difnvedyanan wizsomnfrimanszih

NsAaATIRLaTaanwuUlNRsIndyyalednlmodne
AlBlATReT U nuALsIAuLAz InuANSTIEATIAUAN YN AR Ll
lagld vDCC

SYNTHESIS AND DESIGN OF SINUSOIDAL OSCILLATOR WITH VOLTAGE-
MODE QUADRATURE OUTPUT AND CONTROLLABILITY CURRENT-MODE
OUTPUTS USING VDCCs

NS HIUI9A
KASINEE SAMART

AN

Ir’ \l; 11*;
"‘:"5‘", S ——— h\‘]" X B ‘)T
Ny df_,"s 1 464~O? [—
Vv_) ,:;"51‘{—.]-9 mﬂ' ”25&

3%mﬁwus‘ﬁtﬂu&hwﬁavaamsﬁnmmwé’nqmﬂ?m‘,zy'lﬂqﬂﬂamiqmaﬂwnssuuWﬁﬁmﬂm
avinIaanssuluindesns
ANIATANENTATINNTTH
anrumalulagnszaaunandigumisainnszds
W.A. 2559
KMiTL-2016-ED-M-231-101



SYNTHESIS AND DESIGN OF SINUSOIDAL OSCILLATOR WITH
VOLTAGE-MODE QUADRATURE OUTPUT AND CONTROLLABILITY
CURRENT-MODE OUTPUTS USING VDCCS

KASINEE SAMART

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE IN INDUSTRIAL EDUCATION
IN ELECTRICAL COMMUNICATIONS ENGINEERING
FACULTY OF INDUSTRIAL EDUCATION
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2016
KMITL-2016-ED-M-231-101



\
>,
(N

COPYRIGHT 2016
FACULTY OF INDUSTRIAL EDUCATION

- KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG 11/ /15 Lo

Lidnsallagnsdu dnvivhudilvidaudasion uavdesesdediadivaaenarsynasaninisiluly



ANIZATAIEATRAAIMINT TN
andumaluladnszaaunddigunmsatanssds
Tususesineniinug

Witoineniinug msdupsziuareenuuasiindalniilfiensing
mawsieeslulvunusstuuay anszuaiiaaunuuLn
drunnadlalagly VDCC
Synthesis and Design of Sinusoidal Oscillator with

Voltage-Mode Quadrature Output and Controllability
Current-Mode Outputs Using VDCCs

unfne YsEnEE awnse
SWaUIZIN6°
Yy
#1139

sl a a
2719138NUIN¥1 NN

¢l a 4
2191359NU3N¥1 M U

ﬂmznfﬁr@ja
Ca)

e =

37.05.385 =
) 3

.73 o= N L Y

. _\\=". é =
IA.AT. NI dejim 3 D »

2 -
PRI a5l y
D
W95 £ o] s, ‘”‘( S
9 Y
“?g a\ %

Yu /wiew/ U Wideu 11 n3nQ7 00 u. 1Wusuly
anungeu o viesSsulSnaen AMATAARTERAMNTIY

ANZATANENTAAIMNTINTUTDILE?

[Zfr‘m ﬂfa&/‘

(509ANERN319158 A5.AANeA uzlw)
ANUR AZATAEATEARINTIY

lidnsdllanaau Snvisvudlidaudanion wagfesirsdadadvoenarsmnassiinmiluly



Wadaingtinug mMsdunswilageenuuussindadey g oled
Tiowwameiasieslulvuaussifunasivuansyua
= @
runurwedgygalalesly vbee

unfinen UWAIUNTE a5
swauszdnea 56603279
Useuayn AFFERSRAMN TSNV udie
o =) =’
d197391 Fenssulwihdoans
W.¢l, : 2559
cci 2 a o 4 a v ¥
3191587US NN Inednud ue.as ey Tandn
o a a . a &
21 sENUSnwIngndinusiay sA.As.Ased gassaduns
4 1
Unanea

ﬁwmﬁwuﬁ'aﬁuﬁﬁ%auamsﬁqmsn"ﬁu,avaaﬂLLumwsﬁwLﬁmé’i’zymmhiﬂ fanansa
v ”tyzymmsﬁwmLmumammaﬂﬁ‘lu‘lwumiaﬂu (Vor ua¥ Vor) LLauammmmewmaaa
dyanaiannsomuaiuuInvedayiald (o Las i) uenanidnyeynie 2 melulvm
nIzuavzilAlugnaE 180 p9Ar UazdAn EIUNIUEIINAES 2995 Dnd ey a Lol
Unaweldaasanawrunsziananss iy (Voltages Differencing Currant Conveyor
VDCQ) siosaufusamumulaziafiolsegasnsnusetinasassia 1sasiaifadeygyaled
wuumensieidiusaYulaulanisiniadug ol dlrelideransenusoaauiluns
AdadyyraazyudeulslumsiiilndyanauuusiEnmiedind nigludeinuding
Buduramsvhiugenastngnissiaeskinilusunss PSPICE lnald vDce Ailasvatrady
CMOS mAlulad 0.18 um TSMC waznseen9sasalasnndenisinauanladives LT1228
wag AD844 \Julaseashennsmaauues VDCC ImawamswmaaumimmumaafmsmLucﬂ
dyapadlvddulupmuiliinssitilamaged
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ABSTRACT

This thesis presents-the synthesis and design of a-sinusoidal oscillator. It can
generate quadrature voltage-mode! output and -two_current-mode, outputs with
amplitude controllability. Also, the two current-mode outputs with high impedance
are 180 degree-phase difference. The proposed sinusoidal .oscillater employs two
voltage differencing ‘current conveyors (VDCCs), two grounded: capacitors and two
grounded resistors. The tuning of frequency of oscillation (FO) and condition of
oscillation (CO):can be done independently and electronically. The performances of
the proposed oscillator are verified via PSPICE simulation using CMQS VDCC in 0.18
pm TSMC technology and experiment using VDCC constructed from commercially
available ICs, LT1228 and AD844."The simulation and experimental’results agree well
with theoretical analysis.
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1.5.3 qunsailehiin (Active Building Block ; ABB) Aa quUnsaididnwsetindiid)

a (3 1 o ¥ (3 J o &l
sunmuazeRRegnItluaees aise unesnuukazAvAT iU Feifug
nMaiheuangunsaiussnvsIudane v agunTnilondin

1.5.4/ munuuaudagavesdynnaled fa nisusyrunnainuniag (Amplitude)
wodnyyreulond

€ &

a = d‘ < 4 o o
L.5.5 raunuivudianwsedng fia nsaivauideonlunionaialunisiuie
Fyaaannssualuda

. . a ) P 14 qu ]
1.5.6 1999591 (Integrated Circuit :1C) Aa 19958 @nnsetindfadraduiudiy
a o A’ o ] 2 @
duanmseindlnanigludifugaunsieiuanion niudanesialen Usenodirdroty &
Imnieludsnndag



undi 2
. awv od 14
ENEHTTLATITUIVYNNYIVD S

[

meluund 2 sgnanfamguiiuguasinednudiiistonasiuin Toyeyned
l91] Tnenzisenaushevhdadiolul

2.1 wénmevhllrensstuilndyanaley

2.2 wallanseanuuuisasiilledyguladdmsuasessiu

23 wanmsm‘tﬂmamwsmawwuni.,uawamummu (VDCQO)

2.4 MuAdeMiAItes

-

2.1 nannsaluvesasasindadsggiadled

£l

I5gAN INWT (2542: 28) BB UNEANI RS IEin Ay IunTe NI TeaTalane s

< @
o W

(Oscillator circuit #38 Waveform generator) Lﬂuaaaiﬁﬁuwmwmﬂmmnm’am'sv‘hmu‘um
gunsaldidnnieiindlasaniglusiunisioans fintiv dndeliiuiindyniaueen
(Output) findnm s ivesensheamsalfiidndynand wvioen Tnoftlliinng
Joudnyyradly (nplt signal) Faaziludng e levluatuiat (Pulse period time)
motmsihaesmhideadygndaiivyszandldnuausonumsludinUses iy wu ssuu
Wy Iﬂanﬂsuﬂﬂaswﬂauwm (Carrler signal) dviunisuegansewindnny uaduniv
uardryaaindutnaansidadauiu Wudy mma’lmwmuwuﬁuﬂuL‘UumwwLaumwsmms\
dyaauguled (Sindsoidal oscilator)

n1sadalazesnwuuwasiiadnnyialed mu,maﬂmumﬂﬁmuuumimaﬂnsm
Sildnmseindunldany awsﬂ'uumﬁ'igt:y']mwaiwmnaﬂnsmwwasuw (Oscillator using
paraueled RLC) tsasniindyaaiiuuniana (Crystat oscillaton) NaspLad U
\Houmia (Phase shift oscitlator) aeasAnledaye 1uuuriuniad (Wien-bridge oscillator)
asinlladgyyrauuulaai Colpitts oscillator) 19asAuilindy g rnuvusiiniad
(Heartlet oscillator) 10udu %’f&msaamwmwsﬁuﬁmé’mmmﬁ"uﬁhLﬂuﬁ'aﬁmswuﬁm
Amsliinesingg lureesiudadyaindy fenismaunisdneuszautd doulalunis
fufiedeygn uageudlumsiiindygn Tnessnanluhdon 2.2

L d

2.1.1 ﬁugmmsﬁwﬂwawwsﬁqLﬁﬂatynunm'lsuﬁ

mw‘fmuwamwsﬁqL‘ﬁﬁé’zytmml%ﬁﬁﬁugwumsv‘hmummmws*uana (Amplifier
Circuit) siovaufiurastaunduiuuuin (Feedback Circuit) ¥nausauiu Tneasasveneagyin
wﬁwﬁn"muﬂL‘E'au‘lmmsﬁﬁLﬁﬂﬁ’zyiymLﬁa’l,ﬁmmmcvi’ﬁqmsﬁ%ﬁﬂﬁ’zymwmﬁ wasYALYY
wé’muﬁqmﬁama’l.ummwsﬁ'uﬁﬂﬁzy:y'xm drunaastounduasifiuasfivhdyanen
MurtesnaInwsteny Yeunduludsurnidinenesvensuasiaminsvunauinsly



195 uanmnu‘lumsmmwamwwvmawmmtuﬂwamu Telvides (Energy Source)
Tugunsalsneg mmﬂw 2.1 (35891 s, 2542; 28)

A WNITVYY

NsUoundunuuin  fe—

waaangly

Y21 edusznauwesnsIsiiindaynyio

2.1.2 figsmavinanuveeesningdygiu

I58M7 1NWs(2542:128) aﬁmwanmsmmumamwsmLumaﬁuzywm‘h'mws
mmmammmmmmLLuaamavmswmuaamUu 3 AATY B 8N1IXISURUNTYNLTDY
2999 (First Turn-0On) amaumsaswafytyﬂm (Signal Build Up) kagan1nesnyini1sasie
dryayn (Sustained Oscillation) InesisiuasiBunusasan sl

2.1.2. 1 anMgBuR NS UL0$995 (Eirst Turi-On)

