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ABSTRACT

This thesis presents the design of Gray code algorithmic analog-to-digital converters
(ADCs) using MOS transistors. Each designed ADC is one-bit cell, which has the symmetrical
triangular-like current transfer characteristic. Three different methods of realization to synthesize
the current transfer characteristics are based on the use of current limiter, maximum circuit, and
absolute function circuit. The design strategy is based on the MOS transistor bias at the edge of
conduction in the saturation region to provide the low-distortion in transfer characteristic, high-
speed operation, and high-frequency response. Moreover, the N-bit resolution can be achieved by
cascading of the NV proposed one-bit cells. PSPICE and MATLAB simulation results verifying the

designed ADC performances are agreed with the theoretical values.



a a
pnAnssudszma

- - Iu’. o v Yy = -] v e -
Invrinusiiduiegaelldied filouvensiuvoumizgu seesdude Fan
‘Y - - 4 U a ¥ -5 o e b » - aa
owniimunuInniinusiluetugs Aldnjuufonazamidulia Tianud anufiasiay
o |4 ’ e
anlSavuaziumamsudlvilgriai q inlavaneasseznaidnm
YDATIUVDUNIEAY A.A5. 3800 YITAIMNAST  SA.AT.NOUYY 1AYNIY
ATWUTAPA A3svanay  weasdasinwy awila  uaz as.duns Indl Ausnssums
- Y P e 2 » . L] a o o o - I=|’
aouInoiinusi 1d e Savuazdunsiniiuedd lumsdaiInoiinusi
4 »
YONSIVVDUNSERM SA.AT. DAR AsiAsug uaz so. Uszdnd  qamSaad saua
4 b 4 Y a . - @ o~ . 4% Ve Yo o
AT duazidmiilszimninimassunisTaquynviiudldldsdalenazanu
Hrumdnluduan q uafiiouduen
t 4
vovouR 011585 ¥H el uazondissad vwsudidin ewsdlsziinn
F¥VIAINTTUSTVUAILAY 5NN 1 tiou q nazried q WnAnynauiisiumie asavaey
1 4 ) 1 4
mamsIsouns iduzin 9 mldmstaninoiinuiiilinnwauysanntu
voveunm dninauianninomansuazmaluladursna meldlasansyu
t o - v Ao [ a a v e a d a
dunsuindwminise Ussinnseiaianninininids uazguimaTulatdmonseilinduas
o LA - o ' % 4
aouanesvand moldlnsamsmivmyuniseenuuavssamluaaniumsnm HIA
A L - e o - y
Nuuazinseaiiomivayulunsdmitineninugi
y ] ¢ W A S a 4 o =
yovounm I mihidszdudiadne ausdrnssumans aa1iumalulad
y v o ' :i Yo |2 ' r o
wszveundudgammsannsziaganm AlAMMAS suazanuemdeiuednnly
n1sANABYsTEIUU
» v
YDATIWVBUNILAW HAND RN 1azTDI TIUMIYIA 9 AU AuBUANLTH AW
] 1 4 - 2
valo uazlimsmivenyulunisfinynlavaaon
qatie vevounw Yaudiainnds aorumaTulainszeemndudiqunmis
o A ¥ -~ o o - 4 s o
amnszi Rdumivayumsiineninus Ysethudseum 2547

»
pusmazls: TeniduRainninniinuiil Afsuvonouuadiinsznuynmiu

o [ y
suniu lepdn

I



L4

1508 (619)

wh

3.32 MuauaugueroudUSHIATE . ... 22
3.3.3 MIuUasHennsBIUIRUEUND. ..o, 24
3.3.4 MANMIINN M. e et eeeiee e ettt e et e e e ete e e e e e e e e eenaeene e oo 26
3.3.5 A200NMIUYAIRUUDI ADC YU 3 DA v 27

3.4 Mpthasanessiin ADC Hinmninaueluoda. .......co........ e 30
3.4.1 8anv35UN ADC Y83 Nairn D.G. a2 Salama C.AT. [29)........ceeeunnnn... 30

3.4.2 8and35iA ADC Y94 Naim D.G. l1as Salama C.A.T. [30].....o................31

3.43 9andI5NA ADC Y04 Pouliquent P.O. HAXAME [17].......cooivinreenenne 33
3.5 UNATY. e 35
N 4 129938067 19 IUMSOBANLUSANDI BN ADC. ..o 36
4.1 MBI Nttt ettt ettt ee ettt see e 36
4.2 WUTHEMDUNTZUD ...oooviverseieeeeeiee et en ettt 36
42,0 VIAENOUNTHUTUULAUGIU oo 36
422 fns'Tum1xﬁqmauﬁﬁmsﬁmwm:\wsﬁzv’n’ounszummuﬁumu........37
423 'msazﬁounsznlﬂtluui":ug1u?iﬁnmmmﬁﬂﬂ ................................. 40
424 ms%mnzn’qmﬁuﬁ'ﬁmsﬁumaxanwsﬁ:ﬁouns:uﬁ"f’iﬁ
PAVIOWAN. ..o.eeeereeeeeeieeee e ssseceeseses s ses s enss et e enesse e 40
4.3 DVTTIANTEU..o.oiiiirenreeeeeee et et e et ee et e sere et e e eene e 42
4.3.1 MIMNIUVBINITIMIANTEUN ..o 42
432 MIAATIEANUANTAMINNIUVOINITNANTUS coevereeee 44

43.3 HamsSRULDUMIYIUYEINSsSinanssuadlsTysunsy

PSPICE. .. cceveveveuiaseneeesneseneesesesncseneebeseeseebesesseneenessesensenrasacons 51

4.4 TAUSHIMIGATR . oeeereeeenaeeeeeemeaneeeeie e eeec e s e e s e e es e et e e aesanesaneene et e 54
441 MISIRTUYDINOTHIMIAGA. c.eveeieerereeee et 54
442 MIUNTIANUAVTANIINOUVOINITHIAIGIGA. e 56

4.43 HAMIRLULLLAMSHINIUVINITMIMIgIganIs Tsunsu

PSPICE. ...ttt e 61



wh

UNFATBATHIING ..ottt n e e e e et ere s et ene e I
UNAATDATHIBINGY .ot e e eeaeeeeeeesteeeeeeeeeesereeseeeeee oo i
AAANTTUUTENII . ..ottt et e e e e e e e e eae oo i
o8 151 OO US USSR U U v
L E 3 VL2 2 T TSSO US RS TUURRTTRON XI
AITUUTU. oot e XII
FIMITTURIYDE . ....ooveeeeceeeeeeeeeeee et eee e st en s en e se e e e ae e e XX
UNT L UMY 1
L1 Az e ud W e adm e 1

1.2 AMRYINOUAE IAQUSZAIRNUBINITANY L ... 1

1.3 a0 T umuo T MOTINUT e 3

1.4 VOULAUBIINUTHIUD ...ttt e ere e 3

1.5 SWASDUAYBIINUTIWUT -+t ee e 3

UNT 2 NANATSHNTUUAZTWAZBUAVII ADC. ... oo eee s 5
2.1 DAYIM T ot e e ettt e e e e e e e et e e e s e eee e 5

2.2 nﬁnmsﬁmuﬁugmm ADC....ooieeeee oottt 5

23 SIWALBUATIENYOL ADC. .ee.-eoeeeeeeeeeeeeeee e eese e 7

2.4 USEINNUDI ADC. ..o et 15

2.5 UNTTU. .ottt e enns 16

UNT 3 HAAMIIRIUYBITANDTFIN ADC ..o 17
k30 B 11 1V TS TR SRR 17

3.2 NANMINIIUVDIBANDI 5N ADC ﬁﬁmsmsﬁmmumuﬂm ..................... 17

320 MBIV oo e e s e s ee e e 17

3.2.2 A001IMSUUAIRUVOI ADC YUIR 3 VA 19

3.3 MANMSINUYEIBAND3THA ADC RIMSASWAUVUIATE...oe.reeeee 21

331 THONTO. oottt et eeeseeeae e ne s saeseeaeneen 21



150D (D)

wh

4.5 POITIFUTNYIBE. ..cooovoviccececeeecee e 64

450 MIMNMIVBINITHIRFUFNYIOL ..o, 64

4.52 3 ansvguauiAnsMamve s HaAFuFuysel.. ..o, 66
4.53 wans@RLUIUUMSTINYBesHanFuduysaide Tsunsy

PSPICE........cviveuereerecereameneeneeas e rteeereeetentsesrerenseasaseteanen e 72

