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ABSTRACT 

 
Demand ifor ihigher iperformance iand imore ifunctionality ifor ihand-held isystems ihave ibeen icontinually 

igrowing iin ithe irecent iyears. iImproved iperformance iand imore ifunctionality, ihowever, ioften icome 

iwith imore ipower iconsumption. iThis iis iwhy inew ilow ipower idesign itechniques iand icircuits ihave 

ibecome ione iof ithe imajor isubjects iof iresearch iand iinnovation. i 

 

Active iRC ifilters ias ia ipart iof imany isystems ithat iare iintegrated ion ithe ichip iare ino iexception. iThat iis 

ithey imust ibe ilow ipower iand ithe iarea ithat ithey ioccupy ion ithe isilicon ichip imust ibe ias ismall ias ipossible. 

iIn iconventional iactive iRC ifilters, ioperational iamplifiers i(Op-amps) iare iused ias iintegrators, ithus, 

ipower iconsumption iof ithe ifilters iare idirectly irelated ito ithat iof iOp-amps. 
 i 
In ihigh iperformance ianalog iintegrated icircuits, isuch ias iswitch-capacitor ifilters, idelta-sigma 

imodulators iand ipipeline iA/D iconverters, iop iamps iwith ivery ihigh idc igain iand ihigh iunity-gain 

ifrequency iare ineeded ito imeet iboth iaccuracy iand ifast isettling irequirements iof ithe isystems. iIn iorder ito 

iachieve ihigh-gain, ithe ifolded iCascode iamplifier iis ioften iadopted ias ithe ifirst-stage iof itwo-stage 

iamplifiers. 

 

This iproject ireport ipresents ia ihighly iadaptive ioperational iamplifier iwith ihigh igain, ihigh ibandwidth, 

ihigh ispeed iand ilow ipower iconsumption. iBy iadopting ithe irecycling ifolded iCascode itopology ialong 

iwith ian iadaptive ibiasing icircuit, ithis idesign iachieves ihigh iperformance iin iterms iof igain-bandwidth 

iproduct i(GBW) iand islew irate i(SR) 

 

All the simulation in this project and result verification is done on ORCAD 16.6 software using 

180nm technology. 
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CHAPTER 1 

INTRODUCTION 

Operational iamplifiers i(op iamps) iare ian iintegral ipart iof imany ianalog iand imixed-signal systems.          

Op iamps iwith iextremely idifferent ilevels iof icomplexity iare iused ito irealize ifunctions iranging ifrom idc 

ibias igeneration ito ihigh-speed iamplification ior ifiltering. 

 

We iloosely idescribe ian iop iamp ias ia i"high-gain idifferential iamplifier. iSince iop iamps iare igenerally 

iused ito iimplement ia ifeedback isystem, itheir iopen-loop igain iis iselected iaccording ito ithe iprecision 

iessential iof ithe iclosed-loop icircuit. i i 

                                                               ·  

Fig 1.1: Basic Op-amp circuit  

Up ito itwo idecades iago, imost iop iamps iwere idesigned ito ihelp ias i"general-purpose" ibuilding iblocks, 

isatisfying ithe irequirements i of imany idifferent iapplications. iSuch iefforts irequired i to i create i an 

i "ideal" i op- amp, i e.g., iwith i very i high i voltage i gain i (several ihundred ithousand), ihigh iinput 

iimpedance, iand ilow ioutput iimpedance, ibut iat ithe icost iof imany iother iaspects iof ithe iperformance, ie.g., 

ispeed, ioutput ivoltage iswings, iand ipower idissipation. 

 

By i contrast, itoday's i op i amp i design iproceeds i with ithe i recognition i that i the i trade-offs ibetween ithe 

iparameters ieventually irequire ia imulti-dimensional icompromise iin ithe ioverall iimplementation, 

imaking iit inecessary ito iknow ithe iadequate ivalue ithat imust ibe iachieved ifor ieach iparameter. iFor 

iexample, iif ithe ispeed iis icritical iwhile ithe igain ierror iis inot, ia itopology iis ichosen ithat ifavors ithe 

iformer, ipossibly isacrificing ithe ilatter. i 

 

An “ideal” or perfect op-amp is a device with certain special characteristics such as infinite open-

loop gain AO, infinite input resistance RIN, zero output resistance ROUT, infinite 

bandwidth 0 to ∞ and zero offset (the output is exactly zero when the input is zero). 
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There iare ia ivery ilarge inumber iof ioperational iamplifier iIC’s iavailable ito isuit ievery ipossible 

iapplication ifrom istandard ibipolar, iprecision, ihigh-speed, ilow-noise, ihigh-voltage, ietc. iin ieither 

istandard iconfiguration ior iwith iinternal iJunction iFET itransistors. 

 

Operational iamplifiers iare iavailable iin iIC ipackages iof ieither isingle, idual ior iquad iop-amps iwithin ione 

isingle idevice. iThe imost icommonly iavailable iand iused iof iall ioperational iamplifiers iin ibasic ielectronic 

ikits iand iprojects iis ithe iindustry istandard iμA-741. 

