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ON DESIGN OF AN ACTIVE CHROMINANCE EQUALIZER

By Mr. Witsanu Luengaram
Mr. Suwat Phantaraksakul

Advisor Assoc.Prof.Dr. Kanok  Janejirapongvaj
Year 1999
ABSTRACT

This project describes the method of design an active chrominance equalizers by
using bode variable equalizers basis. This type of equalizer use to correct the amplitude
distortion of chrominance to luminance in television signal transmission. This proposed
circuit can be adjusted to increase or decrease the amplitude at 443 MHz of color
subcarrier signal .

The Pspice and Matlab are utilized to simulate the response of the proposed
circuits . Herein , the modulate 20T sine squared test signal are used to measure the
amplitude of the chrominance signal. It is show that the experimental results is agree

with the theorectical theory .
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oy a 4 : a ¢ A o 4 4
o ndouaees veudunesaawelalviess fauysellddegii 2.1.7 Tash

b=a>0
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2.1.2  35M3eAse (Direct Method )
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unz yuouildlviess

1. Sunauewdlviesy ( Single Amplifier )

o :i 9/ ['Y) Y] o = 4
wmsmgﬂw 2.1.8 Usznouaae ﬂﬂ'ﬂllﬂﬂﬂ 1 97 uag RC IUNDIN UDANALIAUY

i

L E —
: Y
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Y,(V-Vin) + Y,V + Y(V-Vo) = 0 (2.1.14)

Y (V-Vin) + Y,V + Y,(V-Vo) = 0 (2.1.15)

o o i P
fvn v ssnezld Tiams nimuaes NNy

_Vo(S) _YI(Y2+Y4+Y6)-Y2(Y1+Y3+7Y5)

H(S) = (2.1.16)
Vin(S) Y6(Y1+Y3+Y5) —Y5(Y2+Y4+Y6)
3z'ld Y1+Y3+Y5=Y2+Y4+Y6 (2.1.17)
H(S) = Vo(S) =Y1—Y2=Y2—Yl @.1.18)
Vin(S) Y6-Y5 Y5-Y6
NS (2.1.18) 1Weulugll polynomials
P(S)
H(S)=—"22 (2.1.19)
a(@S)
1INTUMS (2.1.19) 1181 D(s) msﬁy’mﬁmmzd’au
H(S) = P(S8)/D(S) (2.1.20)
Q(8)/ D(S)

dis D(s) Hsinbuamdmaussaiiuson Woududsz@ns aunish (2.1.18) uag (2.1.20)

wld
ﬂ_Q:n_m (2.1.21)
D(S)
20 _ye_ys : (2.1.22)
D(S)

n3o

' PB) _yr_y | . (©.1:23) -

D(S)



-—Q—(—52=Y5—Y6
D(S)

) o 4 o [4
VINAUANUAYDI RC TUNDIN UDAUALUAUY

=(S+6;)——— P(S)
SD(S),_,
EL) =(S+6,)="] 205)
SD(S),__,
g P(S) KiS Kjs
wlé D(S) ZS+5 ,ZS+5,.+K°°S

o(S) K,S
D(S) ZS+5 zsﬂs, +AS

e Ki, Kj Ku #ag Kv Wudnoueiaan dw K, uae

©

11

(2.1.24)

(2.1.25)

(2.1.26)

(2.1.27)

(2.1.28)

K.~ dusmauese feu

Fudssdindaunisf (2.1.21),(2.1.22) ¥30 (2.1.23), (2.1.24) uay (2.1.25), (2.1.26) 9214

YI(S) =K S+ Z K’S . YS) = Z K’S
Y5(S) = Z KVS ., Y6(S)=K, Z K”S
b1
Y1(S) = Z KJS . YAS)=K, Z K’S
]
Y5(S) = KS+Z K”S , Y6(S) = Z KVS

ll F

Y3 waz Y4 mnualae

Y3-Y4=(Y6-Y5) - (Y1-Y2) = %@

(2.1.29)

(2.1.30)

(2.1.31)

(2.1.32)

(2.1.3;5)
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n3o Y4-Y3=(Y5- Y6) (Y2-Y)= Q(—‘%(Ef)i@ (2.1.34)

Q(Sg(;; (S) Z < 5 - Zq: Sli"‘;q +K S=+Y3-Y4) (2.1.35)
w14 Y3(S)=K_ S+ ; Sli"'gm , (2.1.36)
n3o Y3(S) = ; Sli-qu , Y4S)=K_S+ Z Kn Sm (2.1.37)