4.6 MVTUTOUIMYUNTEUT ..o 75

4.6.1 NOTOUNIBIIADT ...t 75

4.62 NUSATOUMBUATELT. ..o 80

4.63 HAMTABUIUUMSTNUYBINsIS sufsunszuadiedsunsy

PSPICE. ... i e 81

AT UNATU oo et 83

UNT 5 MI5ORAUVUBANDI BTN ADC TATUTUD ..o 84

5.1 DATII Lottt eee st eee e eme et et sttt b et bt et 84

5.2 9anv3siin ADC ﬁﬁmsmsﬁ'ﬁuummJTﬂu'l-x’r"msiﬁﬂns:lm ................... 84

521 MITNIIUUBINIDT .ottt et e s 84
522 MIINTEuEUTANISIIUYEIBanes siin ADC Tauldaes

BIMANTEUT ..ottt s 87

523 AAMSIRIULUIMININNYDI395A8T151ATN PSPICE. .......covee 93

53 $ane3siin ADC filimsassianuuins s Tas1990smmgaga. ..oooveeee... 101

5.3.0 MIIMITHUBAIDT ettt et e e e e e e s e e e e 101
532 MIInsEiguauiAnsiuvessaneIsiin ADC Tavldaes

LR 1 (2 OO UPUOPOUROTOROUROTN 104

53.3 HANTABUIIUMSNKRIMYB295A20 15150 PSPICE. .................. 109

5.4 Sane3siia ADC fiimsnssiauuunséTasldeesiledduduysol........ 117

5401 A1 IHUBIIIDT .ottt st e e s s 117
5.42 MynATEnuouiAnIIINuUYedansisiin ADC Tasl¥es

FATFUTUYTOL ..ot 119



15118y (D)

mi
5.4.3 HOMTIROULDUNMI11UYDI2395A28T5UNSY PSPICE. ..........ce....... 125
5.5 UNTTU e e 134
unii 6 argUnansIsouazSoiuouuzIUMIIITORD. ...ooooeeee s 135
6.0 AFUNANITIVY. ....ooviiinieieieieee e 135
6.2 ToIeUDIUE TUAITATIVBAD. ..ot 136
1 LS A 125 S (o OO OO U OO U U OO ST O SO 137
MANUIN N, qmﬁuﬁﬁﬁﬁﬁq‘mammsanga-umuaﬁmlﬂ ......................................... 141
AL AuEulARERYYBMBHAR SN NI NBUEY e 141
n2. NIFANYALATTUMSUTRININANTUTAMTUF Yy IRAEN.. e 142
N3. HANTENUVOIQUMYITIHARDA NS TIADSYOIDANA ... 144
n4. msluuemuermiafiveuvesmsiinszualugrninseduia. ............ 145
AMARUIN V. A5 INTITHAUETAVBINITASROUATEUD oo 150
W1, OTAEROUATEUAUUURUG I oo e eeess s 150
Y11 MITIATIZHHAROUTUOINEATIE oo eeeeeeor e 150
¥1.2 MINATIEHANIUATUMUBUNAUDIOIANA. ....eovoereeeereeene 151
Y13 MSIATIEHAINDIIRANDIAYDINDT et 152
v2. MyInsIEHRaRDYTIRIMNETe s A RoURsTUmIILAUgM
BT MAWIOUTHR ..ot ee s 154
MARUIN A, AITINIHAUINTANTHNIUYOINITTMANTEU .o 156
Al MIUATIEHTIUGIANIUYDINTEUADUNA. c.cveeeeencecceeercrree e 156
ALL ASERTTE £, BAMTIUAU oo 156
AL2 NSRRI 4, TAUTULIN. oo 157
2. MIAATIEHAIN MU TUNTUBUNAUDIONANA. .....ceoveeereereceeeeeceemmnnnes 158
N3, NI INTIEHAINIIURANAIAVDIIIDT v semnnees 161

VII



150 (619)

wih

A3.1 NSERNTZUA &, HAUTUOU. oo 161
73.2 ASEANSIE i, TAUTULIN. oo 163

A4 MSIATISHHAABUAUBINNAIIIR ...o...oeeoeeeeeeeee e 165
4.1 NTETANTEN £, BAUTUAV oo 165
A4.2 ASENNTZNE £, HAUWTUUIN. oo 167
AMARUIN 2. M ANTITHAMAUTANITIIMUVOINITMITIGAGA . e 170
a1, A ANTIHTNUGUAIIUVDINTZUABUNA. ..o 170
ALl ASARIN DOURINTZUABUNATIUA Koo 170
312 N3 AT TOUAINTHUABUNAT A Y. oo 171

2. MIINTIIMIN TN IUBUNANAZIOWNA....o.eerrerrereeeeeeeeeeen, 173
3. AT AATIZHMINNURANAIAVOIIIVT ... 176
B ATERRNTEUD £, > fvooeeeieeeeooeeeseeness e s 176
9B.2 ASTRRINTZUD £, > ivroeerreeersrsereeneennssseessessse s 178

34, MTIATIEHHARBUTUBIMNADID ..o 180
s4.1 nsdifimnszun A OO OORROR 180
142 n3difmnszun £ et 182
MARLIN 9. MIINTIZHRUANTANSIRMYBINsHIRFUdNYSL. ..o 186
91. M5 IINITIEHFNUGVRIMUVOINTTUTBUNA. ..o 186
L1 ASETNTUA i, TAUTUAV oo 186
91.2 NSATNSZUE i, TAUTUUIN. oo 187

2. MIINTIEHAMAUN B UALAZIDWNHA. ............. e 188
93. A1ANTIEHAIN IURANDIAYDINIDT ..o eeieese s eaneeeene 190
93.1 AFATNTZUA i, IAUTUAV . oooeeeeeee e 190
93.2 NIERNTIUA i, TAUTULIN. oo 192

94, NS IATIEHHAMBUTUBIMRADIND . ...oooeoeoeeeeeeeeeee e 194
4.1 ASETNTZE £, TAUTUAV...o.oovoeeeeee e 194

VIII



GRENLTRGE)

i

94.2 n3ERO52U i, FAUTUYIN. oo 198
MARLIN B, MIdnTeigamuiansiuvessane’siin ADC oomiuuTlasld

DVTVMIANTEUR oo eeeeee et e e et e ee e etaeeeeeeeanseesereenneeens 201

Al MTANTIEHANUAANDIA TUAITAHIURTEU ..o, 201

02, MIANTIEHADIMRANBIAALAN .o eee e 204

83, MRS ASWTARIUIIR e, 208

4. MIUATIHHANTENUYOIGUUAT AR ... 209

05, AT UASIEHHARBAUBINAIIIR ..o 210

R6. MINATIHANUEIIUMTUURII. oo, 213

87, IS IATIEHAMSIRULUNAIT AN .o 214
MARLIN 3. MsTiATTHuEuTAMIINYeIsansssin ADC fioonuuy Tasld

FADTHIIYAR oottt et eveeteeaeeneereeneeaeene e e e eranns 215

F1. MIIINTIHANNAANAIAIUMTAWEIMATEUR oo 215

B2, MITUATIEAANUAAWRIREEIN oot eeeee e e e 219

3. MSIATIEHSMMTATIINIYIR e 223

4. MTANTIHHANTENUVOIQUNQTANAOUIYAL. ... 223

%55, PITINTIZHHAMDUAUBINNABIND .. rvoeeeeereeeeeeeeeeee e 225

%6. MIIATIEHANUEIIUMTUUBII. oo, 227

BT, NIRRT ST UUBBITURIT . oo eeeeeeeeseeeeeee e eeeeeeseeeeee s 228
MARWIN 9. M3aRsEiguEuAnsTuYessanessin ADC foonuuyTasly

0TI TUTIYTO . .o 230

F1, MIINTIHANUAANIATUMITAIUATEU .o, 230

%2, MITINTIEHAVTUAANDIATEIN e eesee e e e eaeenaseneeas e 232

3. MIHATIEASMDATITIUIIR oo, 236

%4, MIANTIIHANTENUVBIQUINITIURIMIYAL. ... 236

IX



508 (710)

»
)
5. MIANTIHHORBUAUBIMNATID....ovveiierererereiee et 238
a < o
6. P INTIEAAIMITIUMITUURIIU. ..o, 240
Y7. MIIINTIEHAMSIAUUNBIDWAIYR . ...veveeeerrreieeeereneeresemteseeeseeneesen 241
MANUIN Q. A AsuR RS uAR lunsasuazmsdseguinins
SEADUIII Moot e eseeae et 243
USEIRRIBUU. ..o 281



AIUYM TN

AR wii
L1 A20819 ADC R TATAITIUIUD. .oooe.oeeeoeee e ceeeeeeseeeee s 2
2.1 USTIANYDIADC....oiiiiiiieeeeeceene e sea 15
3.1 ANUAURUS TN NURVEIUTY DYFIUABUALIHAIATY.....ooovreeeeeeceeeceea 21
3.2 MsuUaIfuYeIBaNBTFUA ADC YUIN 3 TA...oooieiirireiieiereene e 29
4.1 $3189u WIL 10 eamMATTS ANTIUARIZUT 4.8, .. ooeoeeeeeee 51
42 a5 WIL voueama s MIMGIqARIIUR 420, ..o 62
43 dasdau WL veawsamaluiaesHadFuduysolegUf 430, oo 73
44 ANPEMINNUVOAHA T BUNBTIADTAFUT 441 oo 78

5.1 Sns1dau WL vewemalusane3sin ADC Tasldraessrdanszuadagyii s.1......93
5.2 Sas1au WL veweamalusane3sin ADC Tnsldaesmmrgagadagyii 5.13......109
5.3 Sasrau WL vewemmaludane3sin ADC TnulFevsanduduysal

