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ABSTRACT

This thesis proposes a signal generator and frequency multiplication-division of
triangle wave. For the signal generator, it can provide both square wave and triangle wave
signal. By novel means, the circuit scheme is less complicated than conventional scheme and
more suitable in integrated circuit form. In addition, it can be readily modified to serve as
Pulse Width Modulator (PWM). For frequency multiplication of triangular wave, absolute
value circuit principle is introduced and changeable polarity amplifier is utilized to dividing
frequency of triangle wave then it can provide divided signal performance better than
traditional method using integrator, especially at low frequency.

The computer simulation and experimental results are presented to exhibit performance

of the circuits.
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2.2 Mesfsutisudaanos (Comparator Circuit)

(Y

wsulSsudisudyana  (Comparator) Lﬂmwsnuunmnmﬂm‘lumsmUﬂum's

[y

3’
urasszuv i

muu'luunuw'lmmmsansmmﬂuammmmaﬁmwanms
Mudswadal

TumsuSsuisudyanausedud Tasnnaldeaduand (Op-Amp) v nduiuges
wamamo.,tamwm'aaqwa'snﬂsaumsuarumm.,mmsnuan'lmwammmauwmaaqammm
duanalafisnnvsasaniifu mumwsmiaumauammmmtﬂmﬂ'muauwmﬂu
amrgwmamaan(Analog) u.avmamwmﬂuammmmma (Digital) anwaizaavNsWIoU

mﬂuatyfywmammauamm'lugﬂn 2.1

NN

i 2.1 2sulsuifisudyanaetehs
J 3 e J
NngUn 2.1 wldhusduandwenaciss (7)) awilduiu

Vo = Vg Vi M (2.1)
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logn 4 ﬂaamﬂwmammutwaﬂ Open-loop voltage gain) #avaavuanildiy

vol p p g g
Via Waz V, tﬂumusmumnauwm 4 wdr B mudauy mamﬂunuwnﬂmaﬂmh m
Y,

”;

4 Bnanh v, manlnadulugums (2.1) wdianuuinuas zoaduanlugeay
ﬂmv'lmtsmmmmwmLﬂummnauum (Infinity) 61 ¥, « Ndasnd Vs Ui manluag
Wurasanmsetieiaduay u.avaaﬂuauﬂ“luammmv"lmtsmutamwmLﬂumauauum
Lm'lumqﬂgummmuLmmwmunnmﬂmfmmmawm'lwLamuavawsmﬂ’luwmaaﬂuauﬂm
mtmmmmmwmnh a:umuaﬂnmmmmﬂlwtamﬂs g 1 1aadl uasiBoneuseguiin
LNTUD UG (Saturation voltage : Veer) muumauum‘) memﬂmaawmtﬂu +15
Tad udh Veur . Aldasilehdiy +14 Tad uas Vo l8W0NAY -14 Tiad welunsdis
meawlwmmummm (Unipolar) 17y +30 Taae aﬂmm Ve Ustanar +29 Taael uazge
fieh v, Usana +1 Tad muumnmmm’mwmumwmwmLmﬂummwmiN’ms
qua'umﬂuammmwuaaqama::ﬂa

VSAT +y > VinA > VinB
out — (2.2)
VS 4 7'_ ; VinA < VinB

sﬂuuuwuwaﬂwstﬂsaumauusmu wmm'l'muuanumumsﬂn 2.2 WISNUT
umsmmwmumuua"h'[ammaqummnmauwmﬂanwsc.wai’lamu"lu"lmnmmmtﬁa
manmwsmﬂauwmaqaaﬂuauﬂ Luawamquﬂmuauwmummnmulﬂ

U B O——AAN——9p—
% % 1816 We
0 A AN ——— 1+

Buw
q

Ui 2.2 mman%'ﬂutﬁﬂmmﬁuﬁﬁmsﬂmﬁuﬁuwm

ﬂ'ﬁﬂ?"ﬂﬂﬁﬂm\ﬂilﬂiﬂulﬂﬂUﬂiUty'lelWUUE]El'] %y um'l'lmwauam\mamm'lmau

(>t

Vgsmmmummnmauaan'nﬂuﬂ Tmzmasuhzmmauatyqﬁmnm\nunmmﬁuuﬁﬂmw N
QSGI'S’JQQ‘IJmuﬂuﬂ (Zero crossing detector) mmsmawasuaﬂumvmuam'lusﬂn 2.3 uuﬂa
avmnauwmm’lﬂmumnnﬂauauwm‘ln:Jmszmuamnnmlﬂuﬂuﬂmamamﬂﬂmumm I.WE)

Miussaudygnausidusns (Voltage reference : ¥, ) Wifuasioudioyil
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umLﬂaﬂuuﬂaqmunaﬂﬂutsﬂmw 'msulsaumﬂuammmuvuwamwsa aWasisudea
ADNWIIRDS (Differential Comparator) mwasuaﬂvm:mgﬂn 2.4

Buwe 126N

-V

U 2.4 nasdnNessuFea maumisuaas
\] AU s \J e Ad 1 H. J
ﬁ':u'luniﬂ“immmfuuﬁ\muﬂmL'fluﬂuzf wiadluseaulaq Afldheedt Sanh NS
wisuiisunuuBaufiawu (Single-ended Comparator) 62989 Ne5UNSATNSNBULILER
'lusﬂ-n 2.5
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dwiesSsuidisudynalugud 2.5 (1) asthamusumunuuussdudiels
Hussaudyanusheda dmRAINUTUT 2.5(2) sEuFa MU A I usedud
anasentiuaslalan (Zener diode) Witos
'lummlsaumﬂuammmﬂarmsLﬂsaumaummsnwmmﬂﬂ 2 Snunfiuandi
fusaiiae
1. mswSsuiigudyanaeaadyanauhiizaun

<4 < ar 3/ 43
2. MsuSsunay UEIUMEIA TUIRILIINDIBY

&

mstﬂ%ﬂmﬁﬂvﬁmmmﬁammé’mmmtﬂwﬁ'ﬁomn
aﬂum.,wmmsuhaumﬂuamnnmmmﬂammmmnmmn uamm'lu'sﬂ‘n 2. 6(ﬂ)
‘mL\Ju'msv.ﬂsaumauammmﬁ'lmﬁ\mua'mm V., ﬂaumwauwmmau maammmwm
Naunsiuie ¥, 1Jaut'zn°nauwmmmn ManyAidyanatune  wasdyana V8
dnwardini 2.6(2) a"m'lw"lﬂammmmmwmuanummuam‘lusﬂn 2.6(A)

iﬂﬂ‘iﬂu‘aku’)‘lI.LSQGINLE]’WIWG]NmSLﬂaﬂuHﬂ’l’]uiﬂﬂ Ve, Wity Ve 13BN
Ve Wiy Ve mwmmmmuauwm v, umtmnuatyiywmus\mu Vs waziiladang

aiytymtmmwm"wmuua ViV, seiemandwoniiy Ve uaztila Vin (Vo 2o
wontu v, muumsulsaumﬂuammm'lunsmuv\man’n NITUUguduuuly

nauwe (Nomnvertmg zero crossing detector)
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+
R L § v,
in
=4
= , (m)
A V;'n ref
r r
0 ! >t
<))
A
VSAT+
0 —» ¢/
VS.-IT — _J
\ @)

) v oA

‘l.lﬁ 2.6 'N%Vdiﬂumﬂuammmmamammwmmnmmﬂ

L[>t v

m‘mﬁzmtﬁsué’mmms’hﬂamﬁmmmtﬁwﬁ'%au
anvmma\nsmsn.ls‘aumﬂuamrmmmzmmatu:mmrzrmmauuamm’lusﬂw 27(n)
-mnJu'm‘szﬂumauamrmmﬁ'lmmmuawm Vs {Iauw”mauwmmmn muawrymnm
NounRinde ¥, ﬂaum‘mauwmmau mauum’lwammmauwm wasdygna ¥,
SnuairdgUi 2.7(2) avm'ln"lﬂammmtmmwmuaﬂum"muam'lusﬂw 2.7(R)
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(n
A in ref
0 ' > 7
Y
(¥)
4
Vsur+ Ele———r
0 —>
VSAT—
\{ €D))

ar Vd'n‘:

Ui 2.7 wasiSsuisudaanadsyadyanadhinagy

[ g

mnsﬂua"wummﬂumewmumﬂﬂaﬂuamazmn Veir Tuddhy Veir wIBNN

-

Vo iy Veir mwmmtimuauwm v, umt.mﬂuaiymmu,s\mu V uavile
ENLﬂﬂﬂﬁlfU’]ﬂlLEl'lGlWﬂi)uWU’Tlma Vie YVor a.,'lnmtamwmﬂu Vear. waztile Ve (¥,

alidandwaiiu v, muuwvsuhaumauamzmm’luﬂsmumﬁﬂm‘l Nasuﬁﬂumau
URNAULUUNIULWE (Inverting comparator) u.aJlunsmummn‘lnammmm\mua’naq V Y}
futiy 0 Taad NesiSsuiisuduanauuuiiedenh Nasmvawmugummunamwa
(Inverting zero crossing detector)
'lumsu*mamﬂsaumﬂuamtymma'msﬂaumﬂmas’lﬂﬂsxﬂnsﬂmwuu WTN
aﬁan'uiuv'lﬂhflzmﬂuaaﬂmmﬁsmﬂﬂamaamwmwsmﬂ
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2.3 WSHGNINNDS (Schmitt trigger cicuit)

awganinnasituasiSouiisuusdudyanadouuunil Zasimsaatlaundu
WuuwIn (Positive Feedback) dauanelusiil 2.8

U 2.8 WasmRansninasiiiasdy

'ms'zfﬁm'n%nmas’ﬁmam’lusﬂﬁ 2.8 fienesndnadh NI
Regenerative Comparator Lmﬂuauwmnﬂ{laummmmmﬂamwa =) uavus\muﬂauﬂaum
Houdriito Linguina (+) UsIuBUNG v, navumiﬂivmuusmutmmwm v, wnﬂswu
mﬂ'daﬂuuﬂmsmmmwunmauwmmam Tosfissiuusidumailae useumsdlaadau
g9 (Upper threshold voltage 3 Vor ) wazuIAumsalaaseIueh (Lower threshold voltage ,
V) NadNUBNsE UL UEN G anunieasBanaida (Hysteresis w1dth) (31
'cﬁminmmmmmLmﬂummuTm’Tmﬂauumuﬁmutamwm v, WU V., fauuseduy
i linduaasiiendhy

R,

Vo + m(me —an) = Vi (2.3)
I 2

ma‘lwnmummmuauwm v, denivanh Y, usqo"n'utawfwm v, fdaaeiiauiiy
Veirs i v, mmawnmnn‘n V,T ta”mwmvtﬂaﬂulﬂu Veur. uavuﬂﬂulmmwmvmm

PHITLH ﬂULL‘NﬂuBﬂWﬂ’m anuhil vy Vyr muam’lusﬂn 2.9(n)
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A - -
Vears > >
v .
ref
Vor
0 > v,
Vear- y > >
Vo ()
4 -
i V"A'I'+
L
14 A ref
LT
0 Ve >V,
Y ' N Vear-
(¥)
v()
VSAT+ _% e 7
v,
A ¥ "y
0 > Y,
VLT Vur
Vsar- ¢ = N

(")

'LWI 2.9 aﬂumuauummsa\mwwaﬂws'dummnma‘s
. v S 1w a9
mmmmutmwwm v, Whnu Ve, usseuntamlindumlaasiiandy

2

Vres +m(VSAT-—vr€f) ="Vr (2.4)
wasusIudUWA v, sdesilanisenh ¥, Lﬁ'aLﬂ?i'auuﬂaqtmﬁ'mmﬁvgmmn Ver. W
Varre Suiuaaslusuil 2.9(2) wdunaiuldnadwandouwlamn 7, uJu Veirs
GRITEEINY anumuauummsmmﬂ'ua\maszmmmnmaswaummuammsﬂn 2.9(9)

Wuimhdunah v, ssildnipenh Vir emauanenzassasdyanaiie anu
niNYNBMas3d 7, 'lunsmmmwum Var, Smnauhiu Vg, aunsemer v, 1
NNFUMS (2.5)

2R,V

VH=VUT—VLT R+R

(2.5)
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Mdusiugganneeatanas v, denfpenh 7, tessfianinnatiazasy
sussliussnuandnaluiiemadoniy  sndemaduiiy Ver,  loahifilamanty
Ve 188 Smlszmianikiidhdnie insums (2.5) wnwuh eenunindawsidd v,
Whidaszeia v, shemmu R, GiaH'Lﬁa'dmLﬁﬂnssuammaﬁuwmlué'a (Input bias current)
yavaatuanil lasnluasimualiiiaondy R, /I R, wanawiigaannseaarassfionsn
waswuulindue (Non-inverting schmitt trigger) Tﬂamsaauammmauwm v, fu
dyanee v, nnaslugil 2.8 Usrlenidwamansiioninnedas 19dueesi
ulaﬂutmmuauwmmﬂaﬂuuﬂaqmunm'zn (Slowly varying input voltage) ’lmﬂuﬁmmmsﬂ
TG R sauaasliluzuii 2.10

TG |

SAT-

2.

Ui 2.10 dyanalunessiondnines

¥ o o a, < v 1 as ,J
nnsEianininaslusun 2.8 fusdu v, Wnugudliag inaumsh (2.3)uax
(2.4) fazloh

RZ VSAT

Vur ==V =R TR
1 2

(2.6)
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o
] H

dudniiordwazansassiionsnined udetalsfiom Lauummzjaqammwmsﬂﬂauﬁmaﬂu
wlmﬂummu’lunmmznﬂuwamnnmsﬂﬂaumaumuskuﬂuﬂhamwam uddumnaatiaz
mmmsmamﬂa‘lﬂtﬂuuu 6 Towit 0 =sin™'V,, /v _ile v, dsusnddyaggauasdyanm

n

sundeEn] saudnzUedyanaliluzui 2.11

o | N
N/ A -
; —_— |

e NSRS

9 = Sinnl I/UT /I/m

I/SA -

31] n2.11 mstaauLWaammmmmwmmwaswmmmnai

a 4 = >

2.4 3199358UNNIL683 (Integrator circuit)

- Yo a w o o & & - o a o

Waswmnmslifliedygnaguadumumdsulasmliny  asiimsliesduiing

P ar o é P & o P o & o et o o

was Wawlndyanugiaduimisudiuguadumumisn dnindwenaniwmsnmeriey

a P s o I3 4 J J’ ° L
ravnvsduiitnsiesiusriodinalumaihousain  WsWuRuglumahenushlady

ar e - b d - J L3 Qr g \

nannsliifiedugnuuuuidunnieuslumdasely

NPuinsneiiu leaunfsziimsihesdusniindasinduddumy R uszs

P ° ] 1 AJ ° -

thutlsey C tiadasmshlilamnszualumsiszy R € fieaei mildhaesduiinsined
2 anvazda NIsBUTINswasuuvlindua (Non-inverting integrator) WRTNITBUNANT
wasuuundua (Inverting integrator) udlagvinlaziimsiionldasdufitnsmadivunduy
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wannnh dissnnldnuhauarldgunsaldemauemipenh duinvdwensniuam:es

a e

BuNNSeaSLUUTIYINIY

sUh 2.12 sneailassasnzasnasduiitnsieaduuunaus

TaseasNYa9NTBUTINS DS ILUUASUINE é’mam'lugﬂ?; 2.12 [20] 1 919exGen
anated WasHaeesdufiinsians (Miller inrtegrator) Lﬁa'lﬁngﬁmmai'ﬁaw (Kirchoff’s
law) uaxé’nvmwaqaaﬂuauﬂﬁa’wﬁuvxgmﬁuﬁuﬂuﬁﬁmgﬂmﬂaummsnﬂssmmw'hnszua
Lisansolvashussnhindunassasld Sonildmoasnssua I,y wiugud uasaina
Tinssud i, =i, an0eslugudl 2.12 wxldnseud i, dofl

N &
L = —R— (27)
G v, +v. =0 (2.8)
: -
(BN v, = Vel Ii,dr +7(0) (2.9)
0
Taaii 7(0) o musuGudludfulss
fiounu i, uoy v, adludums (2.8) uvagUanmslmi azlah
1 !
v, =—| — |vdr+V(0 (2.10)
o)

dums (2.10) # usliiiuh Aussduadwazssnasudstiumusmauaduiin

[ a

o v o o ¢ v ’
3] fymv’]mauvgﬂ v, LLazltﬂiNﬂNuﬂum RC LﬂﬁmwaﬂEIauluﬁNﬂ"lila’mw.GlUE]ﬂ'lwn‘ﬂ‘lfﬂ