L‘fJuanm:L‘%':uLLsncs'igal,wimﬂﬁ%’uﬁﬂé'amummmdaﬁhamauanLﬁﬁmﬁﬁq'saﬁlé Vinlo
\Ananzayude (Transition) ¥ lFifinn1snssaieesaUan sy winelursasiuie
ammmLma~N%fﬂvmwsmwuﬂmmnaEJmEflu m‘mewmmqmmemmmmmmmﬂm
wae mwmuuwanﬂaunau’lmwsﬂaunau mamwumummnammmwaanmmwnﬂu
qUYINVIDDONUDNINAS

2.1.2.2 anmignsasaadtyeyiad (Signat, Build Up)

LuamuamavLsmuuuLLaﬂnnwslmmmwuﬂmmmmawmmmumaam £gn
Jounduludsvidvesneas m‘luannymiaﬁaazymmwsmaﬂLWaammmlm'smuLﬁa
Wurasldey '

2.1.2.2 anmginwnsasnedyga (Sustained Oscillation)

é’wﬁu‘&iaulﬂ‘uawﬁﬂwﬁu AD “NARMTNIINITVYIIVDINNITVEIUUALIILS
Usunduassosdavintunise” menlumaﬂgumu.mwaﬂmamnmwmammmmnmﬁ
niludntiosluannieBuusn mnNaulmmnmwvLﬂum'sinmmsaswammmlwmaa uag
e sae Ly aiietlums



d [] o ot
2.1.3 waulwmimL‘uﬂammmwamaﬁ
'msmLumammmﬂmwLUmwﬂﬂiwwuwﬂaunau (Feedback network) uuy
wuwmnﬁﬂaunauuwmn mmmu,am'uaanlﬂauuniwuamwsmLuﬂammmlﬂmsﬂw
2.2

Input X ' Output

29352818 Xo
A(j®)

235Upundunuuuan

B(jm)

o 1 o .o o e o
EU‘W 2.2 Uaaﬂ‘lﬂagLLﬂ'ﬁJ"]\T‘ﬂiﬂqLUﬂ mvmuqiuwmﬂfﬁ'ﬂa‘UﬂaULLUUU?ﬂ

@ W

t A L7 U d"
anwalig 9IngUR 2.2 dauvtiadsre Ui
X; Ao dydndalmssnuuidnuesegs

U/

Xo AB dANYAINIP LT 1BENY849T5

[~

b

Xel | oo SanwalNasIsewing X, hag X SAVIIU Xt Xe
Xe | —Po_dudnualUeundy

o/

Ajw) 79 9051015v8 89T 5 TN

s

Blw) A9 BRIINITUEIEVD9IRTUBUNAULUT LN

3

b

D

I o “a  w da
ﬁ]’]ﬂ‘lJaaﬂlﬂastLﬂiuiaﬂiﬂﬁtuﬂammﬁﬁuﬂuﬂﬂ’i{]auﬂa‘uLL‘U‘UU’Jﬂ m']llil]'ﬂ 2.2

L

AW INATIU (Z mnammmmaanwumsﬁaunau‘lﬂwammm‘mm mu

Xe = Xi + Xf | 2.1)

X, =X.A(jo) (2.2)
WNUAT Xe = X; + X¢ UaE X; = Bjw) X, asluaumsi (2.2) 2l
{xi +B(j(D)X°]A(j(D) " (23)

ey



X, (1-4(10)8(10)) - x4 (10) 08
ledaguaunsi (2.0) a¢ld

X, A(jo)

X, 1-A(jCO)B(jCD) (2.5)

Luawwmwsn'u,umamzymaa“‘l,uumsﬂauammmmm (% = 0) Sefuannnsi
2.5) anifuasade “lmmuwuaamiﬂawu (Barkhausen Criterion) 1ulnausin1sesaaaeuii
'saannuaamtwwmaiumsaanu:uuLwaamwasmLumammmamwmamnanmmm
nawls’ﬂmaaiﬂmu NaﬁmmﬂammmwmmsnmLuﬂammmlmammammuumam
9n519818uuUgULUn (Open-Loop gain) 1uA195asiifunis sgl¥idoulelunisidn

L

o S a ) ) v a
dyrnuensenituasstoulaniiawdeuiu wldiluaunms ©.6)
ALO Bl i® :|=1
[#(w)elio) (2.6)

ﬁg\aﬁlunﬂs%’nmmé’mwmaquaﬂn“Jmamwﬂﬁﬁﬁwwﬁﬁwﬁqﬁu Wil
snmmimLuﬂasgmm“lwmwmaaﬂlﬂ mmvmwanu‘l,mamlﬂmsﬂw 2.3

muuuauhwmﬂm’lumsaammuam'msmmﬂammm WNEIIFINE AN
nm’ﬂﬂaaiﬂmu D “N'«JsmLuﬂammmwmmmmmLuﬂamcymlmamqmamaquummaau
9nswe1eLUUgUTR (Open-Loop gain) WuAnasawinfunids”

WISV | 1 asUeundu

A(jo) ——8(jo)

}4— Open-Loop Gain [A( jo)8( jOJ):l =1 >

o o ¢ |
Ui 23 arumueleulaunsagigy

2.2 watiannseanuuuisasiudadyainleddmsuacassu

vV a Yep

Iunﬂiﬂ\‘il.ﬂi'lu‘ﬂﬂaﬂLL‘UU’N‘\]iﬂ']LuﬂﬁﬂJEU’Im‘l‘?m‘IﬂEJEJ’]ﬂEJ'N”Uii'JlJ UaqUuil HHANWYN

1

mmumnmu IﬂEJLQW']u’N‘i]3ﬂ'1LUﬂﬂiUflﬂml‘UU‘VIﬁ'm’ﬁﬂh’lﬂ’]L‘LlﬂﬂﬁUEU']ﬁu‘Lﬂ 2 ﬁf,UﬂJ'] uasl
AANINALYIY 90 GARED) Li»EJﬂ’J']’N‘\Jiﬂ']LUWﬂEUwiUu'IEMLLUUﬂ'JaLﬂiLQE]’i



ﬂ’]ii’i']ﬂ']Wﬁ‘i']iJLﬂ@iﬁl'N‘] Iu’N’iJiﬂWLUW?iiUﬂJ']m L‘W’e)ﬂ’]iEJEJﬂLLUULLa"ﬁ\TLﬂ'i'I“WN"Ui
aumianwmvauum LWE]’JLﬂSWuWNFJ‘UI‘UIUﬂTiﬂ’]L‘LJﬂﬁmﬁyWmLLa“ﬂ'J'ISJQIUﬂTiﬂ'IL‘LIﬂ
ﬁuzyﬂm ‘NmEﬂm‘wEnuwuﬁmu‘c’mmasmwmuﬂmiaanLLUU’N'«Jiﬂ'ILuﬂamm'lmlsuu vy
4 3Uuuy Al
221 Nﬁ]imLuﬂawﬁmmlﬁvmwumamswai‘waiwmn’ml'sniaamuwﬂmma
auﬂuwueﬂmwiaumﬂimai (Quadrature oscillator based on first order all-pass filter
and lossless integrator)
2.2.2 2asiindyyrleiia

v

NIINNTBUNNTNBS (Oscillator based on

integrators)
2.2.3 esiuiadygyralediiadrieendadunivuuuay (Oscillator using
paralleled RLC and negative R) - '

124

o o [ e v L4 .
2.2.4 ysmiledygoalginasenauntssusuany (Oscillator based on
third order)

Imﬂﬁﬂaauﬁ'amwiassﬂuwmﬁ

2.2.1 'm'smmmammm‘lwwwumammawaiwmmaasnsmmuvgnﬂmn
susunilefurasduiinminas

‘i]']ﬂilh’l 24 Uaanlﬂa~LmimwsmLuﬂammmleuuuuumameaswaswmnfms
niaqmuwnmmﬂauﬂwummwsauwmsmas AIWOMIAINITIee3 lu99s e
doyaynes (afsn TUnzAN wag e Tana 2554: 70-80)

-5+ a b

S \§ P

d o =y s
‘U‘Vl 24 UaaﬂlﬂauLLﬂﬁJ’J\‘l’iﬁﬂﬂLuﬂﬁ WﬂJ‘l‘UHLLUUﬂ'JEJLﬂiL‘JEJ'i‘VIﬂiNﬁ)'m
"J\‘iﬁ)iﬂi'élxmﬁu‘l"lﬂﬂ?WNﬂ5UﬁUWUQﬂU3W$BUVILﬂ'imai

Il.

[
Yo

.- o Y wal
MNFUN 2.4 aansamaunsénuasaudn e

-S+a b
-— =1
s+a s

.7
EY))

sb-ab=5s +sa | (2.8)
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dl 74 u U U d
NEUNN (2.8) %‘lmaumsanwmxamum ANENNTTN (2.9)

+(a-b)s+ab=0 (2.9)

{ . ° t o | a o o o o
e s=jo0 dldunudi s luaunisi (2.9) WieRasmReulauasauilunisiuda

T agle

(J"D)Z +(a -b)j®+ab=0 (2.10)

SId‘ o a e’
mnaumsw (2.10) Warsanludinfunnan (Imagmary part) alaoulalunmsiuila faTfalgTa)|
aun1sfl (2.11)

a:b . (2-11)

LLauﬁ]’lﬂaﬂJﬂ’]i‘ﬂ (2.10) Mensanludiusauase (Reat part) a).ulmmmﬁ“lumsmmﬂ SQTaTataY
AN (2.12)

O £ fab (2.12)

NENMNST (2.11) Uagaunisai (2.12) ﬁ]umumiummmﬂsumwnimmass AT
NaulmLLaummﬁ’LumimLuﬂazyty'lmlwaas $INAY

2.2.2 wasiiadyyraluiiadniseduinsess
indnn1svhnurevisiuiag ylasimguil 2.3 Uaanlﬂa.,unimwsn'uuﬂ
fyanaleiiadrenmasduiitismes

sa+k-1 ‘ o sb

o @ cd w a o
JU% 25 vdenleeunsunasiuia ey louiadeameesduiing-
L

al
ﬁﬂﬂiﬂ‘ﬂ 2.2 UaﬂﬂlﬂauLLﬂiﬁJ’N’QSﬂ']L‘L!ﬂﬂiymﬁiUl‘UU‘Vlﬂ‘JN’%’]ﬂ’Nﬁ]‘i@u%LﬂiLﬂai
ﬂﬁﬂi’]iﬂ‘l’i']ﬂ?%ﬂi'lllLM@ﬂU’N%iﬂWL‘UﬂﬁﬁUﬂJ’IWIﬂﬂGU
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-1 1 :
sa+k-1/\sb (2.13)