UTUT 525 e 126

] » [}
6.1 AuaulAn1iUidyYedanessiin ADC M mgUHuUMINAUD. ... 135

XI



mstiy3l

it i
2.1 dnvuzowloulugauaduazsiianainnsniouIngves ADC vuin 3 in

NI T TRIOOMIBA ... oo enee 5
22 dnvuzawloulugannduazaiianainnsaiouIndyes ADC vuin 3 1in

TN IR TDOMIIANATY1/2 LSB.... oo 6
23 YANANTHAVOITYYIUATADAIDIANA. ....ooovvieeeeeiereeeee e 8
24 miamaneeriza ienSsuifvuiudnyusdwToulugaunRdg Uil 2.1, oeo....... 9
2.5 minanamoerisa WenSuifusuinvuzawloulugauaadagf 22, .............10
2.6 PVAANAIAIANTIND . ......oooeoe oo 10
2.7 MAANAIAN MU T FUFUTINARN . ... 1
2.8 MAANAIANIIN TIIFURUBIHATIN.. ..o e 12
2.9 ANUAURUBTENINANDNLE AU INLE. .......ovoeeeeeeceeaeeceeeeeseeeeses e svene e 12
210 AUUUBTFUYTO ...ttt ena e 13
2.11 AnvmzaiwTouves ADC i luTgudnyazuuu TN TMINGA. ..o 14
2.12 nEUTE10TOUYBY ADC ATTHEVIAHI. oo 14
3.1 DANDIHUA ADC YU N UR..oeiiiiiiiiiiiiienirecer ettt senene e e eee e ere e 17
32 wdnnsievedane3siin ADC fimsassiauuyg e

(M A (V) anmzowTouIMATI e 18
33 $ane35in ADC AHNISAISWAUULTIHIOIVUIA 3 TA.verreereeeerseeeeere e 19
3.4 dnvuzdwlonliasunsAtasamiayavessanessiin ADC flimsaesia

HUVFIUADIVUIA 3 TR

(1) NITUTOITHAVOITAT 1 (MSB)....vereeeereeerereee s eeeeoeeeee e eeeeeees e s 19

) nszumenavestinfi2  (A) nszumoIWHAYeaDafi 3 (LSB)

(2) ADABDIDIAMRA. ...ceeerreeceeeeeceeeeseeeteeeecsseseseseseseteseseseseseseasaesessensesesenes 20
35 dnumrswleuvnsdansisiin ADC ADMTAHANLLFINADIYUIA 3 TA.v..o.e.... 21
36 metunsudasavgumes 1110 Husianssdondnnaafuu® 1....ooooeeeeeee. 22
37 wodumsilavavguaes 1110 Wusimnsodaendnnaatuuu 2........oooveeeeeeee 23
3.8 115D XOR MoUUauavg AU USHANTE . ... ooeoeoeeeeeeeeeeeee e 24
39 Mmetumsiassianss 1001 Sunvsmaesdaondmnaafus 1.....ooo.ooooe. .. 24

XI1



mstiy3ll (919)

i i
3.10 #a0g1Mslaanimasd 1001 TumvymaeRINSANURIVLT 2.. ... ... 25
3.11 AI3AD XOR IMBUUAISHAINS AT MIDYE IO oo, 26
3.12 NAAMSINUVEISanessin ADC fiinsassHauuuingd

(M Fam () aopmzowTeuIHATI .o 26
3.13 $an035iin ADC HIMTAISHAUVUIATIVHIA 3 DA.oovocveeeeeeeeeeeee e 27
3.14 dnvazowlou TWasaasAvavai MyAveIdanessin ADC ffmsassa

nuuInsivuIn 3 ia

(1) NSTUADANAVOITIAT 1 MSB)....__. oo enees s 27

(W) nszumewAnAvedinfi 2 (1) AszumowrAveIlad 3 (LSB)

(Q) ABABAIDIANA. ......ooveeeeereeerrenscseneesesesesessasneeeescssese e sacs s sensnons s esenries 28
3.15 Anunzowlouvesdano3siin ADC HiinsassHmuumAIEa 3 DA, 29
3.16 5an03 53n ADC Y94 Naim D.G. 11ag Salama C.A.T. [29]....vveeeeeenniiiriireienieeee e, 30
3.17 6an0350A ADC Y1 N UA U9 Naim D.G. 1ag Salama C.AT. [29)....ccouverrennennn. 30
3.18 9ANB5 51N ADC ¥94 Nairn D.G. 11a2 Salama CA.T. [30]......eiovieenireieeeeieneeeennns 31
3.19 9anp353A ADC ¥1IA N DA 403 Naim D.G. 1102 Salama C.A.T. [30)......coecurernnnnen. 32

3.20 HaNAITIUYEIDAND3 51N ADC Azl 3.18
(M A9 (1) AnEEBTOUTHATA .o 33
321 9and35UA ADC U094 Pouliquent P.O. HAZAME [17] ..eovireiieerieeieeeeee e 33

3.22 MaANTIINUDIDANSI 51N ADC 331N 3.21

(M Fam (@) Anuuze I Tou AT ..o 35
4.1 anu:ﬁauns:ummmﬁfugm ...................................................................... 37
42 'msrmgn'lumsfims1:#6'9151mwmunszuﬁua:Naﬂamummemmﬁ'

uanwsn:ﬁaunszummuﬁugw ................................................................ 38
43 neseuyalumsinsziannudiumuduyavedesasiouns s

HUURUGIM. oo eeeeese e see e ees s e s 38
44 nvsmuyalumsdinszdmnnudumueryavesnesTEiouns I

HUUTUEIM oo eeeeeeseeeseeeeee s eeseeseseesssserssessss st e 39
4.5 'Nnmuy‘a'lums’ims1:n'fhﬂ'nuﬁﬂwmmm'msﬁ:ﬁauns:ummm’fugm ............ 39

X



a131iysil (@19)

JU% win
t 4 4' P 4
4.6 NVTASNOUNTSUNUVUNUGIUALNDWIOWANA. .....oovrreereeeeeeeeeee 40
47 vsauyalunmsinszinmauianiiniuvednesaziounssu
o P
NUMDIBID IRV, ..ottt e e e eeee e 41
8.8 AT DI ANTEITT ettt e e e e e e e e e e e e e et 43

49 anvazowloulvasiversessinanszua

(M) WOMINTZNA i, <O () WBMNTZUT £, > Ouvveneee e, 44
4.10 MINNIUYBINITHINANTSUANTARINTIU £, <O..rvoveeeereereee e 45
4.11 MINNRIUYDINITIIAANTEUANTARINTEUD £,> 0. 45

4.12 209300ya TuUNIS INTIZHAININATUNTUD URAUDLIDIAYAVDINS

BUTANTEUD ettt ettt ettt ese st et eseens et sras s nennas 46
4.13 NesauyalunsinsizimauAananve s anszuanstin

DITZUD £, < Ottt ettt see et es e et e s e e eae s et et e s s s et 47
4.14 nvsauyalunsdinsrimanuAanaavednessitanssuansdim

PITZUA £, > Gt etetcntetetesent et et et a e et se e bans e s s eses s mesensse e sesesenenns 48
4.15 vsmuyaluns ANz iranouTUBMIANTVR NI IR AN TILT

DT £, 0ueieiiiieiieiteietetet et et ete ettt eet e en st ee et eesee et et eee e ees e e s enee e 49

4.16 2950yaluN13 NS HRARDUALDINIINIMBVBINI TINANT S

DITR £, > 0.ttt eeeseeteses s eese e ese et e s eae et e s eteeee e aesesee s e ene et eneeneneenenrannen 50
4.17 dnvazowlouWassveanesiitanszuaninms@ounuumsiinu

(M) NITUADUNA i, (v) mzummﬁwn ips filua c

() DIZUTDINA fy FIUA Do s s eone 52
4.18 ¥ PIANUYDINTTUADURAYDINSTSIANT LA

(1) HOMATEUN i, <0 (V) HIOMINTIUT £, > Orreeereeeeer e 53
4.19 HOADUAUBIN AN YBINVT IV ANTZIT

() FUDWIHATUR oo e eeeree 53

(U) TUOHATUA Do eee e es e eeeeeee e ees e eee e sses oo 54
420 NVTHINIGAYR. 1. veeereienereeeteeeee s eeeeeseas bbbt esesese st ereees s s s st ssens s e 54
4.21 295MMYATR TuNSINTIEHT I IRMUVOIINT oo 56

X1v



sty (19)

JUN i

4.22 nesmuyalumsinsieimarwdumudunainzie1nyaveanes

PTG, oo oeeeienieteeieeeeteeteseeee s ceneeaesaesbes e b esse e e e e e s e eeseene e e see et 57
4.23 299500 TUMIHATIZHANNVRANDIAYBSIATAUMATEUN £, > i ..o 58
4.24 20930038 TUNITTATIZHAINIWAANAIAVDINITATEAMNTIUT §, > oo 58
425 20038y UM 3NT LT HARDUAUDIMIAMNBNTTMINTEU &> £ oovoveoreo 59
426 ysmuyalun1s InszHvansUmUBIIIANNE NI dimns U 1 T 60

