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Hardwarei Efficienti Designi ofi FLASHi ADCi Encoderi fori 

Binaryi Codes 

ABSTRACT 
Thei performancei ofi Flashi Analog-to-Digitali converteri isi 

greatlyi influencedi byi thei choicei ofi Comparatori andi 

Thermometer-to-i Binaryi encoderi design.i Thei worki 

describesi thei designi andi pre-simulationi ofi ai ,i 3biti andi ani 

4biti analogi toi digitali converteri fori lowi poweri CMOS.i Iti 

requiresi 2N-1i comparators,i ani encoderi toi converti 
thermometeri codei toi binaryi code.i Thei designi isi simulatedi 

ini cadencei environmenti usingi spectrei simulatori underi 
90nmi technology.i Thei prei simulationi resultsi fori thei 

designi showsi ai lowi poweri dissipationi ofi 87uwi fori thei 

comparatori andi 1.05mWi andi 1.984mWi poweri dissipationi 

fori 3-biti andi 4-biti Flashi ADCi respectively.i Thei circuiti 
operatesi withi ani inputi frequencyi ofi 25MHzi andi 1.5Vi 

supplyi withi ai conversioni timei ofi 2.162nsi andi 6.182nsi fori 
3-biti andi 4-biti ADCi respectively. 

Keywords 
Low-power,i CMOSi comparator,i Flashi ADC,i Thermometeri 

encoder. 

1.i i INTRODUCTION 
Ani analog-to-digitali converteri (ADC)i isi ai devicei thati 

convertsi thei inputi continuousi physicali quantityi toi ai digitali 

numberi thati representsi thei quantity'si amplitude.i Thei resulti 

isi ai sequencei ofi digitali valuesi thati havei convertedi ai 

continuous-i timei andi continuous-amplitudei analogi signali 

toi ai discrete-i timei andi discrete-amplitudei digitali signal.i Ai 

direct-i conversioni ADCi ori flashi ADCi hasi ai banki ofi 

comparatorsi samplingi thei inputi signali ini parallel,i eachi 

firingi fori theiri decodedi voltagei range.i Thei comparatori 

banki feedsi ani encoderi logici circuiti thati generatesi ai codei 

fori eachi voltagei range. 

Figurei 1:i N-Biti Flashi 

ADC 

Thei i i architecturei i i usesi i i largei i i numbersi i i ofi i i 

i i resistors 
and 

comparatorsi andi isi limitedi toi lowi resolutions,i andi ifi iti isi 

toi bei fast,i eachi comparatori musti runi ati relativelyi highi 

poweri levels.i Hence,i thei problemsi ofi flashi ADCsi includei 

limitedi resolution,i highi poweri dissipationi becausei ofi thei 

largei numberi ofi high 

2.i i FLASHi CONVERTER 
Flashi ADCsi (sometimesi calledi paralleli ADCs)i arei thei 

fastesti typei ofi ADCi andi usei largei numbersi ofi 

comparators.i Thei inputi signali isi appliedi toi alli thei 

comparatorsi ati once,i soi thei thermometeri outputi isi delayedi 

byi onlyi onei comparatori delayi fromi thei input,i andi thei 

encoderi N-biti outputi byi onlyi ai fewi gatei delaysi oni topi ofi 

that,i soi thei processi isi veryi fast.i Ani N-bit 

speedi comparatorsi andi relativelyi largei (andi thereforei 

expensive)i chipi sizes.i Ini addition,i thei resistancei ofi thei 

referencei resistori chaini musti bei kepti lowi toi supplyi 

adequatei biasi currenti toi thei fasti comparators. 

flashi ADCi consistsi ofi resistorsi andi 2N–1i comparatorsi i 

arrangedi asi ini Figurei Figi 1.i Eachi comparatori hasi ai 

referencei voltagei whichi isi 1i LSBi higheri thani thati ofi thei 

onei belowi iti ini thei chain.i Fori ai giveni inputi voltage,i alli 

thei comparatorsi belowi ai  certaini  pointi  willi  havei  theiri  

inputi  voltagei  largeri  thani  their 

2N 
2.1i i Comparator 
Thei lowi poweri comparatori circuiti usedi ini thei designi ofi 

Flashi ADCi isi showni ini figi 2i whichi isi proposedi ini [1].i 

Thisi circuiti usesi ai preamplifieri andi ai latchi stage.i Ini thei 

preamplifieri stagei toi achievei ani acceptablei gaini thei inputi 

differentiali pairi usesi NMOSi transistorsi andi thei loadi usesi 

PMOSi transistors.i Thei latchi stagei consistsi ofi twoi 

invertersi whichi arei connectedi ini ai backi toi backi fashioni 

formingi ai differentiali comparatori andi ani NMOSi transistori 

isi connectedi betweeni thei twoi differentiali nodesi ofi thei 

latch.i Thei designi wasi implementedi ini cadencei usingi 

180nmi technologyi [1].i Ini ouri proposedi worki pre-i 

simulationi resultsi arei showni usingi 90nmi technology. 