2. yuondlvions (Two Amplifier)

o 4 a. [y o o
#95003UN 2.19 Uszaeudae eetlueut 2 fuaz RC Sunein 4 @

[J=

Yo Y,
- ] [ | Imm|
L ||
Y, .
M ’\ Yo
o v -
+ i r—‘{/ G i\\
v L [._I + +
- — Yl "
r—l - -

Aot

i
31N 2.1.9 uaaeees yueuldlwieey

2z ld Tranmansumesfendu

Vo(S) Y2-Y1 Y1-Y2
Vin(S) Y3-Y4 Y4-Y3

H(S)= (2.1.38)

) * Q . A
NS unsuIRssduaumsh (2.1.18)
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’ lanisdaasanad asuInanlaiideaoanad
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uuy 2T Y 20T
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Wuinsmdresy
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unuaaums 2.24) asluauns 2.2.5) 214
T 2—2’—
A.(w)= 2_[A sin 27 cos widt
0

A d v} o ¢ o Y
Favz AW inIuGFalaasuveuy T Wasf aail

. Sin2pfT 1
A.(f)=AT 20T (1 SYoR ) (2.2.6)

° P [y = d [y v o
TuusudsnunSindudalanSuveswadiiuy 2T i

_ sin 4xfT 1
A (f)= 42T 4T [1—(4/T)2j 2.2.7)

d A @ a o o o oo 3o dy
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A 20T sin 20wT
I/I(MJ) == 2
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d Y4 ~ o 9y 1 o
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&
qud Feeg'ld

sinﬂ -4 sinM =0 (2.3.5)
T, 0

1INAUNIT (2.3.4) fvuald

cos 51—[ | cosM =Y (2.3.6)

a
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(2.3.6) 92 14
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Y =:11—[1+A+J1+A2 +2Acos~g£J (2.3.9)

[y o do ‘-o o o
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A= 1""'(.}’1 +Y, +y1yz)
1+ + Y, = 01y,)

(2.3.10)
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lauh ==l y =2
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d a 1A o d a ' a d a a A::’
mmau'JTaﬂﬁ1ummgm&mqwamﬂmmmmzmmueqmau UANI9AA (Delay

|
Inequality ) 97AAWOATNALINUALAALYEY Y, Uaz Y, mudauTagld
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Taodi g, =1+ 42 +24 cos—Tl-’i
[0}
v2'1d
r=Jo et (1 + 851, J (23.11)
z : L=+, + )L+ (0 + Y, = 21 3,)]
EL
r =20 gy (1 +&7J (2.3.12)
z 1=y, +,)

ﬂ'weﬂYT’Qﬁeqﬁtﬁﬂﬂ1iﬁm°7iyuwa«5uﬂaﬂ¢’hua"mmnmwm‘ﬁacf Y, uaz Y, M
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9 o e 1 v o 9 9 o d"
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UM 3.3.1 Initial viienlaozunsy
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+ Vout
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uuy  uafisisziimsesnuuudu sevimsesnuuuluglin 332 FuaTesnunufigasay
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¥
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sunsuiiussiu ldesansatSuiny (Gain) msvowlddauReiudtheeimsesnuuy

y
p-1
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9103515909 Transfer Function Inverter , TFI

H1(s)

117 333 uanslaozunsuues TFI Uy double feed back

v ¥V 1 .
Tuitt He) fie nsmueslanduiideanmsnduar  vinlaszunsyludiuves

L d
o =

forward path G(s) veiinsmumesNassusail
G(s) = AA,/[1+AAH(s)+ AH(s) (3.3.1)

o A, uaz A, fie oasIMsvereludIuves forward path

¥ ]
Anfudlodendl AAHG) = -1 wie smuald A, uaz A Juuin uazden

lves Hys) = -1/A,A, wld

G(s) = A, [H() ] (33.2)

o 1 o 4 o 3 a8 Y v o
HUHUWANUN ‘Vli'mlﬂﬂi“ﬂﬁﬂﬂm G(s) VYTTUVUUUAUNMNY  FIUNKDUDY
o ¢ o ¥ Y 9/ s o &
et Hes) vesszuuludiudeundugudiodasimsvnedyann A, @9