AMUNAUDING v, zilh (Polarity) ssafuBAULRGUBUNR fahnwsiuiinsess
wuuilialdden wesduiinsimesdiuunduma

dlavnmsanaddh v, Hudasiindeunawiadudyanadmden uaz & Jud
dumudiiienaee u"jamﬁ'ﬂqmauﬁ'ﬁwmaaﬂuauﬂﬁ’hﬁuwmﬁuﬁuﬂuﬁﬁﬁhgqmmumm‘m
Uszinaldhnszualionansalwashusswidnduwanees dufy i Swensosadledhil
e uaviiiemnqauaniidunmdaiundueestuand Jussnailddh dnsuua i,
wualvaiu C Seiisanmsussquazmetszquas ¢ Fmaafionudamsls daenne
ssdufinsieasiduuuunduna Lawﬁwmﬁlﬂ"ﬁqﬁ%mﬂﬁuﬁmﬁuusqﬁuﬁuwm FBENAIN
duiusadanaduwe v, uasdyananadiwe v, ﬁé’nﬁmxé’qgﬂﬁ 2.13

oV v,

OV/\/\/\V
R ) e

a

3 2.13 anuduiusvasdyanadumne v, uasdyanMeswe v, Wasduiitnsiaasiiiy

WUUNAULWE

mngﬂﬁmnpmﬁimam'lugﬂﬁ 2.13 v:wuiﬁnﬁymﬁvﬁ:amﬁqmﬁmanagjﬁquzﬂaasf
Lm"lumqﬂﬁﬁ'é‘m"ﬁﬁuﬁmsmz‘i’n,;nunmeiaLﬁmashqﬁy EAIIMTEAEAEN 9 IHiUNaS
VMAEBEN [21] 12 618931 Breading resistor m'chﬂizmmhzqﬁmnﬂs'au C

wananil mnaRnsanNesduiinswedlulawussnnud (Frequency domain) é1u
uamluzud 2.14
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LAY
C
Vs O_J\/\/\/ -
R A(s) o v,
+

||}———l

Pl =3 = AI
FUR 2.14 NasBudinsweslugulawmpesamad

(G’l (4

Nysdufinsieaslugun 2.14 asiivndudalau (Transfer function) §aii

W o, Wmnnmiivenasduinsimes
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(2.11)

(2.12)

atalsiony naguuasdanuenEuazuuLeIn (Gain-Bandwidth product) ANMIING

aavepluaniidumglitiemsnsusussidauly logmainsousanilunagomsimsnay

UM NEANAR uazWisuaAawan (Error function) 64il

2 (s)=%1(s)E(s)

(2.13)

&y a 4 4 e o o o <
Wedduadowan E(s) fstuagivenad Tasdumiusaatenemadsaunly

NINMIADUTUNNNYANARIBNNITDUNININDS msu‘immuﬁmmsn"‘zLﬂﬂsw"lugﬂuuunm

1 o . e 2] ! a
MNAWNINTDIBOVENY (Gain error, £(5) ) (Madeiuunnnii) uazmAnwainzauns

o
(Phase error , @(s)) (msidiseiuuan 90 Toui

£(s)=|E(s)| -1
P(s) = LE(s)

(2.14)
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ahriguselauzasasdufinsmainly diui 2.14 sansamldan

v, GB C()o
L= (2.15)
v; s(s + w, + GB)
aniu Mridumlawmadiavmsussusalsdudr (Normalized error function) x16
GB .
E(s)=—"— (2.16)

S +GBn +7

dla S, =s/@, Wat GB =GB/@, dumMs (2.16) udmliiune Gain-
Bandwidth product ﬁwasiaﬁm’ﬁ"umﬁmwmmmi'i'mmmauaztﬂﬂmuaunﬁ (2.14) o
dunaldasndanun diimsldeatuaniiiien 6B dlunasduiinsiond 1995iqsilen
Lﬁ'mmuhlmmwsﬁuﬁmsmas"'lumqQmunﬁmnﬁ"utaq

MABARUWNAD TN NI BUTIN S0 B S (Quality factor , 0,) @nsomldanaums

(2.16) Aa

(w, +68) GB
0, ==—r—" & ——=—|4(;0) (2.17)

(1) aw
NNFUMT (2.17) Wuh meedaunnweiiang @, #uhiu 68, lay 0,1 il
uJummmmmmmuuum’lumwauaummmwaﬂaﬂmsaunLﬂsmas ‘m'lumqamuﬂmum
i Q, fensianduatug (Infinite) agnlshony dums (2.17) Lﬂumm'zmﬂmnmaqm
of Lummmﬂwaﬂmwm Gain-Bandwidth fifle$inuasnatuan G]’JEII.‘MGINLEN 'Iuv:anm‘s
wamnmuwusavuu mwznznummanLaﬂqnw'lm'm'msauwLnsma‘s IRavdnd@mein

WIVaNE U AT
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2.5 mslinufiadyanaguadudinizaiiady

1 4
<

wanfilaimsdnwiaease aiifuiusultneinudsluud Tudhuiiaudly

-3

msmLam%mmuummwLﬂmws'lwmLuﬂanumvniuiﬂﬂauamaﬂu mmﬂwmmmammm
‘sﬂﬂauﬁmaﬂumawu Tmaw11ﬂa"'lﬁaaﬂuauﬂmmﬂmms aiidaSunvasde RATRPRED
ppaBalmasuULI NIy (Ralaxation Oscillator) NIDBATABADIUVLTRANSALNES
(Schmitt-trigger Oscillator) 3o NITOTAATS Nod useas (Astable Multivibrator)

anvazlasaesnasuaalusUi 2.15

R2 vref — Y,

R

T c
Ui 2.15 2aslifuiledyanaguedudmasudaedu

wanmsmmumaqms’lwmLuﬂammmsﬂﬂauﬁmaau asmsteaulvsavuauilvhem
Tugedus (Saturation Region) Tushuauuasmuwinaduiuly mmws’lusﬂn 2.15 309

dmp =t (R + R ) vaudine  (By,) agniloundulidendilinduma  (Non-

inverting input) GatiuLsAGUB (Reference Voltage , v, ) mmuautﬂum BVerrs ¥in
Por—  Wudndmumitapanisasaziiiuh wsauadne v, wgnilaunduluhinshngy
W& (Inverting input) Tﬂﬂummuﬂsvwmaaﬂnunﬁmu m’lmmmumnﬂsaummuﬂm
(ve) LﬂuusmumﬂaﬂumJmmumimuﬂsvwsamﬂﬂsuwmmmuﬂsufo wasilalofiond
ve fewdsunsaudedn v g LRIV vo dedsuuassonuyly Fansdliaudiuhany
uauﬂmwu'mwanwsn]sﬂumﬂmmmu (Comparator) TUlugn
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V.\'AT["I + (1 +ﬂ)e e :,

SAT+
Ve

ref /

i V7 R
oINS

Bsir
A
NS Vw[—l—(lw‘ﬂ)e_ﬂ

a (]

U 2.16 juadudyapamensshifdiedygnasedudmanniosy

v

.

mn'sﬂn 2.16 'mnamsnwmsmmamewmﬂu (= Gl’JLﬂUUS:QQ"Yﬂﬂ’HﬂS:R)
UNAY VSAT + Wethudadumu R Tueaideat meunmnﬂiaunmun'lunamﬂawaqa
suuantl Fifide V., dswhiu By, Y Lts\munwnmaummuﬂsvm lWlJ'UlJI.SElEl’] U
U Ve ‘mtUuLmﬂunmnﬂsaunmw'mauLwa e ,B sar WROUEWS v, 3z
wWasuan Vs s,
aveudfuszsadadiantn By, wBHdumalsshe R uiidhaaaenaeiugud

r+ WU Vo daaa T, waeguii 2.16 waziiyanaudstuil usiduiian
uakudsw‘lnummmﬂu Vsar— logduasdssqusduv, Wides jauded 7, Ve ™ 30

nmmmmmmmwm v, avnldsuilown ¥,

o nauluity VoY widaulurdnusn uay

dyapazueduziehuuiinasnnm

Smsuanuduazmun) m%wm’mnfimuﬂmmnmL’Ja’lﬁﬁmﬁuﬂsva“lﬁ'lumﬂﬁu
Uszansamessyludnusesu Sy, Ve 0 BV muuuimumﬂﬂsaummuﬂsmaxﬂu
agfiunm Fgndmualas

t

ve (1) =V, +(V‘. —7, )e RC (2.18)
o [ @ J v
Wwa ¥, thuuseaumgang
v, duussduaiSuey
Taaf V, =Vory
v, =B,

SAT—
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I

C() Voare T (IBVSAT— SAT+)e ke

ve(1)= Voar+ Vs.4r+(1+:8)e_z (2.19)

flom 1 =7, ussduiionasandufivuszaiiandiu + BV sy UBTURAUDING v, 32
Aadnn + Ve, dlu -,
oAy azlah

Ve (T1)=:BVSAT+ Voar+ ~ Vsar+ (1+/B)e ke (2.20)
pe1-( f)e ¥

(1+ﬂ)e7<"' =1-5

_A_l ___l—ﬁ
RC 1+
v
T, ko) ey i

% 7, Wugnnaniisedmunm (7)

T =27 =2RCInit2 (2.21)

L ar 4‘ =: n:
VISUMIWUTIN Vg, Snanndy v, 2eld v, dudynaguedudvasd
HaNuININASHY (Symmetrical Waveform)

lusums (2.21) & R =R, W p=05%ldh T=2RCIn3 ussth
R =1.16R, farleh T =2RC w3n

l
_fb =% N R,=1.16R2



23

uazasldussiuandne v, Nnvaadeaan
v()(p—/?) = 21/3,47' (2.22)
Muanldyanneaatveansiusduedng v, smnsodiuldles mewdsuudas

staulWidzeeaas udiitfitounhde msldtuaslalan o AIABIREIULDITNS AT
Tusus 2.17

VetV

-, +v,)

