an arbitrarily large value of
capacitance, Cp can be increased to reduce droop, at the expense
of response time.

Figure 29. A Fast Peak Detector Circuit

REV.D
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MAGNITUDE AND GROUPDELAY
%eProgram for simulation of Magnitude and Group Delay response
%The active variable equalizer by Uniformly Distributed RC Line
disp('Please choose the graph of Magnitude or Groupdelay Response');
disp("Press "1" key to selected Magnitude Response');
disp(‘Press "2" key to selected Groupdelay Response');
disp('Press any key to end program");

a=input("Choice[1]or[2] = );

if a==
wl=input(‘insert the initial frequency by radian per second = );
w2=input(‘input step of frequency =");

w3=input(‘insert the destination frequency by radian per second = );

w=wl:w2:w3;

RC=input('insert scaling factor(RC) =");
p=sqrt(j*w*RC);

t=sqrt((w*RC)./2);

x=0;

%GROUPDELAY FOR THE BOOST OF ACTIVE VARIABLE EQ.

while x<3

%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

disp(GROUPDELAY FOR THE BOOST OF ACTIVE VARIABLE EQ.";

Al=input (insert value of alpha =);

Be=input ('insert value or beta =");



Tp1=((AI"2)*((sinh(p))."2)}+(Al*(2+Be)*p.*sinh(p). *cosh(p))-(2* Al*p. *sinh(p))-(Be*(p.2))+
(Be*(p.2).*((cosh(p)).*2));

Tp2=((A1"2)*((sinh(p)).’\2))+(Al*(2~Be)*p. *sinh(p).*cosh(p))-(2*Al*(1-Be)*p.*sinh(p))-(Be*
(p."2))+(Be*(p.2).*((cosh(p))."2));

Tp=-(Tp1./Tp2);

Phase_Tp=angle(Tp);

dw=w(1:length(w)-1);

Phase_prime_Tp=diff(Phase_Tp)./diff(w);

GroupDelay=-(Phase_prime_Tp):

x=x+1;
if x==
d11=GroupDelay;
elseif x==
d12=GroupDelay;
else d13=GroupDelay;
end
end
c=0;
%GROUPDELAY FOR THE CUT OF ACTIVE VARIABLE EQ.
while c<3

%Al 1s the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

disp(GROUPDELAY FOR THE CUT OF ACTIVE VARIABLE EQ.)



Al=input (‘insert value of alpha =");

Be=input ('insert value or beta = );

Tpl = ((Al’\z)*((sinh(p)).’\z))+(Al*(2+Be)*p.*sinh(p).*cosh(p))-(Z*Al*p.*sinh(p))-(Be*(p.’\2))+
(Be*(p."2).*((cosh(p)).~2));

Tp2 = ((Al"2)*((sinh(p))."z))+(Al*(2—Be)*p.*sinh(p).*cosh(p))-(2*Al*(1 -Be)*p.*sinh(p))-(Be*
(p"2))+(Be*(p.~2).*((cosh(p)).~2));

Tp =-(Tp2./Tpl);

Phase_Tp = angle(Tp);

dw = w(1:length(w)-1):

Phase_prime_Tp = diff(Phase_Tp)./diff(w):

GroupDelay = -(Phase_prime Tp);

c=c+1;
if c==
d21=GroupDelay;
elseif c==
d22=GroupDelay;
else d23=GroupDelay;
end
end
semilogx(dw,d1 1,'m‘,dw,dlZ,‘k’,dw,dl3,'g',dw,d21,':m’,dw,d22,’:k',dw,d23,’: g),...
title('Groupdelay of Active URC Variable Equalizer'),ylabel('Second"),...

xlabel('w(rad/s)"),grid

elseif a==
wl=input('insert the initial frequency by radian per second = ";
w2=input('input step of frequency =");

w3=input('insert the destination frequency by radian per second =");



w=wl:w2:w3;

RC=input('insert scaling factor(RC) = );
p=sqrt(j*w*RC);

t=sqrt((w*RC)./2);

x=0;

%Magnitude Response FOR THE BOOST OF ACTIVE VARIABLE EQ.

while x<3

%Al 1s the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

disp('Magnitude Respones FOR THE BOOST OF ACTIVE VARIABLE EQ.")

Al=input (‘insert value of alpha = ');

Be=input ('insert value or beta =");

Xn=((Al"2)/2)*(-1+cos(2*t).*cosh(2*t))+(((Al*t)./2).*(cos(2*t).*sinh(Z*t)-sin(Z*t).*cosh(Z*t))*
(2—Be))-(2*A1*t.*(cos(t).*sinh(t)—sin(t).*cosh(t))*(l-Be))-(Be*(t."Z).*sin(2*t).*sinh(2*t));

Yn=((Al’\2)/2).*(sin(z*t).*sinh(2*t))+(((A1*t)/2).*(sin(2*t).*cosh(2*t)+cos(2*t).*sinh(2*t))*(2-
Be))-(2* Al*t. *(sin(t). *cosh(t)+cos(t). *sinh(t))*( 1-Be))-(2*Be*(t.2))+(Be*(t.#2). *(1+cos(2*t).*cosh
2*)));