¥ . »
Wudsuanarannmsfounduifisssudorfiselinsmumesilaisu )= 1/[H(s) 18

4 o o " o
IAHG) >> 1 Fadunsmmesdsdsuiildnnaisyseanauyiniy
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K
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309 3.3.4 uanvdenlaszunsumefunaszauduyana

é 'o o ar Q‘ o Qs =

FaluresmimisesnuuuezSuramedayana ldnedumussdudyanad i@
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s zdnimsesnuuuifiSunaassduecdesld op—Amp Mawda Faesiinaneaaesd
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= > +
N\ A
R R
K
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]
=

d 1 a a o ¥ . &
1esudnnn Insliuwudenie lawes Avinsesnuuuiingd] Transfer Function &9

_T(S)+k

AS)=-11 kT (S)

, 0<k<a (3.3.3)

Y Y] s a 4 0’& ] as
Tureestiesld k  dusdiumsidees uas T6) wwitufsddusolunsddy
v
1 o - as < .
umgﬂuuwaaﬁtytym fusunu T(s) A0 s' ey H(s) fvzidlu  First— Order all
- o A L7 s Qr L
pass function (519zi@engluuudes)  FalldaUsu k dadon Tuaees eldlunisydy

' b4
uondgamednuemynvesdyananiiefamsinfiouvesdeyano

o 4
3.4 mimmmnmﬁmswwmms

v g & " @ a ¢ o o d o o
1“"'Jﬂ]auﬂgﬂﬁ'nﬂaniW?"muﬁ’Jﬂ’]i%‘lﬂUﬁﬂﬂvlﬂﬂguﬂSUYNﬁﬂﬂuaﬂﬂﬂ\izﬂﬂ 3.3.1

{ & o’ s n’: [- : 1 a 11 ad.
waz 3 332 FmsmesHedduimm i 2 viemiuseiafimouduudnis

L4
IS

& e & ° a ¢ % o’ a o 3o
NITHIUHUANNUY m%zmmswqwmmtﬂaiﬁaﬂwmn*ﬂumin 3.3.3 vlﬂﬂ\i

a o
341  Wgulnn Initial vienlaesunsy

Vin + +
o—— T(S)

2

K + Vout
Z )

o . o
JUN 3.4.1 Initial vaenlaszunsy
11031 Take node 9z'ldaums 2 aums Ao

(Vi-kVa)T(s) - Vi

]
<
[+

(3.4.1)

kVa-(Vi-kVa)T(s) Vo (3.4.2)
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vInaunsh (G.4.1) w2l

ViT(s)-kVaT(s)-Vi = Va
ViT(s) - Vi = Va+kVaT(s)
Va = Vi T -1 (3.4.3)
[1+£T(s)]

© RnaumMsh G.4.2) «wld

kVa - ViT(s) + kVaT(s) = Vo
Va[ k + kT(s) ] - ViT(s) = Vo (3.4.4)

haumsh 3.4.3) unuasluy 3.4.4) la

Vo

| T(s)—1 .
Vl[l N kT(S)] [k +KkT(s) ] - ViT(s)

V,.[ (T(s) =)k +KT(s5)) _ T(S)} - Ve
1+ kT(s)

Vo (T(s) = 1)(k + kT(5)) = T(s) —kT*(s)
Vi 1+&T(s)

KT (s)+kT?*(s) =k —kT(s) — T(s) —kT*(s)
1+kT(s)

_T(S)+IC ##
1+ kT (s)
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342 Agninavdenlaszunsudnielawey

Vin - -
o—»@— “T(S)
K +é" Vout

{ a = (4
U7 3.4.2 vien laezunsuusadiv lasiuuudsnde larses

11031 Take node 9218 aums 2 aums Ao

-[(-Vin-kVa)(-T(s))]-Vi = Va (3.4.5)
kVa—[(-Vi-kVa)}-T(s))] = Vo (3.4.6)
VAU (34.5) w2ld

-[(-Vin-kVa)(-T(s))]-Vi = Va

- [ ViT(s) + T(s)kVa ] - Vi = Va

- ViT(s) - T(s)kVa — Vi = Va

-Vi(T(s)+1) = Va(l+kT(s))
Va M (3.4.7)
(1+£T(s))

Waumsh (3.4.6) unuaslu (3.4.7) w2'ld

=Vi(T(s)+1)
W(k kT(s))-T (s)Vz Vo
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Vo _ [(T(s)+D)(k=KT(s))+T(s)+kT?(s)
Vi 1+ T(s)