referencei voltagei andi ai “1”i logici output,i andi alli thei 

comparatorsi abovei thati pointi willi havei ai referencei voltagei 

largeri thani thei inputi voltagei andi ai “0”i logici output.i Thei 

2N–1i comparatori outputsi thereforei behavei ini ai wayi 

analogousi toi ai mercuryi thermometer,i andi thei outputi codei 

ati thisi pointi isi sometimesi calledi ai thermometeri code.i 

Sincei 2N–1i i datai outputsi arei noti reallyi practical,i theyi arei 

processedi byi ai decoderi toi generatei ani N-biti binaryi output. 
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Tablei 1:i Truthi tablei fori 3biti 

encoder 

Figi 2:i Preamplifier-Latchi 

comparator 

Thei preamplifieri stagei improvesi thei sensitivityi ofi thei 

comparatori andi isolatesi thei comparatori inputi fromi 

switchingi noisei ofi thei positivei feedbacki stagei [3].i Thei 

latchi stagei givesi thei informationi abouti whichi ofi thei inputi 

signalsi isi largeri andi amplifiesi thei differencei betweeni thei 

signalsi [7]. 

2.2i i Thermometeri toi Binaryi codei converter 
Thei logici encoderi usedi fori 3biti andi 4biti ADCi arei asi 

showni ini figi 3i andi figi 4.i Thisi isi ai multiplexeri basedi 

encoderi whichi convertsi thermometeri codesi toi binaryi 

codes.i Tablei 1i andi table 

2i showi thei truthi tablei fori 3biti andi 4biti encoders.i Thei 

multiplexersi usedi arei designedi usingi transmissioni gatesi 

fori betteri accuracy. 

Figi 4:i Logici Encoderi fori 4biti 

ADC 

Tablei 2:i Truthi tablei fori 4biti 

encoder 

Figi 3:i Logici Encoderi fori 3biti 

ADC 
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3.i i PREi SIMULATIONi RESULTS 

3.1i i Comparatori output 
Thei schematici ofi comparatori usingi 90nmi technologyi isi i 

showni ini figi 4.i Thei inputi signali appliedi toi thei non-

invertingi terminali isi ai sinei wavei andi ai dci referencei 

voltagei isi appliedi toi thei invertingi terminali ofi thei 

comparator.i Thei resultingi waveformi ati thei outputi ofi thei 

comparatori isi asi showni ini figi 5. 

Figi 7:i Schematici viewi ofi 3biti 

ADC 

Figi 5:i Schematici ofi 

comparator 

Figi 8:i Schematici viewi ofi 4biti 

ADC 

Figi 6:i Comparatori outputi 

waveform 

3.2i Flashi ADCi output 
Thei abovei obtainedi 2N-1i comparatori outputsi arei encodedi 

intoi 3biti i i outputi i i andi i i 4biti i i outputi i i fori i i 3biti i i 

andi i i 4biti i i i ADCs 
respectivelyi usingi ani encoderi andi thei resultingi waveformi 

ofi bothi resolutioni ADCsi arei asi showni ini figi 9i andi figi 

10.i Thei schematici viewsi ofi ADCsi arei showni ini figi 7i andi 

figi 8. 
Figi 9:i Outputi waveformi ofi 3biti 

ADC 
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Figi 10:i Outputi waveformi ofi 4biti 

ADC 

Tablei 3:i Comparisoni ofi Presenti worki withi earlieri worksi fori 

comparator 

References Technology Poweri 

dissipation 

Voltage 

[4] 350nm 200uW 2V 

[5] 250nm 153uW 1.8V 

[6] 180nm 132.7uW 2V 

Proposedi 

work 
90nm 87uW 1.5V 

Tablei 4:i Comparisoni ofi Presenti worki withi earlieri worksi fori 

ADC 

References Technology Resolution Poweri 

dissipation 

Voltage 

[11] 350nm 6-bit 4.36mW 3.3V 

Proposedi 

work 
90nm 3-bit 1.05mW 1.5V 

Proposedi 

work 
90nm 4-bit 1.984mW 1.5V 

Tablei 3i andi Tablei 4i showsi thei parameteri valuesi obtainedi 

fori thei comparatori andi 4biti ADCi circuiti underi 90nmi 

technologyi withi supplyi voltagei equali toi 1.5V. 
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IEEEi Internationali Workshopi oni Anti-counterfeiting,i 

Se-i curity,i Identification,i Xiamen,i 16-18i Aprili 2007,i 

pp.i i 28- 

31. 

Y.i Degerli,i N.i Fourches,i M.i Rougeri andi P.i Lut,i 

“Lowi Poweri Autozeroedi High-Speedi Comparatori fori 

thei Read-i outi Chaini ofi ai CMOSi Monolithici Activei 

Pixeli Sensori Basedi Vertexi Detector,”i IEEEi 

Transactionsi oni Nucleari Science,i Vol.i 50,i No.i 5,i 

2003,i pp.i 1-21. 

