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ABSTRACT

This thesis proposes a design of current mode variable phase-shifter that using current
conveyor (CCII), for main components in the circuit such as resistor, capacitor are the parameters for
definition of phase-shifter degree. The circuit can be shifted from —180°to 0°and 0°to 180°. The
input impedance and output impedance of the circuit are high values and the amplifier gain is unity
for all frequencies range. The other part of thesis proposes a design of current mode all pass
oscillating circuit based on current conveyor circuit, where the frequencies of oscillation can be
controlled by passive components. The second generation positive current conveyor (CCII) are used
in feedback all pass filter and current amplifier. The main motivation for developing a current mode
version of the all pass oscillator is the potential for operation at higher frequency than can be obtained

from more tradition voltage mode version.

11



a a
naanssulszmea

3 o s |2 VR ¥
ﬂl%ﬂuﬂﬂﬂﬂﬂﬂizﬂm IAAINDUYY  IATHITY ‘Bﬁ]’liﬂﬂﬂiﬂm T'I'lﬂ“]f'wilﬁﬂ'ﬂﬂ AN
3

= k4 o a a 4 " Ya oo 9
ngan  Fuuzuwamalumsudilgmlumsiinendinut  sazgaoinduldfudinnuinnm
ANTD LATUNUTITY

YONIIVBUNITZAN ANe Ao A9 naau N louaz Iiddalenaeamn

A3 Aounod

11



Hin
Ll R Rl i € e SR B el e D I
T T T T SR« S R ABEIR ) G (0% SoRn e S e 11
R N T T e 111
B R S e ki e v
hoall s | SRR gy <SS DS YR NSRRI (e VI
T ORT, L R A NN\ 1777 A S N\, sty 1
B ¢ EPETSEETI PN, RN T ROt ETT SR, N 1
1.2 MU se TR A BAUTEINGT Aok ) el 0 v £ v A N s 1
13/ 9ausan Iunas T IMITINGE L o et e e 2
14 wnntsImitumashdnonidwus. .. Lol L e S 3
1.5 ST0ASRIATHAITRAINGIINUD, 2,000\ i oty 6ot e e b e e 2

unit 2 wantumseanuuuadnsduiadayana
A TR it L 20 LNON' VISR SR 1P < S N | PO ' SSRGS 4
2.2 pantlsznouyeeaes RuladmRIR ... L S e, 5
23 o lwnisiufiaduyueesses. ... 8 BUEEIS P A 6
2.4 NANMIMININTHUBIRVIAUHATR IR oo ceine st 9
SR ET 0 S S A TSR SRR, 0 0, 305 O IRE 10
UNT 3 VVTEWNIUATENT ... e P S et S0 SR 11
L A i R R 11
3.2 PRI IHOTERIIUIIIN. ..o it ce s b resoens s e 11
D RSN ISEERIIIDY . e 13
3.4 20T EUWIMNSEUAUULNT WEATOT .o 14

3.5 M AATIEHAINNUAIUNM UM TUVBIIVT AW IUNTEUD oo 16
N R R e R e 19

R R R T T e B e e e N 21

8%



CRESTLTRG )

Y
Wi
- A‘-‘l ) = 4:; "
uni 4 395U a Taglenszuasian I MDRIUARBA. ... 22
Ch T S ae e TRt ] S o ) om g S e T 22
42 PNINTEINUTBUITIEBBNIN ..., ....ooner s oropromibimansierh varsin s o dod s hasa i 22
= a d'. 9 - d' L]
4.3 unanszinesiaouia laslgnssuarinn B IuAaeR.......................... 24
AANMATUL......... .. T e s 745 vt s s waanonEaa i sines 36
= ¥ o 9
UNN 5 MIVBNUVY I A3 NFYRIRY 18 A0 199905 MWW IUNTZUA ..o 37
BE T (1 O rt Syt Sy, R OIS Lol o oot A, W SR 37
5.2 npuazranns laeny lvesases es asaanuudauesod.. ............. 37
5.3 19 A UHAT YRR IUTTUIUB. .. ittt b 40
5.4 NG ST AU IMBMITITUTUD. oo ettt aenteen et 43
5.5 HANIVORUEDUMIHTIIUVBIIIVSHASHANINA DY <ot oot 51
16 DR, TOTTRT o AL AAAARARANK 2 AT ol e oo b oo 56
UNM 6 AgUHaBIS VUL PEIDIBUBUNS .. b . EN e finee bl e 57
3% D LTI il BN WP ) > S0 S o WSR-S 57
TEp 151710 T O SR VRO W7 N SN, 7 Y\ "W & SRty 59
BUIRMID. o N DL O 61
Tasunsu PSpice N1FIUMSUATIEHINOWINUT ... 62
ST iR SR e e B e R A e T e ST 67
kY g ¥
103av890U100N TOFNTINANOI. ..., 68
e e R R S e R S S AL e D A S P 80
aw o 3o = a o
e Tt TR T R R R 1 o MO 81
T R e L ISES L S St b S SR 86



a3Uey3l

gﬂ?; nin

2.1 vaen laezunsuNAAIBIRTZNOUYBIINT AUTATYRID......o.oeoeereeererer e 5
22 vienlaezunsuvesrsessuiadyanaiiimsdeundunuuyin............ 0

2.3 HAAIN NN IBVBUNTVBI IS AT UTU. ..., 8
3.1 HAAIA Y ANYAIUDIIVTAWWIUNTEUA (CCD). v 11
3.2 UHAITIIDTHUUDVOY CCL. .ttt T s ee ot emeseesesesasmenss 12
J 11 R T T TLL 10RO (I APE R, OO O 13
L BLE ST S ARe, iy RN 5705 i o, <, SRt 14
3.5 MIMIATUIUNIAIBWTEI X o e e 16
3.6 HAAIIA TAENOUN T ZUAUUUNIMUTAADT 2 Aot e st et 19
4.1 weshfaleinighsgigs  MERY > [ WL\ e Bl S NN 23

4.2 naanendeuna lnolEnssuarianudiansaLAZLEAIN NULARA TS

vosdaaaudninmaeduymitaouiyaenn 0 09 89 180 898 24
43 1l VY R WC e e © 4 Y 25
4.4 WAAIHANITNAABIAOUINADIN OBIR B9 180 B, .1t Coms 27
4.5 uansmanisiAvuidasmnavesdygnamed s ninnden i@ nsum.. L. 28
4.6 WAIRAIHANTEAOUNTVING DAFN T4 180 BIFN...... sl oiosorerss oo, 28
4.7 wamsramslAnnasuavesdyaamsd i nimdenisdudunn. . 29
4.8 UTAIHANTIABUINATIN 0 DI B9 IBOBIAT.. 2o rerreterrrrresiosisoesdondlonrresrrenens 29
4.9 uaawmansnlaounlosnaavesdayaumad i ninmdemedmsunn. ... 30

4.10 naasasewa lasldnssuarianubN TUN A BALAZEAIN IIULANATL

vosdyanaud mynaeduynindumlaaIn 099 53 -180 93 .......oo.e e 30

T TN PUT e e e B B e 31
412 UTRAIHOMINARBUADUNARIN ~180 BIF 9 0 O T......oveeeveeoroe 34
4.13 uﬁﬂqnaﬂmﬂfﬁiUmulawmﬂ‘umﬁ'igmu1mmaﬁ'1mé’1ﬁﬂmiaﬂNﬁ’mﬁuuw ................ 34
4.14 UAAIHANITNAABUABUINADIN -180 BIF §9.0 DI oo..ooooeeeoeeoeeoo 34
4.15 uﬂmﬂaman?itmn.nJawmmiaf?'iuaimmmaﬁmLé’ﬁﬂﬂﬁiamaﬁmﬁuﬁw ............... 35
4.16 UAAINANMINAABUADUHTVIN -180 DIF T0 BT, ... 35
4.17 uamanamsiasunlaavinavesdaaamednud niyndenedduwn. ... 36

VI



asvl ()

JUA Wi
5.1 LAAINTHABAR Natural Frequency YU Complex Frequency Plane...............cccoevenninn. 38
5.2 HARININNTOVIIVIBOATAIANDIUUVMTTOUNTUAIY All-Pass Filter...................... 39
5.3 uansuien laezunsuuesass AuTiaday o i uaue. ..o 41
5.4 HETAIN I I IOUDUNUTVDILNS AT UK M cemmamnnsrerrererrerereeneresaseeesesseessnesessss 42
5.5 uaAILAeA 1ABLUNTHUBIIDSTHOARRBINUIIIN 5.3 0emr oo 42
5.6 A9V UNIINAREN Lo LS e oo 43
5.7 MM NTIIDTUTTIIINABRT o A e BN 47
5.8 UAAIIVTNABOIVBIDTAIUTOUNTY ... .o i s T rvenibesneeseeeee e b eeeee e 48
5.9 LLAAIHAMTADUTUDIVBIAIINAVBUNE, ...t ot drens oo b 49
5.10 UAAIHANIABLIAUBIFIANMAUOTIUIN. L.t care s oo et 49
511 0T YT IUBTOURIUAUO L. 1oLt otmossis bt et oo 50
5.12 uaA U F oy e R I IV U e 51
5.13 nanseninasuniudyapudiduia luglvesnabvesasesduiladaaian......... 52
5.14 nsnluaaananismaaves s Auiadyanaiinduede C=10nF .. ........... 53
5.14 naanastuiindugnuihivaueTav1deuaenleFwes ADS44 ... ol 54
5.15 LRI NIV U AGYONIIITR IFTHMITNABOU oottt 54
5.16 uaasgUaiui iiadyanuvesesfuilndyginineeada laa Iny
C=22pF NNZOKD, ... NN SO ML 55
5.17 uansginduduifiada uvensssuiadygraunneedsalaain
O R U T e i Ot i v 55

vl




o o d
1.2 agilszasnlumsmineniinus
o _a a 4§ o o 9/ . i
TumsimInniinufizeanmsesnuuuaiudyauaind lasl¥nszuaviannudnm
e Pt
AADANILNITIEMIUNTZUA TABaziitiorINang  SIUMIAUADATOIN  1509UTNADINNS
A ¥ = o A — = o Aa w ok
laﬂutﬂﬁiﬂﬂi‘”ﬂs:“ﬁ‘fnﬁﬂ?'luﬂﬂ1uﬂﬂﬂﬂ ﬁﬂ-n'lﬂﬂ\'lﬂS'J\'miﬂ'lluﬂﬁﬂl!ﬂiu‘imiﬂm'mu"ﬁ\lﬂ'ﬁ

3 ¥ s o =t o o
20NV lasls 2vsmemiunszuasunuglnsal madnawdisy

1.3 gavszasnvesmsnidineniinus lamvualifail
1. leAnuAundiivonuuurssidoualadl¥nsauasiinanuirmunasa Tasld
weewunszuaiiuainlsznounanvenesiaz i siuiiadyan gl Tasly
nIsMenMnszuaaesunvglnssimadlidudiulseneunanvednes
2. aunsadinesaenanunlszgoaldanla
3 Wungailieniiaa mofveitliasesiunmdn

4. apnsmir hinduaaessanla

Qs o = 4
1.4 viapmsivaludnentinus
' A = ol td a8 w = ' Qe - a b4
TuugazisaavedImeinusizivannissuanan lvneaniidenou q fmeriueue 13
=i & A - CI'. ] 2
Tusdnlasgnnsauonduises  1dfe jenaeumalasldnsauarmisnnudriiuaaoada
avsesihnuludnvazyenssualagerdorsssaomunszuaiuglnssinanyearansdn
V [ o ] Aq e A
aununazaiulszpiudiulsznauveansi ldhnuayuveasmsiaonmavos
Ty uigndou
" 0. & a '8 ° s
dauvesnvsiutadygiugisiaziinuludnuszvenszud Taoldasaony
: ] - A [] :i Yo W o o
nszuanaludriiluasendoumanazdruniduresuvmenaz 1dadumuuazduiy

Uszydludrsuiannud lunsduiadyanaues Ididud o avesdyanudae

1.5 swazdpaluineninug

Wuinmilmedd I8 1niaifemesnidhnmSiamun 6 undail
wnit 1 flumsnamiiaguszasindnmslmiluineiinusuaziiom Tnsdoveaudazim
wnii 2 pandangui ndnmslumseenuuuadiesiuilndya

" ¥
unn 3 nanﬁmqug HAZAMNANUAAN 9 YOINITEWWHIUNTEL (CCII) NI CELCCH



und 4 nananasdeunalavldnszuariannuiruaaealasldsaenunszudg
PuiamIInszistanadmdanms Iniuanaainvesumsuiuralunmgug)
- o : 4
&rons 19 Tsunsu@enuuumsiiamdisTsunsy  Pspice Monseslulng
ABUNIADST
P ' a s 'y ¥ ¥ a o
unil 5 nannesesadamme iy Inid1oms 1999 MENIUATEUANIDUMTUATIEH
[l a -1 ad [l ar {1 = M o a gy
Lasdwidhuindsadndeunduuazdmndiuisesvens fudunalunangufae
9 =t o . ¥ A a o -4 :
319 Tsunsu@eunuunsRIau Pspice AR89 1 TATABUNAADT NIDUNINTT
¥
naava AdogUnsainsalunkulTudenndszaan
- a0 w ] a - (: 3 “ a
wnit 6 WumsaglsvaziBeaiidwiya 9 veinnilnusimuaniouiwenilymiiia
¥
FuuaziuImemsud v

v g 9 - =" ' a
manuan nanaallsunsy Pspice i 19 M3 dounuumsnimee9sang luine

= 4 % ::v a o -:: g & o
finusavuiuaznanuIdun aanun



UNN 2

#HanmslumseenuuUaNNWIHUHadN N

1 o
2.1 nan
o a o o ¥ . -=: Yo = ar
2sindiadya (Oscillator Circuit) 1112393 Iihiiannse i uiadyanamna
#1900 (Output Signal) LUV UFYVUTIOAIY (Periodic Signal) Tae lulidayanamiadm
o = : g ' & o
YUt (Input Signal) ¥932393 NesAwiadaaneniudluRINUT Mt HTIRhTium
e o £ a " ] d‘l o d‘l
vind iy lumesddsmassuluduang wu luszuuniestiodauazszuumsdoasing
A SR :
aunay  4aq  Ieognlfifuasesadenaum  (Carmier  Signal). winldlunisuegian
(Modulation) ARYRNUHIOHAS NTYRIUWIANIDBIMAN (Reference Clock Signal) TunATzY
Vv 8 A o = 4:5‘-:1 @ et [ =Y o b SO o. Aa  w
Wudu 2esduiadyapaiiiuiisasudtiogumoiiadioiu lduad rasduiiadugiu
v ! g 4 A\
HUVATAAQ (Crystral Oscillator), 23R Had Y LG WWE (Phase Shift Oscillator), 29
vinuady g auuiuysas  (Wien-bridge  Oscillator), 29snuniadyanawuy lnaiy
(Colpitts Oscillator) #3093 AWTAdRR VUL Mad (Hartey Osillator) 1HuAY 1az31
ar P 7 St LY 1 ar o @ =
uyvvesdggufiadniunliograwplunudioiu @y dggnuanl duguiadd
= o = ar & ' gt 44::” ' = s =
oy, dygrumimmany taz dyguibudes 984 0014 1507 Iuifisgnanvmanmsing