[ kT(s) = kT (5) + k= KT (5) + T(5) + kT?(s)
1+ kT (s)

_I)+k H
1+ kT (s)

i 4
MINIAEN R LAz C veam Iassvesneswzannsodminldoingasdail
fo=0.1fs (3.4.8)

MnEUMIN (3.4.8) 9THNWNIOAMUIUKIAIVOY R Laz C lasdnuald
fs=L (3.4.9)
RC
dusrdeamsianud Iegigalafsmuanuaidesmsasluaumsi (3.4.9) Faazunuy

Y 9

J a Q’l‘ d o ° d’ o ! 4
aaely S5 MnUuUNNIMIivua R %30 C WoIs198IN1SIANeY R uag C #

t 4
o

A0 20 Hz unsaniinmsaiuinldaei
1

20 = —
RC

TaofifvuaAwes C =1 F
. R = 0.005 ohms

0.
19 o ' P o b Kl J
HADUTIBENINITHINIYDY R Uag C 1 4.43 MHz ﬁ'lll'l?fl‘ﬂ'l\lﬂ U

4.43%10° =
RC

Taofifmuad1 R = 100 ohms
. C = 359 pF
mmfu131Fi1°7’;f‘i1mm"lﬁ"lﬂsmum‘lmwwaegﬂﬁ (33.5) Tasfidwes R uoz C umazi
usziniy
nfmmhnsduaamawes R uoz ¢ veslnssoudesudanimusieein
mMin1 T(s) Woglugiaes Network nﬁ"aﬁﬁw'lﬁ'xmmaﬂs‘f;n1"l¢’{f{aﬂuuﬂwmgﬂﬁ (3.3.5)
1 T(s) wwannsafnnam lddsi

’ - L& a
ATUNITN (3.3.3) WQlﬂuﬁﬂJﬂ'\i‘UfNTUﬂﬂﬂ'J'ﬂ‘lﬁlcﬁﬂg
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H(s)= - T(s)+k
1+&T(s)

¢
uaxmnﬂasnmmgm‘m Second — Order

(1+k)S* + wbS +1
S? + wbS +1

(34.10)

& v 4
F9A1v09 k ausam ldnatl
a P Ao
NTAUINANVDR

20log 1

N
Il
o

- o 4
NIITUINANVONAN
wb _

=0
wb

20log|

]
=

ﬁmsmﬁmmnqe
20 log (1+k) = dB
dB
1+k = 10(5)
. fmuald dB = 3
1+k = 1412
k = 0412
dieldrwes k Bovdeoudimniurimssnaamves T(s) edisy i lathadiy
Network Tagmisthaumsfi (3.4.10) vwhduaumsvealuasaielawed Tasiidmuad

s
99 k = 0412 uaz ®b = 20 awnsasunldnsil

1.4128% +20S +1 _ =T(s)-0412
S*+205 +1 14 0.4127(s)

(3.4.11)

unusient I(s) it
1.412S5°+ 208 + 1 + 0.581S’T(s) + 8.24ST(s) + 0.412T(s) = -S*T(s) ~20ST(s) ~T(s) — 0.412S" -
8.24S ~ 0.412
(1.412+0.412)S"+ (20+8.24)S + (140.412) + T(S)[(0.581+1)S™+ (8.24+20)S + (0412+1)] = 0
18245 + 28,24 + 1412 + T(s)[1.581S” + 28.24S + 1.412] = 0



2—- —
T(s) = 1.824.2’ 28.245 -1.412 (3.4.12)
1.5818° +28.245 +1.412

vy s
nnduiimsade T(s) Ideglugilaes Network Te38m1s Cascade Tatusndinlsz@ngla

1 4
@ -

AU

_ (S+0.05016)(S +15.43229)
(S +0.05014)(S +17.81197)

T(s) (3.4.13)

o 2o A o &
nanureslansunm ldssuoneenidlu 2 gadsil

(S +0.05016)
(S +17.81197)

1 4

4Atioz 14 Network 0glugiuves inverting a1l

1Q 20F
AM—

1Q  0.056F
o—AM—

gﬂ‘?l 3.4.3 Network 994 Op — Amp inverting

(S +15.43229)
(S +0.05014)

1 4
a;ﬂuw"lﬁ Network a;j“lu;ﬂvm non — inverting ﬁ’\ig'ﬂ
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0.065F