= o & w 4 4 4 Y ° ' a o
Ui 2.17 wnsbinidladyanaguaduimbaudadiu Tasmmuamususyaussguaduld
loaldFiuaslalen

?
<2

r . > ' = v N A
nngUn 2.17 wuhueaageuaaedwaszgninmszauuseiulin £ (v, +7,) %

9
s

v, duussiwinanueesduedlalan usr 7, Suusidusadusassdundlalaning o

9
O =t

wldusm/dgannasaiwanvaeusiduordua il

Votr-p =2V +V,) (2.23)

H 1,
Y alo w <4

dmiiumy Ry fimhiidianszusiilvaasnanastusnt lusasitetlalan
o - &
N Wnssuaiazmldaann

VSAT ‘ Vz
Ry
wastiasinoulddluthuamnadides Weanuiigedumannag (Slew Rate) 784
amJuau{lazL'fJué'hihﬁ'ﬂm‘mz’r’u'nmé’tyfywtugﬂﬂﬁuémﬁﬂuLa'wfv!m

Iy = (2.24)
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. * dd‘ ¥ o lﬂ' : J d' ) e i E;d
dunsaindesmsdyapaguadudmasuilianasiy  sanselifusslelaanil
ussduhonulivhiy 8s 7, wez V,, dniudyanaadwalidu v, Adu v, Tagn

] ' :‘ a o v v
Vor =V + V) Wz Vy, =V,, +V, sugnumfidausausuwn (7)) aemlaann

Tl =RC1niﬂM (2.25)

wazlugnoaifausauiuau (7,) mlsluwhuaudmduiuaums (2.8) lae

7, = RCn A 0 Ve

(2.26)

o ool d' AJA da} Vv ar H t, A:l' ] o ar o J
anionilaniley  lunsdindesmsdyanagudmasuiibionmesiu  wazuSumaag
unnmaslalagiSmsneddanseiing Ramaunnwas (Duty Factor , D) Wudaneu
J ) A -3 Q g v 3 ﬂ' Q!l
sswihngnumnifawsduun (7;) duhemunmngladu tuis

D=—D_ L 100% (2.27)
L+T,

'msﬁuam'lugﬂﬁ 2.18 L'TJmns‘lﬁmtﬁmﬁ'tyn;mgﬂﬂ%'uﬁméauﬁmmsad%’umﬁoé
winaedlddausdu v, Foeesiivdnmadasdumanssuaguimeduuuamuntaied
aghaneflFluinandwusi luassuil 2.18 du usduiianasandaifivlsgasnfsuudas
mﬂu"h" (BVstr +:) B8 (= BV +,)

N
Rl
o—AMN +
vi RZ ——0V,,
NN
R
~ C

H ° - o 4’ i 4‘ a: o 1 o .3’ ¥ ar
gﬂﬁ 2.18 135 mdinduanasuadudvisunansodsumaitunniaaslamiauwseau

vu i1

V;
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2.6 nmlimiiledyanasledumumasaiady
TasUndud deyay msﬂﬂaumumaaufovanml.u@mmﬂmsauwLnsmammmsﬂﬂau
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AN M
R R, =10R,
! 0——,%—0
_L AWV \ - c,
Rz © AMN -
= p R3 —0 V),
+
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R

[

J S 4 ]
§1J'n 2.19 N5 Mileduanmsuasudumaay

v} 'Y

A Vor -
+Var ¥

A
~
Y

UM 2.20 dygnauadweresesli 2.19
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wasbifuliadyanasuardiumumdsuiiioudelFnudouuuniie  iaewnlddunu

unsahiasnt usasluglil 2.21 FmdnmszennasiifiumsinasSsuiisudyanames
a S oo J a a . . n v

380U (Two Level Comparator) w3ahi3aniinassiiandnines (Schmitt Trigger) nliasine

= < ’ ’ o a o ¢ ° v [4
panil 2 ANAD VSAT+ e V. ABIINNUNITDUNMNILADS ‘ZN‘YI’ﬂWﬂﬂlE]'W]WWZ]B\TNQ'S

SAT—
a o ar dl { e: 4 = ! £=3 <t
siondnnafitudyanaguadudinionuesiuamaye +v,,, dudnazaasduiitng

Vi

wassudygnaguadumumden  wasdyanaiivzantloundulusiassioninnesan

v

ANLALEIUNITULIUTIOY R, uaz R,

Y
1
o8

AN =
R, —0 Vo,

+

(")
A Yon
s Vo
+ Vramp /
0 »-

ramp

—VS’AT

-7 —>

()

P o a o o o A o P
Ui 2.21 (n) Weshimuladyanaguadufindanuarsuadumnumien Tagldnes

v u

siaNan3nnesTINNUNITBUNINSINDS
ar s
(7) JYNUDITNATNNIT
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SIMTUMFAANAMIHINUDINIS ﬁuttsnauua’lﬁtmﬁwmanw'mﬁmﬁmw%mna{
fendududu +v,, wesBufinamesahmsdufinsadayana + 7, mbitedyazens
sduiitnseasitiudyanausni (Ramp) mummLummnLﬂmwsau‘nmsmas’uuuné’mwa
(?fmam“lu‘sﬂﬁ 2.21(2) é’qﬁv'uusqé’uﬁﬂamﬁmwﬁ'wamwsuﬂ\umﬁu R, uar R, fieniy
+ Ve muﬂmaanmuwumﬂuammm v, Hiafam t=1, dyanm v, Tusndyeia
~V ramp mmuuswumﬂ P ummmmua"hamanuaﬂ darari Miandwevensassiionsn
inesiuFsuudasn +VW du -7, werlugnnoi v WU =V, danm v, fiae
quwulﬂ1uwﬂanuan launnamahoueneesdufinsmesdudsme unmd t=t,
meumm P nummnmmua’%amanuaﬂ Sonliduana v, wisuulamnsedy
Ve W +Vw nA%a warmsnnuresreswsthuduiluden 4 sxdunadiuh anud
'zJaqamqpnmJﬂauﬁmﬂuuavmumaﬂuumLmnu udagnlsfionn waudgeuasdanuzy
ﬂaumumaﬂumwuaanum R waz C 2annasduiinsimeiuazssiuiarsne v, lagssiu
vor Siangnimualdlasldfueslalonwuuidmfuiingnluud

mmwmjmammmtamwwmmsn'nﬂswvwﬂﬂ%awmsmmeumm P Tlugn
na"mLamwmaﬂwsﬁummnmaiumuJu + Ve, Bamlaan

R
V[’ S Vramp + m [+ VSAT {- (_ Vramp )] (228)

o 5 Qs v &
Wi £ =1, usequ ¥, narentlugudliad aaiunnaums (2.28) asle

R,
—Vramp - _R_;(+ VSAT) (229>

lhhusadendu fina 1 =1, daodwarsnnmtaninnesisuwlsinnsedu ~Veir
W + Vg, axld

R,
Vramp = "E(—VSAT)
R
Vramp = —R_z-(VSAT) (2'30)

3

v & a P-4 o o P = 1 e
suuuBMIAIININEanivgaAaNdyaagUASuE BN azilduiiy

v02(p-p) = + mep - (_ Vramp)
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2R
Vorup-py = RZVSAT (2.31)
3

Vndayanadwalugui 2.21(2) wuh dyana vy, Wisuwwdasn -7, fly

ramp

+V i 'lu'zmﬂsxumunmua"mmumaammm Vor AU~V aaiu s ldaumslums

a <l <~ l v
Buiinse A v, =-—~ J'v,dt wlehn

1 T/j )
Yoxp-p) T T Vsar )t
p=p C ;
26
RC,\ 2
%50
v
T = 2RC,-2ep) (2.32)
I/SAT

WHBUNUAT vy, NEUMS (2.31) avlusums (2.32) ald

)/ ddiBe ¥y
R,
ety anwdzaamseaddaan (f,) fe
T~ R,
=== 3 2.33
Jo T 4R,C\R, (2.85)