¥
fuesiwiadygiuglnoimniy

3
o o 4

luniseanuuuainsessuiladygraiusuiundesnuuvazdoamilaniess
Usznevvasnns, Goulvinylumsesnuuy uazdesdinnuih v lunanmainuid iy

]

3 =) as L= @ : ~ d’é ” ={ ar =
111ﬂ'liﬂ'lmﬂ‘j‘llE\'i‘gﬂﬁﬂl‘ﬂ@d’]ﬁ]iﬂﬂﬁ’lﬂ aaiuluunn 2 ‘Llildﬁ‘]uﬁﬂQlﬂU?ﬂ‘UﬁUﬂ%LﬂUﬂQIEN

- - = o g o o W} e,
ﬂ]iElﬂﬂll'U'U"Ni]'i‘]Nﬂzllﬂ'ﬁﬂﬁ‘nﬂ\ll'ﬂUﬁ'}"Uﬂﬂaﬂﬂ'nla‘]ﬂﬂﬂ\lﬁﬂhlﬂu



d o L
2.2 sanisznovvelasiulindeyan
a - a g = o o q’: - o d’
pansznouiidifgueanssiuidadaapuiduiluiu fidail
@ o A @ ¥ A o Aty 9
1. MR UTANGI9U (Energy Source) TAun unasniw v, nuawes Tasluntiyjaniu’ll
o et o 5 ar Cl
faunasne nszuansanddnamnsnIniuglnssiaieg
2. 295MMUARIG (Frequency — determining Circuit) Tumsiuiadaanonilulees
fannsoldidenaud 1 wu Wuresnseswuuouanud Tun 299sgunuy L, 29959u
- = o e c:r b 4
WU RC 130 uuunasada Atlidludu
ey ik
3. 29939870 (Amplifier Circuit) {uaesiszinnuenindiervvziurasvoonuy
a % o Ny L =3 :
NS MUFANAB3 (Transistor), IUAA (FET) w3e 2vsvnohieglugilueslodedialan1adns
vvewazimingsesms duisvesdgonu isemsvamondaanudmngadelves
NIsAnadyana
4. 2astlounduun (Positive Feedback Circuif) tiuaaasivziiidyanannm
] e o ar )/ o 9 as kY P
auvianvevstuiadgyanunan s wudives  Taodygandmniesni
¥
Houndn Tlgmammvutnvasiaesin svdesdnliiieg (Phase) assduiudygnamiediu
3 ,d A - ar HI a a '
yudiinmeilumsesudygrunnaiulinsdiseiaeg 14

& o n’: 3 ' ;w as [ 1 o -
Faoenilsznouna 4 Yemartiinazgnamlszneunuagiurssauaaslugali 2.1

=" IV > 2IMHUAAIINGD
: 7Y
___________________ 4
- I
1
uvan v jg9sileunauiiuuuan q !

ar

= =1 s o
g1 2.1 vaenlaezunsunaaseiftlszneuupIdes fuindy

o u



w

23 ﬁau‘lmmsﬁuﬁﬂﬁmwm‘umaam

o

(-3 = o o ' a &
'nasmmﬂﬁﬁ‘;mgmimr.ﬁmwﬂﬂswwuunﬁmuﬂau (Feedback Networks) HUUHUI

& ar o = s sl c:
FalimsHeundunuvuinaunsouaauaen laszunsuvesaesiuiadyga lddegi 2.2

NITVUY

output

X, A(j@)

x,=B(jw)x,

WIMMUAA N

B(jo)

=

31l 2.2 yden Taezunsuvenessuiladyananinstlounavuuuuin

[ o 1

Tdnpaia1en Malurwsugdi 2.2 Wuasaelilil fie

P

o ¥ ¥

X, D AYYIUN AUV UVIVOIIINT
x, i A IUNIAIUVIDOAVDINING

flo FyRIUNATMSZHNA X, 1oz x, DAWNIAY x, +x;

=

(4

x, fie dgyanadeundy
. b= '
A(j@) A0 AUNUYDIINITVOY
B(jo) fio AMNHYDINTIIMUAANND
nnuden laezunsudgilii 22 9144
X, =% +x,
4 s
130 x, =B(jw)x,

war  x,=A(jo)x,

(2.1)
(2.2)

(2.3)



unumaumsh (2.2) uar 2.3) aslu 2.1) awdwunazdiodsuglaumsing w218

aunmsiiiy
X Aljw
<52 e (2.4)
x, 1-A(jo)B(jo)
e &a a 3 YV as 3 o red
Tumsiuiaduyanauiy 'mismm'inﬁs’Nﬁmumuwmmumaan‘lﬁﬁwmzn'luu

o

o 5 : [ v - d‘ g " @ o
aanameduvFateu lvdtnanszdhnddweaununoianiuoiud  (nfinity)
-

" [l

WipmdINYDITNMITH (2.4) tanilugud nanie
1-A(jo)B(jw)=0 (2.5)

4 < a & 0 : A0 & i o 4 2

Tagdiotrumsi (2.5) NATY 8l HIMIIANUAATLY auy@ I uluiimaIug o, n

L | 9 or e d'.’f.é' o aﬁnvéﬂ AVe o oA

uaae Mazdaiins Ifdyanailinnwtiuiiu nusimsassngeuidayiiluniniug fs

INWMNYDIVISAIEUFY (Barkhausen Criterion) Fyiuitou luiid waiduiiiniualumsoon
. ¥

wuvafinussuiedygie inusisananihionna 1dTasasddeiife “aesduiadyu

- 9. A o ' ’ P u’r ¥ =t 4 - 1 ar -~
fvzawsodniadygo ldedndeiioniu  sedsalimunuuilagiiilussfaiinumiie

3
-

HUnD

|[4(j@,)B(j®,)|=1 (2.6)

naziinwle  arg{d(jo,)B(jow,)}=0 Wio 2nz

7 =AU @2.7)

=& a v Yt 1 " oo = q’: g A o o a o 9
Falumsinmaunuuuuilagivesnaes s umnuniaiunmesnuimsiutdadyanuld

{ } o 4 o 1 o o 1
asnegaasa liues Anumusveadoulvimeusuouaaslddaaasldsagii 2.3



29959610 2RI MLARIND
A(jw) | B(jw)

!4— wuvuileg)  A(j@)B(jw) =1 —>|

517 2.3 uaaInNuvIeY PRI A g1

“

Tasmistloundunuuuinsgilmnuuunilag (Closed Loop Gain) 483233531
W - & d o
Yunazdunumuuiilagy (Opened Loop Gain) vo1339sianiuniianzd Idinuuunilagy

v94 23 ianueuaswzmu ldlasmsunuauns (2.6) asluaunisi 2.4) fo

x, _ AGo) -
$28 1-1 ;

'

[ d 5 4 1 1o 4 o
aumsi 2.8) udashiviun wenudlagduesesiisumiuniudiezi o
) w o " ' s
uuuiaglueaiesiiauilueiud Femnesnuindlilidggrumdmid (x, =0) 2
S ¥y @ ¥ ¥ oA Yo a o & Y
wineausead NdyaAuesnla  Aenesazannsalinudadty gty ldiu

' o nvﬂn’: o v @ o
193 amq"l‘snﬂm"lumqﬂgmuuN%imﬂanﬂ:mﬁﬂﬁigmumﬂm’au (Noise Signal) i

"
ar =

o é at l: ] o = 1
dygasuaunieamyid idusssdyaiusumuiiemzmnnuvasinialag 1w

]
at =

= H y. iy a:ly o ¥ =
Fuanusunmuinatunnurasie Tidosveanesimes dudu soalsiaulassssy

L)

a9

¥
nandiu westudadyapaniiuiaesiszon bidhudadu (Nonlinear Circuit) HINUANS

=Y '8 g Y W - o 1#] = Y U
‘]Eﬂﬁ’lz'ﬂ?‘iﬂ?uuvlf’ﬂ‘l!ﬂﬁﬂﬂ'ﬁ')!ﬂi']S‘I'HL'U'U!. HITIUTHAINA



e i et T e e S
aaiueu lvi 1asamunsanezimua lduaifivannudvesdyaamniuuaey lu
[ a - a § o o
aunsasmuavnavesdyauinaiula Aarziu ldnninuaivean1sas9ae Ve
" ¥ "
visaeugu inan Budniuuaawaifioan a anudvesmssudadayauezinuaves
a 1 a =
dyanauniiny 2nz (o duaviauny)
@ 3 Y Yo oA 1l ad i
mImuguImIAveIdyaiutioy1snulieg 2 3500
° a [ P 3 3 o o o
1. M1 Tasmsmuaaes luduiezimihnsnuseavvesdygu
2. 1¥manmsiiiavuadiodnes (Self-limiting) vosgunsainiolulaes wudaes
o =Y s c!l 3 ; =) L4 = ‘:: b dll ar = 1 r:
Aulad YR asRIUNIMIIUTAADT - (Transistor)  IHVVITUAMNOAY Y IUTAIA
a o - 0 o L] o 3 o 1 Actet
nimFmaesziinunugai liaglinuvesssiinmunnin 1 a Auminnudndiaua
' o o < o 3 - ot = o £
M1t 2nz (o dhwavsuawdy) Mlinsudaeesiinuanasiesiliglinuyeaisesan

assunsznah iMdyapaivineiai ldlunga

2.4 HADMIMNUYDINDINUHAT YY1
»
maMnurenRsfutiadyaiuenausanieen a3 ganzie
1. ANISGUAUMINNNYB 2995 (First Tum-on)
- 3 o - d’ A =y ' & o ¥ g = 0
ANNIITUAUNTIITNINUYDINTTNAVMT O UNT I IeM s IR Fanse1e
¥ »
MasuIIMaIIendInuneuen lunlsesedranuinulatiezm ifamsnlasu
- 4 . s;‘ o I o ar a ; 1 =1
annznlfouine (Transition) Vi lanlaasuvesdya aiiansznsvuuinng oo1elsn
= d" o =) s n’: =% o d’ 1 o ﬂ‘l’ - A CI' =1 lﬂ'
Aiipaninnesiuiadyaaiuzieesiruannubdegne Ty daiudadinnudmeaninud
=t " :: i ¥ ) 3 3 o a o Y a
Ao nivn laaduuazazgnidanignileudoundulunszuoumsiloundu  lvinans
Anaduanudvesdyapaiszsingiudyanuuieonueiins
2. 4012283 A AU (Signal Build Up)

ar

A = Ao Oncd o = ° - v
Lllﬂﬂ'ﬂllﬂ’lli)ﬂﬁfgiy'lmﬂﬂ“‘uﬂ'ﬂ‘HQﬂﬂ’lﬂ‘uﬂﬂ’JTNQTWJ’N‘!]SﬂT‘rTHﬂﬂ'J'IMmlﬁ’éﬁmm'lm

O o

v o o ar 9 9/ é ot a Vet
madueenszgmiman ldidmaudvenes  ssdgnnuizgnialasias iimaasa

o A a  w Yt o w e
ﬂummﬂumim‘mﬁmtg1m114nmammuwu



10

3. @SN3 19dnyR I (Sustained Oscillation)
ar 2 o =Y (1] Iu’: d'l a ] -
mssnunmsmuiiadyanalinegiveziiuluaudoulvvesunsaeusu fs ma
' ar = L é =] i - e
AuANNUYDINIIVNIBIaz NS Hounduszdealimmitunialumangu]  ualumaljia
: 1 o v ' é Q‘ 3 d’ iy
vuAunuswvesruvzdsalisnnnnimiludniesluannzSuusn  Milldediumsya
ar a a J Vo " ﬂ = 3
womsaanauvesdyaanevziatu lalussuazezlddnuazanu lidlududuves

dr - A\g d. ar O @ ar ¥ o oa A d'l ar o
"N‘iﬁﬂlﬂﬁﬂulnﬂﬂfﬁﬂlu'lﬂlﬂﬂ'lﬂ'lﬂﬂ'llﬂuﬂ'l'iﬂHTQlJIﬂHTHI.ﬂ"Iﬂ'UHu\l mmﬂummmnmma

¥
4

vosdganui ldeenn  Tagoronanmsinanuwdiil  srannsaiszadnesiuia

¥ '
o = ¥ o o a

32 = ' = o a d o :nyd § =2 g dy
dygadiulagaesisznanddluinndwusaiviin lderdondnnsn lanantawdai
2.5 aj

qy " = ar o o o

Tuunil - pandandnmsluniseenuuunesiuiadyaa  oaflsznouyens
suiadyapaiiniiu - Geulvvesnsduiindygnuesins - anumnveunuyvea

VITALENTY 1Az IINDIN NS YeIes luanzenag



UNN 3

WWITMEIWIUNIS T

1 o

3.1 na1I
< ' & a o @ A
nvsmemunszuaiiugnsaiomasnedianiiaiaunsamauluInuausduvie
s ¥ AN Yar @ ase ' e 4 o, Y a
nszuan1d uaziluneesiIdsumsianngumnifueissedndeiiisinasaudaninliing

¥ L '

dlursesmemunszuauang Ju  luuniigndniinvazdoanetumianuazms

=y o way ” o d‘ o = = 1
Ansivguauianu g uMsR MY sEgna lraum Idiuaue luineiinutas 1

3.2 23999 mﬂwmnizuajuﬁﬁﬁa (First Generation Current Conveyor : CCI)
seasaremunszud (€cn Idgninauoitiundasnhil) 1968 Tau K.C Smith