PMNANATN (2.13) wlraunsdnvazaudd seaunisi (2.14)
szab+sb(k-1)+1=0 : (2.14)

ifle s = jO) anaunsfi (2.14) e teulaluneinfladyon uazauiluniside

wley

(o) ab+(j(D)b(k—1)+1=0 (2.15)

mnaumiw (2.15) MansenludFunnaw (imaginary part) s lddovlolunsida SQTaTalan
aunsii (2.16)

k=1 (2.16)

mnaumsw (2.15) wmszm‘lumummuasa (Reat part) vldmudlumsriiin falaTaty
aunsii (2.17)

oV g (2.17)

o o a = o ° a
naunslenlelumstudadygyin aunisi(216) wagaudlunisiia
L% o . o/ \ o Vo, U
URUIE dUN1TN 2.17 ‘\12;’Lﬁu‘)']ﬂ'mﬁ'iﬂﬂiUﬂWWWiﬂuLﬂﬂﬂﬂ@ﬁisﬁﬂﬂﬂ'LI

2.2.3 asiuiadygalodiad T eeniaguniuiuLay
¢
wanmsmmu‘uamwsmmmammm‘lmummﬂw 2.6 wasAniladgygyralein
A59NMFUILLULAY (@ALsA %umuﬂm wag 1y hnm 2554: 70-80)
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-

o Y cd v v v
UVI 2.6 'J\Tﬁ]iﬂ']LUﬂ ﬁquUu']ml%umﬁiq\ﬁfl"Iﬂﬁ?ﬁ']'UVl']ULL'U‘UaU

-

{ o o o/ d b4 LY
U7 2.6 2asiuiladyyaradediadieeandduniuiuvay damisann
Amnilmesluissiuledygrn nelindnnsiaseiiss Kol

er+lcr + lre+ Ry =0 . (2.18)
d‘ U ¥ a d L) 2 =Y 1
LﬂJaLLVIUﬂqﬂquﬂJﬁqquuL?ﬁWTUEJ'JU']LLaSﬂquﬁqquuvﬁ\jﬂ'JquﬂiLﬂu XL == WUa® X, =sC 3y

sL
%1

ey d
S+ —-— f———
R R (2.19)

o . = o e < ° o w o
o s=jO AT (2.19menRetsanmleulvlunsimadygin wagauilunisg

Auila azle

N, P AR .
(J‘D) = - 5 9 (2.20)

mnaumiw (2.20) Hasanludruiunnw (maginary part) glaaullumsiidndygne
aumsn 2. 21)

Ri =R, (2.21)

mnaumiw (2.20) Arsanludiuduiuaie (Real part) gldmudlunisiuia Trysy e
aunsil (2.22)
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(2.22)

o °o a w o = °o  a
- vnaunmseulvlumsiudadygia aunsit 2.21) wazAudlunsAudna
o/ A U L2 J = Wy Q7 d
TR aunnsn (2.22) sswiunannsauiuamisiwe s assanduuay INGUN 2.4 1y
Lﬁud’n<1alsﬁqﬂnszﬁwwa%'wvmm@wé’nﬁwsdnaﬁiamsaammmws

2.2.4 aesiudadygyalodiiadeensunissusuan

Na]sfﬁLﬁﬂé’tyzym‘l%ﬁﬁa%’wmnamm'ié’ucﬁ’uamﬁwé’ﬂmsv‘hmumugﬂﬁ 2.7
‘Uﬁanlmammsu'msﬁ"lLﬁma%’fycy'wmlﬁﬁﬁﬁ%mmnaumié’uﬁuam (9fl5n Fumzan uae iy
Tandn 2554: 70-80) -

=

1

2
s" +bs+a

P> 3 O . a a cal gy
E‘U‘VI 2.7 Uaanlﬂasun'smwsml,um QJ_,EU’liul‘du‘Vlﬁ'i']\‘i‘ﬂﬂﬂﬁllﬂ’]S

(7]
LY

UAUAI

o @ wa d o ¢ o o
‘i]']ﬂEUV] 2.7 d1TAFNAI AN aNUR ﬂ']Wﬁi’]iJLGIEJ’SN'EJUI“ULL&SW’J']SJQIUH’]?
O a a af v U w a
nMidadgyana lnedannisdnesizaudh aelfiss (2.23)

i bs’ -+ as+ck=0 : (2.23)

o \ ) 4 a d ° A w o
B s = jO MNENNTT (2.23) ileRasuvndeulalunisiude I wazaualunig

nuila azld

(i) +b(jo)’ +a(jo)+ck=0 (2.24)

o a ] a . Vo o a w
NNAUNIN (2.24) Asaenludrndunam (maginary part) azldRoululumsiudndoyg o
=
aun1sy (2.25)
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ab = ck (2.25)

mnaumsw (2.29) Rrsaunludruduiuee Real part) a¢l¥Auilunisiudn Toyeyeu
aunsil (2.26)

®=+a | (2.26)

mnaummaulm’tumsmmﬂammm qun1sil (2.25) waanudlunisiudes
Sy aunisi (2.26) %a“mmwmmsnﬂiulmaasua]wnnuum"maulﬂumsﬂsuNau‘lsuiu

nﬁmmﬂammm ‘uamnﬂu'msmmm’l‘wmLuﬂammml%uwummmwﬂLwaumaaﬁﬂuuﬂ
(THD) wuaﬂﬂ'mqaﬁmLumammm‘lﬁuaumuam (Jiun-Wei. 2009: 1-5) )

2.3 %an ﬂﬂiﬁ?lﬂ?]@\ﬂQﬁ]'iﬁ"IEquUfﬁzLLﬁNaﬁi’NLL‘N AU (VDCQ)

NITAWNIUNTLUANAAIUTIN U (Voltage Differencing Current Conveyors)
n35en31 VDCC LﬂuaﬂnmLLaﬂww‘wanlumsaanLLUUNfusmmﬂamtywlszjuma‘lu
ertdnusavudl u‘wuﬁ'mﬂ’l'iww'mu’m'm'gwwawm'mum’lEJIE)u (Operational
transconductance-amplifier: OTA) LLa::'.:wsa'mwwnsuLLaqﬂwaaa (Second generation
current conveyor: CClf) Lﬂuaﬂnsd&é‘ﬂmaﬁnﬂwumLmﬁ’uua.,ﬂsuua

a‘tJnm! vVBCC %‘Uiuna‘umﬂ 6 4 Iﬂa‘uummumw’] 2 mﬂa P udas N um
aummwaa ‘U'JﬂiuLLﬁ‘U'lE)EJﬂ 34 Ao Z; Wy uay W, umauwuﬂwm ‘U’JLmﬂu‘maaﬂ fiodh
X flenduiiuauden Las ‘U’JﬂiuLLamUﬂu A I WENINAIUANIAIIVETEANNTILATIENTS
USunselaanatyuen :uatyanwmiﬂsqai’maﬂﬂimmmﬂw 2:8'uazlassasnenieluueg
gunsal VDCC mmﬂw 2.9 (Kacar, et.'al, 2014; 73-78)

VP—> P Wp — pr
VDCC
W —» N W, —> I
Z X
IZ IX

d o/ Q v U @
EU‘VI 2.8 ﬂluaﬂi‘f}miﬂi\‘iﬁ'i’]ﬂ\?‘ﬂiﬁﬁEJ‘W']‘Uﬂ'SSLLﬂNa ANLLTINU
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IVou

M,b’—‘ﬁm M, }——?—4 Mg My, M,
- — .
< e
| ® w

.GP e
M,Eu__aqa | o
I

o o 1 Y
EU‘W 2.9 Iﬂi\??ﬁq\‘lﬂq EJIU‘UEJ\?'J\?‘Dia'] FWIUNIEUENARN1ULIINLY

i o ¢ % o I
TN IUATIUANSAIUSINY 1TBQUN Tl VDCC Hlassadnnielufiussneugae
gunsalueanswalnes flo PMOSuag NMOS Y uddinas Ussnatlhdasfusivansds
d Qe U 1 L2 U d
AugUR 2.9 Tnepandiniussemiinsyialiazusssuvegunsal VDEC st (2.27)

4t WiCod 0 N o\ ]

L 0/ 000 [V

v, €78, 0 0N W

A\ ndaataai (2.27)
oy oo @ 1yl |

iy falo)0 @1

(2.28)

1 ! QU A d ap e .
H, fie frmwnadesilunisindeudivesssqwavs (Mobility of the carrier

for NMOS transistors)
. < ! :J a . ' (Y ] a ) '
Cox B AMMUTLHANALARRN SO, FEUIUNNAUYDINIUAUNTSUERBW UL Y
X . .
WU (F/m?) (Gate-oxide capacitance/area)
W fe anunisvesteamaiiunssua (Effective channel width)

L A9 Auemuestewnaiunssud (Effective channel Length)
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MMNAUNIST (2.28) ﬁ)ummﬁaﬂnim VDCC anansamuauuuudidnnsoiingly Tne
MUANMENsTLalUsE

a W ¥

2.4 uUWNe2904

mnmiﬂnmmunawLnawaqnmwsmLuma:ymmlsuu urasuIteeeiigasiy
wazdardaiiunndrety Tnefinoansended

2.4.1 yasiufiedygiild COTA S1uaw 3 69

'msmmmammmwhaﬂnsmLLaﬂ‘ww A® CDTA 97U%U 3 6 (Tangsrirat and
Tanjaroen. 2010: 363-366) uanwmzmmammwsmiﬂw 2.10 ﬂvmmﬂmwaﬂnm
CDTA 9114 3 #1 uag mmuﬂsuﬁmaaamnuﬂmmu 2.6

T "
L |~ cbrA2

-
== _
2 X_ CDTA3
y4 n

LPe=

X, CDTA1

O——x n
?—
lo _‘
Cl T

JUN 2.10 asiuilndygnaiild CDTA $1uaw 3 ¢

A ] o L
Weulvlunmsiuiladygafeaunisi 2, 29)

Smi = Sm3 ' (2.29)



Siinveduanald NIZesNINMAIANTZIR .

auilumsiin fyaufeaunsi (2.30)
SmiS
o = ﬂ
C1C2 . (2.30)

PUAUIDI19IA mmsn’lmmLumammmlsuuuwmaLﬂmai aunTausuliouly
wazewdlduuuBidnnseiing aunsnviuieulouazaudldogusasy WazANEUNIY
10Nngs usiiyndasie Iswgunsalusaiiwannnda 2 f u,aJummmmuqmmuﬂagﬂ
ﬂaaazy:yml%u”lm

2.4.2 sasiudedyanild COTA Sy 3 61

Jin and Wang (2012:-291=300) lﬂmuam'awimLuﬂammmﬁhaﬂnmuaﬂww )
CDTA 91U 3 ¢ ‘lumsaanmewsn1Luﬂammmwmﬂamswmumﬂaﬂﬂsm COTA 19
muswnummumummu 16 gy mmuﬂiuwaaansnuﬂmmu 2 #7 AanwneAs
wammwsmgﬂw 2.11

R .
[T PR | §
+
L CDTA2 | X |— COTAL - X'fy. 1| | CDTA3 | y'{p I,
n 7 n 7 X —>|03 D 7 X | log
i T
Ui 211 seesilindaeanitld COTA S 3/
o o a
Feullumsiladyyradidwiduaunisi (2:31)
8reCs = 8 8GR ' (2.31)
Audtumsiuia Tyqnadiayhduaunisi (2.32)
(2.32)