4.27 HANSIABULVUMS N RIUVBINITHIA NN

(N) AINTTUTOUNR i, UAT i, (V) AINTEUAGIGR L vevrennrreeririreeeneeeeeeenns 62
4.28 9201 ANUYBINTTUADUNAYDINITINIANGIAA

() Wetlounszuadunaiiluax  (v) eflounszuadunafiluay.....................63

4.29 HANBUAUDINNAINDUDINIIMNAYIA

) Wefleunszumdunailuax ) Wotlounszuadunai luay...................64
4.30 290FHRAFUTUYT . . o.ooooiece et s 65
431 MIMNUYBINITIAFUTUYT A TUATIMATINN iy <O.oovveeceeeee 67
4.32 MIMNUVDINVITATUFUYT A TUASTIMATENN £, > 0.eee 67

433 2vsauyalumsdinsimanudumuduyaiazioryarens

FANFUTUYTAL . oottt 68
434 nesruyalunsiinswvimanuRanaiavesnesiladduduysainsd i, <o0...........69
4.35 2vsauyalunsdinszinuAanaInves aiduduysalnsd i, >0............69
436 nvsuyalumsTinsizmansuauemALE Ve FudIy ol

DS £ S0ttt ettt ettt e e re s sra st enbe e 70
437 2evstuyalumsinsizvnansuTuoIM AW Eve s HedFuFuYysal

TUATA £y > 0urieeeveiee ettt sttt st 71
4.38 mamsdpunuunsiuveaes landuduysal

(N) MINSTUTBUWAL, (V) AMNTEUABIANA fneevrerrrereereereerrreererssenenseneee 73
439 U fiANuvenseuadunavenviduduysel

() WomnTsue i, <0 (W) WOMNTHUL iy > O0urovreeeeeeeeee oo 74

4.40 NOABUTUBINRAMUDYDINSTHIAFUTUYTO . ...oooeveeceeeccecs e 75

XV



M5y (we)

51l iy
441 JAUTOUIIDTIADT ..ot es et eeeeen e 75
4.42 SMNUZO 0 T OU T IUIS WHYDINVIDUIDTIADT ... 78
4.43 NOTISSUUIMUUNTEIN . ...ttt e eenee o 80

4.44 FAMIIAVULVUNTN N MVBINITISvuIMBUnITSUT

() DISUABUBIL ....veveeieieieeerieteseeteeteee et et eseeteseesesessessessessenee e eseeseessare e 81
() An12a0INTTUAC  (R) HNTIZABINTUONATUR...o..eerereeeereeee oo 82
4.45 HAMIBUUILUMIR W IIABANNAIAMUN 1, ¥99293BUNBTIADS ... ...........82
4.46 HONTAUUILYMIHNIUADANNIAIIAMUN 1, YOINIIBUNDTIABT .. .............83
5.1 9anp3sin ADC vun 1 1n1aol$19058 W ANTENA. ..o 85

52 2esauyalunisinszirano Ao INIINMNBYBI8aND3 51iA ADC
TR0 S MANTIUN . .ot 90

5.3 HAMSIAUILUMITUYBItane3sin ADC lavldasiiansuadsgdi 5.1

(M) NSTUDINYA (V) ATABAUBDINRA. ..o enssnee e 94
54 ¥ngagavesilandunivloulwasaves ADC Mg 5.1 Taowdsanszue ... 95
5.5 WAABUAUBINIIANINDVBIBANDI 5N ADC Taul¥ 95 1nanszud. ..o 95

5.6 wams@ounuumMsimuReAnanus lumsadadueswema M, naz M, lu
o aQ o o~ c: d' o : L &d N A' d’
dane3siin ADC M1 5.1 dieflounsun i, WudagnuvuiulafilsuRuiu
(N) NTSUABUNA i, UASATIUDN i,
(<] a o
() AT TUNITAIATUDIUDAINA M, 1D M. oo 96
- o 4 o o a <«
5.7 wamsidounuumaiRmeAnmaNuE lunsadatewemna M, uaz M, lu
(& - - o -S. d. o 3 L a'd ’
8anp3siin ADC Avgii 5.1 Wetlounszua i, iWudygaduiulanidana

(1) NISUABUWR i, UDSATEUD i,

(1) MWIFITUNSAIATVOWOMAR M, UAZ M, ... 97
58 nszumoIAyAiind 8 (LSB) vessane3sin ADC Tauldraessrtanszunving 8 In

(n) Soyanmnszud i, Oan 8 lunegauad  (¥) HanIBouUVMIIIM.........98
5.9 1 DNLE ¥030an035in ADC 1019290591085 suaunn 8 UA....cveeveeeeeneeene 99
5.10 A1 INLE ¥036an035iin ADC Tavldavsdnanszunvna 8 4a......cccuvcceeeeven.e.n..99
5.11 A iiveadano3sin ADC 1ao1$1995 100N TEUAVUIN T DA 100



a3yl (@9)

JUn wih
528 ¥agagavoaianyuniToulrasaves ADC AUl 5.25 Taowlssnssud ... 127
5.29 HanEUTUEIMIANINAYBISANe3slin ADC Tauldaesilanduduysal..............127

= o a4 4 o a 7
5.30 wamsdounuumninmReannms lunsadagveamema M, uaz M, u
$ano3siin ADC a1l 5.25 Wetlounseua i, Pudyauduivlaniisuiuiiu
(1) NITUABUNA i, LASATTUT i,
< a o
(@) ANUGTUNAIAFVOIBTINA M, HAZ M. 128
5.31 namsiBouuuuMIiUsAnun WG lumsaiadvoamemna M, uaz M, lu
. » v
§ane35iin ADC Aagiii 5.25 distlounszua i, Wudyauduivlailanaag
(1) ATZUADUNA 1, LASAITU i,
< a J
() A3 TUNSEIATVOIMBANA M, HAZ Moo s 129
532 nszumewnaiind 9 vosanaisiin ADC TnslFesihiFuduysaiving 9 ia

(M doarunszua i, Dan 9 Tumgaund  (v) mams@ounyymMsinm.......130

5.33 A1 DNLE v038an0353in ADC Tavldeesilanduduysalvma 9 5a..ooceeenene. 131
5.34 i1 INLE vo38an03 550 ADC Tasl¥esilanduduysoinin 9 0. 132
5.35 fagiivesdanaisin ADC TaeldaesHlarFuduysaivinn 1 DA .o 132
536 faglivesdanessiin ADC Tasldaesiaiduduysalann 9 DA ..o 133
537 AnvazseTouvesdansssiia ADC TaslFresaiduduysalving 3 Da............. 133
a1 dydnyalvowoania
(n) Dunod (B) TUBT ..ottt s 141

2 2evsmyadmivdyeamnadnvead e e IuT BT . 143
3 ssmmadmiudygemnadnveaurendilflunsiinnsdtude.............. 144

04 200579 lumsdounuunsiamdsTsunsuneuiamesierszae

WIS TIA0T NSNS SUTIAZA WS LTS U AEUVOWMBAUNA. oo 144
N5 ANMLNTS LD U INATYBUYBIMITIINTEUT oeeeeveeeeeeeee s s e 145
06 Megunesiinarhiias luueruemafiveuvesmsimszud

i) ﬁ'amhnws’r‘iﬁms‘luuaﬁuamﬂﬂﬁvawmmﬂhns:uﬁ

(V) Modeesh hitims lunomuemvafiveuveamsuinsEud.. ..o 146

XvII



CREH G

nin nh
=S . A4 o2 < a J
N7 wanis@EounBUMIImeAn I lunsaiatvoanemnaluaees
- a' d' = . . o : L4 d‘d \J Q. d’
#3101 n6 iilolounszuaduma i, ua i, Wudweaduiulafisureiv
< o
(M M lumsaia¥ off veawemnla M, uag M,
=1 s J :
@) P52 TUMISAIAT On VOIBANA M, 1182 My...ovovveeeie e 147
a ° A o J L4 o -
A8 MANRBUIVUMSH AN IR TUTDINTZUAID I NA U995 AIFUN N6
(M) NIZUADIANA [y, (V) ATZUADIAWA fpyerroerrerenrnrrrreirereasereseneeeeaeennenes 148

XIX



=
~

s

a0

<
NUIWMN
d
HUTWIN
e
HUWM
<
HUWN
<
NUWIN
<
NUUM
<
NuIwn
-
nuwne
<
HUIWYHI
=
NUIWH
<
HUWYHS
=
U
<2
HUWIN
<
HUUD
<
U
4
HUWIN
<
HUUIN
<
U
<
NUWIN
P
U
<
HUWIN

-
NUWI

-~
MU
d
HUWIN
s
HUIWIN
<
HUIWIN
-
MU

-~
NI

s1MsTaydnyol

vomna

$IUIUDA

AInpaIAYA

ANTZUADUNA (HA)

AINTTUABIANA (HA)