[ o a o H P P & =
agnlshmy Naslimladyanasuedudmisnuazaumasuuuud wldnules

u
[

' e & o ) R
'lumummmﬁmtmuu uavdey ty"tmtmmwmnlmumwummms\maﬂ LasnItANINImM

3
Jyanauadng v, wiisanuiaisuniaihganmsdus daunminmsinuracs

a

duninsieas

2.7 JWITAYWIUNTUE

NITNIWNTEUT (Current Conveyor)  hinaasufidmsinendudyanamasu
suaeniimnsalssgndlfnuiufunesdidomseiinddu g Rederuiinnesiisanana
Fyanawuunnaenlulnuansausiiihnlsslemildsnnning ANVULYANNITNENIU
nszudasfienuadsaiiiamseetuend suthmFnduleshlludupuseiifinesd
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pnatntudhneesdiBuuusny dausndnssrhomshsmunszusuaasea
wandliifienueudaide 2asesvusaifiuasmesuanasnivhonduluuausedu &
Hhulmiemahomanasiduiiduesiuceslfnuunsumseglosmll  dminsasss
wwunsxuaﬁv'uLﬂu'msﬂf]ﬁ'amsuuuamaanﬁﬁwm’lu‘ﬁwuﬂﬂsma Forsfivoululnue
nssugidafde  Ianugnessuazwivihossmdanmzmnedyanuweenes  waziliu
anuilumshnuzenasinienhdlanSsudisufinasussamndssuivnnululnue
usadu Mashewunssuaiudinsilasumstausnduisdy Tesdunnmasnowu
nszuauiinile (CCI) , MasEwILnSHUEiuTiaes (CCID) warnasMawIunsEuasuida
AUANMIENTIUE (CCCI) muddy atnlsimu 2ashidufiedyanailihaueluine
fwusativiiiiugueguumsldresmemunsauasuitaas (ccr) wuvvan dlaennledl
msudnaaninaielusluuuracnessin vialad mewaniulinaniinugiazeanania 1
33 ccl husaiundn Wadsznauanudilalundnmszevineiinugi

I
2.7.1 NATHWHIUNTEUIIUNTIU (First Generation Current Conveyor : CCI)
) oo PRy o ¥ & -
NsEWIUNssuaFuIvil  Weesildagnieusimiueiawsnhull a6 1968
Ty K.C. Smith Uaz A.S. Sedra [17] 235 CCI Jadheasusuan 3 9 (Port) @M
x,y Wwrenedyanamniuniery 2z Wuneenedyanamemumasnmy
° L J L4 ° dv < Y o o v ar

v HlaandnmainuiugIuees W5 CCl dp iidna Wi (v) enasaxgadyana
v v A& v Ve @ oo e & 48 - v v oo
MmNy udanzuningilidnmiWihanhiuiunm x uazlusazsidaniudil

LY . ) o [ 4 v o4& < Ve ’ [
nszudlwih (i) Ivaemnedyapamedundninn x fazdsngWiinszuaduhiulva
] 4& - o & o @ o
thufitn y uasnssudandiennuilazgnihw (Convey) lWillunszua o yadyanarnsant

Qvl ‘; 3 d.d =3 <t b 4 dv 1 ar d'
9 z Bufluriasaunsalffiedafiueoud (Impedance) Fadne uananil mdnam lnfhis
& 48 P b a d v w v & & "1 T
ngEuin x (Fgnimualeafzidsumdnminimediuin y) duazhizusgive
nszudlihiilvarhuin x wazdnszualihilvathun y (@Fendmualasiisiisaiy

\J L 9 3 ﬂ’; ': Qs J or d 1 ﬂ'z [} =t ar

manmlihmecunn x) tusrhidunuadnalwihienaseuiisn  y wudendu an
anuFaRuszasiulsmelnihdn adnanansoudatlugdeasanudiusmanning

Tasaumswasndaaluil

i, 01 0]V
v.| = (1 0 0i (2.34)
i 01 Ofv

W - g o4 .
Vnquaniamuaumshi - (2.34)  dmansofienhlddsuihneassagadlugiye
o <
udanlapzunsuyainas CCl laawuamlugun 2.22
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3Ufi 2.22 udsnlassunsumeaeas cCl

nannasnewunssuaiuinininoeiuldbivui yaransaasiilaiimsaady
J o 1o : ° oA i g
wasinmswannRIshanunssuaiuimihuasliinguaifiuasmnsmunssuaiuiivaiy

2.7.2 Nasmﬂmunszuaiuﬁ'ﬁm (Second Generation Current Conveyor : CCII)

¥ .. 1970 Fufluszazam 2 Tenanm&nd K.C. Smith uas A.S. Sedra léhh
EUBLNIAMINANYBINAS CCI qﬂﬂa'?‘l"\aaaﬂﬂ"ﬁwmsﬂ%’uﬂ;aw%uaﬂﬁmLauaummwﬁm
yaandnmsnsEwILATHLawUUulma "z?'qﬁqmauﬁ’ﬁﬁumﬂGiml,a:mmsnﬂszqnm’l'&'mu
Tavanavaennn e NuAaueNes CCI G [18] ﬁam'no%mawwns:uaiuﬁam
WAsEINUNSEUE N TidesildFsnuaifsnusunuay ccn loaamanifiusanes CcI
ansouam ldmuanudiusiBuuninduesdudsmeluiihee g dedalus

0 0
0 O0fi (2.85)
10

° <t Yo J
Nnaums  (2.85) ansmhlldsudunasauyodlaouandlugil 2.23 uay
imualdfydnualituudenlaasunsy ladeuanlugufl 2.24
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U 2.23 2asauyaduss cCl

2.24 FanuoiUeNNas CCI
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azgndaiiu CCII wuvav deadsuunusissnustath cco-

MNUnAMNAGUAININMSTBNNS CCI # 1T lAsaneslimefua
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sumdiits x Idlasldnszuannmeveniuiiy Adanh NITIEWUNTEUTURTRs
fimuaulddenssua Toagoduda A Fabre lull 1995 [19] usadhalsioniasii Lildin
anlFhineniinusativil Sdlivenanicludil
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M5 3.1 shum”mﬁﬁmmsnﬂ%’u’lﬁﬁauﬁﬁhé’mﬁuﬁszig

Mmaufivlsey duemwudnsnnsauiuls
1 nF 5 kHz — 200 kHz
10 nF 50 Hz - 5 kHz
100 nF 50 Hz - 5 kHz
1uF 5 Hz - 500 Hz
10 4F 0.5 Hz - 50 Hz

o I'd
3.5 agﬂuammsm

wasliudiadyanailahmseenuuuiy ﬁTﬂNﬁNﬁdwdamsa%"mm anlJly
Nu vlsammmuﬂﬂaanuuuaﬂ"lustlﬁa\nwssm mwnﬂaqammmtmmwmLﬂuaasxma

s

‘S"ﬂU".WLGEN‘UE]\‘I’NQiuauE]mme DNNMFIUBNZHMNAANIN wmwmmnakuaﬂnwmu
ﬂaqus\m‘ulwLamu.a.,amwam‘naqaaﬂuauﬂ ummmsnaﬂﬁwzmlm”[ﬂﬂ’lﬁamluau'dwu
BGli’lﬂ@’Jij\i a'mwavﬂﬂmmnmstaﬂuuuuua:msmaawimwsaﬁa guguldpgnganuing

shifudedyanaiisnnsomnauladiuagndamiioamsals




uny 4

nsiszgnealdrasliduiiadyana

w

lumsasnduaasaaanuwuuauniiaiadasgieie

4.1 AaNM

Tuun@t 3 lananis msa%’wﬁ'tynunmgﬂﬂ?iuﬁlm?iauuazmumé’su‘?‘ﬁﬂiméﬁwmw
asdesmn fithuanudlfnunte waramudledenuiiudassaamseauusasuliidouas
N u‘jaﬁmsmé’{'ﬂujmwmgﬂﬂﬁumumé‘ﬂuﬁwﬁmanuﬂd’ﬂv'u wunamnsnih iy
ﬁ'muﬂpmf;ugw‘lunﬁa‘i‘mﬁrycywmua@Lammummm‘vwﬁ'aﬁ (Pulse Width Modulation
PwM) Idilasmnmsienshashimifiedyanafimunswudh 2ashid e dyanod
aanuuu%uffmmsnﬂ%’udwﬁa@ivuwnma'{'zjaqé’numunmﬁLawfvgmﬁgmadé'mnﬁmsLﬂ?a'ﬂuuﬂaq
szauusaaulunashifdiaduanu