WAz A.Sedr [17] 2993 CCI fisaiiugilnsaiuila 3 $RHT X,¥ Hutavesadayanama

Fuduwniaztr z dushveadyrumedndniymawisudymanuaiiesss ccr

Naaanaluglii 3.1

CCH 2

o
iy i

JUN 3.1 namsdyyanuaiaaesmoniunszua (CCI

Y Ao

p W
HANN3U0NTNAD lidnat Iihanaseuyadyanamadudunmii v uding

¥ . ¥

ilddidna ihmiiulsingiuiids X Tuihuesdodudinszua Wi lna
v ¥ v ¥

AugadyaunsuBuynid X degsi Idtinszua Idhauimu lvaruindy v uaz

¥ » ¥
nizua IhanAeaiuiiazgmim (Conveyor) liliagadyanamedudmnmiian z



12

» ¥

. £ '
ngadganamedmdmigniitn 2z deelianvazduuvassonszuaiiindun
b . 3 4 ¥
uaugn AT Myngauenanimdnm ihidsingiunds X FagndmuaaiTase
¥ b4 ¥ ] ¥
dnan Il v) due liduegiuanszua it lvarmuiivs X uazdinszua’ly
{ [] Io’: 4 o " " : c,: =1 ' y o "
hinlnamunds Y @wzgadmuam lasanszua Iddhmesdds x) duiee liduiom
ar a " ;{: " = ar v o Jdo ' e L
nan Ildhhanaseunds v wudenunnanudiiusdnanannsodouliegluglves

v
ANUFUNUT TSNS ladaaumsan 11l

i, | el
=11 0 0fT G.D
ix]NPO\ &Y /9 XV

wleamne  + Tuftvziudladmilsdnznanmmudniuivasiemanislua
veansu i, wiiouiy i énssuansesralufimmedeamiieniiamins radh
wie Inasenvimassimiiounuazdniiiugees CCIivuIN ( Non Inverting) Iodaynydnuaien
go cCr+ uamnszue i Tvaluiamaassiudhuiueesnezgniadiy - ccr uuvay
(Inverting) A79NHIION CCI-

vnguauiAnmaumsi 3.1) aursethldmnahsssmnnuesnas oo 146

naalugali 3.2

Y

X O

i

314 3.2 uanen39seruYael CCI



13

) ¥
NA9910N K.C.Smith 1182 A.Sedra I NaUdManNnN13U092935 CCI ¥u'lA iwudown
¥
yanansaes ldhnslsmlianes wezidivausuuinnufinvesnannisveasssmoniuy

¥
nszuavulv dwznannaliitens i

3.3 ’awsmﬂwmnimaﬁuﬁam (Second Generation Current Conveyor : CCII)
111l A.7.1970 A Sedra 118 K.C.Smith [17] ldinauouniniuaavesnannsvedns

IsToWILAsZIAUfides (CCIN T ccn ffﬁf}mfmﬁﬁﬁsmﬂehmazmmmﬁw"lﬂ

Uszgnaldan ldnannaemnnniwurnufnyenaes ccr by Tavguauiiavesrsss CCl

Y @ w oda = AN ;d
MUITOUERA IR D IANUTURUSF AR nF e 1A

R

(3.2)

#
il
" i Y | 2
ALY
DD
qu i V‘Y

r

[
@ o ood =

o ' = v ~ : a o
VNMWAURUTMRANNIH (32) utruhinszud Wb Twas ity v Sandlugud

¥
v o

Y o o asSorea A o 94 = a o ' ] -
uaasliwiuinds Y  azlsmouiueudnnmusuymilueiud ludmvesmidng Inihi

1 e e

" | u’a’ ahat 1 = g 3 o e z : Aar o a A o 9
AsauNYI X Anamwmiudnan Iimes Y uaasddimuimnid X susziisduiuausniadu
a 1 i = ] : =3 o o e § a1 -
sunmiugudiaz ludmvessinszue i lvarimda X fezgnihw 1 z Faiiedy
= o e ¥ o =
nuANEN AT INNgY  nnqueinaenanaunsathlddeuiiuiesauyaves ccu

ladaaaslugiii 3.3

il
S TN Z

717 3.3 uErAasaTauyaved CCII



14

NNUUIANUAALBTHANNSYDIT  CCI sanan Tatidi TRaadanaesluna
Uiratunategtuuy [8-14] lumsaaimniinldimaiwauemsadinans cen 1o

o da A o -3 < [
anumzmm'mﬁmmﬁamzmlz'lﬂnm’mﬂummam"lﬂ

da d
3.4 2325NU@atHes (Translinear Conveyor)

L(t) L)
£,(t)
0 0.
A B i(f)
Input output
o) $ND;
L)
Ia ( l‘) v] 4 (t )

U7 3.4 pamsaulszneuve s ns mdaiios

o e S o a a - | Ad A a ar
nngivsmudaiios Flinsudmaes viaduiioulaziouiivinayaedaz

¥
SanuduRus VIR ZIanDAEARNDS AsauN A0 11T

L(OL(@) = L(O1,(0) (3.3)

- vow & ' - b )

nesiinszua luueade 1,6 iy 7,(0) saanlszanm 7, (1) finein A il

ANUATUMUBUNN (Input Resistance) FauINUAZINDIN B HAIANUAUNMUSINNN (Output
. ¥

Resistance) AINUUANANYDITZTUINNDIN A Uaz B Yusgiusnszua i (f) uazis

- ¥ Y ar ' ‘;J
’CT'I!J'IEE]‘W‘ﬂ'l'iill'lleJﬂ"I‘iﬂ"J'ﬂJﬂ'llWl'l‘lﬂU’N‘iB“JJ‘IGIR\‘IWBTIJ‘N



1NN 1, =1, = I, unulugumsn (3.3)

Lr=LlI

USIAUANATOY B 11T A

VBA i Vbe] = I/bel

Via =Yy ln[—{l—@—}
I

o

uny I,(0) =1, +i (t) Tuaumsh (3.4)

1 =LoLo+i0)]

=L, (0) + L, (t)

LX)+ L0 ~1," =0

e i) i (D) +41,]

2

1) = %[(ff O+ 412 =0 om0
TuhesRafiuuny L) = L,(6) -1, (1) Tuaumsii G.4)
L® =320+ a1V i 0 k100

nnaumsi (3.6) W i (0421, 918
e :
L=t -i.0)]

UNUAUNSN (3.8) aaluaumsh (3.5)

21

o

e ln[

15

(3.4)

(3.5

(3.6)

(3.7

(3.8)



16

i,(t)
=V, In|1-2—= 3.9
. [ 21,,} v
y ’ X ox
Tdoynsumiaos In(a+x)=In(a)+ = ———+="——.....
q: 24 - 3a

W0 w0 1] 1[io]
210 I 2]0 b 210 3 210 .....
lx('r) T

10 ?((I Nansedanninifdannnn 1 eon 114

o

oF =

UNUENNISA (3.8) adluaunisn (3.5)

wld 7, 0= ?VTT:', O=Ri (1)
7 B

R, S e (3.10)
1O \ (248

a d
3.5 M3AATITHMANUMUMUMEUYSII995 CCIT
asldnannaluiade 3.4 93X ¥8a con sxlianudumusg annudumuirk R,

ciy a o Yaor o dwd
Hausauasizvm laaasne 1 fe

| Lovr Vour
>0

0,

c4

(m )

» y, ¥
319 3.5 mymamanudumeluiia x



e : e
dninnemuanan nsreamnmEMATR

17
a{ d'! o =) a gt ar s o [ g{ L aa
'i]'lﬂzll'ﬂ 3.4 (n) lllf]‘ﬂ]fni')lﬂi'lzﬂ'J\'Iﬁ]iﬂzvlﬂﬂ?'mﬁu“u'ﬁ‘ﬂ?3\“!3@?1““@1’]?\581”11[”'&1"?]1191
o o o =)
NITUVINIIULAADT Q, AD
Fug =Yg 2V, =V, (3.11)
= 3 @ a o 1 o ar @ o 1 aa o
‘H\ﬁ]gvlﬂﬂ?'lll'ﬁu“uﬁﬁg'HTNﬂimlﬁ'ﬂBﬁlaﬂlﬂaiﬂ'ﬂlliiﬂuﬂﬂﬂﬂiﬂn°U"|l1]ﬁ-ﬂi§‘ﬁlﬂﬂ7‘llﬂ\1
- d =)
NIUFARADT Q, AD
Vi e(Vb.zf'Vr)
c2 5
[Vﬂn(.run,)ﬂ{,-v,}
e
=le E
= ] o010} W17}
5
V. /¥
=ID€( w ' ¥r) (3.12)

Tuhweudeanu 1ngla 3.5 () 2 ldanuduiusveseauiinsonviud-olinnesvos
=) o« =}
nIuTanes Q, Ao

V'be4 =Vb¢3+Vx"Vy (3.13)

F192 1A NUFUNUT TZNI NI SUAADAIRANDI NULSIAUNANAT BNV M A-BIlnIND3T

YDINTIUTAADS Q, Al
(V' o )2 (3.14)

WoRTHINAsNYDINIENANYA X 18

¥ afl V% (3.15)

38036



18

oY1) _ (V1)

=21 3.16
0 5 (3.16)

X =X

ar ar » 8 —€ c‘ ]
NANUAURUTYD sinh x = g sanNsaweuaunsh (3.16) T Tdiiy

- V
I.=21 smh{—)”} (3.17)
T
v o x3 4
INOYWUTVDI Taylor Y93 sinhx =x + =i - = + e

4 o 4 o qy 0‘ 1 o e r
wetmuadeululd ¥, <<V, wie I, << 21, i ldannsoaziawaindhdannndi 1

v ot
YDIBYNTY sinh{V—”‘} 18d i

T

V V

sinh{—”} . (3.18)
VP W

T

I

v [} b4 '
FINANUFUARUSAWAUNITT (3.18) tws ldmusadsznuaunsi (3.17) "lé’zﬂu

PIN
fierod
VT
23 7
0 oA (3.19)
LD 3]
nnesagldl 35 (@) weiimslnseaees luiusafmnunumsinssrideina1nn
udteduez 14
V v,
R, =-s—1 (3.20)
IDMI' 210

- o Y11 ¥ Y Y o o .
INAUMIN (3 .20) ﬁJ$lﬁu"lﬂ'ﬂfﬂﬂ'J']Uﬁ1“I-H‘ﬂuTl‘]-?ﬂ’]ulf]’]?ﬁ!ﬂ‘ﬂfNﬁfyﬂlu"lmﬂlu1ﬂmﬂ

"
s

17 X (R

out

3 ¥ [l ¥
39 R) Wnaztiandsuuasmuainszua ludaueaesden R, Hazlidwan

¥
A19NUVBII95 Translinear CCII 12995 CCCII nafedIuagnums lgnszualudaveansas



19

' x ¥ ¥
HA190U 1119991142995 Translinear CCIN 1iudnams1v R wulianiosdaduiludos
" " ¥
1¥nszua’ludags luvaizines coclt sxdeninomuamiaves R, Aeunsodsua il

¥ [} "
Uszgnaldauduiudasuiiudodldnszualudaresdniues

3 =
3.6 3azNdauUnNIzd (Current Mirror)
3 tg aa 3/ ar ' = ] ﬂ @

'J\ﬁ]iﬁz'ﬂauﬂizualﬂu‘)iﬂi“uﬂ']u“ufn51‘”\11“ﬂuaﬂ1qu1ﬂlwﬂﬂ1ﬁu1“l HUAIDY
N -2 a d Y o £ n’q B ar 1
NISUTVIDAINTSUN Iu’lwimaﬂ'ﬂiﬂuﬂﬁ TﬂU’)Qﬂsﬂz'ﬂeuﬂszllﬁuuagﬂQUﬂUHaWU“UU 1119

= o= o a csy yvq ¥ ¥ = a ar )
111’;1‘1tﬂ‘u‘wu‘ﬁilll'uu1ﬂ1%’1¢%7’cT::‘nBuﬂi:uﬁlm!]ﬂi11.1’-11ﬁlﬂﬂiﬁﬂdﬂ?ﬂiﬂsluuqﬂTﬂﬂ
a d ' v ' ¥ A ) o 3 o
NINUFAIADT 1{1uluﬂ!l’Ul“i‘lgﬁju'JQﬂiﬁgﬂauﬂizllﬁeﬂ13\?1ﬂlu0‘1%1ﬂj‘!ﬁzﬂﬂimuﬂﬂllazﬂq
' ¥ ¥
L‘ﬂu’Ni}‘iﬁ::ﬁﬂuﬂ‘izuﬁ‘ﬁl‘ﬂuﬁ’mﬂiSﬂﬂ‘U‘Uﬂd’Nﬁ]i Translinear CCII ﬁﬂﬁ”lﬂmuu1un’l‘i’fﬂﬁ
Y v a A o ) 3 A ¥ 4 4 -
i]$vlﬂﬂﬁ‘l']ﬂﬂliﬂqmﬂa'mﬂiﬂQﬂa']'Jvl'Jl“aﬂisﬂﬂUﬂ’liHﬂlhl'WUﬂju QQ%iﬂsgufﬂlUﬂwu;ﬁ']uu

anvmuzAwaalugUn e

a"-q

@

3/
::-q

7U9 3.6 HARINITAYNBUNTZUAUUUNS MANFDS 2 77

& ey - o 9 - o
weNs AR auNaANa Insveaneslugli 3.6 sinladmsmwsanes Q1 gn
' 1 o 1 . d 9 g a 3 VY @ o
apegludnumzvedlalealasmsdovuuanuaineaianiaosidnalonuiliuseduiian
] - o = U =3 @ A ' o -
AsounnoaAnes (V) uﬂuﬂugummamﬂ‘:ﬂmmmﬂumﬂﬂsauﬂamaﬂmas(VCE)‘n

a0 A ' = d = o o £ a L4 o ' ' = ¥
A (V) stn@enmeaenizimlaniugaees Q1 inegluduueaiinla



20

gt 36 SinsAeviuauazvidiiamesveansmudmaesnaaeudidroiui i

= c’: ' ar H ’ aa d v o
NIUBAADINIADIVA T IAUNANAT DUV ULADUAR DI INUAD

VBEI o VBEI

¥ ln(%} = ln[%) (3.21)
sl 52

fhauyAimswsaaes Qluas Q2 inudulidamilouiunnlsznisez ldanu

o o

¥
WS TEHINNTZUAADAAADT UDINT LT NN NITDIAD

€

Ip=1; (3.22)
iiefinisenanudNRUTUBInsUaT THua A 9vnuh
A7 NN AR B (3.23)
Taui 1 JE I+ 1,5 _Sh, fAor1saansvetonszia AT Wweems T aine e

¥
smualinsugmassniasaiia £, midundles 1a

L,
Ly, =1, 2=

F

=0 (3.24)

NNAUMIN 3:22) 92 18

i
' —L = 1
1+y
By
s
102 = 12 (3.25)
re 1+/
i B
VINAUNISN (3.25) 0 B, dmgauinazla
" i (3.26)

¥
e L | ar

ufle I, sxfimiuegiu 7, iundnnan1dh 7, Wuwamanmsaziousives 7, 1y

QN



21

3.7 ajl

1uuw‘f’:‘lﬁnﬁnuu:ﬂnwsmﬂwmﬂs:uﬁiu(ﬁhqq "lﬁﬁ]uﬁrugm‘lumiﬁmamn’fﬁfn
Aoafuineriinusatuide | Bimsidenns CCI, CCII, Translinear CCII 3495A149 mani
seivarianiazsinauduniiuauanureandosiurssvetnszualuil X uazia z