A [ =y Qs
MNFUT 2.11 29esiuilndyradild COTA 1wy 3 & mmmuﬂammmﬂsu
o { a a v
rnuduazRoulalauuuidnvseing 1 nlladuanadsiiuumeiesiaes uerdniamnse

146402
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AudliBasEntuLay lua'lminmuamauﬂagmaq o nledla

2.4.3 savsiuiadoygyraiild DVCCTA $huau 1 da

awsrﬁLﬁﬂﬁmzy']mﬁwqﬂnmmaﬂﬁw #® DVCCTA (Differentiat Voltage Current
Conveyor Transconductance Amplifier) 9974 1 #7 (Chien and Chen, 2014: 226-238)
- melunmAdedenanlioenuuuiessiuiy 2 2995 e wesiuladygaild DvecTa
T 1 i Maewsiusugunsawadvswny 4 Ussnausedshunuuasiaifiulsey
281988 2 M LLamagﬂu'gUﬁ 2.12 uazrevsriniadyg iy DVCCTA $1uau 1 61 1y
swnuguasalwma@nTngg 3 # Uszneudesadiumy 1 & ua Mfiulseq 2 # wang
ogluguil 2.13

I
Y, o' o
DVCCTA
Y, 3 1
g o
(viwig SPP y4
G
| o
R & R

i
08

d d ] L4 A o L
aUN 212 2easitiedyeanld DvceTAS M 1 8 oy
TufugUnIaiwEIWS U 48

A o <y a U i o i
Reulslumsindadyaadavinfuaunsi (2.33)

1
Sm = (2.33)
RZ

v o ) Qs 1 1 U d
Audlunmsiuiia UAMUANYNNVENNNTT (2.34)

o= A
VRR.C.C, (239
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MNEUANTT (2.33) uay (2.34) ﬁ]vmuanwsmLumamzmmmnanmmﬂuﬂa N5
Tdugunsniueniinifisaiiien mmsaﬂiuwau"lm’luﬂﬁmLumammmuwmanmauna“lﬂ
wazanunsaUsudeuluuaraudlédasyandy winsasiananadsliamnsauuanudlunis
mmﬂamzymwumanmauﬂa“lﬂLLaulummsﬂ’lwmLumatyzywmlsuuqumammaﬂm

I
W o lo
Y, DVCCTA _ Vo
O —
X z Z
R
Cl f: — Cz

=]
sUn 2.13 w)smmﬂammmw’lm DVCCTA 99uaY 1 87 T usiudu
gunsalnta@waiuau 3 6

d [J =y L i 1 u I-J
weulalumsiiiadygialliaminduaunsi (2.35)

Cr=0C (2.35)

o ) ) o DR 1 U A
mmi’ﬂumsmLuﬂazyty'ltuuml,mnuaumsw (2.36)

S
(2.36)
Rl CICZ .

e
I}

'msmtuﬂammmﬁ’bv DVCCTA mmsammuimaﬁ‘l*umuaﬂnmuaﬂww 161 uay
PNANNA (2. 35) uag (2.36) '«avmm’rmsmLuﬂammmmnanmmmuﬂa #usalsu
ﬂ';'mﬁlumsml,uﬂammml,l,waLanmaunzﬂﬂ wazanusauuSeuluuazmudldsasean
funuuiideuly Lmeimnmaaalmmmmﬂs‘uNaulm‘l,un'ﬁn'numammmuuumanmauna
TAuagliannsaldidadygralatiuumeiasioesly
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2.4.4 wesindadyyruiild MCBTA S1u7w 1 da

’Nﬁ]imLUﬂaEUEU’Im'Vﬂ?JEJUﬂimLLE]ﬂVIW A MCBTA (Differential VOLtage Current
Conveyor Transconductance Amplifier) $1u2u 1 §4 (Herencsar, et. al. 2011: 41- 44)
N%imLuﬂammmuanwm"mswaumammﬂw 2.14 ma'l,mwsﬁ]uﬂsunaumaaﬂnim
MCBTA waumanuaﬂnsmwwaﬂmmu 5 6 windudiduniusiuiu 3 &3 wagALAY
Usegdau 2 i

MCBTA

SR
= >
TN L

3l 214 2e93rhiiin Ty 0aild- MCBTA S2imi 1 33
Foulelunsiuia ARy siAv A UdLAIST (2.37)
Ri=Ry (2.37)

o ] a U ] QL IJ
mmﬁ"lumimmﬂatyzymﬁmmwnuaumiw (2:38)

S
(2.38)
CiCoR,

mnsﬂw 2.14 Nﬁ]smmﬂammmﬁ"lw MCBTA 97474 1 #9 mmﬂuﬂammmﬂw
Naul"uuaum’mn‘l.ﬂamaaassmnnu LLavmmsti‘ummnlmwuaLanmauna WAIDS
mnanéfiyprosie 'lmwuaﬂnsmwwmﬂmmumnfm 4 ¢ waz ldananseusuideuleld
wuudidnnseiing "Lummsaiwmmﬂammml«vuuuumammaﬂm LLaulummmmuqu
wonUagmvsdysynslandle

2.4.5 r99sindadyanaiild DVCC $auaw 1 6
Hung-Chun Chien (2013: 395-404) ‘lﬂmLaua’m]‘imLuﬂammﬂmm‘daﬂﬂimuaﬂ
e 1 6 fg DVCC (Differential Voltage Current Conveyor) "l,‘musaunummumuma
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aNINUA T1WIU 3 ) ffuusEgsieans sy 1 uaziLiuUssquuLasesuIy
1 67 MaguT 2.15

G L Rlﬁ' : R,
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d o = Q. 174 o QU
U 2.15 29935048 zyzymﬁ'l‘a DVCC 3739471 1913

1 [J o« L 1 1 Q) d
Reulvlumsiiliadygiafisvituasnds (2.39)
c | (2.39)

mudlunisiuia AnaniFnwiTuainisi (2.40)

1
S (2.40)
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=

NNUT 2.15 wastudndgyanaild DVCC 1y 1 i aunsalinudndeyayo
lofldvislulmunusedy wasTmmnszua uazefiunsieungUnsalueniiniies 1 & i
'msﬁ"ana'né’alﬁawmm’lﬁﬁnLﬁﬂé’fycymlﬁﬁuwmammaﬂﬁ" uBNNE Wamsau iy
L‘E'aulwLLasmmﬁ‘Lﬁﬁaswmﬁ’uuazmsﬂ%’uLLUUﬁLﬁﬂwsaﬁﬂﬁ biannsomunuuenUagaves

deyeyndlandler LLasIﬂsqa%’Naaasﬁqﬁmﬂ%’muﬁ’aLﬁ‘uﬂizmm‘uaaa
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2.4.6 asiudadyyraild cccCTA $huqw 1 ¢ _
Phanikhom and Jantakun 2014: 4-7 & fiansiiauensesiuia Toyayralandiily

b 24

gunsal CCCCTA 13w 1 i finslfnuswivgunsaimasns by 2 ¢ fdnwes
o i Y <
MIYBUABNATAIFUR 2.16

Y ~Z. -0
C ° lo
1 CCCCTA o >
X 0

o
=

3UR 216 nvesriidadeygnaily CeCCTA $11hT 16

A o o L ot 1 o/ d 1 44 Ql.l’ .
WeulalunisAia YRANIPUNINVAIAT.(2.41) TaE Ry A A idien X anely
gunsal CCCCTA

€2 = RgnCi ‘ (2.41)

[J Y </ U | U/ d
mmﬁ”lumsmmm mvzy'lmﬁml,mnuaymsw (2.42)

S

O =
R.G.C) (2.42)

| s 73

WAurenastulndygailyd cCoccTA Sy 1 sreiinsldonugunsaitedy
Ly 3 67 91naunsi (2.41) uaz (2.42) %Lﬁudﬁmmmﬂ%’uL‘E‘laulmuaxﬂ'smﬁuuu
didnnsefndly wsesadqndesie WatliamsaviuReulauazauildsasyanty
‘uaﬂmnﬁamsé’thamﬁdlﬁﬁwLﬁﬂﬁ'ﬂujmm‘lﬁﬁuwmammaﬂv’f

2.4.7 wasiudadygynild VDTA s1uay 2 ¢4

Nﬁ]sfﬁLﬁﬂﬁ’ﬁgtymﬁ"l?’fqﬂnsfﬁuaﬂﬁw A9 VDTA $1u2u 2 &7 (Prasad, et. al,
2013: 169-172) ﬁé’nwmsmmﬁam‘mwsﬁ’qgﬂﬁ 2.17 suiunldnugunsal VOTA $ruay 2
" waziauiudsegreansmussiuay 2 f
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d ] ) QU A
Seulrlumsiilndyaaifeauns (2.03)

8ma T |Sm3 (2.43)

o ) r d
audlunisriiie Oy INABANNTTN (2:44)

gml gm2

W =
cc, (2.49)

WiALtewsAe annsalidiladyyinleiuuimetesiaed muisauiudeuly
uazmwdlfuuuBidinseiind ainsatsuiieulowasniialdacasasy WagAIUSUNY
lewinags willyndeefeliiaunsamunitanagavesdnallely

2.4.8 2vasiuilndugnidld CFOA squau2.#a
’NﬁlsmLuﬂammﬂmﬂ%ﬂnimuaﬂwﬂ F8.CFOA (current-feedback operational
amplifiers) mmu 2 ¢ (Chen, et. al. 2014: 470-473) ma”lmwsmt.umammmlsuuu

anwmvn']swauma'msmsﬂw 2.18 sziuildangunsel CFOA Shuau 2 f Wausui
gunsalnadn ¢ d
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gﬂﬁ 2,18 asiiladuanaily CFOA $1uay 2 M
Goulalumsiniindyanadeiwhiuannisd (2.45)
Rz =R (2.45)
armiilunsiuiadyanaiwifuainisi (246)

1

N CCRR, - ' (2.46)

ruTenwsAInsEualiilrdgghalnfiuuaemsieedly annznliu
Feuluazanudlfedrdassumdunuuiidenly uay AUFUNIULE AR uenani
e LRl AN LSHEEEREED Wiausausuderlwazmuilfuuuddnmseiinduas laiaansa
AuANuBLUAAvesdaaslavls

n=

2.4.9 wsiudadygyraitld CCCDTA $uau 2

Aus Aaus wasaniz (2549: 43-48) ltinstiauersiuladyyaiiendenis
¥191u9IngUnsal CCCDTA (Curreny Controlled Current Transconductance Amplifiers)
I 2 2 uazgunsainadn S 2 i uansgulassadnsdinandgui 2.19
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Pl (2.47)
4 ] = Qs g ) a
A lumsiulinduanasisnvifuainisd (2.49)
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CCR : (2.48)

12 'pt
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2.4.10 2siufindgyeaild DDCC Fum3 5

wasiudndygyraledildgunseiusaiin do Docc (Differential Difference
Current Conveyors) $9u2u 3 # (Kumngern. 2011: 44-47) LLﬂmé’nwmsmsL‘ﬁamiaﬁ’qgﬂﬁ
2.20 Fovztuindinsldnusaususdumuiidy 3 & uazffuyseq 2 /i
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(2.50)
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-1 Vs 1 N
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Lossy integrator Lossless integrator
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e azle

