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ABSTRACT

This thesis presents circuits for realizing voltage mode of PID controllers employing a
second generation current conveyors (CCII) as active element by using IC number AD 844AN.
The proposed of this thesis is compared between PID controllers based by a second generation
current conveyors (CCII) and traditional op-amps based PID controllers. This thesis presents a
second generation current conveyors (CCII) can based PID controllers such as op-amp and show
that PID controllers based by a second generation current conveyors (CCII) can be control
feedback motor control system. All of the controllers employing in voltage mode and simulated

by using OrCad.
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2.1.4 MIAURIUYN 18 ( Proportional - Integral Controller )

Controller Plant
Vin(s) + Vout(s)
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Vout = (Kp Vin + K IVlnd")
1)

(2.11)
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2.1.5 FIMIWANUVUNA ( Proportional - Derivative Controller )
Controlier Plant

Vin(s) + Vout(s)
= PD > Gp(s) >
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2.1.6 AIMURUIVUR 187 ( Proportional - Integral - Derivative Controller )

Controller Plant
Vin(s) + Vout(s)
» PID > Gp(s) o
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Vigr ¥ Vges = Ve + Vg, (2.26)
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2.2.6.1 AIRIVANUUUN ( Proportional Controller )
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V.=K.V (2.33)

out PTn

Tariaesvesfdaniuguuuui Aadnnnesmewnunssuasuiaewaningl

Vin

Vout

CCll+ Z o

te

—

MV
2

—

3 232 MmuguuuniTasldesmeniunssuaiuiiaes

TaofinaeusiAvoraesmowiunssuas uiiaes aunsauaaslifaauns

Vi =V,

I, =1,
TaonngaaudRvorismewiunszuag uiiaes mldamsamesdniugu

unuAnadannnaesmenunszudyuiaesd uaasdaauns 2.34

Vour = [ﬁjl’m (2.34)
Rl

A ° ~ o ﬁy o L] o 9 4 b 4
WethumSsumeuduaunmsiugwassdinunuuuuieh dansoma K, 14

Troh
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2.2.6.203A70AN e ( Integral Controller )

AanunuLuy 1o (Integral Controller ) UnautiatanIdaguns 2.35

1
Vaui (S) = E Vin (‘S) (235)

i

Tag99svosmamuguinn le fadnnisaemunszuasuiaouaasnsgl
Vin
0~ Y

Vout

CCll+ 2z o

§R1 R2§ -‘f C

31} 2.33 dauguuun e Tao 199 memunszuaguiaes

Trefiuantivenesmewiunszuaiuiiaes aunsouans lisaums

V., =V,

I, =1,
Tnsnguauiiivesisssmuunssuaiuiiaes ildaunsanawesdaniugu

wuyleRadhannnlaesmemunszuaguiiasald uansdaunis 2.36

VA
Vou (8) = ;—V (5)

R
Z, =R Z,=R,/IC=—3—
sR,C+1
R 1
V. (8)=—2——V (s (2.36
our {5) R, SR.C+1 (s) )

A ) =] W d? o o 14 ' ¥
LﬁJ'E)‘I«l']IJ”IHEU'UWIU°1Jﬂ'UﬁﬂﬂWiWHﬂ?UﬂlﬂQﬂ?ﬂ’]UﬂMuUU“l’r)ilxﬂﬂﬂﬁ'llﬂ‘iﬂﬁ"IﬂW T, llﬂ
lagh
T=R,C

Taof R, R, Ao Limommusuniivaves ¥,

out
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2.2.6.3 AIAIUANIVYA ( Derivative Controller )

AINIUANLUUA ( Derivative Controller ) DAMAUTAUTAIRITUNT 2.37

I/()Lll (S) = TdSI/m (237)

Vin

Vout

CCll+ Z ’o)

R1 R2 §

M

||
]
o]
l
I

71 234 dmuguuuudlaslfresmemunszuaiuinass

Tﬂﬂ“ﬁamﬁuﬁﬁmmawsmuwmm:uﬁiuﬁﬁm AN auaRd IRAITNNTS

Vy =Wy

I, =1,
Tﬂﬂ%1ﬂqmﬁuﬁﬁmanmsmuwmmmmiuﬁﬁm Mldausamsvesdiniugu

puvAadnnneImenIUnszuaiuiaes Id uaaiiaaunis 2.38

V()= 22V, (5)
1

1
Z,=R, Z, =R +—
2 2 1 1 CS

R,Cs
V (s)=—2"—V 2.38
mu( ) Rl CS + 1 in (S) ( )