Xd=((AI’\2)/2)*(-1+cos(2*t).*cosh(2*t))+(((A1*t)/2).*(cos(2*t).*sinh(z*t)-sin(z*t).*cosh(2*t))*
(2+Be))—(2*A1*t.*(cos(t).*sinh(t)-sin(t).*cosh(t)))-(Be*(t.'\Z).*sin(2*t).*sinh(2*t));

Yd=((A1’\2)/2).*(sin(2*t).*sinh(2*t))+(((A1*t)/2).*(sin(2*t).*cosh(2*t)+cos(2*t).*sinh(2*t))*
(2+Be))—(2*A1*t.*(sin(t).*cosh(t)+cos(t).*sinh(t)))-(Z*Be*(t."2))+(Be*(t."2).*(1+cos(2*t).*cosh
2*));

Mag_eq=(((sqrt((Xn."2)+(Yn."2)))./(sqrt((Xd."2)+(Yd.A2)))));

x=x+1;

if x==



m11=20*log(Mag_eq);
elseif x==2

m12=20*log(Mag_eq);
else m13=20*log(Mag_eq);

end

end

c=0;

%Magnitude Response FOR THE CUT OF ACTIVE VARIABLE EQ.

while c<3

%Al 1s the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

disp(‘Magnitude Respones FOR THE CUT OF ACTIVE VARIABLE EQ.)

Al=input (‘insert value of alpha =");

Be=input (‘insert value or beta =");

Xn=((A1"2)/2)*(-1+cos(2*1). *cosh(2*t)+(((Al*1)./2). *(cos(2*t). *sinh(2*t)-sin(2*1). *cosh(2*1))*
(2-Be))-(2* Al*t. *(cos(t). *sinh(t)-sin(t). *cosh(t)) *(1-Be))-(Be*(t.2). *sin(2%t). *sinh(2*1));

Yn=((A1"2)/2). *(sin(2*t). *sinh(2*t) +H(((A1*t)/2). *(sin(2*t). *cosh(2*t)+cos(2*t). *sinh(2*1))*(2-
Be))-(2* Al*t.*(sin(t). *cosh(t)+cos(t). *sinh()) *(1-Be))-(2*Be*(t.2))+Be*(t.42). *(1+cos(2*t). *cosh
2*)));

Xd=((Al"2)/2)*(-1+cos(2*t).*cosh(2*t)+(((A1*1)/2).*(cos(2*1).*sinh(2*t)-sin(2*t). *cosh(2*t))*
(2+Be))-(2*Al*t.*(cos(t). *sinh(t)-sin(t). *cosh(t)))-(Be*(t.A2). *sin(2*t). ¥sinh(2*t));

Y d=((Al"2)/2).*(sin(2*) *sinh(2*)+{((AI*1)/2).*(sin(2*1). *cosh(2*{)+cos(2¥1). *sinh(2*1))*
(2+Be))-(2*Al*t. *(sin(t). *cosh(t)+cos(t). *sinh(t)))-(2*Be*(t.A2))+(Be*(t.°2). *(1+cos(2*t). *cosh
2*));



Mag_eq=(((sqrt((Xn.~2)+(Yn."2))).\(sqrt((Xd.A2)+(Yd.*2)))));

c=ctl;

if c==
m21=20*log(Mag_eq);

elseif c==
m22=20*log(Mag_eq);

else m23=20*log(Mag_eq);

end
end
semilogx(w,m11,'m',w,m12,'k',w,m1 3,'g,w,m21,"'m',w,m22,"k",w,m23,":g"),...
title('Megnitude Response of Active URC Variable Equalizer'),ylabel('Gain[dB]"),...

xlabel(‘w(rad/s)"),grid,...

else disp(‘exit the program")

end



STABILITY
wl=input('insert value of w(positive) = ")
ws=input('insert step of w(compatibility with w input) =");
w2=-wl;
w=w2:ws:wl;

RC=input('insert scaling factor(RC) = ");
p=sqrt(j*w*RC); . ‘
x=0;
while x<3
YoAl=alpha=R/Ro,Be=bcta=Rv/Ro
Al=input ("insert value of alpha =');
Be=input ('insert value or beta =);
Dpz((Al’\Z)*(sinh(p)."2))+(Al*p.*sinh(p).*cosh(p)*(2+Be))-(2*A1*p.*sinh(p))-(Be*(p."Z))+(Be*(p.’\2).*(cosh
(p)-"2));
x=x+1;
if x==1
ReDpl=real(Dp);
ImDpl=imag(Dp);
elseif x==2
ReDp2=real(Dp);
ImDp2=imag(Dp);
else ReDp3=real(Dp);
ImDp3=imag(Dp);
end

end

y=0;
while y<3
%Al=alpha=R/Ro,Be=beta=Rv/Ro
Al=input (‘insert value of alpha = ");
Be=input ('insert value or beta =');
Dp:((AlAz)*(Sinh(p)-Az))‘F(Al*pA*Sinh(p).*COSh(p)*(Z—Be))—(2*A[*p_*sinh(p)*(l Be)-Be*(p ) H(Be (p.A2).
(cosh(p).”2));



y=y+l;
if y=—
ReDpé=real(Dp);
ImDp4=imag(Dp);
elseif y==2
ReDp5=real(Dp);
ImDp5=imag(Dp);
else ReDp6=real(Dp);
ImDp6=imag(Dp);

end

end

subplot(2,1,1);

plot(ReDpl,ImDp] ,m',ReDp2,ImDp2,'’k',ReDp3,ImDp3 )
Yov=[-20,20,-20.20];