¥ ¥
Farvsmariiszgnih lilszgnd1¥amlugiuinsieg ae'l)



UNN 4
A Y A o b,
15 alaslenszuarianNuONIHAaRAAN Y

WAITA RN IUNISUS

4.1 ymih

; ' = ot : 1 qy
Tuuniiszdludruinansdalsz Tonluazmstszgnaldou  con Faluduiley

' =2 o o o " 3 ; P dy =
nantemaiueglnssidananinmseneutiuiluaaninsesnnud  luunizuaninan
wideua Taeldnszuapiannuiriunaca las ldnesifuinowawe; 2 @ uazeinsel
a e @ o 3/ o 9 ot W = L 3 P a a o
wiadnan 3 @r1geszneualsdIdiuniu 2 Auezannulszydn 1 a2 FIWNIMBURIAUGS

' b

ndusunnIziind e duinaudnedudmnneeiinigs [21 wennndinesdiansa
5 T 5 : [ 4 =
A ldinmdgeanhuuumnaranisnaasssnuesansaeualann  —180
e o 2 4 o o = ' da v 3/ o
990" w59 0°de 180" uazdaswnvyeanasazinniunilnasaiuanuddndis niowia
TaueranmisBouumshianuesans Taslisunsy Pspice [15] Mstuduanugndoa

ypananmsminaue 13

4.2 ﬂﬂﬂiﬂﬁﬂﬁﬁﬁgﬂylmliﬂﬂﬂﬂﬂﬂ1ﬁ

v
=

o & o o g = 5 a =
nstudadyyIns el luniamguiussdedlidiulsznoundgfennudves
at o ar 3/ = = a0 1 o -
Y IwEsATINTYeIBYeINIIEAB AT undmasiAweuady 2a7 Tashian
vod n Hludmaudynniees lugdinidalinszua lvadh lussesiu 7, Mildnszuadni
' o a » 3 = o Al - ' o o e
AANuda Inaruanumunu uag Inszuaninindge lvasdududulsyy Taoiian

o o ' @ 9 A
NN HINTUYRINTSud IHar A UM IuAD



23

Il
I~

17 4.1 29959159 TuTnuanszue

(4.1)

B{s) ==
(5 1+8t

e

[

= 7o Y, P ] a oo ]
J,LﬂxM‘WGﬂﬂﬂ!ﬂ'l‘iﬁQFﬂ‘H“IJ'ENﬂ5SllﬁﬂqﬂﬂN1UW3£ﬂUﬂ58ﬂﬂﬂu

3

- ST
B ve-)
ud 1+87

(4.2)

~ & a u’: 1 ¢ &y
lagn 7= RCuaz S Ad Complex Frequency AdNUmad19uarlanyumsaariu
¥ . .
nszian eI Uil InFUMITEIHIUAIZIEYDIMTNTBIANN DI YL DD AN A 1]
¥
Snvasiiudai

Bp(s)=5 0000

x 43
1+ S1) )

4 1 : 7o 1 ] s
Weunum S = jo  wwawsamvuiailandumsdeiiuvesnszualusnyus

i

vodeamd lanail
|Bp(jo)| =1 (4.4)

¥
o A

wazasomayuveaa laaail



24

8, (@) =-2tan™ (ar) (4.5)

La

6, (w)=r—2tan" () (4.6)

Taom 9; uaayuaves B, (jo) uag 8, A auea B, (jo) nn

4 " 4 ¥ F 4 = T
AUMIN (4.5) 1A (4.6) WIHUINIID 6, o winiie 6 =—

()£, =1

(R |

ar : - o - o A -~ ¥ s
mummazuanymzﬁ]uaaam‘dazuaﬂsmﬁmmmﬂm«mma:wmﬂmmﬂu%

=) d 4 =Y |
4.3 unmimszsasasualasldnszuariiannudeunasalasly

TN IUNITUY

- . o ; 2 3 — ,
4.3.1 MINNTIEHIDIANNIRIUAaeaNaeumanIn 0° B3 180° (21,6

Y o
CCll + Zn—°

X

NI:u

_J = :
Y
Z SECHGH

X

Lol

JU7 4.2 uaesideuna Tasl¥nszuariiannuiiiunasauazu@aInNULANAIYD

dyanaudminmasdunmznlaoulamn 0°54180°



25

H ] =Y a a L4 [ a =, H =
91037 4.2 Smualiounmduiuaugves cCi+ fiauiluduiia (Infinity) Taodans

as w o 4 <o & o’:
Usgnoudisdadnumu R uazdumnlszy ¢ Fuilugnsaiimuamadoumausnnmiv
o s R ar
falszneudlsidiumu S uaz R, uaz cCll+ aowlaold 1, Aenszudlnadiieg

uaz 7, Aenszuai lvaoenninies  lumsimsizininsesdyanauuuesamauyy 14

¢y o o =
lﬂ‘aﬁlﬁ'u‘nﬂBHL’]lUﬂiﬂiuﬁﬂQ'lu'j‘ﬂﬂ 4.2

e R,
R, = g +(-2Z) @.7)
2
Rin = E + [._ __.I_z__} (48)
2 SRC +1
- R(SRC +1)-2R (4.9
2(SRC +1)
2 _— 1
2(SRC +1)
Rm = [E:":ﬁ&_l] (4.11)
2 | SRC 1
f, —>»
O S Y [o
CCH-+ 7 25—
R, i X
R}

JUN 4.3 1ARNTANYAVDIIIN 4.2

o



26

11IN31UH 4.3 MiAn 4,

PRI (4.12)
Ij‘n R3
HNUA
R, = EJ[SCR_l} (4.13)
2 || SRC+1
aRAat s
I | 2R\|.SRC +1

. ¥
NITUIDATINIT VS IIVDINTLUADONADNTZUAU 19T AUNINUN Iz oAs 112 1)

- ] i i IR e - 4 p T
wavulasnnuduazyn w:»EE ﬂﬂgmgmmmmmznun'ummimautﬂﬁmamuunuauu‘n

Ny 90°

lfo(S)I_J R (SRC"IJZ 51 (4.15)

L) V2R \SRC+1

o % ‘
VINTUNIIN(4.15) uuvaqmimamﬂﬂ 8 il

0= i I“—(S)-:n‘—Ztan"(a)RC)=9O“ (4.16)
1,(s)



27

432 nSsuisuguauianamsimszinuisaiadeuuuudie Pspice
14 Pspice HNTILHHANIADYAUBINIANMBYBININTANVAFLUAGDA Tasfimua
winiweivetewiaen ledues Apsas Tlumanuin n @onuuumsiaumsaeyauss
MIANUAVBITAT VBRI TUAINAUNST 4.14 SpuiRoufunauea Pspice 1ddauan
Tugit 4.5 Faeznuhimsaameusasmsvesyessesimmwiguaz@ouunsidou

mavneunish 4.16 fSouiounavea Pspice 1Ada311 4.4

' '
] 1
- '
I ]
ﬁ !
] '
' i '
' '
' ]
' y 1
1] '
I ]
] ]
' % \ '
] ]
1 '
180d - . 3 - -
1 ]
' 1
] ¥ ]
' ]
] ]
1 i
| 5 '
i i
] ]
' 5 |
' P
1l i
' '
i - 1
' 1
' i
o Q= = = gy = Ry P~V PR 2 BT ~==H1P%? B i o e § e - = e ptmbal g feiie 1
1.8Hz 188HZ 10868MHZ 18GH=z
o IP{RD)

Fregquency

JUM 4.4 uaaswantsnaneudoumlaIn 0° 03180°



28

1.0Hz 180Hz 18KHz
o 28=10g18( I(RO)/ I(IIN))

Frequency

= i o o ' -
31 4.5 uaawamsnlasulasuiave sdygamsdiud nigndonedndunm

. b TR
31 4.6, 47, 48uaz 4.9 ugawANINATDININ TsUNTY Pspice tiloilabumglnaal

anhdaes uazaiud

o e o T T e ot ot o t o e 7 St . S
g i i
| H
H :
i {0E=12, Re=10E3 :
= 277N L CISMUESTZ, R2RJ0E3 i
e j,C1=T0E-12, ROWICES :
< y :
w?] N :
\ C1=100F - 12y, R2=10E3 '

12044 Y ‘
\ .
;

\
;
. s :
Bod | J\ :
| :
¢ | :
i - | :
] | 1
: | :
| | | - :
3 | :
: i \ ]
T B LT TSR e |
1.8z 160z 1084z 1. 0KHZ 10KHz 188KHZ 1.00H2 1004z 10z 1.06Hz
] a 1P{RO)

Frequency

i E 5 -
317 4.6 uaaswansnaasudowaeIn 0° fe 180



Do C1=70E-12 R=10E3
o

i i
H i
204 : \ .
: i
4

W \

%03 g = ) \ . \
k _ \

50+ ¥ & SR ot by NP WP R -5 - oo s s M M e s i et
1.0z 1"z 10082 1. KNz 10MHz 1 BNz 1.0z 1oz 100HHz 1.06H2
5 » 20810g98( 1(R0)/ 1(LIN))

Frequency

51l 4.7 uamamansnlaounlavwaveidyguneA e I mAs MR LB UNY

L R e T o & W B I G A 0 7 v N B S M O i £ o B e Ty o Bt » s ot s
l_:l)"i:l'[‘.’E?,"i;[L‘E:!?‘ 4 e
Red0ES, CL10E-12
v/
R=TOES C=10E-12
="
P=100E3, C=108-12
/
: Q
: \
%04 4 -\
x
\\
R s i i W e A o R s B M s A R R B ....””””,,,.“.}‘?,s,,"..".,.__.....,.__A_...___.‘..,.._............,.....,_....,..4
1.0z 10Mz 1004z 1.0z 18KHz 108KNzZ 1. 000z Rl L F3 1002 1.06Hz
@ v a IP(RO)

J ‘ o o
317 4.8 ugraswanmsnaasudeuaIn 0° 41 180



. R=100E3, C=10E-12

e - _ R=70E3, C=10E-12

: e £ , Re40E3, C=10E-12
R A i = =

i E VT //" /RE10E3, C=10-12
: Y /.' E e

04 e S
+

<
% e

\

60+ e Fom e g S o e e - poh o ———y - o S e e m s e ;

1,042 1942 1004z 1. 8KHZ 10Kz 120KHZ 1. MMz 1042 fosz 1.86Hz
= a 20=Togi8{ 1(RO)/ 1(ITH})

Frequency

U 4.9 naraawanisnlasuutla winavesd e IR I ANNAB NP IUBUIN
3

433 MIIATznIssIm e Iunasamewlasn —180° 83 0° [21,[6]

Y
cCIP + 24—
R "l X
RS
L Y - =
Lz oo

X—_..

3

: A - ﬂ‘ " A
51/ 4.10 usanvs@ewa TasldnszuariannudHIUARDANAZLAAINIUANAIY

(SYE- ]

voadayg audniymasduynznlaounlasen —180 @ 0°

30



" v »
N3l 4.6 mAamsudmosladdu 18 aae il

R, =Z +(iJ
2

pafat s
SRC+1| 2

~2R=R(SRC +1)
. 2(RSC +1

_2R-=SR’C-R
= C(SREPAH)

| R-SR’C
¥/ ASROGD

/A _[_}_z_ l—SRC}
m L2 11+SRC

3
—

7U9 4.11 R aruyauezUi 4.10

31

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)



32

INNIFUN 4.5

ity ains
‘[in RS
HNUAT
e 5}(1—&?0
X2 A 8RC
4, = SER [I'SRC] (4.24)
LA 2Ry \1+SRC

¥ ¥
ﬁi)'lim']gﬂ‘i'lﬂﬁ‘ﬂE!'iEl‘UﬂJﬂﬁ'S.Llﬂf}ﬂﬂﬁi)ﬂﬁztlﬁ!'ﬁ"]‘ﬂziJﬂ’lm'm"Llﬂﬁ\‘MmSﬁlﬂi111%311]

nldsunlasnnudiazi o = Tynandwimmezipveanmsiaeunlmiaiiouiusunn

RC
mny 90°

2
()] - | R (1—5}10) B e
L) V2R \1+SRC

v 4
VINTUMTN (2.25) Yuvoamsiaouasziiiu

7] =i ots) —2tan~ @RC =-90° (4.26)
I,.(s)



33

o v = v

4.3.4 nfsuiuguenifonnmsinszinitaiademundie Pspice
19 Pspice InTrzHANMIABLAUBINIANIAVOITANYERLARER Tasfmua
wW1s1ines vesowaen ledues ADs44 MHlumanuan n @eunuumsiiamdae Pspice 18
MIABUAUBIMNNAINAVDISATINBYeINTZUAMINAUMST 424 nfFouiouiumaves
Pspice dauanaaluglii 4.11 Fazwuiimsaanousasmsvniovessesinnuiguas

@euuumsieuaInaunsi 4.26 niiouifounavea Pspice 1aasz1i 4.10

B o eI = e o e o e e S = e = SR = =
-

~108d
~280d $ —k - —e= % _LUL L | ey S e A -
1.0Hz 106Kz 10KHzZ 1. 0MHZ 100HHZ
o IP(RO)

Frequency

1N 4.12 uarasnantsnaaeudewasn 0° H1-180°



Sn.r ______________________________________________________________________ -1
: i

(] ]

] ]

i 1

3 )

: i

] 1

r 1

i i

& ]

1 1

1 ]

] i

] '

] i

) ]

] 1
8- i
[} ]

] ]

] i

1 (]

] 1

¥ )

] 1

)

' )

L (]

[} )

) 1

L) 1

3 ]

] 1

] )

: i
B B mmmmmmmm o e qmm e -
1.0Hz 180Hz 18KHZ 1.0MHZ 100HHzZ 18GHz

o 28=1og18{ I(RD)/ I(IIN))
Frequency

717 4.13 uamsnamsuifounlasyinevosdagamdnad winnaenisdmduym

' Al
UM 414, 4.15, 4.16 18T 4.17 uarAInanINARSI N TsuATY Pspice tilpnlaoumm

gunsal anhdimesuazanudummeeiu

add 4

~120d

1.682 108z 1004z 1. KKz 18KKz
a 1P(RO)
Freguency

51l 4.14 uaaswansmaaeudeuann 0° F1-180°



{
) 5 Ci=10E-12, R2=10E3
i \ o
:.‘_// C1=4CE-12, R2=10E3
-18 S

= . CI=T0E-12, R2=10€3
\. ~
sl

i é‘ = €1=100E-12, R=10E3
V2l
-20 \

H
i
1

-304

-ll,i
H
{
i
i
1
i

584
H
i
i
H
i
|

1. iz 18z 1804z 1. 0KHZ 108tz 100KHz 1.0M1z 1.86Hz
= » 20sR0g18( 1(RO}/ T(IIN))