dmSumsnagaLUUANNNTNYaIWaT (Pulse Width Modulator) Tudimsldnuiy
atanTemeluvmsuans nelusumsaons dlasnndiAinillumsdduanamnms
Tosmwzataiemsaasmaum s’:uﬁv'ﬂud’mmsmUqugumnszumaqq’dnsnf
aldnnsaiindias  ulhgiuieldimsuimeasegqanuuusnunheeaiadlvaglusy
wuuesRITN theamuazanlumsldny uddlafimsanlanaemaluanasud wu
eesaasUsznaudialanainidudon wu wissiensius WiU-weal 2esulSeudiou
usiou awaandlied agilluduinn [24] é’qﬁv'mﬁaﬁ’)mas"wLﬂuaqaﬁwﬁqﬁﬂum‘lwnj
SudEmssduanasgawaiiuuuaunhewadatheheilindnmsyeasasensda
wasuuuiuaney [25-26]  dawinlasewenasezlitudey uimaisunnease:
'laitﬂﬁ'ﬂuuﬂmasimﬂm%qLﬁutﬁmﬁﬂuﬁuﬁmmwmﬂnms Sdiwnenudalumsdiudples
sugenasuegeauuuANNniNTaat tinaalasiedrernesas ualiaansavnoy
Toiluahad S'Juﬁm'lmsnﬂ%'ummﬁ’ua:uauﬂﬁgmaqﬁ'fytymwwﬁ ARDAIUTTAU
dyanaudndaldlashednde  dmdundnmsiesueguamasuuuamuninwaduualnii
hidus  leandandnmainuzasnaseaadaamasuuniuanasy Sufunasnawy
nseud (Current Conveyor) q'w?;am (ccim) w‘\‘ian“JuLmzi\ﬁiwnizua'lﬂﬂszqﬁﬁ'zLﬁuﬂszq m
Wddyanusamisimnsotiuudiemadldlashs  Worhdyanamumidsmninm
wlsuisunudyanadune s Wiledyanadwmidsuiudaunammaunama o
Wudadulumudyanaduwe Ffyanuiinae SN NAINMSNEQLERLUUANIN
ninzesiadiiuias Mandnmsenan swwuh 2vesilastadaiamnn Jwmnsaiesi
Tuasatlunassn (10) wanMHAMSEUIUUM BN ITeRDNRIwaS
warmsnaansdaNesI R biNaamiuayundnmsilifuated
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4.2 $ANNITVBINAI

Toemaluuds dyana PWM sedlag 2 sUuuy laundoyana PwM 71958 Natural
sampling (NPWM) uazdoyanior PWM #1855 Uniform sampling (UPWM) [32] Taaiilase
shamaiiuaalusui 4.1 uasgﬂu:uu'uaqﬁmmwmﬁqamuamlﬂugﬂﬁ 4.2
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dyanm
P Gab] N

ae ——0
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T

2995 il

GOTRTRRY
At

3UN 4.1 vdenlapzunsuwaviasaedyana PWM

iR i
f VNV VN

W
7V VAL
LU LT

(®)

/4

Uil 4.2 (n) dFyanos PWM 1833 Natural sampling
(2) Syanas PWM 71335 Uniform sampling
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o

nndyans PWM lugli 4.2 audiulahemmucmees NPwM diabinilasiuag

[t v

ﬁuﬁmmwmﬁuwmﬁtﬁwm udluduzas UPWM tumunaasiisnaedi uinndyanonade
USRI LA nsfﬁﬁmmﬁ’waqﬁ'tytywmwwﬁﬁaﬁmutymmumé’ﬂuﬁﬁwmtﬂ%ﬂu
Lﬁﬂuﬂguﬁmgqnhmm?;wmﬁ'mtymﬁumﬁLﬂuﬁtyfym'zinmsmn GNANT 10 ) fae
wuhdyana PWM Smmunmaiile [32] a’me“{'mutywmmuLwﬁﬂuﬁ1ﬁzﬂuﬂ§uw1ﬁfuﬁaé
2 uwuude Fyanaumdnsuuuiudesuasdyanumumisusisum Fwana PWM 7ilg
mnmsm‘%ﬂmﬁﬂuﬁuﬁmmmmumﬁ'zmLmuﬂmﬁ'aﬂamﬂuﬁmtym PWM wuu Single side
dudgyana PWM '7;L'\J%'EmLﬁﬂuﬁ'uﬁ'tytymmumé’auﬁssumaztﬂuﬁmmm PWM uuy
Double side [33]

Tumenfinugil umsiheuemsasedyane PWM #fuuuu Double side NPWM
uaztﬁ'a'lﬁmmsnﬂ%’udws:é’ua"w5mmé'mununmﬁﬁwasiamsmuQuﬁwmmnfwwaaﬁa%’lﬁ'
Nldsonuuurasaindyans PWM ﬁﬁ‘[ﬂﬂas"wwaﬂ«ﬁmuuwuﬁqmsﬁwmﬁqgﬂﬁ 4.3

[27-28]

Syano
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} meawSouiiau ZINR
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mamiiiady
o
RIS GELY seaudayauol
MDY

JUT 4.3 unuirBNsHBgIEALUUANNATNYBIWadlagN I 1Y

NnusuiwsnastagEmastuuananinvadlasm UG waadluguit 4.3 e
deyanudune Fuihudyanannms (Modulating Signal) mué?mvtgmtﬁuuuwmgﬂﬁ 4.4
mswﬁué‘ftymmmumﬁ'ﬂuﬁgnﬁwu‘immmnmﬂmtﬁﬂﬁ'ﬂgnpmmumﬁ'ﬂuuéﬁ Foanails
mnnas'maznﬂué’tymtuawmé’ﬂuﬁﬁuauﬂﬁgmL’déauuﬂaﬂﬂmué’tymumﬁuvgﬂﬂﬂﬁmwﬁ
é’qﬂdwmtﬁumuﬁm:y'lmté'uﬁaawa\:gﬂﬁ 4.4 dnhdyapaihnihumenSouiisuiyana
AUSEAUDNEY (Reference level) vz‘lé’ﬁ'ngmgmmsﬁmL\‘Juﬁfytywmémé‘ﬂuﬁtﬂﬁauuﬂmmm
n’:"’:gzrmgﬂﬂ%’u'lﬂmuuauﬂ’c‘igc’mmwasmé’:ytymﬁuvgmﬁ'ué’tymmmuméﬂumué’tycmm
udaganassUil 4.4
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dmivasusquamasuuvenun ewadin luifheueil secldndnmsmuuny

ar c} v P [~4 P [<f J LY Vo =y
MSUR 4.3 uanesesiianadn  assnndlumssiumesie qunliduasdsn Teese

o
auldenuaINITUaaTusUR 4.5

dYAVAY:
R,
Modulating input :
vl.(t) * NN +
R, —0 v, 1(!)
E
V02 (t) o Z @
X
C R;
+ PWM output
v,3(1)
Re fernce level o——‘ - o

3UN 4.5 TassasSneanasueguauuuamunesswaduuuig
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Mgt 4.5 aaﬂuauﬂé’u‘muﬁdaémﬁmwsmﬂwmnsxuaiuﬁaaquuuamzﬁwm
Lﬂuﬁv'nmsr‘hLﬁﬂz?tytywmumﬁﬂuuamqaﬁmﬁf,ytymﬁuvgm v,(t) fudyanaEanmwioy
%\1ijuﬁtynunmmﬁnw'luqmﬁmﬁu dwestusuiidaan swhmhiSsudsuduans Tne
:i"‘uLaﬁtynvnmwasmﬁ'tutywmﬁuwmﬁ'ué'iytywmmumﬁ'ﬂu (v, () adSauiisunuszau
duanoands mvladaana v, (¢) %'qLﬂuﬁmiymmﬁwmmmsuagtam

dmsumaiesizimmunm LLa:ﬂawuﬁﬂaqﬁmmwmtawﬁwm PWM shansamialag
Fuusn ﬁm‘mnmmmnmﬁé’fmmwmsfwmﬁﬂusqé'uﬁ'uﬁiﬁmmn t, nau logazla

g
W) )
Z (& -
ud v, (t,)=Vere waz v, (1) Ve MUUINGNMS (4.1) 2zla
I
vi<’1)+k[VSAT+_Vi(tl)]_"f(tz)“k[VSAT—_"i(tz)] = tlco (4.2)

LAZONMINTNISANT USIAUDNFIIULIN (Vs - +) WAL UDNAIAIUAY (VS AT_) e
Wiy widiaunuaums (3.10) Tuundl 3 MuuMnFNNT (4.2)

v, () )=, (6, ) =) + 20, KeA™ ilé_o

h = fﬁ[(l_k)["i(‘l)'_"i(tz)]'i'ZkVSAT]

(=) (e,) =0, )]

2kVgyr

t, = 2kR,C 1+

(4.3)
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1]
hrd a <t

' Vs & & "o
nnewes ¢, luaums (4.3) wuhdnm t, Wuruagnudyanuduwe v, Fuiu

< H i

FuaNUEIFEISUUEY

<
H

Twhusafmudisinsangranm t, Bududniduana PWM ihausicuduem

] [~ Y
PGl (Vs AT_) fazla

Vi (’2 )+ k[VSAT— Y (’2 )]_ Vi (’l )—- k[VSAH i (tl )] B t:(jo

»»

wazhmsanh usedududadnnn (v, +) WesusFuBuFITAL (VSAT—) fimnauwhiu

iy lunigaazle

= 2R,C 1_(1_k)[vi(t2)—vi(tl)] (4.4)

2kV¢ r

L

aniuAmMuBMEFanMawne PWM (7) sansomldnnuasises t, WAL 1,90
duMs (4.3) uaz (4.4) wuda