 

The implementation of a two-stage, fully-differential and capacitance compensated CMOS 

operational amplifier has been presented in this report. The high gain enables this circuit to operate 

efficiently iin ia iclosed iloop ifeedback isystem, iwhereas, ithe ihigh ibandwidth imakes ithis icircuit isuitable 

ifor ithe ihigh-speed iapplications. i 

 

The ihigh igain iin iop-amps iis ione iof ithe idesired ifigures iof imerit ifor iall ikind iof isignal iprocessing 

iapplications iwhile isimultaneously ioptimizing iall ithe iparameters iof ithe iop-amp iis ialso idesirable. iIn 

itwo-stage iCMOS iop–amps, ithe iphase imargin icould ieasily ireach ito iless ithan ithe iamount, iwhich iis ijust 

ienough ifor istable ioperation, ii.e., ibelow i45º, ibecause iof ithe itwo idominant ipoles. iThis iserious iproblem 

ishould ibe itaken icare iof iby idesigners, iotherwise ithere iis ia igood ipossibility ithat ithe iop-amp ioutput iwill 

ioscillate iand, iinstead iof ian iamplifier, iit iwill ibecome ian ioscillator. 
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Performance Metrics: 
 
1) Gain,  

2) Speed,  

3) Output Swing  

4) Linearity  

5) Power Dissipation 

6) Noise  

7) Input CM Range  

8) Supply Rejection 

9) Input Offset Voltage 
 
 
Gain : The iopen-loop i igain iof ian iop iamp idetermines ithe iprecision iof ithe ifeedback isystem iemploying 

ithe iop iamp. ithe irequired igain imay ivary iby ifour iorders iof i.magnitude i i iaccording i to ithe iapplication. 

iTrading iwith isuch iparameters i as i speed iand ioutput ivoltage iswings, ithe iminimum irequired igain imust 

itherefore ibe iknown. iA ihigh iopen-loop igain imay ialso ibe inecessary ito isuppress inonlinearity.        

 

 

                   
 Fig 1.1 : Basic Op-amp circuit  

 
 
 
Small-Signal Bandwidth: The ihigh-frequency ibehavior iof iop iamps iplays ia icritical irole iin imany 

iapplications. iFor iexample, ias ithe ifrequency iof ioperation iincreases, ithe iopen-loop igain ibegins ito idrop 

icreating ilarger ierrors iin ithe ifeedback isystem. iThe ismall-signal ibandwidth iis iusually idefined ias ithe 

i "unity-gain" i frequency, ifu. i which iexceeds i GHz iin itoday's i CMOS iop-amps. iThe i3-dB ifrequency 

imay ialso ibe ispecified ito iallow ieasy iprediction iof ithe i closed-loop ifrequency iresponse.   
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Fig 1.2 Gain Roll –off With Frequency  
 

 
Large-Signal Bandwidth  

In many of today's applications, op amps must operate with large transient signals. Under these 

conditions, i nonlinear i phenomena i make iit idifficult ito icharacterize i the i speed iby imerely i small-

signal i properties i such ias ithe iopen-loop iresponse iAs ian iexample, isuppose ithe ifeedback icircuit i  

iincorporates ia irealistic iop iamp i(i.e., iwith ifinite ioutput iimpedance) iwhile idriving ia ilarge iload 

icapacitance. iHow idoes ithe icircuit ibehave iif iwe iapply ia i 1-V istep iat ithe iinput? iSince ithe ioutput 

ivoltage icannot ichange iinstantaneously, ithe ivoltage idifference isensed iby ithe iop iamp iitself iat it=0 iis 

iequal to 1 V. Such a large difference momentarily drives the op amp into a nonlinear region of 

operation. (Otherwise, with an open-loop gain of, say, 1000, the op amp would produce 

1000 V at the output.) 

 
Output Swing   
 
 Most systems employing op amps require large voltage swings to accommodate a wide range of 

signal amplitudes. For iexample, ia ihigh-quality imicrophone ithat isenses ithe imusic iproduced iby ian 

iorchestra imay igenerate iinstantaneous ivoltages ithat ivary iby imore ithan ifour iorders iof imagnitude, 

i demanding ithat isubsequent i amplifiers iand ifilters ihandle ilarge iswings i(and/or iachieve ia ilow inoise). 

 iThe ineed ifor ilarge ioutput iswings ihas imade ifully idifferential iop iamps iquite ipopular. iSimilar ito ithe 

icircuits, i such iop iamps igenerate i"complementary" ioutputs, iroughly i doubling i the i available iswing. i 

iNonetheless, i as imentioned i in i Chapters i3 iand i4 iand iexplained ilater iin ithis ichapter, ithe imaximum 

ivoltage iswing itrades iwith idevice isize iand ibias icurrents iand ihence i speed. Achieving large swings is 

the principal challenge in today’s Op-amp design. 
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Linearity   
 
Open-loop i iop- amps i isuffer i from i isubstantial i nonlinearity. iThe i input i pair i M1-M2 i i iexhibits i a 

i nonlinear i relationship i between iits idifferential i drain i current i and i input i voltage. iThe iissue iof 

inonlinearity iis itackled iby itwo iapproaches: iusing ifully idifferential iimplementations ito i isuppress 

ieven-order iharmonics iand iallowing isufficient iopen-loop igain isuch ithat ithe iclosed-loop ifeedback 

isystem iachieves iadequate ilinearity. iIt iis iinteresting ito inote ithat iin imany ifeedback i·•·  icircuits,  ithe 

i linearity irequirement, rather than the gain error requirement, governs the choice of the open-loop 

gain 

 

 
Noise and Offset   
 
The iinput inoise iand ioffset iof iop iamps idetermine ithe iminimum isignal ilevel ithat ican ibe iprocessed iwith 

ireasonable i quality. iIn ia itypical iop iamp itopology, iseveral idevices icontribute i noise iand ioffset, 

inecessitating i large idimensions i or ibias icurrents. iWe ishould ialso irecognize i a itrade-off ibetween 

inoise iand ioutput iswing. 