A o = = [y J ar = e 9 ' '
o oufousvaumstugvssinvauuuuas i ldamsamea 7, 1a
Tao#
T,-R,C
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2.2.6.4 AIA7UANUULN 1@ ( Proportional - Integral Controller )
fanwguuuui e Wumnihdmuguuuuiivas wuylewnsiuiu Igaauifudas

AIAUNIT 2.39

H

V..(s)= [KP + L]Vm {(s) (2.39)
Ts

Tarhasesvosdanauquuuud e fadeeinaesmenunssuaguiaeuradagy
Vin
o Y

Vout

CCll+ =z o

1 T R1 c2 T

L -4

U 2.35 Srauquuaii e Taslsasesmemunszuauiians

TaonauauiAvesesmewunszuaiuiiaes Twsauaas lARTIns
V=V
I =1,
Tavnnquautinvenesmeowunszuasuioos ildmmnsamawesdniugy
wupf lonadunnn s mewunszua uNToe 19 Laasdsauns 2.40
Z2
Vo (8) = = Via (5)

i

RCs+1
Z,zR,//Clzl—lst— Zz=—1——
Cs C,s
o= 95 L () (2.40)
C,s SR,

A ° =} w ﬁy as 4 ] ¥ r
dioinnifrufsuduaumsiuguvessinuauuuui lossidawsoma K,

uaz 7, 18 lauh
Cs
K, =2
C,s

T = C, R
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2.2.6.59’1’1muqmmuﬁﬁ ( Proportional - Derivative Controller )
AIuuuUURA Wumsthdmuauuui sazfunsuiu Sauautifuaaa
AuMS 2.41

V() =[Kp + T,s], () (2.41)

]
Aol e

12995909 ILUUDUHA N399I TENIUNTuA U aDIaRIR Tyl

Vin

Vout

CC“'" Z o)

CA1

[l

c2 4 g R1

Sl

710 236 Amuguuuui@ laeldsvsmenunszuauides

TnofinuauiAvearsesmomunszuagufians snsouaas Iddaauns

Vi=Vy

1, =1,
Tngnnguautinueesmemunssuaiuiaes idaunsoniswesdniugu

P 3 oA ¥ @
Ll'U'lJWﬂ'ﬂﬁ‘iNiﬂﬂ1ﬂ’N‘ﬂ§ﬂ1U'ﬂ1uﬂ§$uﬁ§u'ﬂﬂ'ﬂﬂ‘1ﬂ HAOAIRITUNIT 2.42

Z
V()= 22V, (5)

1

RC,s+1
Z, L Z,=R/C, =2
Cs Cys
Cs
Vou (5) = +5R,C, |V, (5) (242)
C,s

sﬁaﬁmuﬂ?umﬁﬂvﬁutmmiﬁyuymmmﬁ'umuqmmuﬁﬁ%ﬁﬂﬁmmmmfh K,
waz 7, 14 Taod
_Cs
Cos
T, =CiR,

KP
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2.2.6.6/3NUAMUVUN 1A ( Proportional - Integral - Derivative Controller )
fmuguuuuii led Wumsihdmauguuuni le uazd uiswiu Tnaauiauaasds

aung 2.43

I

Vmu‘ (‘S) = ’:KP + ?1— + TJ‘S}VYM (S) (243)

TaoN1995903A M IVANLILR 1A Aad1snnnesmonunssuaiuhaowannagil

Vin
o Y
Vout
CCli+ =z o
X
C1 R1
Y Z Y

CCll+

X :I: | X
= R3

CCil+ =z

R2

0 237 dmuguuuui led Teeldsasmomiunszuaiunaes

TavfiguauiAvedarsmonunsuaiuRas ansonan lAaaauns

V.=V,

I, =1,
TasnnpaauiAveIsewIUNTzuas uRaes Mldamsomaivesdiniug

uuui leanafanmsmonunszuaiuiaes e uaasAsauns 2.44

R R
Via ()= 2+ ———+ R,C,s WV, (5) (2.44)
R, RyRy(s
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3.4 mananssdImuguiini NI memunszua Ui