Yoaxis(v);

title('STABILITY OF AN ACTIVE URC VARIABLE EQUALIZER ");
ylabel(IMAGINARY (Im)")

xlabel('REAL(Re)")

grid

subplot(2,1,2);
p10t(Rer4,ImDp4,':m‘,RerS,ImDpS,':k',RerG,ImDp6,‘:g');
title('STABILITY OF AN ACTIVE URC VARIABLE EQUALIZER ');
ylabel(IMAGINARY (Im)")

xlabel(REAL(Re)")

erid



SENSITIVITI OF ACTIVE (K)

duusImssndyn
w 1=input(‘insert the initial frequency by radian per second =");

w2=input('input step of frequency =");

w3=input(‘insert the destination frequency by radian per second = *);
p q y by p

w=wl:w2:w3;

R=input('insert resistance of URC =");
=input('insert capacitance of URC =");

Ro=input(‘insert resistance(Ro) = *);

k=input(‘insert gain(k) =");

s=j*w;

p=sqrt(s*R*C);

x=0;
% FOR THE BOOST OF ACTIVE VARIABLE EQ.
while x<3
%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display("SENSITIVITY FOR ACTIVE(K) OF URC EQ.");

Rv=input('insert resistance(Rv) =)

Np=((R*2)*((sinh(p))."2))+(R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p.~2))+

(Rv*Ro*(p.~2).*((cosh(p))."2));

Dp=((R"2)*((sinh(p)).~2))+(R*((2*Ro)-Rv)*p.*sinh(p).*cosh(p))-2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2))+

(Rv*Ro*(p.*2).*((cosh(p)).~2));

dNp=((R"2)*((sinh(p)).”2))+(R*((2*Ro)+Rv)*p.*sinh(p). *cosh(p))-(2*R *Ro*p.*sinh(p))-(2*Rv*Ro*(p.2).*cosh

(P)H(2*Rv*Ro*(p.~2).*((cosh(p))."2));

dDp=((R*2)*((sinh(p))."2))+(R*(2*Ro)*p.*sinh(p).*cosh(p))-(R*((2*Ro)-Rv)*p.*sinh(p))-(Rv*Ro*(p.~2))+

(Rv*Ro*(p.*2).*((cosh(p))."2));



SEN_C=real( k* ( (dDp./Dp)-(dNp./Np) ) );

x=xt1;

if x==1
d11=SEN_C;

elseif x==
d12=SEN_C;

else d13=SEN_C;

end

end

x=0;

R=input('insert resistance =");
C=input('insert capacitance =");
Ro=input(‘insert resistance(Ro) =");

k=input('insert gain(k) =");

%FOR THE BOOST OF ACTIVE VARIABLE EQ.

while x<3

Rv=input('insert resistance(Rv) = );

display('SENSITIVITY FOR ACTIVE(K) OF RC EQ.");

Dp=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

dD=- ( (s*C*R)+1+(Ro*s*C) ) ;

SEN_R=real( -k.*(dD./Dp) );

x=x+1;

if x==1



el1=SEN_R;
elseif x==2

el2=SEN _R;
else e13=SEN_R;

end

end

semilogx(w,d11,'m",w,d12,'k',w,d13,'g",w,el1,"m',w,e12,"k',w,e13,"g),...
title('Sensitivity(K) of Active URC&RC Variable Equalizer(boost)"),...
xlabel(‘w(rad/s)"),grid

[ (2

AUVIAATIAVTY YN

w1=input(insert the initial frequency by radian per second = ");
w2=input(‘input step of frequency = ");

w3=input(‘insert the destination frequency by radian per second =");

w=wl:w2:w3;

R=input('insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input(‘insert resistance(Ro) =");
k=input('insert gain(k) =");

s=j*w;

p=sqrt(s*R*C);

x=0;
% FOR THE CUT OF ACTIVE VARIABLE EQ.

while x<3



%%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display('SENSITIVITY FOR ACTIVE(K) OF RC EQ.");

Rv=input(insert resistance(Rv) =)

Np=((R*2)*((sinh(p)).~2))+R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p.*2).*((cosh(p))."2));

Dp=((R*2)*((sinh(p)).*2))+R*((2*Ro)-Rv)*p.*sinh(p). *cosh(p))-(2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p.*2).*((cosh(p))."2));

ANp=((R”2)*((sinh(p)).A2)}*+(R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))-(2*R *Ro*p.*sinh(p))-(2*Rv*Ro*(p."2).*cosh
(P)H2*RV*Ro*(p."2).*((cosh(p))."2));

de=((RA2)*((sinh(p))-"2))+(R*(2*R0)*p-*sinh(p).*cosh(p))-(R*((Z*RO)-RV)*p-*sinh(p))-(RV*RO*(p-AZ))+