(jco)zab+(j(,0)b(k-1)+1=0 (3.3)



29
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3.1.1 miﬁ'aLﬂswa:ﬁ'msﬁuﬁmsmaéﬁﬁmsqmLﬁ'a (Lossy integrator)

3.12 msdnasieastuinsmesifinsgaide (Lossless inteerator)
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AuENUR lod LT1228

I U\Q | | L1228

TECHNOLOGY

100MHz Current Feedback

Amplifier with DC Gain Control

FEATURES

= Very Fast Transconductance Amplifier
Bandwidth: 75MHz
Om =10 x Isgy
Low THD: 0.2% at 30mVgys Input
Wide Iser Range: 1pA to 1mA
® Very Fast Current Feedback Amplifier
Bandwidth: 100MHz
Slew Rate: 1000V/ps
Output Drive Current: 30mA
Differential Gain: 0.04%
Differential Phase; 0:° .
High Input Impedance: 25MQ, 6pF
= Wide Supply Range: +2V 16 +15V.
® Inputs Common Mode to Withiri 15V.of Supplies
®» Qutputs Swing Within 0.8\0f Supplies
= Supply Current: 7mA
® Available in 8-Lead PDIP and $O-Packages

APPLICATIONS

= Video DC Restore-(6lamp) Circuits
® Video Differential tnput Amplifiers
= Video Keyer/Fader Amplifiers

= AGC Amplifiers

» Tunable Filters

» QOscillators

L7, (7, (7C, LTM, Linear Technology and the Lineér [Bao are registered trademarks, of Linear
Technology Corporation All other trade marks are itfe property oFtheir raspective, owners

DESCRIPTION

The LT®1228 makes it easy to electronically control the
gain of signals from DC to video frequencies. The | T1228
implements gain control with a transconductance ampli-
fier (voltage to current) whose gain is proportional to an
externally controlled current. A resistor is typically used
to-converl the-output current to a voltage, which is then
amplified with-a-current feedback amplifier. The LT1228
combines both amplifiersinto an 8-pin package, and oper-
ates on-any supply voltagerom 4V (+2V) to 30V (+15V).
Acomplete differential input, gaincontrolled amplifier can
be implemented-witti the- T1228.and just a few resistors.

The LT1228transcondtctanee amplifier has a high imped-
ancedifferentialinputanda current sotirce output with wide
outputvotage compliance. The transconductance, gy, is
setbythectrrentthatflowsinte Pin 5,1ser. The small signal
Ui isequalto tentimesthe valueof |sg7 andthis relationship
holds, oyer-several decades-of set current, The voltage at
Pin 5 is two-diode drops above the negative supply, Pin 4.

TheLT11228 currentfeedback amplifierhas very high input
impedance and therefore itisan excellent buffer forthe out-
putofthetransconductaneeamplifier: The current feedback
amplifier maintains its widebandwidith overa wide range of
voltage gains making it easy to interface the transconduc-
tance amplifier outpttto other circuitry. The current feed-
back amplifier/is designed to drive low/impedance loads,
suchagcables, withexcellentlinearityat high frequencies.

TYPICAL APPUICATION

Ditterential Input Variable Galn Amp
15V

4.7)F

Frequency Response

6 T
| | Vg =115V
3 —L : l l!w,l | Ry = 100Q
0b— Is[‘y = 1mA | H
| | |
3 f 1 — 1
dm 1 3
= -6 + —
8 [T 1 \!
= 9 y
— Vot s g Isgr = 300pA f
-15
-18
Iggr = 100pA N
HIGH INPUT RESISTANCE -2
EVEN WHEN POWER IS OFF -4
~184B < GAIN < 2dB 100k ™ 10M 100M
Vin< Vams
(e - T FREQUENCY (Hz) (T122e+ Ta02

1228td
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LT1228
ABSOLUTE MAXIMUM RATINGS  PIN CONFIGURATION

(Note 1)
Supply Voltage............ovoeeooooeoooo +18V —
Input Current, Pins 1, 2, 3,5, 8 (Note 8)............. +15mA :
Output Short Circuit Duration (Note 2) ......... Continuous lour (1] V
Operating Temperature Range N 2 fay

L2280, 0°C to 70°C "

' -40°C to 85°C
BLEAPOP 64500 PASTCSO

Storage Temperature ’Rang Towax = 150°C, B34 = 100°CAW (N)
Junction Temperature Tk = 180°C. B = 160N )

Plastic Package .......... N —— 150°C

¢ Package (0BS mﬂmwam
Lead Temperature (Soldenng 105€0)...oe..... 300°C
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PARTMARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LT1228CNe#PBF LT12280N8#TRPBEF LT12286N8 8-Lead Plastic-DIP 0°C 10 70°C
LT1228IN8#PBF LT1228INS#TRPBE LT12281N8 8-Lead Plastic DIP —40°C t0 85°C
LT12280S8#PBF LT1228CS8#TRPBF 1226 8-Lead Plastic SO 0°C t0 70°C
LT1228158#PEF LT1228IS8#TRPBF 1228I 8-Lead Plastic.50 40°C to 85°C

ST .4’ | B Tiém E g n.
| [orepbraa \/ W 5“"‘7‘?’
O I S D L S
Consult e Markeﬁng for parls specified with Wide/aperating tempe rature ranges.
Consult LTC Marketing for information on nenstandard-lsad basad finish parts.

For more information on lcad, freeypart marking.-ge to:http:/Avww finear convieadires/
For more information on tape. and reel specifications; go tas hitp:/Avww. liedr: com/tapeandreet/

GLGCTRICI-IL CHHRH(TGBISTICS The o denotes the specifi catlonswhleh-apply overihe full aperating
temperalure range, olherwlse specificaiions are at T, =25°C. Currenl Feedtiack Amplifler;Pins 1, 6, 8. +5V Vg € +15V, Igey = OpA,
Vem = 0V unless otherwise noled.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Valtage Trs.25% #3 +10 mv
(] +15 mv

Input Offset Voltage:D ritt . 10 [\

™ Noninverting Input Current Tg= 25°C +0.3 +3 PA
[ ] +1N [JA

Iy~ Inverting Input Current Ta= 25°C +10 +65 YA
L +100 A

e, Input Noise Voltage Density 1= 1kHZ Rp=aik,Bg = 10Q, Rs=.0Q 6 nV/yHz
in Input Noise Current Density 1= 1kHz, Rg = 1k, Rg = 10Q, Rg = 10k 14 pVAHZ
12281d
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L11228

€LECTRICAL CHARACTERISTICS

temperature range, otherwise s

Vew = OV unless otherwise noted.

pecifications are at T =2

The @ denoles ihe specifications whilch
5°C. Current Feedback Amplifter,

apply aver the full operating

Pins 1, 6, 8. £5V < Vs < +15V, Iggy = OpA,

SYMBOL |PARAMETER CONDITIONS MIN WP MAX UNITS
Ry Input Resistance Viy = £13V, Vg = 215V [ 2 25 MQ
Vi = 13V, Vg = 5V [ 2 25 MQ

Ciy Input Capacitance (Note 3) Vg =25V 6 pF
Input Voltage Range Vg = #15V, Ty = 25°C 13 +13:5 v

o 212 v

Vs =45V, Tp = 25°C +3 3.5 v

* £2 v

CMRR Common Mode Rejection Ratio _ Vg =215V, Vo= £13V, Ty = 25°C 55 69 dB
Vg =15V, Vo =212V ] 55 dB

Vs =28V, Vo = £3V, Ty = 25°C 55 69 dB

Vg =25V, Vop = +2V ® 55 dB

Inverting Input Current Common Vs =15V, Vo= 213V, Tp = 25°C 25 10 PAN

Mode Rejection Vs =215V, Vom= +12V [ 10 PANV

Vs =5V, Vom =3V, Ty = 25°C 25 10 AN

Vg = +5V, Vep = 2V [ 10 PAN

PSRR Power Supply Rejection Ratio Vs = 22Vt0 +15V, Ty = 25°C 60 80 dB
Vs = £3V to +15V ° 60 dB

Noninverting Input Current Power Vs =22Vt +15V, Ty = 25°C 10 50 nAN

Supply Rejection Vg = +3Vto 15V ® 50 nAN

Inverting Input Current Power Supply-{Vg.= £2V to+15V, Ty = 25°C 0.1 5 PAN

Rejection ; Vg = +3V to +15V . ® 5 pAN

Ay Large-Signal Valtage Gain Vs= 15V, Voyr = 210V, R oap = 1k ® 55 65 dB
Vs = £8Y, Voyt = £2V, R, gap = 1500 ® 55 65 dB

Roy Transresistance; AVoyr/Aly™ Vs =215V, Vour = £10V, Ryoap = 1k ° 100 200 kQ
Vs =5V, Voyr = £2V,.R onp = 1500 ® 100 200 kQ

Vour Maximum Qutput Voitage Swing Vs'=£15Y, Rpoap = 400Q, Ta = 25°C +12 *+13.5 v
e/ 110 v

Vs = £8Y, Rygap = 150Q, Ta = 25°C 43 3.7 v

o 125 v

lout Maximum Output Current Rroap = 0Q, Ty = 25°C° 30 65 125 mA
® 25 125 mA

Is Supply Current Voyr =0V, Ispr =0V [ 6 1 mA
SR Slew Rate (Notes 4 and6) Ta=25°C 300 500 Vips
SR Slew Rate Vs =15V, R = 75002, Rg = 7500, Ry = 4000 3500 Vips
t Rise Time (Notes 5:and 6) Ta=25°C 10 20 ns
BW Small-Signal Bandwidth Vs =215V, Rp = 7500, Rg = 7500, Ry = 100Q 100 MHz
4 ‘Small-Signa! Rise Time Vs = £18V, Rr = 750Q, Rg = 7500, Ry =100Q 35 ns
Propagation. Delay Vs'= 215V, B = 75002, Rg = 7500, Ry = 1000 35 ns
Small-Signal Overshoat Vs = +15Y, Rp = 750Q, Rg= 7500, Ry = 100Q 15 %

tg Settling Time 0.1%. Vour =10V, Re =1k Rg=1k, R, =1k 45 ns
Differential Gain (Nate 7) Vs=215V, Ry = 7500, Rg = 750Q, Ry = 1k 0.01 %

Differential Phase (Note 7) Vs =15V, R = 7500, R = 7509, RL = 1k 0.01 DEG

Differential Gain (Note 7) Vs = #18Y, R = 7500, Rg = 750Q, Ry = 150Q 0.04 %

Differential Phase (Note 7) Vg = 15V, B = 750Q. Rg = 7500, Ry = 1500 0.1 DEG

12281d
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€LECTRICAL CHARACTERISTIC

ge, otherwise specifications are at Ta
m = OV unless otherwise.noted.

temperature-ran
Isgr = 10014, Vg

S The @ denoles the specificalions which apply over the full operaling
=25°C, Transconductance ‘Amplitier,