3.4.1 MINABLaN 1 AAuguuLLATES AT MeWILNSZUATUN O

Vin
o- Y
Vout
CCll+ =z o
X
§ R1 § R2
'_—L _—
ﬂ' Qs a b4 VoA
3 3.2 Awauguuuunlaeldisesmewunszuauiaes
oo
IEMINADLY

1. 92995A931/7 3.2 Tagdmuanl R, =1 kQ uaz R, =1kQ
2. flou v, hudygnadndoving 1V anud 50 Hz uaztufinnanisnaaes

3ulavuay R, 1110 kQ uazhmsnanesmiudoh 2

HOINTINADBY

T ' : R
NIAUN 3.2 nuNHWTIMIAN KP=}1 9
1

woldA1 R =1 kQ R,=1kQ K, = i1 Hon1snanowansnigili 3.3 uazwans
$1999MININULTAIAIUN 3.4
wielda1 R =1 kQ R,=10kQ K, = 10011 iamsnaanunaInizilhn 3.5 nazwams
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Stopped 3 2007/01/18 16:37:49
Stopped [ 2007 /01/18 16:41:33

. CHZZSV . : : T 10us/div

DC 11 : : © (0us/div)

: : g NORM100MS /s

=Trace2x PP 8.4080Y Freq -— = ©
AUTOSET : : ! : 5
EXEC UNDO
=Filter= =0ffsete =Record Length= 2Trigger=
SSmoothing : OFF CH1 : 0.00v Main : 10K  Mode : AUTO
BYgw : FuLL CH2 : 0.00v Zoom : 10K  Type : EDGE CH2 £

Delay : 0.0ns
Hoid OFf :  MINIMUM

U 3.5 namsmeaasvesianuguuuiiiieldm R, 10 kQ
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3.4.2 mananean 2 Anunuuui laTasIdeesmewnnszuaiunaos

Vin
o Y
Vout
CCll+ z —o
X
§ R1 R2 § T C
114 3.7 dnuguunn e Taeldsesmewunszuauiiaes
acl
BNINABBY

1. A9 2993A3319 3.7 Tawimuam R = 1kQ R,= 1kQ wag C = InF
2. flou v, Hudygramvaonena 1V, anud 50 Hz uaziiufinkanisnanes

3. neanatldsum C 154 10nF nazimsnaassaiuded 2

HONINADBY

9199330 3.7 Wohawnsamem 7,-R,C 1R

o4 C =InF gwnsomim 1,=R,C =1x10> x1x 107 = 1z s wan15naaes
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Stopped X 2007/02/14 14:05:13
CH1=200mV: : : : ; © 20us/div
DC 11 : : : : © (20us/div)
U SO OO SO AR NORMISOMS /s
.}} N
=Tracel= P-p  952.0mv . Freq —i-
=Fiter= =0ffset= =Record Lengih= =Trigger=
Smoothing . OFF CHt : 0.000v Main : 10K Mode : AUTO
BW : FULL CHZ : 0.00v Zoom © 10K Type : EDGE CH1 §
Delay : 0.0ns

Hold Off ©:  MINIMUM

UM 3.10 vamsnaaasvesdmuguuLy Teile e C = 10nF

{A)ecil-SCHEMATICL- 35 (sctme)

S00mY
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. Do Vo Lo
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d' LY = ¥ oA
3.4.3 MinAtedn 3 ﬂ?ﬂ'lllﬂiJLL‘U‘]Jﬂ]ﬂﬂﬁl‘B'Nﬁ]5ﬂ10w1uﬂ5$uﬁ§uﬂﬁﬂﬁ

Vin
o Y
Vout
CCll+ =z o
X
g R R2 §
== C 4
d' LY =] b v =1'
]'l.l'ﬂ 312 mmuqmmmimlmwamﬂwmnﬁzuﬁquwma
LY.}
IBNMINANBI

1. 99 nvsaagllaodmuam R = 1kQ R,= 1kQ uazC = InF
2. flou v, Hudaygra@vdonvnn 1V, a9md 50 Hz uasiiudinwantsnanes