ANTTUAATUVDNDAINA (pA)

fmnszua luune (pA)

ANISAUDUNA (V)

AWSIAUDINHA (V)

Amswuumanwinuin (v)

amswuvanwinay (v)

AuisadudaiE u/aou (Threshold Voltage) (V)
AusdudasuAouveaduneda (v)
susaudasun/ouvesiived (V)
fusmudaisunlouvowemnigamai 300K (V)
AMUTIAUTTHINVUNATYFDS aupINDmva (V)
AMUTIAUTENINVUATUNV DS TvpuaHa (V)
AUTWUTENIRVUATUAVNITDS TUDABUNDT (V)
AUTIAUTTHINVUATUA VYOS UDIRLDA (V)
fAmsmdnoudnuaugvonala (A/V)

MAhIRATUs T wINYIATUR IO AvBIBIHA (A7V)
srmumhduiiudunduvesmaudumusdyaveumaisinszud
(AV)

MANUAUMUBURA (Q)

MANUAUNUDIANA (Q)
manudumusaadauiiudunduvestinanii g, veweanla (Q)
manusumuihinndefiewnalua (@)

iy ihszninvunaduvesaveusaa (F)

» ]
fnnuy Ifhdoiufiveunasenlss (F/m’)



W

Ho

Kp
By
P

<
NUIWO
=1
NIIUON
<
NUIWN
=
HUIWN
<
Ul
=1
NV
P4
Nuwod
P4
U
P4
NUIWm

<
HuIWwng

LYY d v’
SIMITYANY (A0)

mwnindseaniraveauyumia (um)

AT ANTHAVBAITUIUA (um)

fMAMUAABIRIYB Tean3oBIaNATOU (cm’/V-s)
Manungeaaves Teansedidnnsouigangl 300K (cm’/v-s)
Amsdiines veansuegiaanunIvoasuma (V')
Amsminesveanmninszuavesnomva (AVY)

A5 WIAB YBIMTINNIITYBAD UNBT (A/V)

AN ReveINIINIEIAURIiued (A/VY)
ANNUAANAIAUDINDT

AQUNN (K)



uNnn 1

YN

1.1 anmihanuazanudingvestfym
o o an . . é c:d
Fulassueuzasmilufinea (Analog-to-Digital Converter: ADC) 1Hu2395MiiaNT
anuddyluszuumssansdygiu eanndyanui lavinglnsainsieinlsmmumis
Handa1a 9 15y gungll mmdu uazdasins na wegluzidygraihdailudyaa
wouzaon ualuilegiunsiszuianadyyindiulvngezedluglveanisyszuiana
fugiuuuuataea [1] @061 AIAIUHUILLATARA AINIUANIUUAYY (Fuzzy
Controller) LAZATAILANILVULULNTLIIWEIU (Distributed Control System: DCS) 11fudu 3a
v v 1 4
soaimsasdudyaaueuzaenild Mudsuiludygyuadnoalasld ADC dulu
a o ) ° /a o a & =2 0Aa " o < .;
Yszdndamlunsaiuguszvunienisiinuvesginsaisiannsetndesanie litlu Su
sgfunuauiAves ADC @ fuanidlumsiniuues ADC Hid szAsaiimsulasiv
' 14 “

foanulilisroandestudugraudumniga Ianusuveadyganiosiiga tasil

] o ¥ Ve

anuS lumsuasiufiannsonouauenufoinsveanes 14a
NAANUERYBY ADC fana1 Selalinswannlassrd ez iimsuasdygo

¥ ]
993 ADC ognauilszianlugiiuuuvesanessiunieled (integrated Circuit: IC) Yiahild
maTuTatnsmFmaesuvyluTwary Bipolar) [2)-{3) uvyluFuea (BiICMOS) [4]-[5] H3o
nyuduea (CMOS) [6)-[7] Tasudaziszinnues ADC Wuszidsmsulasdudygin ms
. L4

UszgnalFau unzdod-doifoiuandniu anulunisdenldan ADC Tsdoadenid

o LY k4
mu1:ﬁnnummﬂmmﬂumﬂmm

1] (v ¢ =

1.2 anujananenaz inguszaanveamsanm

Tuilagfuniseenuvuuazaisadiareesluzduvyessay Tauldmalulad
nswmFmassuyuvemia (MOSFET) lawanndvmthlduin iessinnssuiumswiaal
3 Hw e a4 A o L L4 y.&' = 14 ¥
Junoun liganadiedisutuma TuTatuuy lyTwars uazlgiunlunsasniesios aaoa
wuiinawsendandrnulumsil1dau (8)-[91 Avezmuldeinnisfiluiegyuil
Yy o 14 = o 7 o o
Ainduenisesnuuynes lasldima lulatnsmwgmaesuvunemarienisdanisuas
Uszanaradyuan 9 duswamnn Saffuibaulsfisnihueansmdmaesuldlu

. »

150BALVVNDS ADC Ndeamsrineue luinoinusi

§ane3sia (Algorithmic) ADC finsinudsiiloauumemnan Ao Tunisuaddu



o ] : b 4 aa < o 3 [ l; @ [
wanunilansioz lddyanuadaea 1 Ia narhldlumsiasiuhituiumszdudyanu

v v
» ]

usuzasndUNA uAszTUfuIIUTANdeINsT Indod-deiduveadiednn ADC uuwAn 9
] t 4 k) ]

fauaaaluasni 1.1 [10)-[13] Inoriinusiisalifnguszasn lumsdng mefiszduniuaz

WaINseonILLSanessiin ADC AlinnuRsnmanzandr Innmuwiudwazarusalu

v o va o Y an 1o ¥ A4 o
ﬂ‘lﬁ'llﬂﬁx‘muﬂiyiy‘liuq\‘l IﬂUﬂaﬂllUU’N%i‘lHu‘Uu‘lﬂlﬁﬂ Iﬂﬂﬁﬁ"l\‘mvlll‘lf'l]‘]fﬂu INOUNNV

muzaylumsadrudunes s lasordoma TuladnswSmaesuuuuemiia

A3579% 1.1 #298719 ADC W Iiimsinaus

o Y o Yy o
F1AYDI ADC Jo@ Y01y
o b4 'é‘ o A:I' Y dy t o
Dual-slope -amuFudouvedans hidudy | - na ¥ lumsulasiuiuegiv
Integrating SuliaveadygIuaInea AsTAUTYYINULBULADNDUNA
a o & '
ADC 1IN - finnua lumsinud 'l
= d‘ . o Y o o = :id
- ianuiiseasaazamuiudilu | awselsfudyaiuduyanl
mstaauga adgala
= = L
- innwazipoalunisuaddiuga
T ¥y .
Successive -nam I lumsulasibivudy | - Tanuda lumsiauuinan
Approximation | msTAUFyeIMUBUTABABUNA | - AR IAsLINE TUMS
L} 4 o [ = o ; (K o o
ADC upszuRdmIuia uilasiussvuegiuduaiiu
- 579N Asmeailunourann (Digital-to-
- ﬁn1sﬂs:qn9ﬂ'1’f'~11uﬁna1ﬂﬂaw Analog Converter: DAC) '711‘]’5’11&
2395
. . = o a = .
Algorithmic - NI TVUIAIAN - IS lunsinnmthunan
ADC - ansadmuasauiiala - inumseasaazuiui lums
-aunsmitladeessw1ddw | ulasduunan
] 1 4
- naW 1y lunsu)asiuluyudy
MIzAUdYYINLBUTADNDUNA
4 v
Flash ADC - [ msudasduuuuvinu - nesfivnalng Maunluns
- Inusi lumsinugs 31929955900
- ANMUFUFPUVDINVT VY TR
SRITRINI
a1 - .
- finumsansauazuiudi lums
uaddiud




4 Y o o 3 1 ' : o <&
111090105 WeNsd (Gray Code) 1ilusrai hifimsernimingduuumilauass
puaudAdiusHau (Cyclic Code) Msnffvunasvossimnsdluudazdrduiinadussiins
3 J A o g z 3 o« o H > -
nasunasrsaanindammiu mldidanvdAanarnlumsdasda’ldvn (14]-16] Sain
13 ussvunisasaviadygiualoums szuumniniauuinunyuiFinaivovon
» v .
Aumimiaanuvsanamyu sauiansnfdvuszvuueuzasaiiudtaea Mantimsi
da o Lo ) A P oy
[EUBMIBBAILY ADC Hlipsassiaunuinsdetnaeiiies [17]-21] Sadlumiaulelums