 

Supply Rejection  
 
Op iamps iare ioften iemployed iin imixed-signal isystems iand isometimes iconnected ito inoisy idigital isupply 

ilines iThus, ithe iperformance i of iop iamps iin ithe ipresence iof isupply i noise, iespecially i as i the inoise 

i frequency i increases iis iimportant ifor ithis ireason ifully idifferential itopologies iare ipreferred. 
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1.1 OBJECTIVE 

The imain iobjective iof ithis iproject iimplementing irecycling ifolded icascode ialong iwith ian iadaptive-

biasing icircuit ito iachieve ihigh igain, ihigh ibandwidth iand ihigh islew irate ispecifications. 

 

This isingle istage ioperational iamplifier iis icapable iof iproviding ihigh igain iof iaround i70dB ialong iwith ia 

ihigh ibandwidth iof i250 iMHz iand ia islew irate iof iaround i100V/µs iwhich iis iapproximately itwice ias ithat 

iof ithe irecycling ifolded icascode iwithout ithe iadditional iadaptive-biasing icircuit. 

 

A isingle-stage iOp-amp ias iopposed ito imulti-stage iis iused ito iavoid ithe ineed ifor icompensation 

icapacitor iand ito isave ithe isecond istage ipower iconsumption. iThis iis imade ipossible ibecause ithe iload 

iresistors iare inot idirectly iconnected ito ithe iop-amps ioutput, ihence ieliminating ithe ineed ifor ia idriver 

istage. 

 

To ialleviate ithe iproblem iof iinstability, ithe isecond ipole iof ithe iOp-amp iat ithe imirror inodes iis inulled 

iand ipushed ito ihigher ifrequencies iby ia inegative icapacitance icircuit. 

 

In ihigh iperformance ianalog iintegrated icircuits, isuch ias iswitch-capacitor ifilters, idelta-sigma 

imodulators iand ipipeline iA/D iconverters, iop iamps iwith ivery ihigh idc igain iand ihigh iunity-gain 

ifrequency iare ineeded ito imeet iboth iaccuracy iand ifast isettling irequirements iof ithe isystems. 

iHowever, ias iCMOS idesign iscales iinto ilow-power, ilow-voltage iand ishort-channel iCMOS iprocess 

iregime, isatisfying iboth iof ithese iaspects ileads ito icontradictory idemands, iand ibecomes imore iand 

imore idifficult, isince ithe iintrinsic igain iof ithe idevices iis ilimited. i[1] 

 

In iorder ito iachieve ihigh-gain, ithe ifolded icascode iamplifier iis ioften iadopted ias ithe ifirst-stage iof 

itwo-stage iamplifiers. iActually, iin ithe ideep-submicron iCMOS itechnology, ihigh-gain iamplifiers 

iare idifficult ito ibe iimplemented ibecause iof ithe iinherent ilow iintrinsic igain iof ithe istandard ithreshold 

voltage MOS transistors. At the same time, because of the reliability reasons in the deep- 

submicron processes, the output swing of amplifier is severally restricted with the lower power 

supply voltage. 

 

To iefficiently iincrease ioperational iamplifier’s igain iand ioutput iswing, imulti-stage ifully- 

idifferential ioperational iamplifier itopology iis iappreciated. iThe ioperational iamplifier with three or 



7 
 
 
 
 
 

even imore istages iequipped iwith ithe iNested-Miller icompensation ior ithe iReversed iNested-Miller 

icompensation ishows ihigh iefficiency iin ithe igain ienhancement, iwhile ithey irequire iadditional ilarge 

icompensation icapacitors icompared ito ithe itraditional itwo-stage ioperational iamplifier, iwhich iwill 

ilead ito ia ilarger idie iarea iand ithe ilimited islew irate. iBesides, iadditional icommon imode ifeedback 

i(CMFB) icircuits iwould iconsume iadditional ipower. 

 

1.2  ORGANIZATION OF REPORT 

This report has been organized into 5 chapters. Chapter 1 deals with the introduction of Op-Amps. It 

also includes performances metrices of an Op-amp  and objective of the report. Chapter 2 deals with 

Literature Survey. In chapter 3, Recycling folded cascade topology and adaptive biasing is 

discussed. In chapter 4 circuit and simulation results are being shown. And in Chapter 5 Conclusion 

and Future Scope is given.  
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CHAPTER 2 

                                                      LITERATURE SURVEY                

2.1  SINGLE STAGE OP-AMPS 

All i of i the i differential i amplifiers i can i be i considered i as iop' iamps. iTwo isuch itopologies i with 

isingle-ended iand idifferential ioutputs. iThe ismall-signal, i low-frequency i gain i of i both i circuits i is 

i equal i to i GmN(roNllrop), iwhere i i isubscripts iN i and iP i denote iNMOS iand iPMOS, irespectively. iThis 

ivalue ihardly iexceeds i10 in isubmicron idevices iwith itypical icurrent ilevels. iThe ibandwidth  iis i usually 

idetermined iby iload icapacitance, iCL 

 

                           Fig 2.1 Differential input with single ended and differential output  

For small-signal:  

Low ifrequency igain i,In igeneral, ithis ivalue ihardly i iexceeds i20 iin isubmicron idevices iwith itypical 

icurrent ilevels. iThe ibandwidth iis iusually idetermined iby ithe iload icapacitance. 

 

The icircuits isuffer ifrom inoise icontributions iof iM1-M4 iIn iall iop iamp iTopologies, iat ileast ifour idevices 

icontribute ito ithe iinput inoise: itwo iinput itransistors iand itwo i“load” itransistors 
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2.1.1  TELESCOPE CASCODE OP-AMPS 
 
In order to achieve a high gain, the differential Cascode topologies can be used. Shown in Fig for 

single-ended and differential output generation, respectively. Low frequency gain 

 but at the cost of output swing and additional poles. 