(Rv*Ro*(p.A2).*((cosh(p)).*2));
SEN_C=real( k* ((dNp./Np)-(dDp./Dp)) );
x=x+1;

if x==
d11=SEN_C;

elseif x==2
d12=SEN_C;

else d13=SEN_C;

end

end

x=0;

R=input('insert resistance =");
C=input('insert capacitance =");
Ro=input('insert resistance(Ro) =');

k=input('insert gain(k) =");



%FOR THE CUT OF ACTIVE VARIABLE EQ.

while x<3

Rv=input(insert resistance(Rv) = );
display("SENSITIVITY FOR ACTIVE(K) OF RC EQ.);
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

dN=- ( (s*C*R)+1+(Ro*s*C) ) ;

SEN_R=real( k.*(dN./Np) );

x=x+1;

if x==1
el1=SEN _R;
elseif x==2
el2=SEN_R;
else e13=SEN_R;

end

end

semilogx(w,d11,'m',w,d12,'k',w,d13,'g",w,el 1,"m'w,el2," k' w,el3,"g),...

title('Sensitivity(K) of Active URC&RC Variable Equalizer(cut)'),...
xlabel(‘w(rad/s)"),grid



SENSITIVITY OF PASSIVE (R)

dauvoImsondyyI
wl=input(‘insert the initial frequency by radian per second =");
w2=input('input step of frequency =");

w3=input(‘insert the destination frequency by radian per second = ;

w=wl:w2:w3;

R=input(‘insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input(‘insert resistance(Ro) = );

s=j*w;

p=sqrt(s*R*C);

x=0;
¢ FOR THE BOOST OF ACTIVE VARIABLE EQ.
while x<3

24,Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display('SENSITIVITY FOR RESISTANCE(R) OF URC EQ.");

Rv=input(‘insert resistance(Rv) =");

sz((RAz)*((Sinh(p)),’\z))+(R*((2*-R0)+RV)*p.*sinh(p).*coSh(p))‘(2*R*RO*P-*Sinh(P))‘(RV*RO*(P-Az))+
(Rv¥Ro*(p.A2).*((cosh(p)).~2));

Dp=((RA2)*((sinh(p))."2)) +(R*((2*Ro)-Rv)*p.*sinh(p).*c05h(p))—(2*R*(Ro-RV)*p-*Sinh(P))'(RV*RO*(p-’\z))+
(Rv*Ro*(p.~2).*((cosh(p))."2));

dn1=( R*p.*sinh(p).*cosh(p) )+( 2*R*((sinh(p))."2) );

dn2=(( (p.~2).*((2*Ro)*+Rv).*cosh(2*p) ) + ( 3*((2*Ro)+Rv)*p.*sinh(p). *cosh(p) ) ) /2;

dx{3=( Ro*(p.~2).*cosh(p) )+ 3*Ro*p.*sinh(p) );

dnd=( (p.~2).*Ro.*Rv.*( (cosh(p)."2)-1 + (sinh(p).*cosh(p))) )/R;



dN=dn1+dn2-dn3-+dn4;

dd2=( ((p.~2).*((2*Ro)-Rv).*cosh(2*p) ) + ( 3%((2*¥Ro)-Rv)*p.*sinh(p).*cosh(p) ) )./2;
dd3=( (Ro-Rv)*(p.*2).*cosh(p) )+( 3*(Ro-Rv)*p.*sinh(p) );

dD=dn1+dd2-dd3+dn4;

SEN_R=real( R.*((dD./Dp)-(dN./Np)) );

x=x+1;

if x=1
d11=SEN_R;

elseif x=2
d12=SEN_R;

else d13=SEN_R;

end

end

x=0;

% FOR THE BOOST OF ACTIVE VARIABLE EQ.
R=input(‘insert resistance =");

C=input('insert capacitance = L);

Ro=input(‘insert resistance(Ro) = ");

k=imput('insert gain(k) =");

while x<3

Rv=input(‘insert resistance(Rv) =");

display('SENSITIVITY FOR RESISTANCE(R) OF EQ.");
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

Dp=1+( (s*C)*(Rv+R+R0) );

dN=-(k*s*C);

dD=-(s*C);



SEN_R=real( R.*((dD./Dp)-(dN./Np)) );
x=x+1;

if x==
el1=SEN_R;

elseif x==2
el2=SEN_R;

else e13=SEN_R;

end
end

semilogx(w,d11,'m",w,d12,'k',w,d13,'g",w,el 1,"m',w,e12,"k';w,el3,"g),...
title(‘Sensitivity(R) of Active URC & RC Variable Equalizer(boost)"),...
xlabel(‘w(rad/s)"),grid

AUUBINIAATTAUT YN

w1=input(‘insert the initial frequency by radian per second =");
w2=input(‘input step of frequency =");

w3=input('insert the destination frequency by radian per second = ;

w=wl:w2:w3;

R=input('insert resistance of URC =");
C=input(‘insert capacitance of URC =");
Ro=input(‘insert resistance(Ro) =);

s=j*w;

p=sqrt(s¥*R*C);

x=0;