= ' o ¥y et
3. ﬂﬂﬁﬂﬂl'ﬂﬁﬂuﬂ1 C ﬁju 10nF HaZnINIInNaaadInIuIen 2

HON1INATBY

mmwﬁgﬂﬁ 3.2 wuhensamm 7,=R,C 18
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Stepped 3 2007 /02/14 14:11:30
CH1=200mV: : : : : © o 2usjdiv
DC 11 : : : ‘ : : * (2us/div)

ST ST AL : NORM:20DMS /s

P-P 1. 384\"

Y
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 :  0.000V Main : 4K Mode [ RUTO
BW @ 20MHz CH2 o.06v Zoom : 4K Type [ EDGE CH1 4
Delay : 0.0ns

Hold OFf : MINIMUM
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3.4.4 13IMARBIN 4 A1 HuRULUUR To Tavldraesmonunssuaiufiaes

Vin

Vout

CC”+ Z o)

c1 T R1 c2—T

JUN 3.17 nuguuuuii leRadaneinaesmewiunszuaiuhiaes

LY.
FEMINADLS
1.A029959931) Taelddr C = 1nF C,= 1nF uaz R =10kQ
2. flou v, iludgyarafmdounna 1 v, anud 50 Hz wasiiufinwamsnaaes

3.ufdoum R ilu 10 kQ uazvimsnaasaamdion 2

HENINANgY

4 ' : Cs
9IN29955107 3.17 wuhawnsowin 7= R,C, naz K, :—C‘ 15
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2

4 ' InF .
ield C,=InF C,=InF uag R = 10kQ awisewa K, = 101
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sazasonia 7,= 10x10° x1x10™° = [0us wanmsnaapwandanegiln 3.18
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Stopped X 2007 /01/18 20:22:19
CHI=1V : CHz2=1lv A : : © Sus/div
pDC 11 DC 11 ] : : D (Susydiv)

=Filter= =Offset= =Record Length= =Trigger=
Smoothing . OFF CH1 : 0.00v Main : 5K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 5K Type : EDGE CH1 £
Delay . 0.0ns

Hold Off : MINIMUM

710 3.18 wanismaassvossInURUULIIH loidialda1 R, 10 kQ
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Stopped I’ 2007 /02714 15:02:04
CH1=500mV: 5ms /div
DC 11 : . (5msydiv)

: NORM:200kS /s

=Tracel= P-Pp  980.0mV
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 :  0.000V Main : 10K Mode : AUTO
BW © 20MHz CH? : 0.00v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM

(&) ap (i)
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X
S — c2 - § R1
50 3.22 Sanuquuunia Tasldaesaewiunssuds uiaes
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IBMsnAnes

1.7929959931 Tae1da C,= 1oF C, = InF unz R-1kQ
2. flou v, iludygadmdonunn 1V awd 50 Hz wastiufinwan1snanos

3ulasu R, iy 10 kQ uagiminaasaiuded 2
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Stopped 3 2007 /02/14 15:11:05
CH1=200mV: 2us /div
DC 11 * (2us{div)
I NORM:200MS /s
i ol TV o R RSN FRRR OR Y FRY P NI e o .y gppap
................ R N SN U S
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.000v Main : 4K Mode [ AUTO
BW : FULL CHZ : 0.00v Zoom : 4K  Type : EDGE CH1 £
Delay : 0.0ns
Hold OfF : MINIMUM
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Stopped q 2007 /02714 15:12:3%
CH1=200mV: : : : : © 20us/div
pC 111 : : 5 : © (20us/div)
5 : : : e NORMSOMS /5
Tracetls PP 200y vt
=Filier= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 0.000v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom | 10K Type . EDGE CH1 4
Delay : 0.0ns

Hold Off :  MINIMUM
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3.4.6 MINARLIT 6 nuauuuii lod TaslFesmomunszuagunass
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4

HAN1INARLY
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93993319 3.27 wuhensoma K, =— 7, =
1

dioldem C=1nF C,= 1 F R-05kQ R,= Ry=R,=1kQ udrnzwmm
_RRC, 1x10°x1x10° x1x107 s
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. 1x10