 

 
 

                  Fig 2.2 : Telescopic Cascode for Single Ended and differential output generation 

The icircuit iproviding ia isingle-ended ioutput isuffers ifrom ia imirror ipole iat inode iX, icreating istability 

iissues. 

Relatively ihigh igain i:Mirror ipole iin isingle-ended icircuit inot igood. i(Both ioutput iswing iand imirror ipole 

ipoint ito ia idifferential icircuit ias ithe ibetter ichoice.) i. ibut iIt iis idifficult ito ishort ithe ioutput ito ithe iinput iof 

ia itelescopic iop iamp. 

 
 

                             Fig 2.3 : Telescopic Cascode opamp with input and output shorted. 

 

Speed somewhat degraded with respect to simple op amp. (But less Miller effect.) 
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Summary: Telescopic op amp usually provides the best trade-off between gain, power dissipation, 

speed, and noise. But its output swing is limited and shorting the input and output is difficult.  

 

2.1.2 FOLDED CASCODE OP-AMP 
 

The ifolded icascode iamplifier iis ia isingle istage iamplifier, iwhich iconsists iof ia icommon isource itransistor 

icascoded iwith ia icommon igate itransistor iof ithe iopposite ipolarity. iIn ithe ioperational iamplifier 

iimplementation iof ithis itype iof iamplifier, ia idifferential ipair iis iused ias ithe iinput istage ito iamplifier, 

iacting ias ithe icommon isource iportion iof ithe icascade. iThe idrains iof ithe iinput itransistors iare ithen ilinked 

ito itwo iopposite ipolarity icommon igate itransistors. iThe icommon igate itransistors iare ithen iconnected ito 

ian iactive icurrent isource iload ito icomplete ithe icircuit. iThe igoal iof iusing ithis itopology iis ito iachieve ithe 

isimplicity iand ismall isize iof ia isingle istage iamplifier, iwhile iachieving ithe igain iof ia imulti-stage 

iamplifier. iBy i“folding” ithe icascode iover iinto ia ipair iof iopposite ipolarity itransistors, ithis idecreases ithe 

irequired iheadroom ifor ithe icircuit, igiving ithe isame iperformance ias ia itypical icascode iamplifier, ibut 

iwith ia ilower irequired isupply ivoltage. iThe icascoded itransistors iin ithis idesign iserve ito iincrease ithe 

ioutput iresistance iof ithe icircuit, iwhich iincreases ithe ismall isignal igain iof ithe iamplifier. iThis iis ithe imain 

ibenefit iof ithe itopology. iSince ithe icurrent imirror’s ioutput iresistance iappears iin iparallel iwith ithe ioutput 

iresistance iof ithe iamplifying iportion iof ithe icircuit, iit iis iimportant ithat ithe icurrent isource ibe icascoded 

ias iwell, iso ias inot ito iextinguish iall iof ithe ibenefits ithat iwere igained iby ithe icascode iin ithe ifirst iplace. 

iDue ito ithe ihigh ithreshold ivoltages iof ithe iPMOS itransistors iin ithis iprocess, isome islight imodifications 

iwere imade ito ithe igeneral iimplementation iof ithis icircuit. iInstead iof iconnecting ithe icurrent imirrors iat 

ithe ioutput iof ithe iamplifier iin ia igate-drain iconfiguration, ias iis itypically idone, ithe igate iof ithe 

iuppermost itransistors iwere iconnected ito ithe idrain iof ithe icasocde itransistors iand ithe icascode 

itransistors iwere ibiased iexternally. iThe ideeper idetails iof ithis itype iof imodification ican ibe ifound iin i[1]. 

iThe ifinal icircuit itopology iwas imodeled iafter ithis imodification iand iis iprovided i. 
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          Fig: 2.4 Folded Cascode Op-Amp 

 

Figure ishows itypical istructure iof ia ifolded icascode iop-amp iFolded icascade itopology iis icalled ias 

i‘folded icascode’ ibecause iit icomes ifrom ia ifolding idown in-channel icascode iactive iloads iof ia idifferent-

pair iand ichanging ithe iMOSFET ito ithe ip-channel. iThese itopologies iallow ithe iinput icommon-mode 

ilevel iof ibeing iclose ito ithe ipower isupply ivoltage ias iwell ias iproviding ia ihigh ioutput iswing, iwide iinput 

icommon-mode range and preferably steering in low voltage supply circuits. However, this topology 

has higher noise compare to the telescopic op-amp 

 

Folded icascode iamplifier iis ia isingle-pole ioperational iamplifier iwith ilarge ioutput iswing iand ihas ihigher 

igain icompared ito ithe iordinary iop-amp. iIt iis ivery isuitable ifor ideep inegative ifeedback ibecause iof iits 

ismall isignal igain ithat ican ibe ivery ilarge. iComparing ito ithe iordinary itelescopic iamplifiers, ifolded 

icascode ioperational iamplifiers ihave ia ilarger ioutput iswing i(E. iRajni, i“Design iof iHigh iGain iFolded-

Cascode iOperational iAmplifier iUsing i1.25 ium iCMOS iTechnology,” iInt. iJ. iSci. iEng. iRes., ivol. i2, ino. 

i11, ipp. i1–9, i2011). iInput iand ioutput ican ibe ishort icircuited ito imake iit ieasier ifor ithe iselection iof iinput 

icommon-mode ilevel idue ito iits irelatively ilarge ioutput iswing. iThe iinput icommon-mode ilevel ican ibe 

iclose ito ithe ipower isupply ivoltage iby iusing ifolded icascode iop-amp. iBy iusing iNMOS iinput, ithe 

icommon mode level of the gate pole can reach VDD. While PMOS input can lower the input 

common-mode level to 0V. 