% FOR THE CUT OF ACTIVE VARIABLE EQ.
while x<3

2%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display("SENSITIVITY FOR RESISTANCE(R) OF URC EQ.);

Rv=input(‘insert resistance(Rv) =");

Np=((R*2)*((sinh(p)).~2))+R*((2*Ro)}+Rv)*p. *sinh(p).*cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p.~2).*((cosh(p)).*2));

Dp=((R*2)*((sinh(p))."2))+R*((2*Ro)-Rv)*p.*sinh(p). *cosh(p))-2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2))}+
(Rv*Ro*(p."2).*((cosh(p))."2));

dnl=(R*p.*sinh(p).*cosh(p) )+ 2*R*((sinh(p))."2) );

dn2=(( (p.*2) *((2*Ro)+Rv).*cosh(2*p) ) + ( 3*((2*Ro)+Rv)*p.*sinh(p).*cosh(p) ) )./2;

dn3=( Ro*(p.~2).*cosh(p) }+( 3*Ro*p.*sinh(p) );

dn4=( (p.~2).*Ro.*Rv.*( (cosh(p).*2)-1 + (sinh(p).*cosh(p))) )./R;

dN=dn1+dn2-dn3+dn4;

dd2=( ( (p.~2).*((2*Ro)-Rv).*cosh(2*p) ) + ( 3*((2*Ro)-Rv)*p.*sinh(p).*cosh(p) ) )./2;

dd3=( (Ro-Rv)*(p.A2).*cosh(p) )+ 3*(Ro-Rv)*p.*sinh(p) ); \

dD=dn1+dd2-dd3+dn4;

SEN_R=real( R.*((dN./Np)-(dD./Dp) ));

x=x+1;

ifx==
d11=SEN _R;
elseif x==2
d12=SEN_R;
else d13=SEN_R;

end



x=0;

% FOR THE CUT OF ACTIVE VARIABLE EQ.
R=input(‘insert resistance =");

C=input('insert capacitance =");

Ro=input(‘insert resistance(Ro) =");

k=input(insert gain(k) =");

while x<3

Rv=input('insert resistance(Rv) =");

display('SENSITIVITY FOR RESISTANCE(R) OF URC EQ.");
Np=Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

Dp=1+( (s*C)*(Rv+R+Ro0) );

dN=-(k*s*C);

dD=-(s*C);

SEN_R=real( R.*((dN./Np)-(dD./Dp)) );

x=x+1;

ifx==1
¢l 1=SEN_R;
elseif x==
¢12=SEN_R;
else e13=SEN_R;
end

end

semilogx(w,d11,'m',w,d12,'’k',w,d13,'g",w,el 1,"m',w,e12,"k',w,e13,"g),...
title('Sensitivity(R) of Active URC & RC Variable Equalizer(cut)'),...
xlabel(‘w(rad/s)),grid



SENSITIVITY OF PASSIVE (C)

AIUVDINTYNTS AV Ty Y1
wl=input('insert the initial frequency by radian per second =");

w2=input('input step of frequency =");

w3=input(‘insert the destination frequency by radian per second =");

w=wl:w2:w3;

R=input(insert resistance of URC =");
C=input(‘insert capacitance of URC =);
Ro=input('insert resistance(Ro) =");
s=j*w;

p=sart(s"R*C);

x=0;

% FOR THE BOOST OF ACTIVE VARIABLE EQ.
while x<3

%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display('SENSITIVITY FOR CAPACITANCE(C) OF URC EQ.");

Rv=input('insert resistance(Rv) =")

Np=((R*2)*((sinh(p)).A2))+(R*((2*Ro)+Rv)*p.*sinh(p). *cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p.2))+
(Rv*Ro*(p.2).*((cosh(p))."2));

Dp=(R*2)*((sinh(p)).*2))+R*((2*Ro)-Rv)*p.*sinh(p). *cosh(p))-(2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2)}+
(Rv*Ro*(p.~2).*((cosh(p))."2));

dnl= (R.A2)*p.*sinh(p).*cosh(p) ;

dn2=(( (p*2).*((2*Ro)+Rv).*cosh(2*p) ) + ( ((2*Ro)+Rv)*p .*sinh(p).*cosh(p) )).*(R./2);

dn3=( R* Ro*(p.2).*cosh(p) )}+( R*Ro*p.*sinh(p) ) ;

dnd=( (pA2)*Ro.*Rv.*( (cosh(p).*2)-1 + (sinh(p). *cosh(p))) );

dN=dnl+dn2-dn3+dn4;

- dd2=(( (p.*2).*((2*Ro)-Rv).*cosh(2*p) ) + ( ((2*Ro)-Rv)*p.*sinh(p).*cosh(p) ) ).*(R./2);



dd3=( R.*(Ro-Rv)*(p.*2).*cosh(p) )+( R.*(Ro-Rv)*p.*sinh(p) );
dD=dn1+dd2-dd3+dn4;