P
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Stopped X 2007,702/05 _16:28:23
: CH2=5Y - : : - 100us/div
DC 1.1 ] : : o (168us /div)
=Tracez= P-p  10.00v . Rms 3.08%V Freq ---
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | OFF CH1 .  0.000v Main : 10K Mode : AUTO
BW © FULL CH2 : 0.oov Zoom : 500 Type : EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM

1 3.28 wanismanapavesdinduguuuR lod Iasldesaewiunssuajuiiao
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A\
Command »\/in+

Ve va Vs
Comparator # P Controller > Driver 1 Motor/Generator
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Vsp

Tacho generator |

1 d J ar a o
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T =] o o - 3/ o
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#lavgili 332 uamsmamanaasadeldm R, = 14Q woz R,=14Q viudeWsasune K,

| ¥ r r

vosszuuilu i wilszun lidhgaiisida I3 Tasiimanuranmaiiy 1 v uande
d’ ’ - s = 1 lg © 1 =

nlasum R, dlu 1 MQ Mlvidasvew K, weaszvuiiagaiu mldmanuianainves

STULAAAUNTD 160mV Hansnanswaaiagld 333 deilulianmeuuesdiniug

= |
LUUN
Stopped j— | 2007/02/687 18:13:35
CHI=lV | CHz=1V : : . 100w /div
DC 1 DC 11 : :  (100mS/div)
R L : : 'NORM:10kS /5
............... e - - e RTEREERAS

Bq -
Bq 250.0Hz

=Filter= =0Offgetl= =Record Length= =Trigger=
Smoothing : OFF CHt 0.00V Main ;| 10K Mode . AUTO
BW | FULL CHz2 . 0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns

' X Hold OFf .  MINIMUM
1 332 mamsnanesvesinruguuuuidievi luauqusyuu Taeldm K, fu 1

Stopped 2007/02/07 18:22:43
CHI=IV @ cHz=W : ; "~ 100ms/div
DC11 :  DC 11 : 5 © (100ms/div)

. :NORM:10KS/s

=Tracet= P-P 3.000v Rmsg 1.964Y Freq =———
=Trace2= P-p 3.240v ° Rms 2.124y Freq 250.0Hz
=Filler= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 0.00v Main . 0K Mode ; AUTO
BW : 20MHz CH2 : 0.00v Zoom . 10K Type : EDGE CH1 &
Delay ! 0.0ns

Hold OfF ! MINIMUM
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Stopped — | 2007/02/07 18:28:15
CHI=1V © CHZ=1V ¢ : : ; 100ms /div
DG ¥1 . DC Tl : : (100ms /div)
: 3 : : : ‘ NORM: 1I]kSIs

l

—Tracé1- P-P
-Trac92- P—P

=Filter= =0ffset= =Record lLength= =Trigger=
Smoothing : ON CH1 ! 0.00v Main . 10K Mode : AUTO
W @ 20MHz CHz2 : 0.00v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hoki OFF MINIMUM
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2./ muam R, = 0.5k R, =IMQ R, =1kQ R, =1kQ C, =1nF C, = 0.33uF
@ @ o [ o a
salfudyana V. dludygiuszdvvuna 3 1204 b 1 Hz

v o

4. 3amdyan V,, i Tacho generator LdMItufinHaniInanng

NANTINANBGY
Y ~ = =1 J [ '
nnmsnaaslidnuaumuuitlednmivguanuiwewesuuuileunday wuh

Twanmsnaasuiuliaunguivesdimuquuuoiiled Tashleam K, 2 M T =3 s

L.

war 7, =1 ps Taonunszuuiimanuianaiailizas 160 mv #anINAanILaasnizily

3.39
Stopped — | 2007 /02/07 20:34:32
cHI=IV  © cHz=IV . ; : T 100ms/div
ocC 11 DC A1 ; : ¢ (100ms /div)
; » : : r | NORME10KS /8

=Tracel= P-P 3.000v @ Rmt 2.071V
=Trace2s P-P 5720VRms 2.13%Y

=Ffiter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 ! 0.00v Main | 10K Mode ;| AUTO
BW © 20MHz CH2 : 0.00v Zoom @ 10K Type : EDGE CHY 4
Delay 0.0ns