 
In iorder ito ialleviate ithe idrawbacks iof itelescopic icascode iop iamps, inamely, ilimited ioutput iswings 

iand idifficulty iin ishorting ithe iinput iand ioutput, ia i"folded icascode" i op iamp ican ibe iused. iThe 

iprimary iadvantage iof ithe ifolded istructure ilies iin ithe ichoice iof ithe ivoltage ilevels ibecause iit idoes inot 

i"stack" ithe cascode transistor on top of the input device. 
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The ifolding iidea i depicted ican ieasily ibe iapplied ito idifferential ipairs iand ihence i operational 

i amplifiers i as i well. i the i resulting i circuit i replaces ithe iinput iNMOS ipair iwith ia iPMOS icounterpart. 

iNote itwo iimportant idifferences ibetween ithe i two icircuits. i i.one i bias i current, ilss, iprovides i the idrain 

icurrent i of iboth i the iinput itransistors iand ithe icascode idevices, i iwhereas iin ithe iinput ipair irequires ian 

iadditional i ibias icurrent. iIn iother iwords, iIssi i i= ilss/2 i i + i/D3. iThus, ithe ifolded 

cascode iconfiguration igenerally iconsumes ihigher ipower. iIn i Fig, ithe iinput iCM ilevel icannot iexceed 

i Vb1-Vas3 + VTH1. Whereas, it cannot be less than Vb1·-Vas3 +VTH1 It is therefore possible to design 

the latter to allow shorting its input and output· terminals with negligible swing limitation. 

 

                     
 
     Fig 2.4 : Folded cascade amplifiers  
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Telescopic & folded-Cascode op amps: Discussion 
 
The overall voltage swing of a folded-cascode op amp is only slightly higher than that of a telescopic 

configuration. This iadvantage icomes iat ithe icost iof ihigher ipower idissipation, ilower ivoltage igain, 

ilower ipole ifrequencies, and higher noise. 

  

Folded-cascode iop iamps iare iused iquite iwidely, ieven imore ithan itelescopic itopologies, ibecause ithe 

iinput iand ioutputs ican ibe ishorted itogether iand ithe ichoice iof ithe iinput icommon-mode ilevel iis ieasier. 

In ia itelescopic iop iamp, iThree ivoltages imust ibe idefined icarefully: ithe iinput iCM ilevel iand ithe igate ibias 

ivoltages iof ithe iPMOS iand iNMOS iCascode itransistors. 

 

Folded-Cascode iconfigurations ionly ithe ilatter itwo iare icritical. iIn ifolded-cascode iop iamps, ithe 

icapability iof ihandling iinput iCM ilevels iare iclose ito ione iof ithe isupply irails. 

 

 
 

Fig 2.5 : Telescopic and folded Cascode topologies  
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2.2 TWO-STAGE OP AMPS 
 
The below figure, Figure 2, shows the basic block diagram with all the building blocks of a simple 

two-stage op-amp. Each box in the figure, i.e. Amplifier A1 and A2, Compensation circuit and 

Biasing circuit, can be replaced with an actual circuit implemented in modern VLSI technology. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2.6: Basic block diagram of two-stage op-amp. 

 

For ithe idesign iof ia itwo-stage iop-amp, iwe ihave itwo iamplifiers: iA1 iand iA2. iWe ihave ichosen ia isimple 

idifferential ipair iamplifier iwith ihigh iimmunity ito inoise isignals ifor ithe iinput iamplifier iA1 iand ia 

icommon isource iamplifier iwith ia ihigh igain ifor ithe ioutput iamplifier iA2. i 

 

Apart ifrom ithe itwo iamplifiers, iwe ihave ichosen ia icurrent imirror icircuit ias ithe ibiasing icircuit iand 

iCapacitance icompensation ifor ithe icompensation icircuit iblock. i iThe ichosen icurrent imirror icircuit iis 

ifree ifrom ivoltage isources; iutilizing isingle icurrent ireference isource. iThe ifrequency icompensation 

icircuit iconsists iof iCapacitor ibetween ithe ioutput iof istage i1 iand ioutput iof istage i2. 

 

The iamplification iof isignal iis ia ivery iessential ifunction iin imost iof ithe ianalog icircuits ias iwell ias ithe 

idigital icircuits. iIn ithe idesign ifor iinput iamplifier i(A1), ia ifully idifferential i(in iand iout) ipair iwith icurrent 

imirror ibiasing ihas ibeen iemployed. iOne iof ithe iimportant iadvantages iof ithe idifferential ioperation iover  
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iThe isingle-ended ione iis iits ihigher iimmunity ito ithe ienvironmental inoise. iFor ioutput istage, ia icommon 

isource iamplifier ihas ibeen iused iin iorder ito iprovide ia ilarge igain iin ithe ioutput istage. iThe iadvantage iof ia 

isimple icommon isource i(CS) iamplifier iover ia idifferential ipair i(Diff i–amp) iis iits ihigh ioutput iswing. 