WA ADC niaeansiinaus

1.3 nanmsinaininauehdineniinug

Tuineiinuda Idirueniseeniuusansisin ADC Fimsassianunss Tas
Tmsmdmnesuuuwoma mssenuuy ADC wn 1 DaRinanynzewlenlviass (DC
Transfer Characteristic) a’m%"urhns:tma"uvgﬂﬁﬁmm?;uﬁuadndmﬁmﬁ]uﬁmmmgﬂ
anunBon (Triangular-like Waveform) § 3 gy fie mseonuuylasidreessrianszue
(Current Limiter) M509nuu Tas19299511A199qa (Maximum Circuit) uazmssonuuylay
%2905 Fuduysal (Absolute Function Circuit) TudauveenIsesnuuy ADC Hamw3ss
181953 s Tuneaveaiivenvesmsinssualutrnhnssuaduds ToldnSovoants
Tuneauemaiigatiunaiinl ADC ihurueiidnunzdwlounsuaiifnomufud
anuisatumsiiugs uaziinisaovuguesnudiige uBAINTUF ISR UAIN
avBoalunisiienld Tasmsusuou ADC vum 1 Sadainndemamaiuamsmou

a day
VANADINIT

4

1.4 YOUIUAYBIINNUNUS
o a a aa Y /e o a o Id’ et
PM30BNLIULBANeIsNA ADC MNMsaasiauunsdmitaueluinsinusillas
MsnsimguaiavessssmamguiudninnuSsuifsusurams Sounuunisiu

awldsunsu PSPICE un MATLAB Lﬁmflumsﬁuﬁuﬂusmu:msv'nnu'uanws

= a S J
1.5 SWasIDUAYDIINGIUNUE
a - I; Yy d’ .: d 1 =
Tuineiinust Taudaiieneenidu 6 un uaz 9 maruIn Tasitenudazdudl
¥
swazidunnae i
uni 1 umh szaandmnuiiunuazanudngvealym aasasumMjaNLI
uazinguszasdveamsdny wdnmslmifiueue uazveuavedInniinus wious

SWATBUAYDIINUIINYS IHuAasaIU



v ¥
Uni 2 nandmdnmsmaunuguuazswazdsafidnyves ADC

v
]

unfi 3 nandmdnmeinuvesdansssin ADC NUMSAITH AUV U IUABAL
nwuinsd niewiundaedesane3sin ADC Aimsinauoluedn

unii 4 nandnguaaestesan q il ¥ lumsesnnuusaneisin ADC i
iueliinniinugi 18us sevsaziounszun 2wsiifanseud NITMIANGIGA 2995
HanFuduysal uazdevsnfSvuiivunszua

unit 5 ndndsmssenuuusaneisiia ADC WeerugUuuuildamu wiou
s eimIguaNiAvensmuengys uazkans@EuILUMINMYNIAIeTsuAsY
PSPICE 1182 MATLAB

unit 6 dhundefweFaiunsaqiransiseidinaueluinerinugd uazde
ruonuzioiiuamalunis Iseiannmseennuuaes ADc dely

Tudaugatoveainniinusifuduvesnaman 3918swsumsinseiauns

AN 9 VBAAATUN TINUNANN IR AT UMsANUNA falisrwaziBoans Uil

MARUIN 0 panduaulanddguaz s auyadmivdyauvuInanyes

]
aca 3

vomafildlunisdinsizvidaode wansznuvesgumnglfiiinademmisiiinesveawoania
sauade AT vuvesns luuemueamaliiinsiaufvouvesmsinszualugsai
AsTUTB N

maruan v iTinsiinssiguauifvensesazfounszumuuiugnazivuia
nawe e Taslinsieiranouaus NG MAnudumuBunauaziewa ez
ATIWAANAIAVDIINDS

MARUIN A 2 g 9 Huasdinseguauiinsiniureessitanseua 295
wimgaga uaznesilinsuduysel awdwy uudaznaruinezdszaoudie msinsizd
01 AIuveINTIUABURA  MANINAIUIMUBURAIEZIOINHA MNWAANAIN LAZHA
ADUTUDINNAINEVDINS

MaRuan R % uar ¥ Wumsinsegumniansinuvesdansisin ADC s
augduwuiiinee Fullumsoonuuulasldnesstanszua 2esmidigaga uazaees
Handuduysal awday luudazmnsuinesiinsieanuianaralunsdedmnszue
anuAanaaazay Swaudefidul1é wansznuvesgumgiifivAsuntas naneuaues

i o Y ] [y Yo .
'n'Nﬂ'niJa ﬂ'nlllﬁ'ﬂuﬂ'ﬁllllﬁQNu HAZAULTIAUUNAINIYA A

]
S e A

MARUIN § naaunaddon lasunsinui lunsmsuazaisdseguinms

FTAVUMITIA



unn 2

ﬂﬁlﬂﬂﬁﬁN“—!llﬁSi12]113!32]9]‘11?)0 ADC

2.1 nai

4 A o @ o L4 L =t
11iea91n ADC iHhunesuiisfifinowdngluasdansduana Tullegiiuda1dting
»

vuaueuaziannlassad s miaismsudasiudyginues ADC nannasgduuy ua'ly
Nezdwlasarinnasiimsgduuyla ADC wvimdhimasiudyousunauuudenies

v @ P4 v oA Sy 'Y o & o Vo ™
Wiiludyyramayauuylidediosfiisreandosiu emluuniissnanidmsnms

MURUIU SwaziBuauvuadad (Static Specifications) Ay azyszinnues ADC

[
=)

2.2 HANNINNIUNUGIUYDI ADC

msudasiudygraueusasndioglusdvesduanausiunioduaunssuald

v an . 2 . 2 Y
Hudygruataeassinsuaviiudu [121013] Tassnnusuvesmsudasiuszdusdiu

s
-

a oy A o : b e : ° s = N
$UUTAYEI ADC Fadmudueziiifiy 2%1 9u uazdunSaoam ezl 2” a1 idle N
fo $1udin Tavidygaueuzasndunaiil ADC sunsoudasiunds 1dmasaoaayn

qegavziifiy (212" vesnuAvamna (Full Scale: FS) et lugyi 2.1 naaadnune

7 1 —
g 68 110 = :
S Analog Input :
=35 B 101 \l y :
3G T R .
S5 48 100 ~— Ideal Transition
. .
[:] %4
£ g 31 o A
-2
£8 28 o010 : N
= Step Width
38 0014 (1LSB)
0 0004 — —
0 2 B L B L B g Fs
o0 o0 o0 o0 (- o0 el
S @ & §F @ @ =
- A A f Analog Input A
g ILSBF A
g8
Eh5 0 >
&
-1LSB |

7% 2.1 dnuazarwTeulugannduazmAanaamsnioulndves ADC via 3 dalunsel

7 lutineonive



91010U (Transfer Characteristic) TugaundilazMAanaInnsnIouIndves ADC vuia 3 in
Tunsdn Lillaeonisn (Offset) Taofdmautuvesmsuasiunify 2-1 wie 7 wu SRITEYT
Fanuavesdtnoamranidy 2 nie s M Tumslasiuse 1¥asnoaminnadiga 000
iodyanaueuzasndunaiisniosnt 1gFs unzez IdAIRDAIBIANATTA 111 ilodayya
HoUZABNBUYATAMNNNIMTOIMAY 7/8FS

lumsudasiuves ADC dyanaueuzasndunana q Arfegniwlusafviiues
gnuaailudyaaftaeaiisiafaiu Tmnhwaar'r'q;t’gwuau:aaﬂﬁuuﬂﬁma'nﬁ'e:
Bonir amunivesdur (Step Width) n30 “Sun130u' NG (Quantization Step: 0S) ADC

» » ]
a o o 1w . & -
Tugaundseidunsnioulndyn q dumidufio 1 LSB (Least Significant Bit) Suiluiiaiil

L]

w e @ [ aa L4 : o« 3 te 1 o
umﬂt’gﬁ'auqmomtymmmﬂaammuﬂ Tﬂu'uumsmau"lwmz%uagnummumﬂmm

o - . o] o an 4 o d’
WA IUUDULADNDUNA (FS) LIATITUIUVAVDINYYIUAIADAID YA (V) AU [22]

3

QS=—§—§-=1 LSB (2.1)

9039 2.1 ADC w11 3 Tinluganndeziinn S n3o 1 LSB A FS/2° n3e Fs/s
Tunsdindygyiuduyaves ADC Whidyanausaiu auAnmnanse FS toulou

iAoty adL81983 (Reference Voltage: 7, ) :1naumsii (2.1) 92'1d 4 23]

A
78 1114 —.-—
8 63 1104 -~ .
S i .
A .
o 3 s 101 Analog Input " :
a; F k
85 48 1004 < Ideal Tramsition
[ .
E 5 3/8 011 4 —+
S8 23 010 <] =
2 g Step Width
1/8 001 o4 (1 LSB)
0 0004 . — —>
oigEiRiE B 8 @£ ¥ Fs
o0 o0 o o0 = o0 o0
SiQdida ¥ & © &
Analog Input
=
= _+IR LSBT/
g oM A4 4444 >
E i3 a4 vV VY
g n LSB

U7 2.2 dnwazarwloulugaunduazmAanaamsniou Indves ADC vun 3 Talunsdl

ninmeaviaminy-1/2 LSB



v,
118B=3 (2.2)

mnsuumuuumﬂmmnqmm viy ‘lillﬂilﬂﬂﬁlﬂ'lﬂ?}ﬂﬂiﬂ MSB (Most Significant Bit)

A wson N 1a0n [24]

FS _V,,

IMSB=—=-—"L 23
R (2.3)