Frequency

7101 4.15 namawanisnldsumlasunavesdynpamadnudwinndemedidunm

e EFcanr = FeS
|
|
» |
N} | JLeho-083, €1=106-12
. |L#
e TS Lipt=apeBcrshoe 12
%004 )
2e70ET, C1=10Eug2
“R2<100E3, CI%40E-12
A
120d

-468d : \

L el e e e e e e e e
T.8Hz 1BHr 1008z 1.8KH2 Rl _CF3 Rl 53 1.0z Tez 100z 1.0CHz
B a IP(ROD)

Frequency

: 4 . o
71/i 4.16 uamwanisnaasudowanIn 0° f3 —180



36

e e G
: __L-Re=100E3, Cl=10€-12

i _—f R2=70E3, Ci=10E-12

o | R3=40E3, C1=10E-12

e S &

: ,/

: 5 2=10E3  Cl=10E-12
: S _pRESIES, Ci=10E-d
. -~

‘

;

b \

604 R e
1.08z

e | s ol e N R = L ) B Sy i 2 RS AR
1042 1806z 1. 0RHZ 108Kz 100KH2 1. 0M12 10HKH2 108z 1. 06Hz

D & 20slogd®( I(RO)/ I(YIH)})

Frequenty

710 4.17 naaswamsilioumiasnavesdganamisdud mnndemedudunm

4.4 vnayy
yosdennialasidnszuasiianandraaoaliuinmiimdidud |uaadizns
sz mgauiaveasesiinzamsnaass 1dduiudnnugnasaileoudunany
nouupuevesnameumaiiawnihnu I aunsad s 13 lasd @ wmmmazduiy
Yszq  vngulit 42 sxl¥madouuunsesdanTilsinsy Pspice Fudouiuumshanyes
2995904  Current  Conveyorlav1¥lo®ues AD844 uazdmuald R, =R, =5kQ,
R=10kQ, C =10nF Tuzilii 4.6 fexl¥msdounnuoces TaoTaksunss Pspice uazaiieg
vosgnsalmanioutudugrnseliilfluacesgiil 42 mamsnaseswesgilil 42 wzwudh
iiledoudayanant i urwsidadayudaunavesdaanudnudninn (7, ) sxlsing i
mmdeunn 00 8 180" varfiuemyavesdyanamednidunmondumednud iy
qan1 10 MHz wan1smaaesvesgili 4.6 2esaunsadeua Idisuiuudanuuandnues
mavesdyanamednudniymiumednidunmeznldounaen 0° §1-180° vazdiuew

USgavesdgygnumednduymminunednadmignganii 10 MHz



NN 5
b o o v
NSPONILLINDTAI 19Ty I 18 aely

WIATMUWIUNITUE

1 o

5.1 nanm
c!y o o &  w ded o = a o e cly

Tuunihdumsinaueissiuiadygusnoimiuaue luinoiinusaivil s
19vsnsesnnuiviinniudiiueaes aesymnaeaidinany [19] uaziloundudivlns
Yonszuaiad 199N s@IMIUNTUATURIMIIINT Vs uaiie I eansaduila
o i o d’ o ° @ RN
dyaald Tavlusesiminauetiezsouiaon loBues ADs44 [9,21] $auau 5 &2 unaase

' ¥

naznanai 1 82 Taglduseduli@onns +57 dnemsinmveseslaeldllsunsy

Pspice

=] ar ) = d o d
5.2 nuquazvianmsleeilvesisaseeadaamesnuudya s

) o @ = @ as t:
950 d AR THNFY AU oD AU Tasna Tud

d’x(1)
dt’

@, x(t)=0 (5.1)

Taoh x(r) Aedgapuls q Tauddyyialugdvesdnamionssua ey o, fennwives

' >
MsoaaFAaA MNAUMITN(5.1) AWITarIa x(2) laaeil
x(t) = Asin(w,t + ¢) (5.2)

: g - i . ' 4 o
Tavaumsh  (52)  #ldnnmsidenyasuduvesrawiiem ianmumasuduiisuiugud

aumsh  (5.1)  WenesanluFinnudansaleuaumsanyULMWIE  (Characteristic

¥
=

Equation) {ECH

s*+w’=0 (5.3)



38

¥
=

aunsi (5.3) ANTOMIANUDTITUA (Natural Frequency) Ianadl
5.8, =tjo, (5.4)
ievhinmswaeaa1n 141y Complex Frequency Plane 92 18d331% 5.1 vindnuaizves

° ] i a 4 ' - L3 ) Ao (]
aumis nanifaduagl IdhinsadinaseeadaamesansainsanidumivesIna

A a ; 3 4 1 = v = =)
Miinvu Tag InanaoI9zAvI0gULINUTUAN W (Imaginary Axis) WORA

g‘ﬂ‘ﬁ 5.1 uae mi‘waﬂﬁﬁl Natural Frequency 1Y Complex Frequency Plane

vInguauia laena hldwnanaunseadinsesadamnes lavawisuanuuiig
Vuauefiensad 1 Teeagaaines UM eUNT UV TUVYUINYDIIIDT  All-Pass

" - 5 o _ o A s . c:y
Filter 5 Phase Shifter 11a3a04 [6] Fyamunsouaad ladaunumnniouas 11



39

x(t)

B
I/

5—@ §—a,

S+, S+a)0

51 5.2 nARaHUNMNSOY1NITDATAIAIAD VLN TTTOUNAUAIS All-Pass Filter

¥ .
AT INTOMAALENMTAN VLR IZY T Y IUINLAEMINNTEFUN 52 TAdq

o

¥

s 42w, (1+A)s+a)02:0 (5.5)
(1=4)

e iinanseoasaaniuluanneasidmumsi 6.1) 4 dvafisuihiy -1 7
il ldwseeagammeinna 1 inmanidlunsinsanfiannzaaivesdynuess
a ' a a do P s 9 " - 2
Faan  ualuadwilues nasesadammesiutiurasinsSudumannunezilumssy
Audyueeadamanndgausuniunolugivenes  inlassadwvesnsesada

= o § g A a i P
Wi lAnnmsteundunyuuinuedsesesamanna gy efinsanfiaunsi
e n' e o 9 & = 1 &

(5.5) aunsnuamguaviavesnmsusumshauldfdodlievinares 4B lawinnimils

o 3 ) o d a 't o a 1 "y
antumouFuduluaumsszlaniiuay Tacauyaliianyuzdsaumsae T

é 1 d. = " a
FITWITONIAINIWDFTINIA (Natural Frequency) 1Ay



40

2—
8ys8, = %iM (5.7)

¥
=4

wienaaalveglugdedisdin1dasi

S8, =atjf (5.8)

‘é ° ] i a 4 ] = cv Y o o ]
Fadwnuves Inafitiaduazegnissmynvosunusuanmdawa i dyanuiidnyus 1

7]

b4 L4
s Taolianyus Ingausuuon TnuwSoadail
x(t) = Ae™ sin( /&) (5.9)

at at = " - “ IJ A ‘.z" 3
nnanvuedygun bidesuaziivinalvgiuseon inenmaniuaylfnnaves 48
o i ey o v A = e = 4
fiamnnimila uie (1-4B) fianduay usipdgIuivialugUuaut e niems

1 & 1 o ' 5
munuliuiaves 48 asassuiidnluniinie (1-4B) Hauilugud fidudndnmils
' . »
fidyves seeseendamnns laena ) assmauguensImsveiiiondl 2995a U3
1w 1agon 1UllA  (Automatic  Gain  Control)  zshminUsun/auusasinisvnone 1
as ] IJ A o = = o o o
dygrudvnalvgyuuasiedyy uinnainenNeIeg - AGC  nazlsusaimsvey
¢'l Y o ar " - o J 3 oo o LYY
welvdyanuand nesagamaluranzadl samaheiueziansuziulyl lagoa Tulia
o__a Nas dat o

5.3 199INNUATYY MBS UNUNTUD

4 4 - A et ' b1 o = v

119991129935 150 IR WA vHARNDHIuAaeal Idna 1w d Tuunil 4 Aoz 1y
maegluTnuanszuadalyndanismuuni 2 adwesfleunduamgii 5.3 ooz 114

293 huliadygIvenoinuaans



4]

: f 2493907 Lou
y
(4) =
29vfmMuAn IR
(B)
(m
B (s) » B,(s)
A(s)
&)

519 5.3 vaen laezunTuvesnstinaduanamomitaue

k] o g

(M yUuppiloundunuuiin (v) Wdmdeunavaesdudemanariy

e A(s) AofandumsaIruYI9IVEAITTIA (Current Amplifier) B,(s) oz
- {n’; v S 1 A & [ o P
B,(s) feansumsdarhunszualunyvesaniadiuiviisazdunaes 9103l 5.3 ms

[
° =

tienaseumalu Tnuanszuanldismswiunsziaiasadluresduiiannud lao

3
t3

y ¥
mlihasiwiannutiuszlszneudin 2 daudwafodinesvnenszuauazaiuilon
[ | o w ' [ Y Aaw " A A
ndy Fuilesamiuna 2 dauudaeesezdedidasimsvneasugviiiy 1 uaziedeua
[ Y] - d s ar a
asugludidesiiiy 2nz Taoh n=0,1,2,.... AALYY8 Barkhausen AIAAIAIZIN

5.4



42

305U 29938 MuARID

A(jw) B(jw)

v

Y

I nuuitlagy A(j@)B(jo) =1 g

51 5.4 ugapNUMINVE NN ALE A

apianany FP ) el kb 2

R (SRC —1)
2R, ASRC, +11

A 4

I R (SRC —1]
2B, |SSRE_ 3 1

YILTRL

71 5.5 uamsvdenlaozunsuveaisesiaeandesnuiees ugli 5.3



43

WehdesdmuaesamdnAeiuuaey Idrsesduiaduanu [161019] deaasly

¥ ¥ ' .
U7 5.2 Aniudimveamsvnsveanseszdealimsvenoniiy 1 2esideuasziinisideu
iy 90 a9 Suauaeagmimaemmaaiu vz ldnavesmsideumaminy 180 eam

] ' iy o o a
Tasl¥rvsmeomunszuain1Fludutimuiulaninausdwaniluiwsi 5.6

RF
AN
— R X i
= b
| I 0
N
gﬂ'ﬁ 5.6 uanv s 1 lunINaas
Taofins navediandusail
T s s O (5.10)
ia(s) R,

= ¢ 9. A o 1 /o
5.4 UndnziesTIliady et inaue
Tudauve3393 All-pass filter hmmamanuudiningli 5.5 awrsodoueglugl

mzaariu 18y auns Second Order All-Pass Filter [19]



28

Lt
Iouf(s)=( i J( RC )=B (5.11)
[in(s) 2R3 (S2+3§.+1)
RC

Wenlssumevaunsn (5.11) mlimswndlumdansunisae Teuvesnszud

v a = a2
BiNAUBUYN AuMIAINYEINIINTBININDMIUARIATIT B IENMTINATIFIUAE

§* - - +a)02
HAP(S):HO Q

S*¥ 2+,
Tavh H, fio M18951W0wgaqannug o,
A et o+
@, Av AN Tiuu s (Resonant Frequency)

Q #o MaNlsznoUNMN N (Quality Factor)

uh A0 2N 1
HOUNINANYBIAIUDOYN W, =
RC
= 1 =) I
HazuA1Q Ao Q==
2
- R
Taulia A, fio oo
2R,

U@ nlium o, uar @ 14 lavnsnfasum RC



45

Tuaruvesssvenn

L =-—L (5.12)

d‘l ~ =
1ou lvvesmseoadaanie
(4,)(B)=1

o3 maunsi (5.11) (5.12) 3z 1éiilu

(5.13)

( W\ IS 1 J
SO A
[—RF){ R] RC (RC)? g

R K2R, SRR ¢
RC " (RC)?

» b
W S = jw, wldaumsfiiiug 1 Real o2 Imaginary At

B B R Acipec | 5epe s 1= SPRACT $28RC 41 (5.14)
R \2R,

_& i (-’ R*C? — j2RC + 1) = T PR C? + J2RC +1
R, \2R;

_ENR -0t —oak0) =T - o B ) + j20RC
R, \2R,

S



46

Real Part

= (5.15)

Imaginary Part

ReJaarias :
e N 2mRE) = j20RC

B R
RI

2R,

e (5.16)



47

'Iufr"mmm:wwuwﬁiytgm'tfuﬁﬂaaammu‘lﬁ’é’nﬁmwmmmﬁuﬁwnﬁwm
Sasvmuvenasesamaiiames 2 @ uazldresmomunszumiieiinisveonszud
Sniufudaannsouaaiamsnednsdaglii 5.6 lumsnaass 1dmgUnsal R, =10kQ,
R =1kQ iflesninmimanesluTnuanszue sududesiimstounszualimnssanso

sz 18 laomnine 2svsenenunszuau)szgnad lden Idsuiuduaaslugila 5.7

oz
e —— o
X

A

51/ 5.7 uemaaensnionsznaliiegs

{ g = & A 4 1 a as
vngin 5.7 2eesezduiianseua i 16 Wesvindiodouninsdu (v) livagesme
4:5 g 1] ar n:i L a d? c; 9 ey
wunszud N inua Y duagdsingamusuinhng iaiunlvue X dssauguainiaves
¥
vsmonunszia saiuidnsihliinanszualwadu R 16 vaghvzinansziminnldd

& =il [ b ' ' ar
Twua z 18 Fansug i AoeliaumAUnITian IMar 1 R 11104

V
| = — 5:17
i R (5.17)



48

‘J'lﬂﬂ'lﬁ'!ﬂﬁBQ%?Qﬁ’HLUﬂﬂﬁ‘l"lﬂﬁi)ﬂﬂi)ﬂ!ﬂuﬁﬂ\'IEhuﬂsul?,]’fhuﬂﬂiﬂ'l‘iﬂﬂuﬂﬁﬂuﬁz
AIMv9aMsve1elunIsNAaIa VD miﬁaunﬁuﬁummmmam 15198?&]34%511’?‘%‘15@

51l 5.8

1

¥ R20 . ¥ o
E cor z—A— m% cor zH—
X :

S R3 qa R6
Z" A CCl» G LU
X 1 o
L g i3
I JVTNHUARDIND I

k.