 

 

 
 

(a)        (b) 
 

Figure 3: Input and Output stage amplifier: 
(a) Differential pair amplifier (A1) 
(b)Common source amplifier (A2) 

 
Input Stage Amplifier: 

In iDifferential ipair iamplifier iA1 istage, iM1 iand iM2 iare ithe iinput iNMOS idevices iand iwhose 

itransconductances iappear iin ithe iexpression ifor ithe idc igain iof ithe iop-amp. iThese idevices ishould ibe 

ikept iwide ienough, ioperating iwith ismall ioverdrive ivoltage, iso ithat ithey ican iproduce ia ihigh igain iand ia 

ihigh iInput iCommon iMode iRejection iRatio i(ICMR). iThe iPMOS idevices iM3 iand iM4 idevices ishould 

iexhibit ihigh ioutput iresistance iwhen iwe iwant ihigh igain, ithus iwe ineed ito ikeep ithem ilong ienough. iThe 

itail itransistor iM5 ishould iroughly ihave ioverdrive ivoltage iwhich iis itwice ithe ioverdrive ivoltage iof ithe 

iinput idevices. iThis imakes iall ithe itransistors ito ihave ithe idimensions iwhich iroughly iare iof ithe isame 

iorder. iThe ioutput iintrinsic iresistances iof iM1 ior iM2 idevice ishould ibe iroughly ibe iequal ito ithe iM3 ior 

iM4 idevice iso ias ito iget ia ihigh ieffective ioutput iresistance, iand ithus, ithe ihigh iDC igain. 
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Output Stage Amplifier: 

In common source output amplifier A2 stage, the transconductance of input PMOS device, M2, 

should have a larger value and the NMOS device M1, should have larger value of output resistance. 

Equalizing iof ioutput iresistance iof idevices iwill ioptimize ithe ioverall ieffective iresistance, ithus ithe igain 

iof ioverall isystem. iBiasing ivoltages iVb1and iVb2 iwill ibe iderived iby ithe icurrent imirror icircuit iby 

ideciding ithe idimensions iof idevices iused iin ibiasing icircuit. 

 

The iop iamps istudied ithus ifar iexhibit ia i"one-stage" inature iin ithat ithey iallow ithe ismall-signal icurrent 

iproduced i by ithe iinput ipair ito iflow idirectly ithrough ithe ioutput iimpedance; iThe igain iof ithese 

itopologies i is itherefore ilimited ito ithe iproduct iof ithe iinput ipair itransconductance iand ithe ioutput 

iimpedance. iWe ihave ialso iobserved ithat icascoding iin isuch icircuits iincreases ithe igain iwhile ilimiting 

ithe ioutput iswings. 

 

In isome iapplications, ithe igain iand/or ithe ioutput iswings iprovided iby icascode iop iamps iare inot 

iadequate. iFor iexample, ian iop iamp iused iin ia ihearing iaid imust ioperate iwith isupply ivoltages i as ilow 

ias i0.9 i iV i while idelivering i single-ended ioutput i swings ias ilarge ias i0.5 i V 

 

 
Fig 2.6:  Block diagram of two stage Op-amp  

 

Each stage can incorporate various amplifier topologies studied in Previous sections, but the second 

stage is typically configured as a simple common-source Stage so as to iallow imaximum i output 

iswings. 
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Can we cascade more than two stages to achieve a higher gain? 

Each igain istage iintroduces iat ileast ione ipole iin ithe iopen-loop itransfer ifunction, imaking iit idifficult ito 

iguarantee istability iin ia ifeedback isystem iusing isuch ian iop iamp. iFor ithis ireason, iop iamps ihaving imore 

ithan itwo istages iare irarely iused. 

 
Simple iimplementation iof ia itwo-stage iop iamp 
 

 
Fig i2.7 i: iSimple iImplementation iof i iTwo istage iopamp i 

 

To iobtain ia ihigher igain, ithe ifirst istage ican iincorporate icascode idevices, ias idepicted iFig i2.8 iWith ia 

igain iof, isay, i i10 iin ithe ioutput istage, ithe ivoltage iswings iat iX i i and iY iquite ismall, iallowing 

ioptimization iof iM1 i- iM8 i ifor ihigher igain. 
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Fig i2.8 i: iTwo istage iopamp iemploying icascoding i 

 
TABLE  2.1 :COMPARISON OF PERFORMANCE OF VARIOUS OP AMP TOPOLOGIES 

 

 

 

 

 

 

 

 
 

Gain 

Output 

Swing 

 

Speed 

Power 

Dissipation 

 

Noise 

Telescopic Medium Medium Highest Low Low 

Folded 

Cascode 
Medium Medium High Medium Medium 

Two stage High Highest Low Medium Low 
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CHAPTER 3 

RECYCLING FOLDED CASCODE TOPOLOGY AND ADAPTIVE BIAISNG 

 
Recycling ifolded iCascode iis ibasically ia imodified ifolded iCascode iwhere ithe iload itransistor ialso iacts 

ias ia idriving itransistor, ihence, ienhancing ithe icurrent icarrying icapability iof ithe icircuit. iRecycling 

ifolded iCascode iis iobtained iby isplitting ithe iinput itransistors iand ithe iload itransistor. iThe icross-over 

iconnections iof ithese icurrent imirrors iensure ithat ithe ismall isignal icurrents iare iadded iat ithe isources iof 

iM1, iM2, iM3 iand iM4 iand iare iin iphase. i 

This iis icalled ias irecycling ifolded icascode i(RFC), ias iit ireuses/recycles ithe iexisting idevices iand 

icurrents ito iperform ian iadditional itask iof iincreasing ithe icurrent idriving icapability iof ithe icircuit. iThe 

iproposed imodification iin ithe irecycling ifolded icascode itopology iinvolves ireplacing ithe itransistor iM0 

iwith ian iadaptive-biasing icircuit iwhich ifurther ienhances ithe icurrent idriving icapability iof ithis icircuit 

iand ihence ithe ispeed. 

 
 

Fig 3.1: The Recycling Folded Cascode (RFC) Amplifier  
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3.1 ADAPTIVE BIASING DESIGN 
Adaptive ibiasing icircuit iconsists iof itwo ilevel ishifters iand ia icurrent isources i.They ihave ia ivery ilow 

ioutput iresistance i(typically iin ithe irange iof i20 i– i100 iohms). iQuiescent icurrent iin iM1 iand iM2 iis ithe 

iwell-controlled ibias icurrent iI iof ithe ilevel-shifter itransistors iassuming iM1, iM2, iM1a iand iM1b iare 

imatched. 