Tugdn 22 wansdnvuzawToulugaunduazmianaiansnioulndues ADC
vua 3 dnlunsdinlmoorisamiiny 12 LSB mstasu @ midsvesdnvuzornToudl
midgveamRanamnsnleuindues Apc Trawmdouly 910 0 83 1 LSB (Unipolar

Quantization Error) wasuih 12 LsB 81 12 LSB (Bipolar Quantization Error)

2.3 SwazPuaNdNYYel ADC

2.3.1 WauwoIn
Wdvwada (Dynamic Range) D SAsIdIUsTHINMAYY IMUDUTADADUYA
gegaiirusomlasiuldetumsaaewing [12] §r061u9u ADC winm 10 S fiease
wlasmdygrausaiusunaldmud ov f1 4v vnaumsii @.1) o lde os fio 4v /2" =
3.9062mv fafurfidonainves ADC 1a 10 TnilAe 4v / 39062 mv Safisidy 2°
wio 1024 vindaedndnanierldh sfidenaiarusosmialdeninauasaoa-

o1y 2" hies uenimiuitamsouanimidonaialumiuadiva (aB) Taefi [25]
20log,, 2" = 6N (2.4)

@B 1ITU MNduNaTaved ADC vin 10 Ua fiD 20 log 2° = 60 dB Tuvmieh ADC WA

8 Un szlinmdonaindssunu 48 dB

2.3.2 MumuNYa
ANMUUUNTA  (Resolution)  uamIdanmazidualunsulasiudyyinves
ADC Fafimmiduiuiiutunsmouing fidowasa uazanwianaamsnoung Tay
#alnmuwndaves ADC fivsan ldensnnuliavesdyyuadtaeaioianys NNy

AWLYNTAYDI ADC Gaeus auan lumouven uos G U (Percentage) 11301 ppm (parts



t o Y ’ v o =) o
per millions) YOINUANAING [22] AIDUNIFU ADC Y9 10 Ua vzinuuonFansonay
azibuaTunsuasfumIfiy 0.0977% n3e 977 ppm vosRuANmMAA Tuvmzi ADC U9

8 U 9T UAIMNIMWUIAFAMINY 0.3906% 13D 3906 ppm VDIAUALMIAD

23.3 ANANTHY
NANINA (Code Midpoint) vOIdQYYIMATADAIDINWAUARLSHT MY
ADC faandnlugdfi 2.3 seifumdygauouzaonduna u dumisiidhugatanas
szniveusesd VeIt s AToU TndTosAusaanAeu (Transition Level) 4839 ADC

Tavganansiadmsudyguadaoamiiyala q ) ansadmnaiden (12)

Code Midpoint for code x = Transition Level(x) + Transition Level (x+1)

2.5)

2

A
11 74
w110 -
H yd
3 101+
X
E 100 - & Code
@ Midpoint
s 01l
& 4
8 910 wd
001 { 4
Yai
000 . r — —>
o R B2 R R g p Fs
o6 oo oo 00 (-] L 00
S &8 8 ¥ @ 9 =

Analog Input
ﬂ' o o an (4
31]1! 2.3 WAANTUAYDN WYIUAINDAIDIANA

- o
2.3.4 mAanmansnIeuing
mstuasfuves ADC lugaundssiiiiAanaianisniou’lng (Quantization
» » v »
Error: Q) Ifinduimue 1lissnindayanuuouzasndunafiogmolurimsedumsntoning
a o ~ ooy 4 -] [ ¢t a 4
moduszgmulasiludyanuataoamidyasiafeaiu TasaRanainnisateu Indezily
HAARNRVATENINTYIBUzaonduna (dulsy) Audyaiuusuzasniitium
o Qs -« ) $ A )
auyavesdyIuATADaeIAyn (duiy) sensmigiiudesTuz Ui 2.1 nar 22 Falim
Aanaanisnlou Ingogluyas 0 63 1 LSB uaz423 -1/2 LSB 4 1/2 LSB WAy M

»
Aanaativounuaums1aa [26)



ES
Q.=4,-D, (3,7) 2.6)
A 4 ar -
e 4, Ao dygniueuzaonduna
D, fio Ay undtnpaigIninm

Aoduru ADC lugaundniimeorian (<12 LSB) vuia 10 iin siimAawaianis
Ao Indgaqaldmidy + (172x2")Fs n3o +0.0488% voasusumna luvmzii ADC vura

8 1in velifiAana1An13A0U InFgagaIny £0.195% voanuAuming

23,5 mAanmavenian

nsmTucasdnuazdioTeulugaunives ADC AAHIMYARUNA (Origin) A9
dotnlugilii 2.1 uaz 2.2 undnsAumasdnynzswTouves ADC Smsidousentinie
Audhe (1ﬁeaavhcmﬁfiwfluau) MSoM YN (nﬂaoaﬂtmﬂﬂﬁnﬁumn) Weomvusuns iy
gAunR 92na171431 ADC filimAanaineorisn (Offset Error) Mo FANAINA LMY
(Zero Error) 1AA% Aaetnlugilit 2.4 uaz 2.5 [13] Amananeerisanify 1 1/4 LSB
TaonfSoudiousenindnuuzawlouiifasusis (Actual Transfer Characteristic) NUANYNE
610 TouTugANAR (Ideal Transfer Characteristic) Y93 ADC a3t 2.1 uaz 2.2 Ay 113
symAanaIneeNiznves ADC uonmiie lnamsseydissmnuapduves LSB udad

annsessymAln e IFUATeIRURYMING (% of FS) (27]

.
11 .
.

110 {  1deal Tramsfer Characteriss __\)‘ e
." !
101 4 P :

4 . ot
. \_
"' 1
o011 -t Actual Transfer Characteristic

010 - - P

Digital Binary Output Code
8

r“
f" i
0014 . RO
p
.

0004 . —
—» 8 N °
Offset Error Analog Input
(+1 1/4 LSB)

1N 2.4 manmaeerian WenSoufvusudnyuzowToulugaunadagui 2.1
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A
111 A deal Transfer Characteristic —':""—r‘-"‘
o A
2 110 4 7 emect
] ot
)
2 101 ramle
3 AN
> 100 4 "' o d Actual Transfer Characteristic
S 0l < -
E| A '
2 010 - e
=3 o
00l { -
4 ¥
000 L’ ——1/2LSB »
0 2 2 @ FS
o0 -d o0
e ) 3 3
Offset Error Analog Input
(+1 1/4 LSB)

U 2.5 ARanatneerza WonSvuisuiudnyuzawToulugaunanagii 2.2

2.3.6 MAANIIADASIVLNY
Taona Tadas1wee (Gain) ¥93 ADC muisons1su ldonanILsuns
] v
ns NIl nYmzow Iy ANTUAMAANIADBASIVNY (Gain Error) ve1iUNan19581I1
AMNFUYDINT NG YMEn 1w ToUITY (Actual Slope) HuAMUFUVBINsTHIUgANAR
(Ideal Slope) awavonluzli 2.6 N1FITmsanidunsaszninganansiagausany
t 4 o =) ;v aa aa & a'y o a P
gaveInsuladdu uenimilesiniidalivniEnisnilangnan ADC Honldlums
NDITAUININNWFUVDINT MALTABNEULE W [oUVDY ADC IENMIMINATIAD NITHIAIN-

Fuveudunsaiasdingaszninnganansiaan q lunsuyasdu (Best Fit Line)

Gain Error
(-3/4 LSB)

110 Actual Slope __\ -
[
A P

1,

%
#

ra

1,
1,
) \— Ideat Slope

¥
‘¢
§
7

Digital Binary Output Code

FS

=)
1/8FS A
2/8FS
3/8FS 1
4/8FS 4
5/8FS 1
6/8FS
7/8FS

Analog Input

P 1t a o
31 2.6 MRanAIANING
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TunendaseRonsianmasaswoeiih “hAammaiumna” (Full Scale Error)
N30 “sIRANAIAdING” (Scale Error) ifosnnawmasas e rnsaResanldnn
mmuﬂfm'n5:n'in7:ﬁu'é')qtﬂ?§uu'lmfuqﬁﬁwum5num:dw'(au9?qﬁu'luqaunﬁ [28)
Farotnlugiit 2.6 doinsandranldousin 110 W 111 sz 1dmAanaIsas woImRY

-3/4LSB

2.3.7 mAanama s aduBnnnn
aRana1n L IIFAFUITINAAN (Differential Nonlinearity Error: DNLE) 3¢
Wumnl¥ianuminaueluasmeuInddyymusuzasnduyaves ' ADC msudasiu

» » »
Tugaundiusziidunisneu Indnionnuadnvestudimsvdyanuusuzasndunann q

4

»
439 1MIAY 1 LSB 10110 Ay ADC Tugaundsziini DNLE tifugud

11 o —
DNLE e 4
-12LsB)T 1.