T\ =" i kR € 1+(1——k—)_[vi(tl)~vi(t2)_vi(t2)+vf(tl)]

2KV,

T = 4kR,C 1+(—1‘_L)[2V,-(’;)_2V,-(t’)]
2KV,

SAT
fariu
r o= areli+ 2l ()=, (0, )] (4.5)
Ve\r
Toui E o= 5 (4.6)
R, +R,

NnFuMszaImeunm lugums (4.5) dunadiulaatnianun smmunas
dyananerine PWM tuasiusgiudyanadmssdune v, (1) aniunFyanudunediu



60

]
=

Fyanufidsuuaae @ Waguiuanuirasndumvduanaanmdsy  auyes

o

[v(t ,) ,(zz )] sanseazilule ude MmeunNIaNFYaNM PWM aansouszanale

W
T = 4kR,C (4.7)
ONUY Waunum & aNanms (4.6) arlamanudvasduann PWM flu £
R, +R,
f = - (4.8)
4R,R,C

NNENMS (4.8) wudh enudeesdyanm PWM lunsdifianufuesdaanamniian
nnandyanuinasinn g (asdndannnh 10 vh) avummmummammawmmsd
ﬂautmmwmaqwaﬂwmmmamm’lmnﬂm’ﬂ'ﬂuum 3 (MNsanaums (8.16))

éwsumuauﬂagmwnaammaamjmﬂtymﬂmwzmuszmwaiymmﬂﬂmsﬁumuaz
4 r'd J 1 .5 ar Qv 1) -

SYANUWIE v,y BUBINUSEAVIRIERONMITINTBUNS v, (1) auEums (4.9)

Yo2(p=p) - k[+ SAT]+(1 k)v,-(’) (4.9)

' s o P o -
PNNFNNT (4.8) uar (4.9) wuh m‘s’dsm'daﬂummnmmﬁnmlﬂ"[ﬂﬂmstﬂaau
wlwen R, w3p € BN 1uﬂ\mamauauﬂmmm v,,(¢) dmuemldgaves v, (1) oy
mmsnﬂsﬂeﬁﬂﬂmsLﬂaauuﬂmm k
doyanouendwn PWM v 3(z) Wennmswisudsudannn v (1) wssszau
anuends Teudyanas v, (1) fasiiendu v, vie v, owideuly
Ve ,v,,() >V,
V03(t)={ SAT 2 "o02 REF (4.10)
~Veur »Vor () <Vipgr

P o o a Py [ 1
WD Ve A8 s20UTaNneNda (Reference level) fanansausuadmidunninadle
J = L ' a -4 A; Av - J ] -3 [
MNABMS NENAD tidasmsaAinunniaasinniy Tuasfidyanadunaiidwidy fivn
o - v o ' a_ o ¢ & o o o
MIUSUBR Vo MIaMIABIMIMMIAUNIIRBTIa® MmsUSui 7,

4.3 namstﬁﬂmm‘uuasmaminmam

- oo a v o o v o
Waugsiiuihmdnmsuazunemaudoveniasadndyana PwM  fildwuail
anugnaasuazihiniy Tldwgniluudusomsidouwuulaslslusunsu PSpice 18vas
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mulaseanluguit 4.5 savusniiiesesdauiiu LF3s1 dassemunssuaiuiiaesld
wasd AD844 wwdmiuluund 3 ua:‘lumstﬁauuuuﬁlﬁ"ﬁmuﬂ’lﬁﬁmmmﬁuwmﬁ‘.lu
ﬁ'numun'mgﬂﬂ'é"umﬂﬁﬁﬁmmﬁ 1 kHz wawldym 2 Vv duanuiuasdananauwi
Hundsiidasuulaniiy 5,10,30,50 uar 100kHz uazmuuaszaudyanunduiu
oV uanmﬁamm‘fﬁ'ﬂﬁﬁwmsﬁgﬁ:ﬁﬁwiwﬁmmmmﬁvgm PWM fiadniuiimugnaouas
wiud legldvhmsiveguandyana PWM dinan dramsldnasnsesamuiisnin (Low
pass filter) e l¥laduanaemasnduian [31) namsdounuuduaatlusui 4.6 &
dyanamuuugadedyanarmss Fyaadunandedyann PWM wasdyananduan

goazsudyanasnssigiumnlalagliasnsesamnuiin

= U(Vopwm)
[
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-t at v e P 1 s o
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Y
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aNud 1 kHz udaldye 2 v wazanudwiilianiu

(n) 5 kHz (2) 10 kHz (@) 30 kHz (1) 50 kHz (3) 100 kHz
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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/pus
20 MHz Full Power Bandwidth, 20 V pk-pk, R, = 500 Q
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

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 dc 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 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/pss for a full 20 V output step. Settling time is typi-
cally 100 ns to 0.1%, and essentially independent of gain. The
AD844 can drive 50 Q loads to £2.5 V with low distortion and
is short circuit protected to 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-
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
8-Pin Plastic (N), 16-Pin SOIC
and Cerdip (Q) Packages (R) Package

o [ 1] [ o] nune

n +Vg

- nl}
w3} [ & | ourrur
-vs [4] [s] 7z

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 E1.2020 and CLC400/1.

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

3. The AD844 can be operated from +4.5 V to £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 rimmed 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.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tek: 617/329-4700 Fax: 617/326-8703
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ADS844JIA AD844B ADB844S
Model Conditions Min Typ Max | Min Typ Max | Min Typ Max| Units
INPUT OFFSET VOLTAGE! 50 300 50 150 50 300 [\%
Ty-Thtax 75 500 75 200 125 500 | pv
vs. Temperature 1 1 5 1 5 uv/eC
vs. Supply 5V-18V
Initial 4 20 4 10 4 20 N/A%
Ty Taax 4 4 10 4 20 RVIV
vs. Common Mode Vem =10V
Initial 10 35 10 20 10 35 rV/IV
Tmn-Tmax 10 10 20 10 35 uv/v
INPUT BIAS CURRENT
~Input Bias Current! 200 450 150 250 200 450 | nA
Tam-Tmax 800 1500 750 1100 1900 2500 | nA
vs. Temperature 9 9 15 20 30 nA/°C
vs. Supply 5V-18V
Initial 175 250 175 200 175 250 nA/V
Tamn-Tamax 220 220 240 220 300 | nANV
vs. Common Mode Vem =10V
Initial 90 160 90 110 90 160 nA/V
TM!N_TMAX 110 110 150 120 200 I’IAN
+Input Bias Current! 150 400 100 200 100 400 nA
Tumn-Tmax 350 700 300 500 800 1300 ] nA
vs., Temperature 3 3 7 7 15 nA/°C
vs. Supply 5V-18V
Initial 80 150 80 100 80 150 nA/V
Tn-Taax 100 100 120 120 200 | nAV
vs. Common Mode Vem =10V
Initial 90 150 90 120 90 150 nA/vV
Twn-Thax 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
-Input 2 2 2 pF
+Input 2 2 2 pF
Input Voltage Range
Common Mode 10 +10 +10 \'%
INPUT VOLTAGE NOISE f21kHz 2 2 2 nVANHz
INPUT CURRENT NOISE
~Input f21kHz 10 10 10 pANHz
+Input £21kHz 12 12 12 pANHz
OPEN LOOP TRANSRESISTANCE | Vour=*10V
Rioap=500Q 2.2 3.0 2.8 3.0 2.2 3.0 MQ
TunTamax 1.3 2.0 1.6 2.0 13 1.6 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4 MHz 0.15 0.15 0.15 Degree
FREQUENCY RESPONSE
Small Signal Bandwidth
3Gain = -1 60 60 60 MHz
4Gain = -10 33 33 33 MHz
TOTAL HARMOMIC DISTORTION | f= 100 kHz,
2V ms® 0.005 0.005 0.005 %
SETTLING TIME
10 V Output Step +15 V Supplies
Gain = -1, t0 0.1%° 100 100 100 ns
Gain = -10, t0 0.1%® 100 100 100 ns
2 V Output Step +5 V Supplies
Gain = -1, 10 0.1%* 110 110 110 ns
Gain = ~10, to 0.1%* 100 100 100 ns
—2— REV. C
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AD844