Pins 1, 2,3, 5, +5V < Vg < s15V,

SYMBOL |PARAMETER CONDITIONS MIN ° TYp MAX UNHS
Vas Input Offset Voltage IseT=1mA, Tp = 25°C 105 15 mv
[} +10 mv

Input Offset Voltage Drift [ 10 (YA

los JInput Offset Current Ta=25°C ) 40 200 1A
® 500 nA

Ig Input Bias Current Ta=25°C 04 1 pA
[ 5 A

ey Input Noise Voitage Density f=1kHz 20 nViHz
Ry Input Resistance-Differential Mode | Vyy = s30mv o 30 200 ko
Input Resistance-Common Mode Vg = 215V, Vo = +12V L 50 1000 MO

Vs = £5V, Vegg= 22V [ 50 1000 MQ

Cin Input Capacitance 3 pF
Input Voltage Range Vs =15V, T = 25°C +13 +14 v

Vs = 215V [ +12 v

Vs =25V, Ty =25°C 13 +4 v

Vg =15V ° +2 v

CMRR Common Mode Rejection Ratio Vs =215V, ¥y = +13V, Ty = 25°C 60 100 a8
Vg =415V, Vo = £12V K 60 dB

Vs =25V, Ve =13V, Ty =25°C 60 100 dB

Vs =25V, Vo = 32V [ 60 dB

PSRR Power Supply Rejection Ratio Vg =22V 10 +15V, Ty = 25°C 60 100 dB
Vs= 3V to £15V ® 60 a8

Om Transconductance Isey = 100pA, loyy = +30pA, T; = 25°C 0.75 1.00 1.25 pA/my
Transconductance Drift ® -0.33 %/°C

lout Maximum Output Current Isgr = 100pA ® 70 100 130 YA
lop Output Leakage Current IseT = 0pA (+Ijy Of CFA), Ty = 25°C 03 3 pA
® 10 pA

Vour Maximuim Output Voltage Swing Vg =15V Rl = o 113 114 v
Vg =15V Rl = (] +3 +4 v

Ro Output Resistance Vs =215V, Vigyr = £13V ® 2 8 MQ
Vs = £5V, Vour =43V (4 2 8 MQ

Output Capacitance (Note 3) Vg =15V 6 pF

Is Supply Current, Both Amps lser = TmA (] 9 15 mA
THD Total Harmenic Distortion Vin = 30mVgus at 1kHz, R1 = 100k 0.2 %
BW Small-Signal Bandwidth R1.=50Q, Isgy = 500pA 80 MHz
t Small-Signal Rise Time R1 =500, Isgy = 500pA, 10% to-90% 5 ns
Propagation Delay R1="50Q, IseT= 500pA. 0% to 50% 5 ns

Nole 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage‘to the device, Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note.2: A heat sink may be required dep'e nding on the power supply voltage.
Note 3: This is the fotal capacitance at Pin 1. It includes the input capacitance
of the current feedback amplifier and the out

transconductanqe amplifier.

Nole 4: Slew.rate is measured at +5Vona+10V.out
on 15V supplies with Rg = 1k, Ry = 110Q and BL=
much higher when the input is overdriven, see the A

section.

put capacitanc_e of the

put signal while operating
400Q. The slew rateis
pplications Information

Nole 5: Rise time is. measured from 10% to 90% on a +500mV output signal
while gperdting on +15Y supplies with Rr=1k.Rg=110Qand Ry = 100Q.
This conditionis not the fastest possible, However, it does guarantee the

internal capacitances are correct and it makes automatic testing practical,

packaged parts {Jand N Suffix)
packaged parts (S suffix).

Nole 7: NTSC composite video with an output level of 2V.

Note 6:AC parameters are 100% tested on the ceramicand plastic DIP
andare sample tested on every 16t of the SO

Note 8: Backto back 6V Zener diodes are connected between Pins2:and 3
for ESD protection.

12281d
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TVP'C“'. PGRFOBmﬂﬂCG CHﬁﬂﬂCTGRISTICS Transconductance Amplltier, Pins 1, 2,3,5

Small-Signal Bandwidth
vs Set Current

Small-Signal Transconductance
and Set Current vs Blas Voliage

o B i N - [We e
T T .
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TYPICAL PGBFORI’IIﬂnCG CHI‘IRHCTERIS'HCS Transcanductance Amplifier,

VOLTAGE GAIN (d8)

VOLTAGE GAIN (dB)

VOLTAGE GAIN (dB)

Pins1,86,8
Vollage Galn and Phase ~3dB Bandwidth vs Supply ~3dB Bandwldth us Supply
vs Frequency, Galn = 6dB Vollage, Galn = 2, B = 100Q Vollage, Galn =2, Ry = 1k
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TYPICAL PERFORMANCE CHARACTERISTICS ransconductance Ampliier, Pins 1, 6, 8

Maximum Capacitive Load
vs Feedhack Resistor
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60 MHz, 2000 V/p.s
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 V/ps
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 Qutput Drive: 50 mA into 50 Q Load
Low Offset Voltage: 150 £V max (B Grade}
Low Quiescent Current: 6.5 mA
Available in Tape and Reel in Accordance with

EIA-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 de performance. Although
optimized for use in current to 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 exceptionaily clean pulse response,

This type of op amp provides a closed-loop bandwidth which is
determined primarily by the fecdback resistor and is almost in-
dependent of the closed-loop guin, The ADS44 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 fult 20 V output step. Settling time js typi~
cally 100 ns to 0.1%, and essentially independent of gain. The
ADB844 can drve 50 Q loads to £.2.5 V- witly low distortion nand
is short circuit protecred t0-80 mA,

The AD844 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 to
+70°C. The AD844A and AD844B are specified for the indus-
trinl temperature range of ~40°C to +85°C and are available in
the cerdip (Q) package, The AD844A s also available in an 8-pin
plastic mini-DIP (N). The AD844S is specified over the military
temperarure 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 accurats and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patants or other rights of third parties
which may result from its use. No license is granted by implication or
otherwlise under any patent or patent rights of Anslag Davices.

CONNECTION DIAGRAMS
8-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
uscd as an alternative to the EL2020 and CLC400/1.

. It is essentially free from slew rate limitations. Rise and fall
times are essentially independent of ourtput Jevel.

3. The AD844 can be operated from +4.5 V1o £18 V power

supplies and is capable of driving loads down to 50 Q, as

well as driving very large capacitive loads using an exrernal

network,

(8]

4. The offset voltuge and input biss currents of the AD844 are
laser trimmed to minimize dc cerrors; Vog drift is typically
1 1V/°C and bias corrent drift is typically 9 nA/SC.

5. The AD844 exhibits excelicnt differentiat 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 noisc and low drift
with wide bandwidth, making it outstanding as an inpur am-~
plifier for flash A/D converters,

One Technolagy Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 6§17/329-4700 Fax: 817/326-8703
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ADS44J/A ADSJ{4B ADS8448 .
Model Conditions Min  Typ Max | Min Typ Max | Min Typ Max| Units
INPUT OFFSET VOLTAGE! 50 300 50 150 50 300 | uv
T, ~Taax 75 500 75 200 125 500 uv
vs. Temperature 1 1 5 ] 5 uvrc
¥s. Supply 5V-18V
Inidal 4 20 4 10 4 20 uwn
Tane-Tatax 4 4 10 20 wiv
vs. Common Mode Ve =2I0V
Tnitial 10 35 10 20 1o 35 Hv
Tun—Taax 10 10 20 10 35 v
INPUT BIAS CURRENT
~Input Bias Curreat! 200 450 150 250 200 450 nA
Tytor-Taax 800 1500 150 1100 1900 2500 | na
vs. Temperature 9 9 15 20 30 nAffC
vs. Supply 5V-18 v
Initial 175 250 175 200 175 250 nAly
Toun-Tyax 220 220 240 220 300 | nAN
vs. Common Mode Ve =£10V
Initial 90 160 90 110 90 160 | nA/V
Thne-Tawe 1o 110 150 120 200 | oAV
+Input Bins Current? 150 400 100 200 100 400 | nA
Tare-Taax 350 700 300 S00 800 1300 | pA
vs. Temperature 2 3 3 7 7 15 nA/sC
vs. Supply S5V-18V
Initial 80 150 80 100 80 150 | nANV
TunTyax 100 100 120 120 200 | nAWV
vs, Common Mode Ve =+10.V
Initial ) 90 (150 90 120 90 150 | nAN
Tyne-Taax 130 130 190 140 200 nAN
INPUT CHARACTERISTICS
Input Resistance
~Input 50 65 50 65 50 85 0
+Input 7 10 7 10 7 10 MQ
Input Capacitance ’
—Tnpurt 2 2 2 pF
+Input 2 2 2 pF
Input Voltage Range
Common Mode +10 £10 +10 v
INPUT VOLTAGE NOISE 2 1kHz 2 2 2 nVNH2
INPUT CURRENT NOISE
~Input f2'1 kHz 10 10 10 PANHzZ
+Input 21 ki 12 12 12 pANHzZ
OPEN LOOP TRANSRESISTANGCE Vour =410V
Reoap =500 2.2 3.0 2.8 3.0 2.2 30 MQ
TainrTyiax 13720 16 20 13 (16 M
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? =4.4MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4MHz 0.15 0,15 0.15 Degree
FREQUENCY RESPONSE
Small Signal Bandywidth
’Gain = ~1 60 60 60 MHz,
*Gain = -10 33 33 33 MHz
TOTAL HARMOMIC DISTORTION | = 100 kFx,
2V rms® 0.005 0.005 0.005 %
SETTLING TIME ’
18 V Output Step 115 V Supplies
Gain = -1, to 0.1%° 100 100 100 ns
Gain =10, to 0.1%¢ 100 100 100 ns
2V Ourtput Step 15 V Supplies -
Gain =1, 10 0.1%} 110 110 11¢ ns
Gain =-10, to 0,1%" 100 100 100 ns
—2= REV. C



84

AD844

| ADS44JIA AD844B AD844S
Model Conditions Min Typ Max Min  Typ Max Min Typ Max | Units
QUTPUT SLEW RATE Overdriven
[nput 1200 2000 1200 2000 1200 2000 Vis
FULL POWER BANDWIDTH
Vour = 20 V p-p’ Vs=£15V 20 20 20 MHz
Vour =2 V p-p’ Vs=15V 20 20 20 MHz
THD =3%
QUTPUT CHARACTERISTICS
Voltage Rpoan = 500 Q 10 1 10 11 10 11 +V
Short Circuit Current 80 80 80 mA
Taun-Tsux 60 60 60 mA
Output Resistance Open Loop 15 15 15 Q
POWER SUPPLY
Operating Range 4.5 +18 +4.5 t18 +4.5 t18 |V
Quiescent Current 65 15 6.5 7.5 63 15 mA
Ty Tauax 75 85 75 85 85 95 |mA
NOTES

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

Input signal 285 mV p-p carrier (40 IRE) riding on 0 mV o 642mV (90 IRE) samp. Ry.= 100 O; RIGR2 = 300 Q.

*Input signal 0 dBm, C¢ = 10 pF, Ry, = 500 Q, R1 = 5004, R2 =500°0 In Figure 26.