Y.i Sun,i Y.i S.i Wangi andi F.i C.i Lai,i “Lowi Poweri 

Highi Speedi Switchedi Currenti Comparator,”i IEEEi 

14thi Inter-i nationali Conference,i Ciechocinek,i 21-23i 

Junei 2007,i pp.i 305-308. 

M.i Panchorei andi R.i S.i Gamad,i “Lowi Poweri andi 

Highi Speedi CMOSi Comparatori Designi Usingi 0.18i 

μmi Tech-i nology,”i Internationali Journali ofi Electronici 

Engineeringi Research,i Researchi Indiai Publications,i 

Vol.i 2,i No.i 1,i 2010,i pp.i 71-77. 

W.i Rong,i W.i Xiaoboi andi Y.i Xiaolang,i “Ai Dynamici 

CMOSi Comparatori withi Highi Precisioni andi 

Resolution,”i IEEEi Proceedingsi ofi 7thi Internationali 

Conferencei oni So-i lid-Statei andi Integratedi Circuitsi 

Technology,i 18-21i Oc-i toberi 2004,i pp.i 1567-1570. 

ShaileshRadhakrishnan,i Mingzheni Wang,i Chien-Ini 

Henryi Chen,“Low-Poweri 4-bi 2.5GSPSi Pipelinedi 

Flashi Analog-to-Digitali i Convertersi i ini i i 3umi i 

CMOS”,i i i IEEE 

[5] 

[6] 

[7] 

Figi 11:i Comparisoni ofi Comparatori resultsi 

betweeni earlieri andi proposedi work 

[8] 

[9] 

Instrumentation and Measurement Technology 
Conference,i vol.i 1,i pp.i 287i –i 292,i May.i 

2005. [10] Chia-Nani Yehi andi Yen-Taii Lai,i “Ai Noveli Flashi 

Analog-i to-Digitali Converter”,i IEEEi J,i 2008. 

[11] G.i M.i Yin,i F.i Op’tEynde,i andi W.i Sansen,i “Ai high-

speedi CMOSi comparatori withi 8-biti resolution”,i IEEEi 

J.i Solidi -i Statei Circuits,i vol.i 27,i 1992. 

[12] A.V.i Bapat,i Dr.i A.i S.i Gandhi,i Dr.i A.i M.i Dighe,i 

“CMOSi Implementationi ofi Seriali Flashi Analogi toi 

Digitali Converter”,i Internationali Conferencei oni VLSI,i 

Communicationi &i Instrumentationi (ICVCI)i 2011 

Figi 12:i Comparisoni ofi ADCi resultsi betweeni earlieri 

andi proposedi work 

Comparisoni betweeni earlieri worki andi proposedi worki fori 

comparatori andi ADCi resultsi arei showni ini Figi 11i andi 

Figi 12. 

4i CONCLUSIONS 
Thei problemi ofi flashi ADCsi liesi withi limitedi resolution,i 

highi poweri dissipationi becausei ofi thei largei numberi ofi 

highi speedi comparator.i Ini thisi regardi ani attempti isi madei 

toi designi low-i poweri 3biti andi 4biti ADCs.i Thei designi andi 

Prei simulationi arei carriedi outi ini cadencei environmenti 

usingi spectrei simulatori underi 90nmi technology.i Thei prei 

simulationi resultsi fori thei designi showsi ai lowi poweri 

dissipationi ofi 87uwi fori thei comparatori andi 1.05mWi andi 

1.984mWi poweri dissipationi fori 3-biti andi 4-biti Flashi ADCi 

respectively.i Thei circuiti operatesi withi ani inputi frequencyi 

ofi 25MHzi andi 1.5Vi supplyi withi ai conversioni timei ofi 

2.162nsi andi 6.182nsi fori 3-biti andi 4-biti ADCi respectively.i 

Thei ADCi designi cani bei usedi fori lowi poweri andi highi 

speedi applications.i Thei proposedi architecturei cani bei 

extendedi toi higheri resolution.i Fori thei proposedi 

architecturei areai optimizationi musti bei donei ini thei future. 

REFERENCES 
[1] Shubharai Yewale,i Radheshyami Gamadi “Designi ofi 

Lowi Poweri andi Highi SpeedMOSi Comparatori fori 

A/D 

Converteri application”,i Wirelessi Engineeringi andi 

Technology,i 2012,i 3,i 90-95. 

B.i Razavi,i “Deigni ofi Analogi CMOSi Integratedi 

Circuits,”i Tatai McGraw-Hill,i Delhi,i 2002. 

R.i Wang,i K.i Li,i J.i Zhangi andi B.i Nie,i “Ai Highi 

Speedi Highi Resolutioni Latchi Comparatori For-

Pipelinei i i ADC,” 

[2] 

[3] 

[4] 

400 Technology 
(nm) 

300 

200 Power 

100 dissipation 

0 
(uW) 

Resolutioni (bit) 
 

 

400 

300 Technology(n 

200 m) 

100 
Power 

0 dissipation 
(uW) 

 

 

 

http://www.rkdf.ac.in/