20F

1 o

o}

jlllﬁ 3.4.4 Network 993 Op — Amp non - inverting

4 1 q‘: Qo Q’I’ 3 @ W
Womimveaia 2 galdGuudesudafimi 2 yande Cascade Fudsgyl

1Q 20F

1Q 0.056F
o—AM—

0.065F

20F
T

JUM 3.4.5 udAsN15AB Cascade Y89 Op—Amp 2 4R

v ] ]
nmiuhmsmnannud i legd 4.43 MHz Tasfvua km = 100 uazvhmsfimuaa

;4
kf = 27*4.43%10* 2'ldm R wuaz C Inudail

R = 100 ohms
C,r = 0.718 uF
Coossg = 2 nF

Cooese = 2 nF .
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Unn 4

msdrasamsiaulaelfldsunsunounines

) .
a o .
Tuunilszitiumsnaasuases lasldlsunsuneuiames Ao Matlab uag Pspice
2 dy ° t o I 3 o o
ylunisnanesvesunilisnziinimaasslas msmamsumesHensu  udnihluwaen
Tu Matlab ifefise 18315 moonnawiist 1éhasdnnn uazTusunsuy Pspice vzt
Tsunsuildnaaouasesefenouisneimsadiensessse q ualsunsy  Pspice 11U

] b4
mmmmsnaanmmgﬂﬁ’awmmsaammuinnmﬂ"lﬁ'mmsﬁm'ammmmu

4.1 1sunsy Matlab
o LY 14 1 o ~
VINAUMITNINTFIUYBIZUUVY Second — Order 1519z1iMNTanasu IR UaUMsh
o A ~ P ° o . £ '
mmmiwqwﬂlmuuﬂﬂ 3 Taofegiimsdmua Gain () uaz @b Fusiszlds TG)
° ¥ ° Y a A ' Y 2 o [

20AINTINNITAIUIULAAT VMUY T(s) ndulugasiduiionis Hes) udinihlinden

) ° } 4. dy

Tu Matlab Feamnsavilaaail

¢
‘i]'lﬂﬂi)‘illﬂ'lﬂ‘iﬁ'lu‘llﬂd Second — Order

(1+4)S? + wbS +1
S + wbS +1

(4.1.1)

° @ o W P ¢ @
Thindavesuivdunsumesdeddu Hs)

1.4128* +20S +1
ST 4208 +1

4.1.2)

Tagfh k = 0412 uaz b = 20

Y &
VNTUMIAULUUL 7D

_—T(s)-k

= 4.1.3
1+ kT(s) “13

H(s)

Waumsn (4.1.2) vuNeUAUANA1S.(4.1.3) A9l
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1.4128% +20S +1 _-T()-k
S?+20S+1 1+ kT (s)

1NAARIMUA k = 0.412

1.4125% +20S +1 _ —T(s)-0.412
5% +208 +1 1+0.4127T(s)

wnuauNem TG) v2'ld

14128+ 208 + 1 + 0.518S’T(s) + 8.24ST(s) + 0.412T(s) = -S°T(s) - 20ST(s) - T(s) - 0.412S%-
8.24S - 0.412
(1.412+0.412)S” + (20+8.24)S + (1+0.412) + T(s)[(0.518+1)S* + (8.24+ 20)S + (0.412+1)] = O

1.824S +28.24 + 1.412 + T(s)[ 1.5818” +28.24S + 1.412 ] =0

— 2-— —
T(s) = 1.824§ 28.24S5 -1.412 (4.1.4)
1.5818° +28.245 +1.412

unumaumsh @.1.4) aalu @.13) Taofi k=0412 welidns W7 3 dB

~1.8245% -28.24S5 —1.412
1.58152 +28.245 +1.412

—1.824S8? —-28.248 —1.412
1.5818? +28.24 +1.412

—[ j|—0.412
H(s)=—
1+0.412

1.8245% +28.245 +1.412 — 0.412[1.5815> +28.248 +1.412]
1.5815% +28.245 +1.412 - 0.412{1.8245% +28.24S +1.412]