Since ithe iac iinput isignal iis iapplied ito iboth ithe igate iand ithe isource iterminals iof iM1 iand iM2, ithe 

itransconductance iof ithis iinput istage iis itwice ias ithat iof ia iconventional idifferential ipair. 

It iis iclear ithat ifor ilarge iVin,d i ithe ioutput icurrent iincreases iwith iit, ienhancing iquadratically ithe icurrent 

iboosting.The iminimum isupply ivoltage iof ithe icircuit iis ivth i+3*vdsat. iwhere ivdsat iis ithe iminimum ivds 

ifor ioperation iin isaturation iregion. iVth=0.7 iand ivdsat i=0.2 iIt iyields i1.3V. iHence, ithe icircuit iis isuitable 

ifor ilow ivoltage ioperations. 

 
Fig 3.2: Adaptive biasing design using two level shifters (a) Design (b) Circuit 
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3.2 ANALYSIS AND DESIGN OF THE PROPOSED STRUCTURE 

 
3.2.1 LOW FREQUENCY GAIN 
 

The iopen iloop igain iof ian ioperational iamplifier idetermines ithe iprecision iof ithe ifeedback isystems 

iemploying iit. iA ihigh iopen iloop igain iis ia inecessity ito isuppress ilinearity i[6]. iThe ilow ifrequency igain iof 

iOTAs iis ifrequently iexpressed ias ithe iproduct iof ithe ismall isignal itransconductance, iGm iand ithe ilow 

ifrequency ioutput iimpedance, iRo. iThe ilow ifrequency igain iof ithe iadaptive irecycling ifolded icascode iis 

ialmost ithe isame ias ithat iof ithe irecycling ifolded icascode itopology. 

 

Both the RFC and adaptive RFC (ARFC) have similar noise injection gains from either supply. 

Although ithere iis ino idiscernable ichange iin ilow ifrequency igain, ibut iextended ibandwidth iof ithe 

iadaptive iRFC iensures ihigh iGBW. iMoreover, ithe iextended iGBW iof ithe iadaptive iRFC iextends ithe 

iimproved iPSRR iperformance ito ihigher ifrequencies ithan ithe iRFC. 

 

 
3.2.2 PHASE MARGIN 
 
The iphase imargin iis ioften iviewed ias ia igood iindicator ito ithe itransient iresponse iof ian iamplifier, iand iis 

idetermined iby ithe ipoles iand izeros iof ithe iamplifier itransfer ifunction. iThe iadaptive iRFC ishares ia 

idominant ipole iwp1 idetermined iby ithe ioutput iimpedance iand icapacitive iload iand ia inon-dominant ipole 

iwp2 idetermined iby ithe iparasitic iat ithe isource iof iM15/M16 i.It ihas ia ipole izero ipair iwp3 iand iwpz 

i(=(k+1)wp3) iassociated iwith ithe icurrent imirrors iM7:M8 iand iM9:M10 iHowever, ithis ipole-zero ipair iis 

iassociated iwith iNMOS idevices, iwhich iputs iit iat ia ihigh ifrequency. iIn iaddition, iadaptive iRFC ialso 

ihave ia ipole idue ito iadaptive icurrent isource, iωp4. iDue ito ilow iImpedance iat ithat inode iit iis ipushed ito ia 

ihigh ifrequency. 
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3.2.3 SLEW RATE 
 

Slew rate is one of the most critical design aspects especially for the kind of circuits where high 

speed is necessity. To achieve a high slew rate, adaptive biasing circuit plays a vital role. The upper 

part of the iproposed idesign i[5] ithat iis ithe iadaptive ibiasing icircuit iconsists iof ifour imatched itransistor 

iM1 iM2 iM3 iM4 icross icoupled iby itwo idc ilevel ishifters i.each ilevel ishifter iis ibut iusing itwo itransistors 

iM1a iM2a iand i iM1b iM2b iand ia icurrent isource. i iThese ilevel ishifters iare icalled iFlipped iVoltage 

iFollowers i(FVFs). iThe idc ilevel ishifters imust ibe iable ito isource ilarge icurrents iwhen ithe icircuit iis 

icharging ior idischarging ia ilarge iload icapacitance. iMoreover, ithey ishould ibe isimple idue ito inoise, 

ispeed, iand isupply iconstraint 

Analysis iof ithe iproposed idesign ishows ithat ithere iis ia isignificant iimprovement iin iits islew irate iover ithe 

iRFC itopology. iSuppose iVin+ igoes ihigh, iit ifollows ithat iM1 i iand iM2 iturn ioff, iwhich iforces iM9 i iand 

iM10 i ito iturn ioff. iConsequently, ithe idrain ivoltage iof iM9 irises iand iM2 iis iturned ioff iwhereas i iM3 i iis 

idriven iinto ideep itriode. iThis idirects idrain icurrent iinto iM4 i iand iin iturn iis imirrored iby ia ifactor iof i3(K) 

i(M7 i,M8) iinto iM15 i, iand iagain iby ia ifactor iof i1 iinto i(M11 iM12). iFor isimplicity, iif iwe iignore iany 

iparasitic icapacitance iat ithe isources iof iM1-M2-M3-M4 iand ifollow ithe isimilar iderivation isteps ibut 

iassuming Vin+ goes low, the result is symmetric slew rate . 