SEN_C=real(C*( (dD./Dp)-(dN./Np) ));
x=x+1;

if x=1
d11=SEN_C;

elseif x==2
d12=SEN_C;

else d13=SEN_C;

end

end

x=0;

R=input('insert resistance =");
C=input('insert capacitance =");
Ro=input('insert resistance(Ro) = );

k=input('insert gain(k) =),
%FOR THE BOOST OF ACTIVE VARIABLE EQ.
while x<3

Rv=input('insert resistance(Rv) =),

display('SENSITIVITY FOR CA}:‘ACITANCE(C) OF RC EQ.Y;
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

Dp=1+( (s*C)*(Rv+R+Ro) );

dN=s*( Rv-(k* (R+R0)));

dD=s*(R+Rv+Ro0);

SEN_R=real( C.*((dD./Dp)-(dN./Np)) );

X=x+1;



if x==
ell1=SEN_R;

elseif x==2
el2=SEN_R;

else e13=SEN_R;

end

end

semilogx(w,d11,'m",w,d12,'k',w,d13,'g';w,el 1,"'m",w,e12,"k',w,e13,":g"),...
title('Sensitivity(C) of Active URC Variable Equalizer(boost)'),...
xlabel(‘w(rad/s)"),grid

dIUVINTANT ATy IN

w1=input('insert the initial frequency by radian per second = ");
w2=input('input step of frequency =");

w3=input(‘insert the destination frequency by radian per second =');

w=wl:w2:w3;

R=input('insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input('insert resistance(Ro) = *);
s=i*w;

p=sqrt(s*R*C);

x=0;

% FOR THE CUT OF ACTIVE VARIABLE EQ.

while x<3



%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display('SENSITIVITY FOR CAPACITANCE OF URC EQ.";

Rv=input(‘insert resistance(Rv) = )

Np=((R*2)*((sinh(p)).~2))+R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))-(2*R*Ro*p. *sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p."2).*((cosh(p)).*2));

Dp=((R*2)*((sinh(p))."2))+(R*((2*Ro)-Rv)*p.*sinh(p). *cosh(p))-(2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p."2).*((cosh(p))."2));

dnl= (R.A2)*p.*sinh(p).*cosh(p) ;

dn2=( ( (p.~2).*((2*Ro)+Rv).*cosh(2*p) ) + ( ((2*Ro)+Rv)*p .*sinh(p).*cosh(p) )).*(R./2);

dn3=( R* Ro*(p.~2).*cosh(p) )+( R*¥Ro*p.*sinh(p) ) ;

dn4=( (p.~2).*Ro.*Rv.*(- (cosh(p).~2)-1 + (sinh(p).*cosh(p))) );

dN=dnl+dn2-dn3+dn4;

dd2= (((p.~2).*((2*Ro)-Rv).*cosh(2*p) ) + ( (2*Ro)-Rv)*p.*sinh(p).*cosh(p) ) )-*(R./2);

dd3=( R.*(Ro-Rv)*(p.*2).*cosh(p) )+( R*(Ro-Rv)*p.*sinh(p) );

dD=dnl+dd2-dd3+dn4;

SEN_C=real(C*( (dN./Np)-(dD./Dp) ));

xX=x+1;

if x==1
d11=SEN_C;

elseif x==2
d12=SEN_C;

else d13=SEN_C;

end

end

x=0;

R=input('insert resistance =");
C=input('insert capacitance =");

Ro=input(‘insert resistance(Ro) = ");



k=input(‘insert gain(k) =");

%FOR THE CUT OF ACTIVE VARIABLE EQ.

while x<3

Rv=input(‘insert resistance(Rv) = );

display('SENSITIVITY FOR CAPACITANCE OF RC EQ.Y);
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );
Dp=1+((s*C)*(Rv+R+Ro) );

dN=s*( Rv-(k* (R+Ro)));

dD=s*(R+Rv+Ro);

SEN_R=real( C.*((dN./Np)-(dD./Dp)) );

x=x+1;

if x=1
el1=SEN_R;

elseif x==
el2=SEN R;

else e13=SEN_R;

end

end

semilogx(w,d11,'m',w,d12,'k',w,d13,'g',w,el 1,"m',w,el2," k' w,el3,"g),...

title('Sensitivity(C) of Active URC Variable Equalizer(cut)"),...

xlabel(‘w(rad/s)"),grid



SENSITIVITY OF PASSIVE(Ro0)
AUVOIMIINTEAVA YR IN
w1=input(insert the initial frequency by radian per second =");

w2=input('input step of frequency =");

w3=input(‘insert the destination frequency by radian per second =");

w=wl:w2:w3;

R=input('insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input(‘insert resistance(Ro) =");
s=J*w;

p=sqrt(s*R*C);

x=0;
% FOR THE BOOST OF ACTIVE VARIABLE EQ.
while x<3

%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display("SENSITIVITY FOR RESISTANCE(Ro) OF URC EQ.");

Rv=input(insert resistance(Rv) = ");

Np=((R’\2)*((sinh(p))."2))+(R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))—(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p."Z))+

(Rv*Ro*(p."2).*((cosh(p))."2));

Dp=((R*2)*((sinh(p)).*2))+(R*((2*Ro)-Rv)*p.*sinh(p).*cosh(p))-(2*R* (Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2))}+