1.824S2 +28.248 +1.412-0.651S* —11.634S - 0.581
1.5818% + 28.24S +1.412 - 0.7515* - 11.634S — 0.581

1.1738% +16.606S + 0.831 C
= i . . ## a 37 dB
0.8352 +16.606 + 0.831 "




dusraesmsinsvogi 2 dB vhaums @.1.1) @oudy 4.1.3) Taoh k =0258

1.2585% +20S +1 _ —=T(s)—0.258

S*+208 +1 1+0.2587(s)

unuauient T(s) ve'ld

60

1.258S” + 208 + 1 + 0.324S*T(s) + 5.16ST(s) + 0.258T(s) = -S*T(s) - 20ST(s) — T(s) — 0.258S"

-5.16S - 0.258

(1.258+0.258)S™+ (20+5.16)S + (1+0.258) + T(s)[(0.324+ 1)S™+ (5.16+20)S + (0.258+1)] = 0

1.516S™+25.16S + 1.258 + T(s)[1.324S+ 25.16S + 1.258] = 0

—-1.5168%* —=25.16S —1.258

T(s) = 3
1.3245° +25.16S +1.258

unumMaumsh 4.1.5) aalu (4.1.3) Revmaums Hs)

_[—1.516S2 —25.165 —1.258
2
H(s) = 1.324S* +25.165 +1.258

— 2-— —
1+0.258[ 1.51682 - 25.16S 1.258J

]— 0.258

1.3245% +25.16S +1.258

1.5168” +25.16S +1.258 — 0.258[1.32457 + 25.16S +1.258]

1.3245% +25.168 +1.258 — 0.258[1.516S> + 25.16S + 1.258]

(1516~ 0.341)S? + (25.16 ~ 6.491)S + (1.258 — 0.324)
(1.324-0.391)S? + (25.16 - 6.491)S + (1.258 — 0.324)

1.1755% +18.669S +0.934

= . # 72 B
0.9335" +18.669S +0.934

f

(4.1.5)

o { ° v K .c:; 4 o 9
nasnnis ldhimsmamsumesHadsufioni lundealuldsunsy Matlab 14

o 3 4 o o o [}
ud2 15709214 Matlab a5 iwan ldninnisdasniuginsmezassfumumguinie

. ) ) Gt 44 4 .
© Tasms1§lsunsy Matlab wéeanslugiuuuveansiuoHedsu Fevzldaunisves -

HGs) Wihmsdnnmesninldmuyansnsedudaygiad 2 uay 3 dB
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- ( { ° '
Tumswaeansaumguisrezunus k ol luaunsi @.1.1) Tavsmuash

k1 = 0.412 (13 dB) uaz k2 = 0258 (7 2 dB) Tatf b = 20 Hz v ldns s

3UM 4.1.3 wraswaveensmlumamguifueut/dge 2 uay 3 dB 1120 Hz

Py ° P - a o = K [ '
1N tdnnmsinnanazasmildanmgussuiiidnyazmiiousuudes
] Y] Py -1 s/ 1 3 & a g d” 3/
uanARAMuURsuaniBom Y FzannsonSsufsugiuuveanassiila
dusdesmsseavdyana i Flat i 443 Hz sfhnsmnan e 4.43 MHz
o 4 A Q . y
1@Tasmsfmua b A 4.43 MHz Faesimsmaums idaeil

v ¥
INAUNSN (4.1.2) AMUART @b = 4430000 92 1ATUAIIAI

1.4125? + 44300008 +1
S? + 44300008 +1

(4.1.6)

] v ¥
WIAUNISN (4.1.6) vuRsudUaumMsN (4.1.3) fail

141257 +4430000S +1 _ —T(s)—k
~§? +44300008 +1 1+ kT (s)
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Taofmuan k = 0412 elWlddya i 3 dB

1.4125% + 44300008 +1 _ —TI(s)-0412
S? +4430000S +1 1+0.4127(s)

. y
unuAmInT T(s) woihnau ldmaumsves Hes) 1ddadi

1.4128™+ 44300008 + 1 + 0.581S’T(s) + 1825160ST(s) + 0.412T(s) = -S’- 4430000STs) - T(s)
- 0.412S™- 1825160S - 0.412
(1.412+0.412)S™+ (4430000+1825160)S + (1+0.412) + T(s)[(0.581+1)S™+ (1825160+4430000)S+
(0412+1)] = 0
1.8248™+ 62551608 + 1.412 + T(s)[1.581S+6255160S + 1.412] = 0

— 2 — —_—
T(s) - 1.824§ 62551608 —-1.412 @.17)
1.5815“ + 62551608 +1.412

unumaunsi (4.1.7) adly @.1.3) temaums He)