‘Tnput signal 0 dBm, C, =10 pF, R, = 500 Q, RL=500 ;R2 = 50 Q in Figure 26.
’Ci, = 10 pF, Ry = 500 Q, R1 = 1 kQ, R2 = LK inFigure 26,
°Cp = 10 pF, Ry = 500 Q, R1 = 500 Q, R2'= 504Y in Figure 26,

Specifications subject to change withgtt nafice. All min and niax speeifications aré guaratiéed.
Specifications shown in boldface are tested on all producilon-aairs o firial slectrical st

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . ... . ff ... == e =N I8V
Power Dissipation #. 4. ........ [ =& ~ & urw
Output Short Circuit Duration™", ., o4 2 X Indefinite
Common-Mode Input Voltage . .. .foedl. . . wvt.. ol o 4 Vs
Differential Input'Voltage o) . . L 70770 bl /. 6NV
Inverting Input Cutrent

Continuous . i . ...... @77 guminih, B0 @ 5 mA

Transient .. .4 . a2l QX . 12518 Libhs1l {0 mA
Storage Temperature-Range (Q) 4. 0. -65°Cta #150°C

Ny R)=edrmi==65%€ 0 #+125°C
Lead Temperature Range (Soldering 60 sec). ... . | +300°C
ESD Rating ..... AL —————— A/ 1000V
ORDERING GUIDE
Temperature Packuge

Model Range Option*
ADS44]R 0°GAo +70°C R-14
AD844]R-REEL 0°C10'+70°C Tapeand Reel
ADB844AN 40°Citg485°C N-8
ADS44AQ -40°C t6,#85°C Q-8
AD844BQ -40°G.t0 +85°C Q-8
ADB44SQ -55%C 10,+125°C Q-8
AD844S()/883B -55°C'te +125°C Q-8
5962-8964401PA -55°C 1o #125°C Q-8
AD844A Chips -40°C to +85°€ Die
AD844S Chips -55°C to +125°C Die

*N = Plastic DIP; Q = Cerdip; R = Smal! Ouine 1C (SOQIC).

REV. C

NOTES .

'Stresset above those-tisted inder™ Absolute lyiagimuin Ratings” may cause
permanent darnage to. the device at these or any other conditions above those
indicaed in tie operational sectionsof this specification is not implied, Exposure
10, absolu i raving fiti for ded pericds may affect device
reliability.
*2§-Pin Plastic Packafie: 0y, =1100°C/Watr

8-Pin Cerdip Package: 80 = 110°C/Watt

16-Pia SOYG Package: By, = 100°CVact

METALIZATION PHOTOGRAPH
Contact Taciory forilatest dimensions.
Dimension shiown in inches and (mm).
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AD844-Typical Characteristics g, = +25%¢ ang Vo=
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SUPPLY VOLTAGE - 2V

Figure 1. -3 dB Bandwidth vs.
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Inverting Gain of 1 AC Characteristics

+6

Figure 10. Inverting Amplifier,
Gain of -1(R1=R2)

Figure 13. Large Signal Pulse

Response, Gain &=1, Ri=

" oM
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Figure 11, Gain vs. Frequency for
Gain = -1, Rp=500Q;Cp=.0.pF

R2= 14Q

Inverting Gain of 10 AC Charaeteristics
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AD844

Inverting Gain of 10 Pulse Response

Figure 18. Large Signal Pulse
Response, Gain = -10, R.=5000Q

Figure 19. Smali Signal Pulse
Response, Gain = -10, R, = 5000

Noninverting Gain of 10 AC Characteristics

+Vy 7] ouwF
e
4500
7
L son
" AD844. "Yg)
v, 4
e 0Z2,F
4
-V,
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Figure 23. Noninverting Amplifier Large Signal
FPulse Response, Gain ="%10, Re= 500 Q

=210 |-

“0

87

T 1717 T
N
newea| ||
N -

N 1
n % R
[ = ) S G

ANNERANN

R =800 \

PN

4 3 l

15
FREQUENTY - MHa

50

Figure 22, Phase vs. Frequency,
Gain = +10

figute 24. SmallSignal Pulse

Response, Gain =% 10, R, = 5000

-6-

REV. C



~ AD844

UNDERSTANDING THE AD844

The AD844 can be used in ways similar to a conventional op
amp while providing performance advantages in wideband ap-
plications. However, there are important differences in the inter-
nal structire which need o 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-
tials. Sources of fixed dc errors such as the inverting node bias
current and the offset voltage are excluded from this model and
are discussed lnter. 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 Joop 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 acrass Re is buffered by the unity gain voltage follower,
Voltage gain is the ratio Rt/ Ryy. With typical values of Rr = 3 MO
and Ry = 50 Q, the voltage gain is ahout 60,000. The open Joop
current gain is another measure of gain and is determined by the
beta product of the transistors in the voltge follower stage (see
Figure 28); it is typically 40,000.

o, >

At

hY)

Figure 25, Equivalent Schematic

The important parameters defining ac behavior are the trans-
capacitance, Ct, and the external fecdback resisior (not shown).
The time constant farmed by these components is analogous to
the dominant pole of a conventional op amp, and thus cannot,
be reduced bejow a critical value if the closed loop system is to
be stable. In pracrice, Ct is held to as low a value us possible
(typically 4.5 pF) so that the feedback resistor can be maximized
while maintaining a fast response. The finite Ryy also affects the
closed loap 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 Gr. Since Ct is
typically 4.5 pF, the open loop comer frequency occurs at about
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 umplifier. Un-~
like a conventional amplifier the transient tesponse and the
small signal bandwidth are determined primarily by the vatue of
the external feedback resistor, R, rather than by the ratio of
RI/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
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The closed loop trunsresistance is simply the paralle} sum of R1
and Rt, Since R1 will generaliy be in the range 500 Q to 2 kQ
and Rt is about 3 MQ the closed loop transresistance will be
onfy 0.02% to 0.07% lower than R1. This small error will often
be less than the resistor tolerance.

When Rl is fairly large (above 5 k2) but still much less than
Ry, 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 to properly terminate the imput if de~
sired. R3 in parallel with R2 gives the terminated resistance. As
R1 is lowered, the signal bandiwidth increases, but the time
constant RICt 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, Ry 0t 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 cirevit of Figure 26. Fi igure 13 shows the very
clean-and fast 10 V-pulse response of the AD844.

AAA

R
VIN ¥
Rz AD8A4 Vour
R3 +
PTION.
OPTIONAL 4 o ;% o
Figure 26, inverting Amplifier
Table I,

Gain R1 R2 BW (MHz) | GBW (MHz)
=1 L kQ 1 kQ2 35 35

-1 300 Q 500Q 60 60

=2 2kQ 1.kQ 15 30

-2 1 kO 5000 30 60

-5 5kQ 1kQ 5.2 26

-5 5000 100 Q 49 245

=10 1kQ 100Q 23 230

-10 500 Q 50 02 33 330

~20 1kQ 500 21 420
~100 5 kQ 50 Q 3.2 320
+100 5k 500Q 9 900
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Response as an I-V Converter

The AD844 works well as the active element in an operativonal
cutrent to voltage converter, used in canjunction with an exter-
mal scaling resistor, RI, in Figure 27. This analysis includes the
stray capacitance, Cg, of the current source, which might be a
high speed DAC. Using a conventional op amp, this capaci-
tance forms 2 “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 3 Csof 15 pF
would place this pole at a frequency of about 4 MHz, well
within the response range of cven a medium speed operational
amplifier. [n 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 ADS844, the snme 15 pF forms a pole
212 MHz and eauses littlé trouble. It can be shown that the
response of this system is:

. KRl
Lig———— —
4 sTdY 1+ 5sTn)

Vour =

wherce K is a factor very close to unity and represents the finite
de gain of the amplifier, Td is the dominant pole and Tn is the
nuisance pole:

R
"R+ R1

Td = KR1Ct
Tn = RnCs (assiming Ry << R1)

Using typical vatues of R1 = 1 kO and Rt = 3 MQ, K i50.9997;
in other words, the “gain error” s only 0.03%. This is much
less than the scaling error of virtually all DACs and can be
absorbed, if necessary, by the uim needed in a precise system,

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

AAA
R1
Isia
I AD844 Vour
+

Cy
g WV R -Lﬁ Gy

Figure 27, Current to Voltage Converter

Circuit Description of the ADS44

A simplified schematic is shown in Figure 28, The AD844 dif-
fers from a conventional op amp in that the signalinputs have
redically 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 s low offset volt-

89

age, ensured by the close matching of like polarity transistors
operating under cssentially identical biag condijtions, Laser trim-
ming uulls the residual offser voltage, down to a few tens of mi-
crovolts. The inverting input is the common emitter node of a
complementary pair of grounded base stages and behaves as a
current summing node. In an ideal current feedback op amp the
input resistance would be zero. In the ADS44 it is about 50 Q,

7] eve

Figure 28..Simplified Schematic

A current applicd to the inverting input is ransferred to a
complementary pair of unity-gain current mirrors which deliver
the same current to-aninternal 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 baffer is designed to drive low impedance loads
such as terminated cables, and can deliver 50 mA into 4 50 Q
lond 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 input impedance at
the inverting input is Tocally 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 cssentially an open circuit until the loup settles,
In the AD844, wansient current ar the.input does not caunse
voltage spikes at the summing node while the amplifier is set-
ting. Furthermore, all of the transient current is delivered to the
slewing (TZ) nade (Pin’5) via a short signal path (the grounded
base stages and the wideband current mirrars).:

The current available to charge the capacitance (about 4.5 pF)
at TZ node, is always proportional 1o the input error eurvent, and
the slew rate limitations associated with the large signal response
of op amps do not occur. Far 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/ys).
Since signal currents are rarely this large, classical “stew rate”
limitations are absent.

This inherent advantage would be lost if the vohage follower
used to buffer the output were to have slew rate limitations. The
ADB844 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,

-8- 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 detetiorates at low
gains because the bigsing circuitry for the input system (not
shown in Figure 28) is not desigoed 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 emplifier with a gain of 10 and a
bandwidth of 30 MHz. The tansient response is shown in Fig~
ures 23 and 24, To increase dieB4ndWvidih at higher gains, 1 ca-
pacitor can be added across R2 whose value is approximately the
ratio of R1 and R2 times Ct.

OFFSET y
TRIM
R,
]zokn [

Figure 29. Neninverting 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 2 typical configuration providing
a gain of 100 with high inpur resistance. The feedback resistor is
kept as low as practicable to maximize bandwidth, and a peaking
capacitor (Cpk) can optionaily be added to further extend the
bandwidth. Figure 30 shows the small signal response with
Cpx = 3 oF, Ry, = 500 Q and supply voltages of eithec £5V or
15V, Gain bandwidth producis of up t0.900 M Hz can be achicved
in this way,

The offset voltage of the AD844 is laser trimimed to the 50 %
level and exhibits very low drift. In practice, there is-an addi-
tional offset term due to the bias current at the inverting input
(Inp) which flows in the feedback resistor (R1). This can option-
ally be nulled by the rimming potentiometer showa in Figure 29,

REV. C
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Figure 30. AC Response for Gain = 100, Configuration
Shown'in Figure 29

USING THE ADS844

Board Layout

As with all high frequency circuits considerable care must be
used in the Jayout 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 berween points on the
plone, and this must be kept in mind in selecting the grounding
points, Generally speaking, decoupling capacitors should be
taken to 1 point close to the load (or sutput connector) since
the load cutrents fow in these capacitors at high frequencies,
The +In and ~Ju circuits (for example, a termination resistor
and Pin 3) must be taken to a.common poinc on the ground
plane close 10 the amplifier package.