(Rv*Ro*(p.22).*((cosh(p))."2));

de=(2*R*p.*sinh(p).*cosh(p))-(Z*R*p.*sinh(p))-(p*Rv)+(Rv*(p."2).*(cosh(p).’\2));

dDp=(2*R*p.*sinh(p).*cosh(p))-(2*R *p.*sinh(p))-(p*Rv)+(Rv*(p.~2).*(cosh(p)."2));

SEN_R=real( Ro.*((dDp./Dp)-(dNp./Np)) );

x=x+1;



if x==
d11=SEN_R;

elseif x==2
d12=SEN_R;

clse d13=SEN_R;

end

end

x=0;

% FOR THE BOOST OF ACTIVE VARIABLE EQ.
R=input('insert resistance =");
C=input('insert capacitance =");

Ro=input(‘insert resistance(Ro) =");

k=input(‘insert gain(k) =");
while x<3

Rv=input(‘insert resistance(Rv) =");

display('SENSITIVITY FOR RESISTANCE(Ro) OF RC EQ.);
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

Dp=1+( (s*C)*(Rv+R+Ro) );

dN=-(k*s*C);

dD=-(s*C);

SEN_R=real( Ro.*((dD./Dp)-(dN./Np)) );

x=x+1;

if x==1

¢l 1=SEN_R;

elseif x==2



el2=SEN_R;
else e13=SEN_R;

end
end

semilogx(w,d11,'m",w,d12,'k',w,d13,'g’,w,el 1,"m',w,e12,"k';w,e13,"g),...
title('Sensitivity(Ro) of Active URC & RC Variable Equalizer(boost)"),...
xlabel('w(rad/s)"),grid

@

AUVBINMIAATLAVT YR

wl=input(‘insert the initial frequency by radian per second = );
w2=input(‘input step of frequency =");

w3=input(‘insert the destination frequency by radian per second =");

w=wl:w2:w3;

R=input(‘insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input('insert resistance(Ro) =");
s=j*w;

p=sqrt(s*R*C);

x=0;
% FOR THE CUT OF ACTIVE VARIABLE EQ.
while x<3

%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display('SENSITIVITY FOR RESISTANCE(Ro) OF URC EQ.");



Rv=input(‘insert resistance(Rv) =');

Np=((R*2)*((sinh(p)).A2))+(R*((2*Ro)+Rv)*p.*sinh(p). *cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p."2))+
(Rv*Ro*(p."2).*((cosh(p))."2));

Dp=((R"2)*((sinh(p))."2)}+R*((2*Ro)-Rv)*p_*sinh(p).*cosh(p))-(2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2)}+
(Rv*Ro*(p.~2).*((cosh(p))."2));

dNp=(2*R*p.*sinh(p). *cosh(p))-(2*R*p.*sinh(p))-(p*Rv)+(Rv*(p."2). *(cosh(p)."2));

dDp=(2*R*p.*sinh(p). *cosh(p))-(2*R*p.*sinh(p))-(p*Rv)+(Rv*(p."2). *(cosh(p)."2));

SEN_R=real( Ro.*((dNp./Np)-(dDp./Dp)) );

x=x+1;

if x=
dl1=SEN_R;

elseif x==2
d12=SEN R;

else d13=SEN_R;

end

end

x=0;

% FOR THE CUT OF ACTIVE VARIABLE EQ.
R=input(‘insert resistance =");
C=input('insert capacitance =");

Ro=input(‘insert resistance(Ro) =");

k=input('insert gain(k) =");
while x<3

Rv=input(‘insert resistance(Rv) = );

display('SENSITIVITY FOR RESISTANCE(Ro) OF RC EQ.");
Np=Rv*s*C)- (k* ( (s*C*R)+1+Ro*s*C) ) );



Dp=1+( (s*C)*(Rv+R+Ro) );
dN=-(k*s*C);

dD=-(s*C);

SEN_R=real( Ro.*((dN./Np)-(dD./Dp)) );

x=x+1;

if x=
el1=SEN_R;

elseif x==2
el2=SEN_R;

else e13=SEN_R;

end

end

semilogx(w,d11,'m',w,d12,'k',w,d13,'g',w,e11,"m',w,e12,"k',w,el 3,:2),...

title('Sensitivity(Ro) of Active URC & RC Variable Equalizer(cut)'),...

xlabel(‘w(rad/s)"),grid



SENSITIVITY OF PASSIVE(Rv)

AIUVDINITYNTEAVTYY I
wl=input(‘insert the initial frequency by radian per second =");
w2=input(‘input step of frequency =");

w3=input(‘insert the destination frequency by radian per second =");
w=wl:w2:w3;

R=input(‘insert resistance of URC =");

C=input('insert capacitance of URC =");

Ro=input(‘insert resistance(Ro) =");

s=j*w;

p=sqrt(s*R*C);

x=0;

% FOR THE BOOST OF ACTIVE VARIABLE EQ.

while x<3

%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display("SENSITIVITY FOR RESISTANCE(Rv) OF URC EQ.");