—1.8245% — 62551608 —1.412
1.5815%4+6255160S8 +1.412
—1.8248? — 62551608 —1.412

[ 1.581S% + 62551608 +1.412 }

{ }_0.412
H(s) =
1+0.412

1.824S? + 62551608 +1.412 - 0.412[1.5818 + 62551608 + 1.412]
1.581S? + 62551608 +1.412 — 0.412[1.8245% + 62551608 + 1.412]

1.824S% + 62551608 +1.412 - 0.651S% —2577125.92S — 0.581
1.5815% + 62551608 +1.412 - 0.751S8% - 2577125.92S — 0.581

_ 1.1735? +3678034.08S +0.831 #7348
0.835% +3678034.08S +0.831

ddeamslinamlegii 2 B WldTasdmuam k = 0.258 waz ©b = 4430000 aslu
o,

Ui (4.1.1) dazduniouduaunisi. 4.13) fil
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1.25852 + 44300008 +1 —T(s)—-0.258

S? +4430000S +1 1+ 0.258T(s)

-

€ . ] ¥y
unusuiem T(s) envziinauldv Hs) Aall

1.258S™+ 44300008 + 1 + 0.324S°T(s) + 1142940ST(s) + 0.258T(s) = -S’T(s) — 4430000T(s)
- T(s) — 0.2588-1142940S — 0.258
(1.258+0.258)S™+ (4430000+1142940)S + (1+0.258) + T(s)[(0.324+1)S™+ (1142940+4430000)S
+(0.258+1)] = 0
1.5168™+ 55729408 +1.258 + T(s)[1.324S ™+ 55729408 + 1.258] = 0

— 2 — —
T(s) = 1.51652' 55729408 ~1.258 @.1.8)
1.324S8° + 55729408 +1.258

unumaunsh (4.1.8) aslu (4.1.3) OIS H(s)

| —1.5168% — 55729408 —1.258 058
1.324S? + 55729408 +1.258 '

H(s) =

u— 2_ —
1+O.258[ 1.5165% — 55729408 1.258:|

1.3245% +5572940S +1.258

1.516S% + 55729408 +1.258 — 0.258[1.324S* + 55729408 +1.258]
1.3245? + 55729408 +1.258 — 0.258[1.516S* + 55729408 +1.258]

1.51682 + 55729408 +1.258 — 0.341S? —1437818.52S — 0.324
1.3248% + 55729408 +1.258 —0.391S% —1437818.52S - 0.324

1.1758% +4135121.485 +0.934 st
0.933S5% +4135121.485 +0.934

vaani lAdmsmuiamaumsves His) Mnsunssaudygnan 4.43 MHz

k4 o -3 v o ] 1 A o
udr mfusesimsndessmnumesitiiduivinidheelimiinsfumssmounse
] ) »
[} o o o d o
T Tagezihamsmuesilendundealulusunsy Matab wafildvnmsiiouldsunsuy

siinsenszaudyarudi 2 uay 3 dB fegl
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Tunsndeansidanmguisszunua k adldluaunish 4.1.1) Tavdmuasn

o B o o 4
kl = 0.412 (1 3 dB) uaz k2 = 0.258 (i 2 dB) lasfl Ob = 4.43 MHz ezl@nsnAail
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Talsunsu Matlab
uonildgaht 2 way 3 dB 91 4.43 MHz

numl = [1.173,3678034.08,0.8311;
denl = [0.83,3678034.08,0.831];

w = logspace(0,12);

f = w/(2*pi);
tranl = freqs (numl,denl,f);
ampl = 20 * logl0 (tranl);

num2 = [1.175,4135121.48,0.9341;
den2 = [0.933,4135121.48,0.934];
tran2 = freqs (num?2,den2,f);
amp2 = 20 * log10 (tran2) ;

semilogx (f,ampl,f,amp2);

xlabel (* Frequency’);

ylabel ( ‘Magnitude (dB)’);

grid
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i ANALOG
@ DEVICES

34 MHz, GBFET
Fast Settling Op Amp

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

Qutput 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 fina! 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 2 combination of dc precision and wideband ac perform-
ance previously unobtainable in a monolithic_op amp.

The 250 Vs slew rate and 0.6 nA input bias current of the
ADB843 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

N/

NCE' 16| NC

we (7] AD83 W] e
sauance [3] o] saLance

«iINFUT [: E oV,
aweur E:j>———1@ outeuT
] )
™3 [Z vo] ne
N E 107 VIEW 3 ne

NC ~ MO CONNECT

aauance [ 1] Lo Jaauance
) v.