ADS44J/A ADS844B ADS844S
Model Conditions Min Typ Max Min Typ Max Min Typ Max | Units
OUTPUT SLEW RATE Overdriven
Input 1200 2000 1200 2000 1200 2000 V/us
FULL POWER BA_NDWIDTH
Vour = 20V p-p’ Vs=t15V 20 20 20 MHz
Vour =2V p-p’ Vs=%5V 20 20 20 MHz
THD = 3%
OUTPUT CHARACTERISTICS
Voltage Rpoap =500 Q 10 11 10 11 10 11 VvV
Short Circuit Current 80 80 80 mA
T.\UN"TM/\X 60 60 60 mA
Output Resistance Open Loop 15 15 15 Q
POWER SUPPLY
Operating Range +4.5 +18 45 +18 +4.5 18 A%
Quiescent Current 6.5 7.5 6.5 .5 6.5 D mA
Tann-Tamax A3 8.5 7.5 8.5 8.5 9.5 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 Q; R1, R2 =300 Q.
‘Input signal 0 dBm, C; = 10 pF, R_ =500 Q, Rl = 500 Q, R2'=500 Q in Figure 26,
‘Input signal 0 dBm, C; =10 pF, R; = 500 Q, R1 =500 Q, R2 =50 Q in Figure 26.
5CL =10 pF, R = 500 Q, Rl = 1 kQ, R2 = 1 kQ in Figure 26.
°C, = 10 pF, Ry = 500 Q, R1 = 500 @, R2 = 50 Q in Figure 26.
Specifications subject to change without notice. All min and max specifications are guaranteed.
Specifications shown in boldface are tested on all production units at final electrical test.
ABSOLUTE MAXIMUM RATINGS' NOTES
Supply Voltage . . ..... 0.1 . = [ oy eeddadaabdin oy +18V !Stresses above those listed under “Absolute Maximum Ratings” may cause

Power Dissipation® ..... .= . 1. 70702030, .. 1.1W
Output Short Circuit Duration
Common-Mode Input Voltage .. .................... Vs

Differential Input Voltage .. ....... ... ... .. ... ... ... 6V
Inverting Input Current

Continuous ........% 4% %2 ... o XT3 - - > 5 mA

Transient ...........%.%. ®.......%00. . ¥ 10 mA
Storage Temperature Range (Q) .......... -65°C 1o +150°C

AR S n. .. -65°C to +125°C
Lead Temperature Range (Soldering 60 sec) ........ +300°C
ESDRating .........c..... { Q¥ 2.0¥..... % 1000 V
ORDERING GUIDE
Temperature Package

Model Range Option*
AD844JR 0°C to +70°C R-16
ADB844]JR-REEL 0°C to +70°C Tape and Reel
AD844AN -40°C to +85°C N-8
ADB844AQ -40°C to +85°C Q-8
AD844BQ -40°C to +85°C Q-8
AD844SQ -55°C to +125°C Q-8
AD844SQ/883B -55°C to +125°C Q-8
5962-8964401PA -55°C to +125°C Q-8
ADB844A Chips -40°C to +85°C Die
AD844S Chips -55°C to +125°C Die

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC).

REV. C

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
reliability.
*28-Pin Plastic Package: 8)y = 100°C Wart

$-Pin Cerdip Package: 6,y =110°C Wau

16-Pin SOIC Package: 68,3 = 100°C Wau

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

NULL NULL

+Vg

SUBTRATE CONNECTED
TO +Vg
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R1=R2=1kQ
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Inverting Gain of 1 AC Characteristics

+Vg

470

0.22uF

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

Figure 13. Large Signal Pulse
Response, Gain=-1, R1=R2 =1 kQ
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Figure 11. Gain vs. Frequency for
Gain = -1, R, =500Q, C, = 0 pF

Inverting Gain of 10 AC Characteristics

+Vg
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Figure 15. Gain of -10 Amplifier
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Figure 16. Gain vs. Frequency,
Gain =-10

-180

=210

-2

L1
oK (

N ] { B
R1=R2=5001
1A
/

N
R1=R2=1ki} \\ \\
~

25
FREQUENCY - MHz

Figure 12. Phase vs. Frequency
Gain=-1,R, =500, C, =0pF

Figure 14. Small Signal Pulse

Response, Gain =-1, R1=R2 = 1 kQ
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Figure 17. Phase vs. Frequency,
Gain =-10




AD844
Inverting Gain of 10 Pulse Response

Figure 18. Large Signal Pulse Figure 19. Small Signal Pulse
Response, Gain =-10, R, =500 Q Response, Gain =-10, R, = 500 Q

Noninverting Gain of 10 AC Characteristics
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Figure 20. Noninverting Gain of Figure 21. Gain vs. Frequency, Figure 22. Phase vs. Frequency,
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Figure 23. Noninverting Amplifier Large Signal Figure 24. Small Signal Pulse
Pulse Response, Gain = +10, R, = 500 Q Response, Gain = +10, R, = 500 Q
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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 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-
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 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 dpplied 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 RV Ryy. 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.

+O

Rt A
-0

Figure 25. Equivalent Schematic

21
0
o

.

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 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 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 7

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 kQ) 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 to 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, Ry, 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 Rl 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.

VOUT
< CL
Figure 26. Inverting Amplifier
Table 1.

Gain R1 R2 BW (MHz) | GBW (MHz)
-1 1kQ 1 kQ 35 35

-1 500 Q 500 Q 60 60

-2 2kQ 1 kQ 15 30

-2 1kQ 500 Q 30 60

-5 5 kQ 1kQ 5.2 26

-5 500 Q 100 2 49 245

-10 1kQ 100 Q 23 230

~10 500 Q 50Q 33 330

~-20 1kQ 50Q 21 420
-100 5 kQ 50Q 3.2 320
+100 5 kQ 50Q 9 200




AD844

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
sttay capacitance, Cg, 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 Rl 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, Ryy. 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:

KRl

=-Isgg— —
(1+sTd)(1+sTn)

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

R
" Rt+RI
Td = KR1Ct
Tn = RynGs (assuming Rjy << R1)

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.

Wy
R1
lsic
I AD844 Vour
+

Cs
@ V R .

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
radically 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-

95

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 base stages and behaves as a
current summing node. In an ideal current feedback op amp the
input resistance would be 2ero. In the AD844 it is about 50 Q.

{7] va

—{] 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 to 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 input 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
115 V supplies, this occurs at about 10 mA (or £2200 V/js).
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.
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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.

OFFSET
TRIM
R,
Cpk 3nF l Ay '
PK i 20k

Figure 29. Noninverting Amplifier Gain = 100, Optional
Offset Trirp 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 (Cpx) can optionally be added to further extend the
bandwidth. Figure 30 shows the small signal response with
Cpx = 3 nF, Ry = 500 Q and supply voltages of either 5 V or
115 V. Gain bandwidth products of up 10 900 MHz can 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
{Ipn) 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 §IF wherever ac coupling is required. Include
cither 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 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 rate into a 1000 pF load is +100 Vlus. 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/RS5 is equal to R1/R2. For unity gain, R6 = R5 = | kQ,
and Ry = 500 Q. For the gain of -10, R5 = 50 Q, R6 =500 Q
and Ry, 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% for a -5 V to
+5 V step with C; = 10 pF.

~10-
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TO SCOPE
r’(TEK 7A11 FET PROBE)

R5 R6

D1 D2

pr—e V,ur

1

R3 +

CL

D1, D2 IN6263 OR EQUIV. SCHOTTKY DIODE

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, Ign, flows in the
feedback resistor. Ip, 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:

Vo =gp Rp + Vos. + gy Rm)(l + %) +1Igy R1
Since Iy 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.

R2 4 -

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, Vpy, is:

f

| 2
Wouy: = \}((lnp Rp) + Vnz)(l +%) +(Inn R1)?

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, R1 = R2 = 1k, Rp =0, Vn =
2 nVAHz, Inp = 10 pANHzZ, Inn = 12 PANHZ, Voy calculates
to 12 nV/‘/I_-I-iF.) 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 Supplies

The AD844 can be used to drive low impedance cables. Using
+5 V 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

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 35c shows the varia-
tion in phase as the load voltage varies. Figure 35d shows the
gain variation.

Al

!

é:oox !

Figure 35a. The AD844 as a Cable Driver

NOTE: IRE = 7 14mV l
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Figure 35c. Differential Phase for the Circuit of Figure 35a
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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 Buffer

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

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-

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

tors should be about 2.5 uH (for example, Fair-Rite Type
2743002122). The AD568 data sheet should be consulted for
more complete details about its use.
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[_T.: sean |15
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[z s O I e SuprLy
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POWER SUPPLY
BYPASS CAPACITORS.

Figure 36. High Speed DAC Amplifier
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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 multiplier, in all of its connection modes. (See AD539
data sheet for full details.) Figure 38 shows a simple multiplier
providing the output:

v, = YV

2V

where Vy is the “gain control” input, a positive voltage of from
0V 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.

+V,

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 Vyfor Vx = +1 V, +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
+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 a 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 V=1V, 2V, and 3V
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A novel frequency divider and multiplier of triangle wave
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Abstract

This paper presents a novel trequency multiplier and divider
of triangle wave. Absolute value circuit principle is introduced in
trequency multiplier section and changeable polarity amplifier is used in
t'}equcncy divider controlled by analog switch. The experimental results
illustrate that this principle can be used  to multiply and divide
frequency of wideband and various amplitude value of triangle wave,

Especially ,at low Irequency it can provide the better signal

performance.
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