Hold OFF |  MINIMUM
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1. 18N5§HBN 1515911 AD844 AN

lo# AD8#4 AN fuasessauiminnld

=} J o d’
DS IDIAN NI AU

ANALOG
DEVICES

¥

60 MHz, 2000 V/ps
Monolithic Op Amp

nansaiiulseraewiunIzuaiuiides

AD844

FEATURES
Wide Bandwldth: 60 MHz at Gain of -1

33 MHz at Gain of <10
Very High Output Slew Rate: Up to 2000 V/us
20 MHz Full Power Bandwidth, 20 V pk-pk, R, = 500 1}
Fast Settiing: 100 ns to 0.1% {10 V Step!
Differential Gain Error: 0.03% st 4.4 MHz
Differentiat Phase Error: 0.15° at 4.4 MHz
High Output Drive: =50 mA into 60 2 Load
Low Offset Voltage: 150 pV max (B Grade)
Low Quiescent Current: 6.5 mA
Available in Taps and Reel In Accordance with

EIA-481A Standard

APPLICATIONS

Flash ADC Input Amplifiers

High Speed Current DAC Interfaces
Videa Buffers and Cabla Drivers
Puise Amplifiers

PRODUCT DESCRIPTION

The AD844 s a high speed moneolithic operational amplifier fab-
neated using Analog Devices' juncuon 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 veltage applications and as an
inverting mode amplifier, it is also suitable for use i1 many non-
inverting applicauons.

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

This type of op amp provides a closed-loop bandwadth which is
determined primarily by the feedback resistor and 15 almost in-
dependent of the closed-loop gain. The AD8H 15 Free From the
slew rate limitations mherent in wraditional op amps and other
current-feedback op amps. Peak output rate of change can be
over 2000 Vs tor a full 20 V output step. Settling time is typs-
cally 100 ns 1o 0.1%, and essentially independent of gain. The
AD#44 can drive 50 Q loads to £2.5 V with low distoction 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 ADA44]
is specified for the commercial temperature range of 0°C to
+70°C. The AD844A and ADB44B are specified for the indus-
rial temperature range of 40°C ta +85°C and are available in
the cerdip (Q) package. The ADS44A 1s also available in an 8-pin
plasoe muny-DIP (N). The ADR44S is spearfied over the military
emperanure range of ~55°C to +125°C. It is available in the
B-pin cerdip (QQ) package. “A” and “S” grade chips and devices
processed w MIL-STD-383B, REV. C are also available.

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsiility is assurmed by Analog Devices for its
use, nor for any infringemants 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 patem righta of Anakeg Devices.

CONNECTION DIAGRAMS

K-Pin Plastic (N}, 16-Pin SOIC
and Cerdip () Packages (R) Package

PRODUCT HIGHLIGHTS

1. The ADB44 15 a versatile, low cost component providing an
excellent combination of ac and de performance. It may be
used as an alternative to the EL2020 and CLC4001,

2. Tt is essentially free froan slew rate lunitations. Rise and fall
times are essentially independent of output level.

. The AD844 can be operated Fom 243 Vo 218 V power
supplies and is capable of driving loads down to 50 {1, as
well a5 driving very large capacitive loads using an external
network.

4. The offset voltage and inpur bias currents of the AD844 are
laser trimmed to minimize de errors; Vg drift is trpically
{ p¥~C and bias current drift 1s typically 9 nA~C.

. The ADR44 exhibits excellent differential gain and differen-
nal phase charactensucs, making it suitable for a vaniety of
video applications with bandwidths up to o) MHz

-

i

o>

. The AD&44 combines low distortion, low notse and low drift
with wide bandwidth, making it outsianding as an input am-
phifier for lash A D converters.