-wrut nl»
ewrur 3] [ ¢} ourrur
wvo[+] [3]ne

NC = MO CONNECT

TO-8 (H-12A) Package

LCC (E-20A) Package

i i
- =
T T
- el
s 8
¥$3 ¥
3 2 4 20w
10 ne
2 ey,
e ne
13 ouTs
" NG
Tor vtw S N
NOTE CAN THO TO V. LR 3 2 ]

HC = NO COmICT MC @ NO COMNNECT

The AD843 is offered in cither 8-pin plastic DIP or hermetic
cerdip packages, in 16-pin SOIC, 20-Pin LCC, orin 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 buflers, 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 sij
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-¢



AD843_S PEC l Fl C ATI 0 NS (@ T, =+25°C and +15 V dc, unless otherwise noted)

ADS$43S!

ADS843JIA ADS43K/B
Model Conditions Min Typ Max 1 Min Typ Max | Min Typ Max | Units
INPUT OFFSET VOLTAGE' 1.0 2.0 0.5 1.0 1.0 2.0 -mV"
Taun-Tamax 1.7 4.0 1.2 2.0 3.0 45 mV
Offset Drift 12 12 35 12 uvrC
INPUT BIAS CURRENT Initial (T) = +25°C) 50 40 50 pA
Warmed-Up? 0.8 2.5 0.6 1.0 0.8 2.5 nA
Taon-Tatax 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 9126 1025 nA
INPUT CHARACTERISTICS
Input Resistance 10" 10'° 10' 0
Input Capacitance 6 6 6 pF
INPUT VOLTAGE RANGE
Common Mode *10 +12, *10 +12, =10 +12, \Y
-13 -13 -13
COMMON-MODE REJECTION Veu =210V 60 72 70 76 60 72 dB
Taun-Taiax 60 72 68 76 60 72 dB
INPUT VOLTAGE NOISE f =10kHz 19 19 19 nVANHz
Wideband Noise 10 Hzto 10 MHz ~ 60 60 60 1V rms
OPEN LOOP GAIN Vo=110V
Rioap 2500 Q 15 .25 20 30 15 30 VimV
“Thaun-Taax 10 20 10 25 10 25 VimV
"OUTPUT CHARACTERISTICS .
Voltage Rioap 25002 =10 +11.5, =10 +11.5, =10 +11.5, v
-12.6 -12.6 ~12.6
Current Vour =110V 50 50 50 mA
Output Resistance Open Loop 12 12 12 e}
FREQUENCY RESPONSE
Unity Gain Bandwidth Vour =90 mV p-p 34 34 34 MH:z
Full Power Bandwidth? Vo=20Vp-p
R125000Q 2.5 3.9 2.5 3.9 2.5 3.9 MHz
Rise Time Aver = -1 10 10 10 ns
Overshoot Aycr = -1 15 15 15 %
Slew Rate Aver = -1 160 250 160 250 160 250 Vips
Scttling Time 10 V Step
Aver = -1
t0 0.1% 95 95 95 ns
10 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 %
Differential Phase (= 4.4 MHz 0.025 - 0.025 0.025 Degree
POWER SUPPLY
Rated Performance 15 t15 *15 v
Operating Range *4.5 =18 *4.5 *18 *4.§ *18 \4
Quiescent Current 12 13 12 13 12 13 mA
Taun-Tatax 123 14 123 14 125 16 mA
Rejection Ratio *5Viwoti8V 65 76 70 80 65 76 dB
Rejection Ratio Taun-Taax 62 76 68 80 62 76 dB
TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0°C to +70°C) AD843] AD843K
Industrial (-40°C o +85°C) ADS843A AD843B
Military (-55°C to +125°C)* ADB843S
PACKAGE OPTIONS
Plastic (N-8) * AD843]N AD843KN
Cerdip (Q-8) - ADB843AQ AD843BQ AD843SQ, AD8435Q/883B
Meaial Can (H-12A) AD843BH ADB843SH, AD843SH/883B
LCC (E-20A) ADB843SE/§83B
SOIC (R-16) ADB843]JR-16
Tape & Reel ADB843]R-16-REEL
ADB843]JR-16-REEL?7
Chips ADB43]JCHIPS ADB843SCHIPS
-2~ REV.D
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