Rv=input('insert resistance(Rv) =");

Np=((R"2)*((sinh(p)).*2))+HR* ((2*Ro)+Rv)*p.*sinh(p).*cosh(p))—(Z*R*Ro*p.*sinh(p))—(Rv*Ro*(p."2))+

(Rv*Ro*(p.*2).*((cosh(p)).~2));

Dp=((R"2)*((sinh(p))."2))+(R* ((2*Ro)-Rv)*p.*sinh(p).*cosh(p))-(2*R* (Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p.~2))+

(Rv¥Ro*(p.22).*((cosh(p))."2));

de=(R*p.*sinh(p).*cosh(p))-(Ro*(p."2))+(Ro*(p."Z).*(cosh(p)."Z));

dDp=((-R)*p.*sinh(p).*cosh(p))+(2*R*sinh(p))-(Ro*(p. 2)}+(Ro*(p."2).*(cosh(p) 2));

SEN_R=real( Rv.*((dDp./Dp)-(dNp./Np)) );



x=x+1;

if x==1
dI11=SEN R;
elseif x==2
d12=SEN_R;
else d13=SEN_R;

end

end

x=0;

% FOR THE BOOST OF ACTIVE VARIABLE EQ.
R=input('insert resistance =");

C=input(‘insert capacitance =");

Ro=input('insert resistance(Ro) =);

k=input('insert gain(k) =");

while x<3

Rv=input(‘insert resistance(Rv) = ');

display("SENSITIVITY FOR RESISTANCE(Rv) OF URC EQ.);
Np=(Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );

Dp=1+( (s*C)*(Rv+R+Ro) );

dN=(s*C);

dD=(s*C);

SEN_R=real( Rv.*((dD./Dp)-(dN./Np)) );

x=x+1;

if x==

¢l1=SEN _R;



elseif x==
el2=SEN R;
else e13=SEN_R;

end
end

semilogx(w,d11,'m',w,d12,'k",w,d13,'g",w,el 1, :m',w,e12,"k',w,e13,"g),...
title('Sensitivity(Rv) of Active URC & RC Variable Equalizer(boost)"),...
xlabel(‘w(rad/s)"),grid

aIuvDINTaNITAU Ty I

wl=input(‘insert the initial frequency by radian per second =");
w2=input(‘input step of frequency = ");

w3=input(‘insert the destination frequency by radian per second = ");

w=wl:w2:w3;

R=input('insert resistance of URC =");
C=input('insert capacitance of URC =");
Ro=input('insert resistance(Ro) =");
s=J*w;

p=sqrt(s*R*C);

x=0;

% FOR THE CUT OF ACTIVE VARIABLE EQ.
while x<3
%Al is the ratio of R and Ro(alpha),Be is the ratio of Rv and Ro(beta)

display("SENSITIVITY FOR RESISTANCE(Rv) OF URC EQ.);



Rv=input('insert resistance(Rv) = ');

Np=((R"2)*((sinh(p)).2))+R*((2*Ro)+Rv)*p.*sinh(p).*cosh(p))-(2*R*Ro*p.*sinh(p))-(Rv*Ro*(p."2))}+
(Rv*Ro*(p."2).*((cosh(p)).*2));

Dp=((R"2)*((sinh(p)).~2))+(R*((2*Ro)-Rv)*p.*sinh(p). *cosh(p))-(2*R*(Ro-Rv)*p.*sinh(p))-(Rv*Ro*(p."2)}*
(Rv*Ro*(p."2).*((cosh(p))."2));

dNp=(R*p.*sinh(p). *cosh(p))-(Ro*(p.A2)) +(Ro*(p."2).*(cosh(p).2);

dDp=((-R)*p.*sinh(p).*cosh(p))+(2*R *sinh(p))-(Ro*(p."2)}+(Ro*(p."2).*(cosh(p)."2));

SEN_R=real( Rv.*((dNp./Np)-(dDp./Dp)) );

x=x+1;

if x==
dl11=SEN _R;
elseif x==2
d12=SEN_R;
else d13=SEN_R;

end

x=0;

% FOR THE CUT OF ACTIVE VARIABLE EQ.
R=input(‘insert resistance =");

C=input('insert capacitance =");
Ro=input(‘insert resistance(Ro) = *);

k=input('msert gain(k) =");

while x<3

Rv=input(‘insert resistance(Rv) = ');

display("SENSITIVITY FOR RESISTANCE(Rv) OF RC EQ.Y;
Np=Rv*s*C)- (k* ( (s*C*R)+1+(Ro*s*C) ) );



Dp=1+( (s*C)*(Rv+R+Ro) );

dN=(s*C);

dD=(s*C);

SEN_R=real( Rv.*((dN./Np)-(dD./Dp)) );

x=x+1;

if x==
el1=SEN_R;

elseif x==
el2=SEN_R;

else e13=SEN_R;

end

end

semilogx(w,d11,'m',w,d12,'k',w,d13,'g",w,el 1,"m',w,el2, k", w,el3,"g",...

title('Sensitivity(Rv) of Active URC & RC Variable Equalizer(cut)'),...

xlabel(‘w(rad/s)"),grid