One Technology Way, P.O. Box 9106, Norwood, MA 02662-9106, US A,
Tal: 517/329-4700 Fax: §17/326-8703
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ADB44‘SPEC ' FI CATI UNS (@ T, = +25°C and V5 = =15V dc, unless otherwise noted)

60

ADS#HJIA ADS44B ADB44S
Aadel Conditions Min Typ Max | Min Typ Max Min Typ Max | Units
NPUT OFFSET VOLTAGE! 50 300 50 150 50 300 uv
T Tuax 75 500 75 200 125 500 "y
vs. Temperature 1 1 5 1 5 uv/reC
vs. Supply 5V-18V
Inirial 4 20 4 10 4 29 uviv
T Tuax 4 4 10 4 20 ILVN
vs. Common Mode Vem =110V
Initial 10 35 10 20 10 35 uvv
NPUT BIAS CURRENT
~Input Bias Current 200 450 150 250 200 450 | nA
TauneTaax 800 1500 750 1100 1900 2560 | nA
vs. Temperature 9 9 15 20 30 nA/°C
vs. Supply 5V-18V
Initial 175 250 175 200 175 250 nA/V
TuerTamax 220 220 240 220 300 nA/vV
vs. Common Mode Ve =10V
Initial 90 160 90 110 90 160 nAV
TanrTaax 110 110 150 120 200 nA/N
+Input Bias Current' 150 400 100 200 100 400 nA
Tamve-Twmax 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 nAV
Tumer-Taax 100 100 120 120 200 nAV
vs. Common Mode Veu =10V
Initial 90 150 920 120 %0 150 nAv
ThaTumax 130 130 190 140 200 nA/V
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
Inpur Voltage Range
Common Mode +10 110 +10 v
INPUT VOLTAGE NOISE f>1kHz 2 2 2 nVNHz
INPUT CURRENT NOISE
~Input f2 1kHz 10 10 10 pANHz
+Input £> 1 kHz 12 12 12 pANHz
OPEN LOOP TRANSRESISTANCE | Vour =110V
Rioap = 5000 2.2 3.0 2.8 3.0 22 30 MQ
T Tamax 1.3 2.0 1.6 2.0 1.3 1.6 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4 MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4MHz 0.15 0.15 0.15 Degree
FREQUENCY RESPONSE
Small Signal Bandwidth
*Gain = -1 60 60 60 MH:z
*Gain = -10 33 33 33 MH:z
TOTAL HARMOMIC DISTORTION | f= 100 kHz,
2V ms’ 0.005 0.005 0.005 %
SETTLING TIME
10 V Ourput Step 115 V Supplies
Gain = -1, to 0.1%% 100 100 100 ns
Gain = -10, to 0.1%* 100 100 100 ns
2 V Ourput Step 15 V Supplies
Gain = -1, to 0.1%’ 110 110 110 ns
Gain = -10, t0 0.1%° 100 100 100 ns
—2m REV. C
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AD844—Typical Characteristics (, = +25°c and v; = 15 v, unless atherwise nated)
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Figure 1. -3 dB Bandwidth vs.
Supply Voftage R1 = R2 = 500 Q
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Figure 4. Noninverting input Voltage
Swing vs. Supply Voltage
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vs. Frequency, R1=R2 = 1 kQ
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Figure 3. Transresistance
vs. Temperature
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2 1%
,
1 "
1 s
; E ,ﬂ 5V vOLY sUPPLIES A
i’ ‘ 2
g
- E
i S~ A
-1 [X]
\R
-2 (2]
-0 0 (] 100 180 o 100 ™ I 100
TEMPERATURE - °C FREQUENCY - Ha

Figure 7. Inverting Input Bias Cur-
rant (Igy) and Noninverting input
Bias Current (lgp) vs. Temperature

Figure 8. Output Impedance vs.
Frequency, Gain =-1, R1=R2 = 1kQ
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AD844

UNDERSTANDING THE AD3844

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 conventonal op amp.

The current applied to the inverting input node is replicated by
the current conveyor so as to flow in resistor Rt. The voltage
developed across Rt is buffered by the unity gain voltage follower.
Voltage gain is the ratio Rt/ 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 transisiors in the voltage follower stage (see
Figure 28); it is typically 40,000.

Figure 25. Equivalent Schematic

The important parameters defining ac behavior are the trans-
capacitance, Ct, and the external feedback resistor (not shown).
The time constant formed by these components is analogous to
the dominant pole of a conventional op amp, and thus cannot
be reduced below a critical value if the closed loop system is to
be stable. In practice, Ct is held to as low a value as possible
(typically 4.5 pF) so that the feedback resistor can be maximized
while maintaining a fast response. The finite Rpy 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 Cris
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 conventonal 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 rato of
RI1/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.
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The closed loop transresistance is simply the parallel sum of R1
and Rr. Since R1 will generally be in the range 500 Q to 2 k2
and Rt is about 3 MQ the closed loop wansresistance will be
only 0.02% to 0.07% lower than R1. This small error will often
be less than the resistor rolerance.