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

Input Impedance

At low frequencies, negative fecdback 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 flattera-series RC network can be inserted
across. the input. The resistoris 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
importanr if the input resistords much larger than the termina-
tion used, o 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.



AD844

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 capacitive loads, the output
speed becomes a function of the overdriven output current
limit, Since this is roughly + 100 mA, under these conditions,
the maximum slew ratc into a 1000 pF load is 100 V/ps. Fig-
ure 32 shows the transient respanse of an inverting amplifier
(R1 = R2 = I' kQ) using the feed forward network shown in
Figure 31, driving a load of 1000 pF.

750 22pF =

Figure 31. Feed Forward Network for Lasge Capacitive
Loads

.
:
bttt

ey LT ? TP

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

Settling Time

Settling time is measured With the circuit Of Bigure,33. This it
cuit employs a false summingnode, clamped by the two
Schottky diodes, to create the-error signal @nd lymit the'igpag
signal to the oscilloscope. For measuring sértling time, theratio
of R6/RS5 is equal to R1/R2.For unity'gain, R6 = R5 = | ko),
and Ry = 500 Q. For the gain'of —10, RS = 50 R, R6'=500'0
and Ry was not used since the summing network loads(he olit-
put with approximately 275 0. Using this. netyork in a unity-
gain configuration, scttling time is800ms 1o 01 %:for a—5 V 10
+5 V step with C_ = 10 pF,

=10k

TO SCOPE
{TEK 7A11 FET PROBE)

R6
D2
—A\A—
R1
Vin VWA -
R2 ADB844 e Viur
R3 +
AL A~ CL

D1, D2 ING263 OR EQUIV. SCHOTTKY DIODE

Figure 33. Settling Time Test Fixture

DC Error Calculation

Figure 34 shows a model of the de¢ error and noise sources for
the AD844 “Phe.inverting input bias current, Iy, flows in the
feedback resistor, Igp, the noninverting input bias current, flows
in the resistance atr Ping, (Rp)y,and the resulting voltage (plus
any offservoltage) will appear at'the inverting input. The total
error, Vo, ALtHe output is:

Yo 5 Tap R+ Vs + Iy RIA'{] "'%]*151\' Rl

Sincedyy aud-lgp are unrelated-both in sign‘and.magnitude, in-
serting diresistor in séties vith the noninverting input will not
uecessarily seduce de error and'may actually ingrease it.

il

Figure 34-Offset Valtage and Noise Mode! for the AD844

Noise

Noisc sources-can be modeled in 2 manger gimilar to the dc bias
currents, but the'noise sourcds are Inng Tnp, Vn, and the
amplifier induced, noise af the outpnt, Vo, is:

KN 2
f 4 2 3 2
8% = x"‘((IMPRA,,)" +Vn')[1 + %J +(Inn R1)°

Overall'noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, R1 = R2 = [k, Rp=0,Vn=
2 nV/Hz, Inp = 10 pAWHz, Inn = 12 pANHz, Vox calculates
to 12 nVAHz. 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 £5 Volt Supplics

The AD844 can be used to drive low impedance cables, Using
15V supplies, a 100 Q 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
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Figure 35¢. Differehtis! Phase for the Circuitof 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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STAIRCASE oy
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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 Spced DAC Buffer .

The AD844 performs yery well in applications requiring
current-to-voltage conversion. Figure 46 shows'conneetions for
use with the AD568 current output-DAC. I this application
the bipolar offset is used so'that'the full4scale curtent is
+5.12 mA, which gencgates an output of £5.12 V using the

1 k€ application tesistor@n the AD568: Figure 37 shows the
full-scale transienr resporise-Care is needed in powen supply

o Dyl s
I 3
] - Y
[ &
l — Actar )4 Yo
oGra /LS + K n
wreng e
| O Aiai0G
ty EE— s
C]
[T:; CROUHD
E, oo
2 Ry
1 o .
WYPASS CAPAOITDAS
Figure 36, High Speed DAC Amplifier
REV. C

decoupling and grounding techniques to-achieve the full 12-bit
accuracy and realize the fastsettling capabilities of the system.
‘The unmarked capacitors in this figure fre’0.1 pF ceramic (for
example, AVX Type SR305C104KAA),.and the ferrite induc-
tors|should be about 2.5 uH (for example, Fair-Rite Type
2743002122). The AD368 data sheet should be consulted for
more complete detailsabout 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
AD539 multiplicr, in all of its connection modes. (Sce AD539
dara sheet for full details.) Figure 38 shows a simple multiplier
providing the outpur:
7
Vi =- VeV

2V
where Vy is the “gain control” inpur, a positive voltage of from
0V o +3.2 V (max) and Vy is the “signal voitage”, 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 A)539 in parallcl
results in a feedback resistance of 1.5 k2, at which value the
bandwidth of the AD844 is about 22 MHz, and is essentially in-
dependent of Vy. The gain at Vi = 3.16 V is +4 dB.

Figure 39 shows the small signal response for 2 50 dB gain con-
trol range (Vx = +10 mV to +3.16 V). At small values of Vg,
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. Figurc 40 shows the responscto a2 V
pulse on Vyfor Vx = +1V, +2 V and +3 V. For these results, a
load resistor of 500 Q was used and the supplies were +9 V.
The multiplier will operate from supplies between 4.5 V and
t165 V.

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 a maximum gain of 16 dB.
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Figure 38. 20 MHz VGA Using'thé AD539

Flgure 39/ VGAAC Response

Figure 40. VGA Transient
Response with\Vy = 3V, 2V, and 3 v
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A19°9 A.1 MAWeTALTIUNNSINAsINTYINIUTD9T TN ELD

DVT1=0.256458,
UB=2.54576E-21,
VSAT=164511.4, RDSW=306.579,
VOFF=-0.086701,
PCLM=1.328107,
PDIBL2=-3.2559E-06;
PSCBE1=48819330000,
A0=1.627879, A1=O.444901,
NPEAK=4.1589E+17, LDD=0,
LITL=3.4641E-08,
PVAG=2.093262,
ETA0=0.001018318,

K3B=13.8642, DVT2=01,
DSUB=0.001094521, AGS=0.32955,
DVTIW=0, DVT2w=0, PRWG=0.5,

PRWB=0.5, PDIBLCB=-0.001,
DWG=-2.4339E-08,
B0=5.2077E-07,

LINT=2.76103E-08,
DWC=0, CF=0, NOIA=9.90E+18,

UA=1.04931E-09,
UC=-1E-10,

NFACTOR=2,
PDIBL1=0.002394169,
DROUT=0,
PSCBE2=5E-10,
A2=0.3,

UC1=-5:6E-11,
KETA=0,029616,
ETAB=-0.00032063,

DWB=-9.3465E-11,
B1=1.37087E-06,
DLC=2.76103E-08,

A1 PMOS A1 NMOS

LEVEL=7, L=0.0001, W=0.0001, LEVEL=7, L=1.00E-04, W=1.00E-04,
VTO=-0.370804, KP=0.000517972, | VTO=0.366265, KP=5.18E-04, GAMMA=0,
GAMMA=0, LAMBDA=0, RSH=7.5, LAMBDA=0, RSH=6.6, IS=1.00E-15,
IS=1E-15, J5=0.0001, PB=0.844426, JS=1.0.0E-O4, PB=0.8, PBSW=0.8,
PBSW=0.8, CJ=0.001157423, | CJ=9.90E-04, CJSW=2.39E-10,
CJSW=1.90246E-10, MJ=0.406393, | MJ=0.373689, MJSW=0.153789,
MISW=0.355079, CGSO=6.52E-10, {*CGSO=8.06E-10, CGDO=8.06E-10, '
CGDO=6.52E-10, CGBO=1E-12, | CGBO=1.00E-12, TOX=4.00E-09,
.- TOX=0.000000004, XJ=0.0000001, | XJ=1.00E-07, - UCRIT=1.00E+04,
UCRIT=10000, DELTA=0.01, DIOMOD=2,{-DELTA=0.01, DIOMOD=2, K1=0.580275,
K1=0.589547, K2=0.023595, LETA=0, | K1=3.12E-03, LETA=0, WETA=0,
WETA=0, U0=103.0478, XPART=0.5, [ U0=265.1889, XPART=0.5,
VTH0=-0.376804, ~ K3=0, , W0=0.000001, | VTH0=0.366265, K3=1.00E-03,
NLX=1.5172E-07, DVT0=0.788509, | W0=1.00E-07, ' NLX=1.77E-07,

DVT0=1.231242, DVT1=0.384984,
UA=-1.51E-09, UB=2.49E-18,
UC=5.62E-11, VSAT=1.02E+05136.5583,
VOFF=-0.094802, " \| NFAGTOR=2.186007, ‘
PCLM=0:660212, PDIBL1=0.160533,
PDIBL2=3:29E-03; DROUT=0.791781,
PSCBE1=6.42E+09, PSCBE2=4.12E-09,
A0=2, Al=1.16E-03; A2=1,
NPEAK=2.35E417, LDD=0,/LITL=3.46E-08,
UC1=-5/60E-11,PVAG=0.034717,
KETA=-0:012771, ETA0=3.34E-03,
ETAB=6.03E-05, K3B=3.388687,
DVT2=0.016135, DSUB=0.021478,

AGS=0.454312, DVTIW=0, DVT2W=0,
PRWG=0.5, PRWB=-0.2, PDIBLCB=-0.1,
DWG=-4.2116E-09, DWB=1.10772E-08,
B0=3.43349E-07, B1=0.000005,
LINT=1.70242E-08, DLC=1.70242E-08,
DWC=0, CF=0, NOIA=1E+20,

NOIB=50000, NOIC=-1.4E-12,
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@1 PMOS

A1 NMOS

PKETA=-6.74E-03, PVTHO=1.44E-03, PUA=-
4.35E-11, PUB=1.00E-21, PU0=-0.976962,
PRDSW=0.507341, PETAO=1.00E-04,
PK2=2.19E-03,
PBSWG=0.8, MJSWG=0.355079 U @& ¢
CJSWGE=4.22E-10 '

VTM=0.025864,

WKETA=0.001601517, PVSAT=1686.297,
PKETA=-0.00203953, .
PVTHO=-0.00173163, PUA=1.58432E-12,
PUB=7.44614E-25, | PU0=5.202447,
PRDSW=-1.417355, PETA0=0.000100159,
PK2=0.001600729, VTM=0.025864,
PBSWG=0.8, MJSWG=0.153789

way CJSWG=3.3E-10
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