Ty
%R,

z CCj+

317 5.8 uaaInanAasNITtloundy

1IN2095 TUZUN 5.8 UAAIHANITIALUIUNMZRINUAIY Pspice LaAINATUDIAIUDYDUNA

Awaaaluzli 5.9 uaaawanmsasurusuFInNVRYeIUUIA Id 49517 5.10

Q@



49

od -
i
H
1
1
¥
1
)
i
¥
-180d
;
¥
H
]
¥
H
]
-200d
H
H
1
H
i
i
-3004d
i
SRR 4 e BB
1.0Hz
{a] 1P(RO)
3 Frequency
1]A
Nns59 LLfﬁNNﬁﬂTiﬂﬂUﬂuﬂdﬂ’J'lﬂﬂilﬂﬂlﬂﬁ
e L L ET T [ ) “mre———— ;
| :
E. 1
] 'I
[ :
t i
|
155 :
1 i
1] 1
L} i
: 1
i :
H :
H i
-204 j
] i
i !
i i
’ :
H -
i
i
4
! ] 1087 3
| A1 = 30.841M, -14.181
H A2 = 1.0000, -11.652
; dif= 30.841M, £2.5295
H

!E]ZBulnglﬂ( 1(ROY/ I(I1IN))

Fregquency

s 5.10 LAAINANTADL AU BATIANURVBIVUIA



50

ar

&g 1 ' ar o @ {
wohassd A mddenu: ldressuiadyguds lduanslugdin 5.1

X

\_ ¥ J 3 L Y J R6
Z Cc|+ Zz - CC|+

. 2 Y R20 * Y out |
. col+ z—AW— R% collt z|—s.

C1 o 4 R5 c2
:I: TIVINITHUANIIUD :I;
N3
Z CC|+ =
QuUTPUT X
R30

WITVWNTIUT

i
o

717 5.11 20asdmiadynpuanaiiniuaue

o

Womimmaasaineesdaunimasileunduuazsasveinindesmiuas
uaaalugUi 5.1 smsoneniverdygrueennlFld vndnusmiynvesrssves Wu
ADAIUNINUA Z Y899 MIEMIUNSZHAGITBNANAUTFININ IHDININDUTLANINIIAIY
wiyngansziuguanianfaveestenIzia - MNNTNAAIELRIULULMIINY

L4 % E ) “u ¥ o a = [
¥992993820 Ti)sunsu Pspice maduladygaildwiuglsniuians (200 dwlums

Ysuanuiiuaoudiaezdiuliammgui (19]

T e (5.18)



51

5.5 HAMIRUUVUMINNUVDIIIDINAZHANINADDS
vﬁ'mﬂumsﬁut"J'unamﬁmﬂzﬁ’muﬂﬁ'nmwawquﬁwnwiﬁnﬁﬁ
Fyyaiinaue Ni]iﬁ"l%'n'ﬁ'uuuuun*lsﬁmmfuﬁ'ﬂ%’wﬂsﬁmﬂﬂﬂugﬂﬁ 5.1  laldms
@oUIUUMINNUATI51n5H Pspice M1FIWATIVADUMINNIUYBIINT Amsiinedi
1% vesouraonlodiues ADS44 [9],[21] Amua i INiAoe0a29931RY + 57 wansiiaea

¥
o o

MININUA1Y) VBI1TUAA IAMuE A LA
(7 ¥ o o & ar d H
5.5.1 HaveIF QNN 1ADDM SIBBUIYM SN NUY DS ITIAT IR
Huaue
=; = c; ] d’ WY e =, .:i ot b U

1995n3BIRMUDFIAANURFIUAaDAN IR I I Tuuni 4 aaldnarmn

v nl: o V - o = 9 ar o e Qs 4 - di 1
udniuszimibfidhnassmuanme vt wiedgaiuanon  Suliodsznousu
ar or b 9 a a0 e 3 3/ :: ;
MesvoensEue  sawassiuteg Iddluinssutiadygnamnildauniudeansiial
Taudou lvndealdasvmonszianiionsinsvewnszuanvunzay - lumsnaassldn

M3EoUIIUMIMIUY8995a28T1l5uns5 Pspice TAnadaaaalugili 5.12 uaz 5.13

514 5.12 namagldyapumoii ldnneesiiuaueiie R = 10kQ,C =10nF



PHZ 2KHz LKHz 6KHz 8KHz 16KHz
a 1(R3D)
Frequency

3U7 5.13 namsmlaasunaudyauiduiialugluesnrdvesrsesfniadwg mianon

A0 1.59kHz $1a9amsiulaole lsunsy Pspice

¥ ¥
mnnuAAfouIFIeIuoinvesdugIunTEuavIoani IAInMsBeuIUUMS
Mmavealisunsy Pspice

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED

NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 2.700E+03 2.171E+03 1.000E+00 ~ 4.791E+01 0.000E+00

2 5.400E+03 3.727E+00 1:717E-03 8.357E+01 3.566E+01

3 8.100E+03 3.658E+00 1.685E-03 7.935E+01 3.143E+01

4 1.080E+04 3.601E+00 1.659E-03 7.539E+01 2.748E+01

5 1.350E+04 3.536E+00 1.629E-03 7.147E+01 2.355E+01

6 1.620E+04 3.460E+00 1.594E-03 6.753E+01 1.962E+01

i 1.890E+04 3.374E+00 1.554E-03 6.358E+01 1.567E+01

8 2.160E+04 3.279E+00 1.511E-03 5.961E+01 1.170E+01

9 2.430E+04 3.177E+00 1.464E-03 5.560E+01 7.683E+00

TOTAL HARMONIC DISTORTION = 4.535721E-01 PERCENT

Wan 311 THD veanseoadatan Nnud 1.595 kHz Wu3ia1 THD < 0.45%
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SUBCKT ADS844 123
*NODE 1 IS X
SNODE 2 15 Y
FNODE- 3 Is - Z

RB 2 4 300

RPI 4 5 20K

CMU 4 0 2P

CPI 4 5 26F

i B 7 4

RX 5 Oy 50

VX S8l TAGD
GM O0f 8§ 4o 03320E=3
*LAMBDA IS  MODELLED AS FOLLOWS
FG 0 %o VE M

R3 6 QYUK

€3 6 O \NBIK

€4 07 IR

GG 7 0 6 0 NIE3
VM DT ACD
*THE OUTPUT STATE IS MODEEBED.. AS EOLEOWS
e D s

RE 3 0 2MEG

i KO T R

.ENDS ADg844
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*ALL PASS CCT (gain response) 0 to180 C

OPTIONS ACCT ABSTOL=10N NOPAGE
-WIDTH OUT=80

.OP

.TEMP 30

ACDEC10 1 1G
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*SUBCIRCUIT MODEL OF AD844
SUBCKT AD844 123

*NODE 1 IS X

*NODE 2 IS Y

*NODE 3 IS Z

RB 2 4 300

RPI 4 5 20K

CMU 4 0 2P

CPI 4 5 26P

B (ES W i ¢

nx =5 050

YX 5 1 A 0
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FG 0 @ VXt
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C3 6 §07 E38P

C4 6 §7 dslP

GG 7 0 6.0 "1E3
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*THE OUTPUT STATE IS MODELLED AS FOLLOWS

FO 0 3 VM 1
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cT 3 W\ i

.ENDS AD844
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PARAM C1=10P
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.PROBE

.END
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*SUBCIRCUIT MODEL OF AD844
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*NODE 1 IS X
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JENDS AD844
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.PARAM C1=10P
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*SUBCIRCUIT MODEL OF AD844
SUBCKT ADS844 12 3

*NODE 1 IS X

*NODE 2 IS Y
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.ENDS AD844
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RS 20 30 1E-5

R2 10 0 10K

Cl1 10 0 10N
khkkkhhkhkhrhhhhrhhdhhhhkkfkr ek xxrdhk
R3 40 0 5K

X3 70 80 90 ADS44

X4 100 62 1206 AD844

R20 60 62 1E-5

R4 62 80 5K

RSS 80 90 1E-5

R5 700 0 10K

G2 - 700 a0N

R6 100 0 5K

RO 120 0 500

kg kkh ok AMP Khkhk

X5 120200 300 AD844

X6 400 300 50 AD844
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R30 120 400 15.55K

R31400 0 10K

IREF 200 0 1MA

e e e e e e e e e e e ok o e o ek e e ko e o
*IIN 0 200 SIN( 1 1.595K)

.TRAN .01U 5M 0 .015M UIC

e e 3k e e e e 3 e o e ek o e ok ok e ok ko e e ek

JFOUR 10K V(120)

.PROBE

.END
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60 MHz, 2000 V/js
Monolithic Op Amp

AD844

FEATURES
Wide Bandwidth: 60 MHz at Gain of -1

33 MHz at Gain of =10
Very High Output Slew Rate: Up to 2000 Vips
20 MHz Full Power Bandwidth, 20 V pk-pk, R, =500 ()
Fast Settling: 100 ns to 0.1% (10 V Step)
Differential Gain Error: 0.03% at 4.4 MHz
Differential Phase Error: 0.15° at 4.4 MHz
High Output Drive: 50 mA into 50 Q Load
Low Offset Voltage: 150 pV max (B Grade)
Low Quiescent Current: 6.5 mA
Available in Tape and Reel in Accordance with

ElA-481A Standard

APPLICATIONS

Flash ADC Input Amplifiers

High Speed Current DAC Interfaces
Video Buffers and Cable Drivers
Pulse Amplifiers

PRODUCT DESCRIPTION

The AD844 is a high speed monolithic operational amplifier fab-
ricated using Analog Devices’ junction isolated complementary
bipolar (CB) process. It combines high bandwidth and very fast
large signal response with excellent dc performance. Although
optimized for use in current 1o voltage applications and as an
inverting mode amplifier, it is also suitable for use in many non-
inverting applications.

The AD844 can be used in place of traditional op amps, but its
current feedback architecture results in much better ac perfor-
mance, high linearity and an exceptionally clean pulse response.

This type of op amp provides a closed-loop bandwidth which is
determined primarily by the feedback resistor and is almost in-
dependent of the closed-loop gain. The AD844 is free from the
slew rate limitations inherent in traditional op amps and other
current-feedback op amps. Peak output rate of change can be
over 2000 V/ps for a full 20 V output step. Settling time is typi-
cally 100 ns to 0.1%, and essentially independent of gain. The
ADB844 can drive 50 ( loads to £2.5 V with low distortion and
is short circuit protected to 80 mA.

The ADB844 is available in four performance grades and three
package options. In the 16-pin SOIC (R) package, the AD844]
is specified for the commercial temperature range of 0°C 1o
+70°C. The AD844A and AD844B are specified for the indus-
trial temperature range of —40°C to +85°C and are available in
the cerdip (Q) package. The AD844A is also available in an 8-pin
plastic mini-DIP (N). The AD844S is specified over the military
temperature range of -55°C to +125°C. It is available in the
8-pin cerdip (Q) package. “A” and “S” grade chips and devices
processed to MIL-STD-883B, REV. C are also available.

REV.C

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 patent rights of Analog Devices.

CONNECTION DIAGRAMS
$-Pin Plastic (N), 16-Pin SOIC
and Cerdip (Q) Packages (R) Package

PRODUCT HIGHLIGHTS

1. The AD844 is a versatile, low cost component providing an
excellent combination of ac and dc performance. It may be
used as an alternative to the EL2020 and CLC400/1.

2. Tt is essentially free from slew rate limitations. Rise and fall
times are essentially independent of outpur level.

3. The AD844 can be operated from +4.5 V 1o £18 V power
supplies and is capable of driving loads down to 50 Q, as
well as driving very large capacitive loads using an external
network.

4. The offset voltage and input bias currents of the AD844 are
laser trimmed to minimize dc errors; Vos drift is typically
1 pV/°C and bias current drift is typically 9 nA/C. :

5. The AD844 exhibits excellent differential gain and differen-
tial phase characteristics, making it suitable for a variety of
video applications with bandwidths up to 60 MHz.

6. The AD844 combines low distortion, low noise and low drift
with wide bandwidth, making it outstanding as an input am-
plifier for flash A/D converters.

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ADS844JIA ADS844B ADS844S
Model Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
INPUT OFFSET VOLTAGE! 50 300 50 150 50 300 | uv
TamorTaax 75 500 75 200 125 590 uv
vs. Temperature i 1 1 5 1 5 wvreC
vs. Supply 5V-18V
Initial 4 20 4 10 4 20 pvv
T Trmax 4 4 10 4 20 uvv
vs. Common Mode Vem =10V
Initial 10 35 10 20 10 35 v
T T max 10 10 20 10 35 pVIvV
INPUT BIAS CURRENT
~Input Bias Current! 200 459 150 250 200 450 nA
ThnerTiuax 800 1500 750 1100 1900 2500 | nA
vs. Temperature 9 9 15 20 30 nA”C
vs. Supply 5V-18V
Inital 115 250 175 200 175 250 nA/NY
- Al e 220 220 240 220 300 | nANV
vs. Common Mode Ve =110V
Initial 90 160 90 110 90 160 nA/Y
TanrTmax 110 110 150 120 200 nAV
+Input Bias Current! 150 400 100 200 100 400 nA
T s 350 700 300 500 800 1300 | nA
vs. Temperature 3 ; i i 15 nA”PC
vs. Supply 5V-18V
Initial 80 150 80 100 80 150 nA/NV
3 s 100 100 120 120 200 | nANV
vs. Common Mode Vem =210V
Initial 90 150 90 120 90 150 nA/V
e Tatax 130 130 190 140 200 | nANV
INPUT CHARACTERISTICS
Input Resistance
~Input 50 65 50 65 50 65 Q
+Input 7 10 7 10 7 10 MQ
Input Capacitance
~Inpurt 2 2 2 pF
+Input 2 - 2 pF
Input Voltage Range
Common Mode +i0 *10 +10 v
INPUT VOLTAGE NOISE £21 kHz 2 2 2 nViHz
INPUT CURRENT NOISE
~Input f21kHz 10 10 10 pANHz
+Input f2 1 kHz 12 12 12 pANHz
OPEN LOOP TRANSRESISTANCE | Vour=2110V
Rioan = 500 G 122 30 2830 30 24 430 MQ
T 1.3 20 Lés® 2.0 f3f 16 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4 MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4MHz 0.15 0.15 0.15 Degree
FREQUENCY RESPONSE
Small Signal Bandwidth
*Gain = -1 60 60 60 MHz
‘Gain = -10 33 33 33 MHz
TOTAL HARMOMIC DISTORTION | f= 100 kHz,
2V rms® 0.005 0.005 0.005 %
SETTLING TIME
10 V Ourput Step +15 V Supplies
Gain =-1, 10 0.1%° 100 120 100 ns
Gain =-10, to 0.1%° 100 100 100 ns
2V Output Step +5 V Supplies
Gain = -1, to 0.1%° 110 110 110 ns
Gain = -10, to 0.1%* 100 100 100 ns

REV. C
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ADS44)IA ADS844B ADS44S
Model Conditions Min Typ Max Min Typ Max Min Typ Max | Units
OUTPUT SLEW RATE Overdriven
Input 1200 2000 1200 2000 1200 2000 Vips
FULL POWER BANDWIDTH
Vour = 20V p-p* Vs=%15V 20 20 20 MHz
Vour=2Vpp’ Vs=15V 20 20 20 MHz
THD = 3%
OUTPUT CHARACTERISTICS
Voltage Ricap=5008 | 10 11 10 11 {1 e +V
Short Circuit Current 80 80 80 mA
= et R 60 60 60 mA
Qutput Resistance Open Loop 15 15 15 Q
POWER SUPPLY
Operating Range 145 +18 +4.5 +18 +4.5 +18 v
Quiescent Current 6.5 .5 6.5 7.5 6.5 T35 mA
T Tmax ¢\ 1 ED s 8.5 85 95 mA
NOTES

'Rated performance after a 5 minute warmup at T, = 25°C.