 
 
Due ito ipresence iof ithe iadaptive ibiasing icircuit, ithis icircuit ichanges icurrent iaccording ito ithe iinput 

ivoltage iand ihence iremains iself-biased. iIt ialso icauses iminimal iincrease iin ipower idissipation ias ithe 

icurrent ionly iincrease iproportional ito ithe ivoltage iin ione ibranch iand icorrespondingly idecreases iin ithe 

iother ione. iSince ithe iac iinput isignal iis iapplied ito iboth ithe igate iand ithe isource iterminals iof iM1-M2 iand 

iM3-M4 i, ithe itransconductance iof ithis iinput istage iis itwice ias ithat iof ia iconventional idifferential ipair. 

iThe ac small-signal differential current of the input stage is 
 
Clearly iac ismall isignal icurrent iis itwice ias ithat iin ithe icase iof iRFC iwithout iadaptive ibiasing icircuit. 

Hence, islew irate ihas iimproved iin ithe iproposed icircuit. 
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TABLE 3.1 DEVICE SIZES IN IMPLEMENTATION 
 

 

 

TABLE 3.2 BIAS CURRENT IN PROPOSED STRUCTURE 
 

Device Ibias(µA) 

M1a, M2a 181.1 

M1b, M2b 86 

M1, M4 48.79 

M2, M3 46.29 

M11, M12, M13, M14, M15, M16 90.63 

M5, M6 46.29 

M7, M10 139.4 

M8, M9 46.29 

 

 

 

Device Proposed design 

𝑀! - 

𝑀"#,	𝑀"$ 100um/500nm 

𝑀%#,	𝑀%$ 128um/360nm 

𝑀",	𝑀%,	𝑀&,	𝑀' 64um/360nm 

𝑀"",	𝑀"% 64um/360nm 

𝑀"&,	𝑀"' 64um/360nm 

𝑀(,	𝑀) 8um/180nm 

𝑀"(,	𝑀") 10um/180nm 

𝑀*,	𝑀"! 24um/500nm 

𝑀+,	𝑀, 8um/500nm 
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CHAPTER 4 

CIRCUIT AND SIMULATION RESULTS 

All ithe isimulations iwere idone ion iOrCAD i16.6 iwith i0.18 iµm itechnology iusing ia iVDD iof i1.8V. iThe 

iload icapacitance iwas itaken ito ibe i5.6pF ifor iall ithe isimulations. i 

Here iis ithe iprocedure ifor iall ithe isimulations. iFirst iof iall iDC ianalysis iwas idone ito iensure isaturation ifor 

iall itransistors. iAfter ithat, ithe iAC ianalysis iwith idifferential iinput isignal ias i1VPP iwas idone ito imeasure 

ithe igain, iPhase imargin. 

 

CIRCUIT IN   DC ANALYSIS 

 
Fig 4.1  : Circuit Diagram in Dc Analysis 
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DC ANALYSIS OUTPUT  

 
Fig 4.2  : Output in Dc Analysis 

Gain is obtained as negative as in cascode amplifier, ensuring all transistors operating in saturation. 

 

CIRCUIT IN   AC ANALYSIS 

 
Fig 4.3 : Circuit Diagram in Ac Analysis 
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GAIN AND PHASE PLOT : 

 

                                        Fig 4.4 Gain and Phase plot (plotted in Virtuoso) 
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Table 3.3. Results comparison with RFC 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Proposed 
structure RFC 

DC Gain(dB) 68.48 71 

UGB(MHz) 247.1 153 

GBW(MHz) 335.5 172.26 

Phase Margin 26.3o 58.1o 

Power Dissipation(mW) 2.493 2.18 

I(total) (mA) 1.385 1.215 

Capacitive load 5.6 pF 5.6 pF 

Technology 0.18µm 0.18µm 
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CHAPTER 5 

CONCLUSION 

In this report, It has been demonstrated that the proposed design shows a significant improvement 

over the iconventional iRFC iin iterms iof iUGB, iGBW iwith inearly ithe isame ipower iconsumption. iThe 

iadditional iadaptive ibiasing icircuit iadded ito ithe iRFC, inot ionly iimproves iits ispeed iand ifrequency 

iresponse ibut ialso imakes ithe icircuit ivery iadaptive ito ithe ichanges iin iinput ivoltage iand inoise 

ifluctuations. iWith ithe iRFC iitself ihaving ian iadaptive iload, ithis iaddition iof ia iself-adjusting icurrent 

isource imakes iit ia ivery iflexible, iadaptive iand iself-biased icircuit. iThis ifeature iof ithe icircuit ialso ihelps 

ireducing ithe ipower iconsumption iby ichanging icurrents icorresponding ito ithe ichanges iin ithe iinput 

ivoltage. 
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FUTURE SCOPE  
 
Given design can be used as a basic building block to implement various op amp Applications. 

 

Operational Amplifier as a Voltage Follower 

The iproposed idesign ican ibe iimplemented iwith ia inegative ifeedback iin ia ivoltage ifollower 

iconfiguration ito itest ithe istability iof ithe idesign. iAn iinput ipulse iof i1V iwas igiven iat i5MHz ito icheck iits 

iresponse iand ifunctioning. iFigure i9 ibelow ishows ithe iinput iand ioutput ipulses iin ia ivoltage ifollower 

iconfiguration. iIt iis ievident ifrom ithe ioutput igraph ithat ithe idelay iintroduced iby ithe ivoltage ifollower iis 

ivery ismall. iAlso, ia idistortion iless iand inon-sluggish ioutput iis iachieved ias ia iresult iof ihigh islew irate iand 

ibandwidth iprovided iby ithe iARFC. iDue ito ihigh islew irate iand ibandwidth icharacteristics, iARFC ifinds 

iapplication iin ivarious iother ispeed icritical icircuits isuch ias iswitched icapacitor icircuits, icomparators 

ietc. 

     

                                    
                            Fig 5.1 : Voltage Follower using Op amp  
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