When Rl is faitly ltarge (above 3 ki) 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 potendial. 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, Rpy, 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 T 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 AD§44.
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Figure 26. Inverting Amplifier

Table 1.

Gain R1 R2 BW (MHz) | GBW (MHz)
-1 1 kQ 1 k2 35 35
-1 500Q 500 Q 60 60
-2 2 kQ 1 kQ 15 30
-2 1 k(2 500 Q 30 60
-5 5 kQ 1 kY 5.2 26
-5 5000 100Q 49 245
-10 1 kQ 100 Q 23 230
-10 500 Q 50 Q 33 330
~20 1 k2 50 Q2 21 420
-~100 5 kQ2 50Q 3.2 320
+100 5 kQ2 350 Q 9 900
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Response as an I-V Converter

The ADB44 works well as the active element in an operational
sutrent to voltage converter, used in conjunction with an exter-
1al scaling resistor, R1, in Figure 27. This analysis includes the
itray capacitance, Cg, of the current source, which might be a
1igh speed DAC. Using a conventional op amp, this capaci-
:ance forms a “nuisance pole” with R1 which destabilizes the
:losed loop response of the system. Most op amps are inter-
aally compensated for the fastest response at uniry gain, so the
sole due to R1 and Cs reduces the already narrow phase margin
of the system. For example, if R1 were 2.5 k& a Cg 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 ADB44, the same 15 pF forms a pole
212 MHz and causes little trouble. It can be shown that the
response of this system is:

Vo = qbie— KRL
ovr = TR a1+ sTh)

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

_ R
"R+ R1
Td = KRICt
Tn = RnCs (assuming Ryy << R1)

Using typical values of R1 = 1 kQ and Rt = 3 M, 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, Ru is fairly stable with temperature and supply
‘voltages, and consequently the effect of finite “gain™ is negli-
gible unless high value feedback resistors are used. Since that
would result in slower response times than are possible, the
relatively low value of Rt in the AD844 will rarely be a signifi-
cant source of error.

Figure 27. Current to Voltage Converter

Circuit Description of the AD844

A simplified schematic is shown in Figure 28. The AD844 dif-
fers from a conventional op amp in that the signal inputs have
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-
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age, ensured by the close martching 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
cutrent sumining node. In an ideal current feedback op amp the
input resistance would be zero. In the AD844 it is about 50 Q.

o

[6] our

{7+

Figure 28. Simplified Schematic

A current applied to the inverting input is transferred to 2
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
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 essentally 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 1o the inpur error current, and
the slew rate limitations associated with the large signal response
of op amps do not occur. For this reason, the rise and fall times
are almost independent of signal level. In practice, the input
current will eventually cause the mirrors to saturate. When using
+15 V supplies, this occurs at about 10 mA (or £2200 V/ps).
Since signal currents are rarely this large, classical “slew rate”
limitations are absent.

This inherent advantage would be lost if the voltage follower
used to buffer the ourput were to have slew rate limitations. The
ADB844 has been designed to avoid this problem, and as a result
the cutput 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 Noainverting 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 inpur; it
must be kept below +1 V for best resulis. 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.

L.
4
<

OFFSET

TRIM

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

Noninverting Gain of 100

The AD844 provides very clean pulse tesponse at high nonin-
verting gains. Figure 29 shows a typical configuraton 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 £ and supply voltages of either£5 V or
15 V. Gain bandwidth products of up 1o 900 MHz can be achieved
in this way.

The offset voltage of the AD844 is laser trimmed to the 50 uV
level and exhibits very low drift. In practice, there is an addi-
tional offset term due to the bias current at the inverting input
(Irn) 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 berween 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 UF wherever ac coupling is required. Include
either ferrite beads and/or a small series resistance (approxi-
mately 4.7 Q) in each supply line.

Input Impedance

At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the im-
pedance looking into this input wil] increase from near zero to
the open loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it 1s 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 terminaton resistance. The ca-
pacitance is set 5o 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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