Input signal 285 mV p-p carrier (40 IRE) riding on 0 mV to 642 mV (90 IRE) ramp. Ry = 100 £ R1, R2 = 300 Q.
*Input signal 0 dBm, C, = 10 pF, Ry =500 Q, R1 = 500 ©, R2 = 500 Q in Figure 26.

*Input signal 0 dBm, C; =10 pF, Ry = 500 Q, RI = 500 £}, R2 =500 in Figure 26.
3Cy = 10 pF, Ry = 500 2, R1 = 1 kQ2, R2 = 1 k¥ in Figure 26.
8Cp = 10 pF, Ry = 500 0, R1 = 500 Q, R2 = 50 Q in Figure 26.

Specifications subject to change without notice. All min and max specifications ave guaranteed.
Specifications shown in boldface are tested on all production units at final electrical test.

ABSOLUTE MAXIMUM RATINGS?
Supply Voltage . . #.5. .} . . &8 .. Vocact . L 0 £18V
Powwer Dissipation™ £ ...~ .. .. ) .. Fooosns N o 1.1'W
Qutput Short Circuit Duration ... .cooiivwnennn Indefinite
Common-Mode Input Voltige £ .. Folaalcaio g 2. 1. +Vs
Diflerential Input Woltage .0 . 3% 8. o=t TS 6V
Inverting Input Current

Contifuons .. Q8. « @ v B i s X ., 5 mA

Fransent ... R R Moo AT HEY Lok 10 mA
Storage Temperature Range (Q) .......... —65°C to +150°C

B R) o Nif —65°C to +125°C
Lead Temperature Range (Soldering 60 sec) ........ +300°C
28 BT T et W QR A S TR P b 1000 V
ORDERING GUIDE
Temperature Package

Model Range Option*
ADS844JR 0°C to +70°C R-16
AD844JR-REEL 0°C to +70°C Tape and Reel
ADB844AN —40°C to +85°C N-8
AD844AQ —40°C 10 +85°C Q-8
ADB844BQ -40°C to +85°C Q-8
ADB8443Q -55°C to +125°C Q-8
AD8445Q/883B -55°C 1o +125°C Q-8
5962-8964401PA -55°C to +125°C Q-8
ADB844A Chips —40°C to +85°C Die
ADB44S Chips -55°C to +125°C Die

*N = Plastic DIP; Q = Cerdip; R = Small Qutline IC (S0IC).

REMC

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
to absolute maximum rating conditions for extended periods may affect device
reliabiliry.
228-Pin Plastic Package: B4 = 100°C/Wan
8-Pin Cerdip Package: 0, = 110°C/Wart
16-Pin SOIC Package: 8y, = 100°C/Watt

METALIZATION PHOTOGRAPH

Contact factory for latest dimensions.
Dimension shown in inches and (mm).

0.076

SUBTRATE CONNECTED
TO +V,
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AD 844—Typ|cal Characteristics (Tp = +25°C and Vs = =15V, unless otherwise noted)
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2

i 1

5

g ]

E o

i 1

2 o

i_‘ \\_
\,{

=2

-50 L] 80 100 150

TEMPERATURE - °C

Figure 7. Inverting Input Bias Cur-
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vs. Supply Voltage
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Figure 8. Output Impedance vs.
Frequency, Gain =—1, R1=R2=1kQ2
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Figure 6. Quiescent Supply Current
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-0
» V=2 15V —
_—
\h
»
E- =
——l W x5V

w
~80 —40 -2 0 420 440 430 +90 +700 +120+140
TEMPERATURE - °C
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Inverting Gain of 1 AC Characteristics

% 1 i e | =150
R1=R2=5004)
° H\\‘ -210 \\ N
/NN b |
Ri=R2=1k0 R = A2 = 50061
g }»zu
: : 4
% \ 8 / K.
= \ - b Ri=RZ= 1k | N \\
] >
=18 =300 \ —
A -3
100k ™ 10M 100M ° Py
FREQUENCY = Ha FREQUENCY - Mtz
Figure 10. Inverting Amplifier, Figure 11. Gain vs. Frequency for Figure 12. Phase vs. Frequency
Gain of -1 (R1=R2) Gain=-1,R, =500Q, C, = 0 pF Gain=-1, R, =500, C, =0 pF

Figure 13. Large Signal Pulse Figure 14. Small Signal Pulse
Response, Gain =1, R1=R2=1k Response, Gain =~1, R1=R2 =1k

Inverting Gain of 10 AC Characteristics

2 T -1
| A= 5000 \\
2 n -0 : \X\
A 2N
14 "-m“\ E -240 \\
; : AN T
s ’ 3 - /t M, N
\ "'"‘“\\ \‘
; A - \\\
IS
S
_, | -
1008 ™ 10M 1000 L »
FREQUENCY — Mz FREQUENCY - Mz
Figure 15. Gain of —10 Amplifier Figure 16. Gain vs. Frequency, Figure 17. Phase vs. Frequency,
Gain =-10 Gain =-10
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Inverting Gain of 10 Pulse Response

Figure 18. Large Signal Pulse
Response, Gain = -10, Ry = 500 Q

Noninverting Gain of 10 AC Characteristics
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Figure 19. Small Signal Pulse
Response, Gain =-10, R, = 500 Q
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.
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Figure 20. Noninverting Gain of Figure 21. Gain vs. Frequency, Figure 22, Phase vs. Frequency,
+10 Amplifier Gain = +10 Gain = +10

Figure 23. Noninverting Amplifier Large Signal
Pulse Response, Gain = +10, R, = 500 Q

Figure 24. Small Signal Pulse
Response, Gain = +10, R, = 500 Q
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UNDERSTANDING THE AD844

The AD844 can be used in ways similar 1o a conventional op
amp while providing performance advantages in wideband ap-
plications. However, there are important differences in the inter-
nal structure which need to be understood in order to optimize
the performance of the AD844 op amp.

Open Loop Behavior

Figure 25 shows a current feedback amplifier reduced to essen-
tals. Sources of fixed dc errors such as the inverting node bias
current and the offset voltage are excluded from this model and
are discussed later. The most important parameter limiting the
dc gain is the transresistance, Rt, which is ideally infinite. A fi-
nite value of Rt is analogous to the finite open loop voltage gain
in a conventional op amp.

The current applied to the inverting input node is replicated by
the current conveyor so as to flow in resistor Rt. The voltage
developed across Rt is buffered by the unity gain voltage follower.
Voltage gain is the ratio Rt/ Rpy. With typical values of Rt = 3 MQ
and Ryy = 50 Q, the voltage gain is about 60,000. The open loop
current gain is another measure of gain and is determined by the
beta product of the transistors in the voltage follower stage (see
Figure 28); it is typically 40,000.

+C
QSR

Figure 25. Equivalent Schematic

The important parameters defining ac behavior are the trans-
capacitance, Ct, and the external feedback resistor (not shown).
The time constant formed by these components is analogous to
the dominant pole of a conventional op amp, and thus cannot
be reduced below a critical value if the closed loop system is to
be stable. In practice, Ct is held to as low a value as possible
(typically 4.5 pF) so that the feedback resistor can be maximized
while maintaining a fast response. The finite Ry also affects the
closed loop response in some applications as will be shown.

The open loop ac gain is also best understood in terms of the
transimpedance rather than as an open loop voltage gain. The
open loop pole is formed by Rt in parallel with Ct. Since Ct is
typically 4.5 pF, the open loop corner frequency occurs atabout
12 kHz. However, this parameter is of little value in determining
the closed loop response.

Response as an Inverting Amplifier

Figure 26 shows the connections for an inverting amplifier. Un-
like a conventional amplifier the transient response and the
small signal bandwidth are determined primarily by the value of
the external feedback resistor, R1, rather than by the ratio of
R1/R2 as is customarily the case in an op amp application. This
is a direct result of the low impedance at the inverting input. As
with conventional op amps, the closed loop gain is ~-R1/R2.

REV. C

The closed loop transresistance is simply the parallel sum of R1
and Rt. Since R1 will generally be in the range 500 Q to 2 kQ
and Rt is about 3 MQ the closed loop transresistance will be
only 0.02% to 0.07% lower than R1. This small error will often
be less than the resistor tolerance.

When R1 is fairly large (above 5 k) but still much less than
Rt, the closed loop HF response is dominated by the time con-
stant R1Ct. Under such conditions the AD844 is over-damped
and will provide only a fraction of its bandwidth potential. Be-
cause of the absence of slew rate limitations under these condi-
tions, the circuit will exhibit a simple single pole response even
under large signal conditions.

In Figure 26, R3 is used 1o properly terminate the input if de-
sired. R3 in parallel with R2 gives the terminated resistance. As
R1 is lowered, the signal bandwidth increases, but the time
constant R1Ct becomes comparable to higher order poles in the
closed loop response. Therefore, the closed loop response be-
comes complex, and the pulse response shows overshoot. When
R2 is much larger than the input resistance, Rpg, at Pin 2, most
of the feedback current in R1 is delivered to this input; but as
R2 becomes comparable to Ry, less of the feedback is absorbed
at Pin 2, resulting in a more heavily damped response. Conse-
quently, for low values of R2 it is possible to lower R1 without
causing instability in the closed loop response. Table I lists
combinations of R1 and R2 and the resulting frequency re-
sponse for the circuit of Figure 26. Figure 13 shows the very
clean and fast £10 V pulse response of the AD844,

M
R

Vin ©
VOUY
R3
OPTIONAL 7 &
.~ CL
Figure 26. Inverting Amplifier
Table I.

Gain R1 R2 BW (MHz) | GBW (MHz)
-1 1kQ 1 kKQ 35 35
-1 500Q 500 Q 60 60
-2 2 k2 1kQ 15 30
-2 1kQ 500 Q 30 60
=3 5 kQ 1kQ 5.2 26
-5 500 £ 1000 49 245
-10 1kQ 100 Q 23 230
-10 500 Q 500 33 330
-20 1 kQ 50 21 420
-100 5 kQ 50 Q 3.2 320
+100 5kQ 50Q 9 900
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Response as an I-V Converter

The AD844 works well as the active element in an operational
current to voltage converter, used in conjunction with an exter-
nal scaling resistor, R1, in Figure 27. This analysis includes the
stray capacitance, Cs, of the current source, which might be a
high speed DAC. Using a conventional op amp, this capaci-
tance forms a “nuisance pole” with R1 which destabilizes the
closed loop response of the system. Most op amps are inter-
nally compensated for the fastest response at unity gain, so the
pole due to R1 and Cg reduces the already narrow phase margin
of the system. For example, if R1 were 2.5 kQ a Cs of 15 pF
would place this pole at a frequency of about 4 MHz, well
within the response range of even a medium speed operational
amplifier. In a current feedback amp this nuisance pole is no
longer determined by R1 but by the input resistance, Rpy. Since
this is about 50 Q for the AD844, the same 15 pF forms a pole
212 MHz and causes little trouble. It can be shown that the
response of this system is:

V. —Isig Fx
i (1 +5Td)(1+5Tn)

where K is a factor very close to unity and represents the finite
dc gain of the amplifier, Td is the dominant pole and Th is the
nuisance pole:

257 ik
Rt + R1
Td = KR1Ct
Tn = RynGs (assuming R;y << Rl1)

Using typical values of R1 = 1 kQ and Rt = 3 MQ, K is 0.9997;
in other words, the “gain error™ is only 0.03%. This is much
less than the scaling error of virtually all DACs and can be
absorbed, if necessary, by the trim needed in a precise system.

In the AD844, Rt is fairly stable with temperature and supply
voltages, and consequently the effect of finite “gain” is negli-
gible unless high value feedback resistors are used. Since that
would result in slower response times than are possible, the
relatively low value of Rt in the AD844 will rarely be a signifi-
cant source of error.

Figure 27. Current to Voltage Converter

Circuit Description of the AD844

A simplified schematic is shown in Figure 28. The AD844 dif-
fers from a conventional op amp in that the signal inputs have
radicaily different impedance. The noninverting input (Pin 3)
presents the usual high impedance. The voltage on this input is
transferred to the inverting input (Pin 2) with a low offset volt-

5

age, ensured by the close matching of like polarity transistors
operating under essentially identical bias conditions, Laser trim-
ming nulls the residual offset voltage, down to a few tens of mi-
crovolts. The inverting input is the common emitter node of a
complementary pair of grounded »ase stages and behaves as a
current summing node. In an ideal current feedback op amp the
input resistance would be zero. In the AD844 it is about 50 Q.

0] v

—{7) -v.

Figure 28. Simplified Schematic

A current applied to the inverting input is transferred to a
complementary pair of unity-gain current mirrors which deliver
the same current to an internal node (Pin 5) at which the full
output voltage is generated. The unity-gain complementary volt-
age follower then buffers this voltage and provides the load driv-
ing power. This buffer is designed 1o drive low impedance loads
such as terminated cables, and can deliver #50 mA into a 50 Q
load while maintaining low distortion, even when operating at
supply voltages of only 6 V. Current limiting (not shown) en-
sures safe operation under short circuited conditions.

It is important to understand that the low inpur impedance at
the inverting input is locally generated, and does not depend on
feedback. This is very different from the “virtual ground” of a
conventional operational amplifier used in the current summing
mode which is essentially an open circuit until the loop settles.
In the AD844, transient current at the input does not cause
voltage spikes at the summing node while the amplifier is set-
tling. Furthermore, all of the transient current is delivered to the
slewing (TZ) node (Pin 5) via a short signal path (the grounded
base stages and the wideband current mirrors).

The current available to charge the capacitance (about 4.5 pF)
at TZ node, is always proportional to the input error current, and
the slew rate limitations associated with the large signal response
of op amps do not occur. For this reason, the rise and fall times
are almost independent of signal level. In practice, the input
current will eventually cause the mirrors to saturate. When using
+15 V supplies, this occurs at about 10 mA (or £2200 V/ps).
Since signal currents are rarely this large, classical “slew rate”
limitations are absent.

This inherent advantage would be lost if the voltage follower
used to buffer the output were to have slew rate limitations. The
AD844 has been designed to avoid this problem, and as a result
the output buffer exhibits a clean large signal transient response,
free from anomalous effects arising from internal saturation.

REV.C
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Applying the AD844

Response as a Noninverting Amplifier

Since current feedback amplifiers are asymmetrical with regard
to their two inputs, performance will differ markedly in nonin-
verting and inverting modes. In noninverting modes, the large
signal high speed behavior of the’AD844 deteriorates at low
gains because the biasing circuitry for the input system (not
shown in Figure 28) is not designed to provide high input volt-
age slew rates.

However, good results can be obtained with some care. The
noninverting input will not tolerate a large transient input; it
must be kept below 1 V for best results. Consequently this mode
is better suited to high gain applications (greater than x10).
Figure 20 shows a noninverting amplifier with a gain of 10 and a
bandwidth of 30 MHz. The transient response is shown in Fig-
ures 23 and 24. To increase the bandwidth at higher gains, a ca-
pacitor can be added across R2 whose value is approximately the
ratio of R1 and R2 times Ct.

+Vg
éa.m
>
OFFSET r
TRIM
R,
Cox 13nF Izm‘n ' 499(1
f fad—=
1 I
& 0.22uF
2 -
L R, 7
~ 4990 ADB44 6 -
Vin 3)+ ! R,
0.22pF
470 =

= Y5

Figure 29. Noninverting Amplifier Gain = 100, Optional
Offset Trim Is Shown

Noninverting Gain of 100

The AD844 provides very clean pulse response at high nonin-
verting gains. Figure 29 shows a typical configuration providing
a gain of 100 with high input resistance. The feedback resistor is
kept as low as practicable to maximize bandwidth, and a peaking
capacitor (Cpg) can optionally be added to further extend the
bandwidth. Figure 30 shows the small signal response with
Cpk = 3 nF, Ry = 500 £ and supply voltages of either£5 V or
+15 V. Gain bandwidth products of up to 900 MHz ean be achieved
in this way.

The offset voltage of the AD844 is laser trimmed to the 50 pV
level and exhibits very low drift. In practice, there is an addi-
tional offset term due to the bias current at the inverting input
(Izxn) which flows in the feedback resistor (R1). This can option-
ally be nulled by the trimming potentiometer shown in Figure 29.
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Figure 30. AC Response for Gain = 100, Configuration
Shown in Figure 29

USING THE AD844

Board Layout

As with all high frequency circuits considerable care must be
used in the layout of the components surrounding the AD844.
A ground plane, to which the power supply decoupling capaci-
tors are connected by the shortest possible leads, is essential
to achieving clean pulse response. Even a continuous ground
plane will exhibit finite voltage drops between points on the
plane, and this must be kept in mind in selecting the grounding
points. Generally speaking, decoupling capacitors should be
taken to a point close to the load (or output connector) since
the load currents flow in these capacitors at high frequencies.
The +In and -In circuits (for example, a termination resistor
and Pin 3) must be taken to a common point on the ground
plane close to the amplifier package.

Use low impedance capacitors (AVX SR305C224KAA or
equivalent) of 0.22 PF wherever ac coupling is required. Include
either ferrite beads and/or a small series resistance (approxi-
mately 4.7 Q) in each supply line.

Input Impedance

At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the im-
pedance looking into this input will increase from near zero to
the open loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it is desired to keep the in-
put impedance flatter, a series RC network can be inserted
across the input. The resistor is chosen so that the parallel sum
of it and R2 equals the desired termination resistance. The ca-
pacitance is set so that the pole determined by this RC network
is about half the bandwidth of the op amp. This network is not
important if the input resistor is much larger than the termina-
tion used. or if frequencies are relatively low. In some cases, the
small peaking that occurs without the network can be of use in
extending the -3 dB bandwidth.
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Driving Large Capacitive Loads

Capacitive drive capability is 100 pF without an external net-
work. With the addition of the network shown in Figure 31, the
capacitive drive can be extended to over 10,000 pF, limited by
internal power dissipation. With capatitive lozds, the output
speed becomes a function of the overdriven output current
limit. Since this is roughly +100 mA, under these conditions,
the maximum slew rate into a 1000 pF load is +100 V/ys. Fig-
ure 32 shows the transient response of an inverting amplifier
(R1 = R2 = 1 kQ) using the feed forward network shown in
Figure 31, driving a load of 1000 pF.

VOUT

750 22pF

Figure 31. Feed Forward Network for Large Capacitive
Loads

Figure 32. Driving 1000 pF C, with Feed Forward Network
of Figure 31

Settling Time

Settling time is measured with the circuit of Figure 33. This cir-
cuit employs a false summing node, clamped by the two
Schottky diodes, to create the error signal and limit the input
signal to the oscilloscope. For measuring settling time, the ratio
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = 1 k),
and Ry = 500 Q. For the gain of 10, R5 = 50 Q, R6 =500 Q
and R; was not used since the summing network loads the out-
put with approximately 275 Q. Using this network in a unity-
gain configuration, settling time is 100 ns to 0.1% fora -5 V to
+5 V step with Cp = 10 pF.

744
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Figure 33. Settling Time Test Fixture

DC Error Calculation

Figure 34 shows a model of the dc error and noise sources for
the AD844. The inverting input bias current, Igy, flows in the
feedback resistor. Igp, the noninverting input bias current, flows
in the resistance at Pin 3 (Rp), and the resulting voltage (plus
any offset voltage) will appear at the inverting input. The total
error, Vo, at the output is:

Vi, =(lgp' Rp +Vigs + Ly Rm)[l +%]+ Igy RI
Since Igy and Igp are unrelated both in sign and magnitude, in-

serting a resistor in series with the noninverting input will not
necessarily reduce dc error and may actually increase it.

Figure 34. Offset Voltage and Noise Model for the AD844

Noise

Noise sources can be modeled in a manner similar to the dc bias
currents, but the noise sources are Inn, Inp, Vn, and the
amplifier induced noise at the output, Voy, is:

2
Von = J;Inp Rp) + Vn’)[x +£—;] +(Inn R1)’

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, Rl = R2= 1k, Rp =0, Vn =
2 nVANHz, Inp = 10 pA~NHz, Inn = 12 pAWHz, Vo calculates
to 12 nVNmP The current noise is dominant in this case, as it
will be in most low gain applications.
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Applications—AD844

Video Cable Driver Using 45 Volt Supplies

The AD844 can be used to drive low impedance cables. Using
15 V supplies, a 100 £ load can be driven to £2.5 V with low
distortion. Figure 35a shows an illustrative application which
provides a noninverting gain of 2; allowing the cable to be
reverse-terminated while delivering an overall gain of +1 to the

Figure 35a. The AD844 as a Cable Driver

+0)

NOTE: ME = 7 1amV

0

DIFFERENTIAL PHASE - degree

Vi - INE

Figure 35¢c. Differential Phase for the Circuit of Figure 35a

load. The -3 dB bandwidth of this circuit is typically 30 MHz.
Figure 35b shows a differential gain and phase test setup. In
video applications, differential-phase and differential-gain
characteristics are often important. Figure 35¢ shows the varia-
tion in phase as the load voltage varies. Figure 35d shows the
gain variation.
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Figure 35b. Differential Gain/Phase Test Setup
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Figure 35d. Differential Gain for the Circuit of Figure 35a

High Speed DAC Bufler

The AD844 performs very well in applications requiring
current-to-voltage conversion. Figure 36 shows connections for
use with the AD568 current output DAC, In this application
the bipolar offset is used so that the full-scale current is
+5.12 mA, which generates an output of 5.12 V using the

1 kQ application resistor on the AD568. Figure 37 shows the
full-scale transient response. Care is needed in power supply

——_—
[] rese R ) e = (g0
G] oo [mE— i
Gl I -
1 [ - .
2 ¥
] - [5 apss I Your
pecaL ] aosee  [2H D Lo A
S s R 7
o [ g
3 [
G e[y
G  wE_T™ ek
S -
POWER SUPFLY
BYPASS CAPACITORY

Figure 36. High Speed DAC Amplifier
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decoupling and grounding techniques to achieve the full 12-bit
accuracy and realize the fast settling capabilities of the system.
The unmarked capacitors in this figure are 0.1 uF ceramic (for
example, AVX Type SR305C104KAA), and the ferrite induc-
tors should be about 2.5 pH (for example, Fair-Rite Type
2743002122). The AD568 data sheet should be consulted for
more complete details about its use.

Figure 37. DAC Amplifier Full-Scale Transient Response

.
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20 MHz Variable Gain Amplifier

The AD844 is an excellent choice as an output amplifier for the
ADS539 multiplier, in all of its connection modes. (See AD539
data sheet for full details.) Figure 38 shows a simple multiplier
providing the output:

VVy
2V

where Vy is the “gain control” input, a positive voltage of from
0 V to +3.2 V (max) and Vy is the “signal voltage”, nominally
+2 V FS but capable of operation up to £4.2 V. The peak out-
put in this configuration is thus +6.7 V. Using all four of the
internal application resistors provided on the AD539 in parallel
results in a feedback resistance of 1.5 k€2, at which value the
bandwidth of the AD844 is about 22 MHz, and is essentially in-
dependent of Vx. The gain at Vx = 3.16 V is +4 dB.

Vy =-

79

Figure 39 shows the small signal response for a 50 dB gain con-
trol range (Vx = +10 mV to +3.16 V). At small values of Vy,
capacitive feedthrough on the PC board becomes troublesome,
and very careful layout techniques are needed to minimize this
problem. A ground strip between the pins of the AD539 will be
helpful in this regard. Figure 40 shows the response toa 2 V
pulse on Vy for Vx = +1 V, +2 V and +3 V. For these results, a
load resistor of 500 £ was used and the supplies were £9 V.
The multiplier will operate from supplies between £4.5 V and
+16.5V.

Disconnecting Pins 9 and 16 on the AD539 alters the denomi-
nator in the above expression to 1 V, and the bandwidth will be
approximately 10 MHz, with a maximum gain of 10 dB. Using
only Pin 9 or Pin 16 results in a denominator of 0.5 V, a band-
width of 5 MHz and 2 maximum gain of 16 dB.
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Figure 40. VGA Transient

Figure 38. 20 MHz VGA Using the AD539

Figure 39. VGA AC Response Response with Vx =1V, 2V, and 3V
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A DESIGN OF C URRENT-MODE ALL-PASS OSCILLATOR
BASED ON CURRENT CONVEYOR CIRCUIT

Kobchai Dejhan, Siri Konthong, Sompong Wisetphanichkij,
Chuae Nokyoo, Fusak Cheevasuvit

Faculty of Engincering and Research Center for Communications and Information Technology
King Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520, Thailand.
Tel : 4:6-2-3269967, 66-2-3269081, Fax : 66-2-3269086
E-mail : kobchai@telelan.tclecom.eng kmitl.ac.th

Chatcharin Soonyeekan

Faculty of Engincering, Kasem Bundit University, Patanakarn Road. Bangkok 10230. Thailand.

Abstract : This paper proposcs an oscillator circuit design operating in current-mode all-pass nctwork by using the
second generation positive current conveyor (CCII) in corporating with passive compenent to control the frequency
The feedback part is all-pass nctwork consists of current conveyor, passive component and current mode signal
amplificr. This current-mode oscillating circuit is able to generate the higher frequency when compared with the

voltage-mode circuit. -
1. INTRODUCTION

The current-inode circuils are widcly uvsed
for high frequency range[1-9]. The all-pass fecdback
oscillator consists of two stages of all-pass nctwork in
cascadable connection. the current signal amplifier is
inverting type in order (o oscillate the sinusoidal
signal. The ideal characteristic” of current conveyor is
shown in Fig.1, the structure of current-mode all-pass
oscillator is shown in Fig.2.

(a)
ANVES vy ;i
v:‘ = 1 '0 0 l.x : CCl+ Z __——';)
l-, BNt /1 &P v £
= e ,
X e X o
ccIi- 4 oCll+
y —_—Y
4T- -qri—
b § ¥

Fig.1 Current conveyor characteristic

.

B B ©
TRt Fig.3 (a) Current-mode RC circuit

(b) First order current-mode all-pass network

-

A(s)

Fig.Z Current-mode all-pass oscillator diagram
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Fig.4 Current-mode oscillator circuit
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Fig.5 Propased current-mode oscillator circuit

Fig.3(a) and (b) show the current-mode RC
circuit and first order currcnt-mode all-pass network,
respectively. ‘

Consider the circuit of Fig.3(a),
the transfcr function of low-pass filter is

1
S)= (1)
B %) 1+8t
the transfer function of high-pass filter is
L
BorS)=+ 2
nr () 1+St ¢!

7 = RC , the different current of ipp and iyp will give
the transfer function of all-pass nctwork as shown in

the equation
,(1-57)

B';”(S)z_(l-kSr)

The magnitude and phase of all-pass network
can be obtained as follows;

|B..Ue) =1

3)

“and

9; (@) = —2tan"'(wr) (3)

G, (@)=r- 2tan” (wr)  (6)

£ £ T - T
asS:jw.Asgg 77 or @, =—i,lhcn

T
wr)*—=1 (7
(wr) 3

Bi(s) and By(s) in Fig.2 mean transfer function in
current-mode  for all-pass network, A(s) mcans
transfer function of current amplifier.

Fig.3(b) shows the first order current-mode
all pass network.
R R
—-

R - —_——
Ra=5 02 sy ( SRCHJ

"RY SRC -1
i Ny (8)
LZISRCH)

Rin



Fig.4 shows the current-mode oscillator
circuit, thus the relations can be obtained

IR
Al =Lo - L
Lol ik

Substitute ¢q” (9) in ¢q(8), then
RY SRC -1

== ——] o

R. [ZISRCHJ e

/ R YSRC-1
g ola (R
e 2 [21€,ISRC+1 -

in

Ay is current gain, Consider the current gain

of the output current to the input current is equal to 1.

This ratio docs not vary with the frequency. As
1

i

magnitude and phase can be carricd out as follows;

@ the output phasc is shifted 90°. The

l1,¢s)] - | R fSRC—l)

lfin(.s‘)| i 2R, \SRC +1 \J
I
/_‘7_(5_) =<2fan’' (wRC)
I..(s)
(13)

3. RESULTS

Fig.5 shows the proposed -current-mode
oscillator circuit, the oscillating frequency depends on
the values of R and C. It shold-fix the value of C and
varying the valuc of R. Fig6 shows the rclations
between magnitude versus frequency and phasc versus
frequency.
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Fig. 6 (a). magnitude versus frequency.
(b). rhiasc versus frequency.

Fig.7 shows the sinusoidal waveform and its
oscillating frequency, the total harmonic distortion is
low about 0.04%, the oscillating frequency is up to 10
MHz.
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Fig. 7 (a). Oscillating frequency wave,
(b). Oscillating frequency and its harmonics.

4. CONCLUSION

A current-mode  all-pass oscillator is
proposed based on current conveyor circuit. The
oscillating frequency depends the variation of
resistance. The total harmonic distortion is quite low.
This circuit will be useful for using in wide range
applications.
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