Ideal Step Width

101 4 (1LSB) L
Y 4 Mo

100 - v S (-12 LSB)

y DNLE

011 - Yooy (112LSB)

110 4

S

.
N

bt paee
{12 LSB)

Digital Binary Output Code

010 - e

N
T

A N’
001 4 Actual Step
A Width
000 <=

A\ 4

FS

=)
1/8FS 4
2/8FS 1
3/8FS 4
4/8FS 4
5/8FS 4
6/8FS 4
7/8FS

Analog Input

51U 2.7 mRawaramw lisadurawaaiy

1 DNLE dmivdygnuataoamidnala q () fadiednlugli 2.7 dunasi
sevanaundveatulunislasfudyninnie (Acual Step Width) fulugaund (Ideal

Step Width: 1 LSB) aunsailouaums 101 [12]

DNLE for code x = Step Width — LSB Width
__ Transition Level(x)-Transition Level(x +1) .

- @7n
LSB Width




23.8 mAanmany iisadHuswasiu

12

mAanannI i uduFanasdn (Integral Nonlinearity Error: INLE) Y93

ADC wiflunannszninganansialunisudasduediuns midunssiuanidnys

owTouves ADC lugaund At nlusdi 2.8 Taspsiduaslugaunammisonivisan

Tadati [11]

359 1. anduasisgringanansiafidumiasadudumiagamelumsudadiuesa

389 2. amdunsiiaadINgassINgANANI AR MU q Tumsudasiuesa

Digital Binary Output Code

A
-
11 ldellTransferChannerislic—\ -
b [}
S, 1
110 - v
) amad V7
101 0
4
100 ',‘.‘ w\'
011 A - Actual Transfer Characteristic
010 2l
- :
001 { (el ot
)
A
000 ¢4t T r T r —>
0o £ & L B8 g g @ Fs
o0 o0 o0 o0 o0 o0 o0
S~ b ] S ) S ] )
— o ™! - vy 0 o~

Analog Input

3U7 2.8 mRanaranw iFuduFwas

Digital Binary Output Code

31U 2.9 A WdURUSIENI19A DNLE (U INLE

———— Ideal

—————— Actual
111 4 INLE po———
(0LSB)
1o WE ) [ tpne
101 4 INLE(WZ LsB) 3 (121SB)
1
(+ILSB)‘ I 7
100 A INLE T .I:-Jl- (-1121SB)
B DNLE
on | 2Lse ! (+1721LSB)
I+ Donee
010 4 (+172 LSB) Sum DNLE
001 —-——}
000 | ey —
o £ 2 £ £ & B & Fs
® € L Q¥ WV 9
—_ o o < i O ~

Analog Input
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ad ' ¥ ' ad. '

39 3. duansznInganansialugauadidumdwsasudumisgame  udaldm

A [ o o 1 ) 1 I o t
1LSB lWE)ﬂ'lu‘JilJH'lQﬂﬂﬁ'NiHﬂﬂ‘lllﬂﬂQﬁH‘] ﬂiﬂﬂ Tavszozvinsennaiumua

¥933ANaNTHT 2 3ala q Tugaundsslinmny 1 LSB 1aue

TN idunssiuaadnuuzainTouves ADC lugaunad3sh 1 Tneldem
Y A
INLE VipuNiga
wenmile Tdsinmistiowm INLE dadunda Saemnsessuwldsinmsivuidioy
. » »
fiun1 DNLE Tawf DNLE ssidumaanaianinavuluuaazduvesnsudasiu daus INLE
wilumsdufiinsansenmssaumAanain lunaazsusinannaeatvesmsutasiy

aroonlugii 2.9 [11)

2.3.9 Auniuhduysal
Annjudduysal (Absolute Accuracy) wiefAANAIANAMAR (Total Error) 404
ADC umgegavenannsznindygiuusuzaondunafuganansialugaund Tave
uu'uihﬁugmfﬁ’mﬁumsnuﬂ'ﬁﬂwmﬂaaﬂwm fIAANAIAGATIN M1 DNLE uazm

INLE 5auafiAana1nmsnieu Indues ADC aadaotnaluguii 2.10 [28]

11 Actual Transfer o
Characteristic E ! 4
110 A —

Q
hel
S )
3] e
- i
2 101 4 P
3 L Total Error At Step0...101
2 100 4 -, (-1 V4 LSB)
< A
c K ;
@ o1l - 1deal Code Midpoint
= i
B 010 - P
[a} ,”
1
001 {
A Total Emror At Step 0...001
000 41 [CI2LSB) —
0 & &b o
€ £ £ &€ &€ £ &
hend Laal - wv -] ~

Analog Input

Ui 2.10 Anniudrduysel

[ 1%]

2.3.10 lululniin
Tumsulasiudyauves ADC diifnn DNLE 1loondn 0.5 LSB ud2 mstiu-

YJuvesdyamueuzasnduyn vz lddyguataoamidyaiin liaaiosasnidyanuify

vena12 1841 ADC fifigudnvazuuy “TuTuIniin” (Monotonic) Aetnlugylf 2.11 [11]
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usradn¥aizarwlouves ADC MhifigudnyuzuuyTuTulniin (Nonmonotonic) Wu31 iiio
@ o a0 a ; 1 o Y o ac o L4
dyaauouzasnduyANAIRNYY 1A ADC lasriulddygyiuadaeamianaiosa
puanvuzuuyInTuintaves ADC wilikasdinnnlunisdszyndlddmsuszuy
mMuuiilednInmsannvdyauAtaeaieiyn unsdiidyy e uzasndsunAlia iy

> »
winduiu owiluravi Iiafusnmwesssuununuanas

(3]
e 10 -
&) i
= ¥
2 1ol -
2
(e}
2 100 4
o3
£
: o1t 4 Nonmonotonic
& 010 A
Q
001
000 T T —>
0 2 B B 2 © g 2 Fs
o0 d e L od L d - -
= & ® ¥ @w ¥ =~
Analog Input

U 2.1 dnvuzaiwTeuves ADc A liliguanymuziuy Tululntna

23.11 svavIAnY
Tunisudasiudyanaves ADC driinn DNLE vowndn 1 LSB uda a'ld
»
Tyaudtaeaidnansunnin sz lifisiaviane (Missing Code) Hadu Aol

2.12 [12] naaadnuuza1e Touvod ADC MAATHATIANISTITA 100

1 4 ——

o

&
3 110 4 -
O T
- 1
a2 101 4 -t
3 '
100 1
-]
E
2 o1t 4 Missing Code 100
B 010 -
a i
001 4 -4
1
000 ——-y ; —>
0 2 B B L BB g Fs
¥ P ® B N £ 9
L o~ Lo} T wv =] ™~
Analog Input

-

U 2.2 dnvazawTeuves ADC AlsHavIANIY
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2.4 Ysz19nv99 ADC

Usziamuea ADC disntiamunamisa lumsudasiu awrsandlddy 3 Yszan
y 4 o o M 3

[71, [13}, [22] fip Usziananusadt anusaunais HAZAUITIY Aaaaalumsnn 2.1
A = « L] -~ d’
Taounazyssinniiswazidualavde Aatl

o : :;d -] . te ¥ PRy
ADC AwSdntu ADC Alvuaidn msiuveaes WFudou nari 14 lums
»

o L) L] o LY - |; o o =
ulasduusgiumssiudyyinuusuzasnduya  Yu1AY032993 TAuAusS maudaves
o aa P o ay a Yesd o a
dyguatasalae  munsaulasdyaafidesnsanuaziBvageldafesmaudanng

13 »
779813993 ADC N9n0Y Tulseianii 1dun ADC 1 Single Slope U1aZ11UY Dual Slope
=1 $ ° Y
ADC mwiEnhunaaiiu Abc pimsvisndunuunans feolumsudassiu
waamianiee lddyanuatneaninda WenSsuiMeuiy ADC anuSdwd? ADC

2 a Y P o ¥ 4 da ¥ o e s
ﬂi:lﬂ'ﬂu%zuTﬂi\1fﬁ'N‘UEN'NT)TV]uﬂ')'lu‘lfﬂ‘lfﬂuu’lﬂ”u l'Jﬁ'l'n'l'lf‘l'Nﬂ'lill'l.]ﬁﬂﬂuvlll‘UUﬂ'Uﬂ'l

o e
[

Lo

a 1 3 & o a o aa 4 o 1
SRUTYYIUUIBUSIDNDUNA llﬂﬂ:ﬁuﬂU‘D'IN'JNUﬂﬂENﬁiyiy'lﬂlﬂ‘DﬂUalU"lﬂﬂﬂ FIDBNVYDY

ﬁ L7 T3
=t o + d’ ¥ J . . . o a
ADC naﬂag"luﬂsztnnu 1Aun ADC 11UV Successive Approximation LAZHLUVUDDNDITUN
=1 3 o o o 1 ar

ADC anuSaguiiunsesivhmsulasiudygna Tavldnanissnd ¥ soudoyaa
wiin Taoh ¥ duinnuiavesdyanueyn uavinavesesesulsmusaudaves
o s & ar a 4 a v ¥ o oay a 12 gy
dYaIaeIARA Wo N UAuRNIN Neselanugudounniu Midsesiivuialng 331y
» v v »
#ulunsad19essann #e61eves ADC Hivaogludszaniildun wuvvu (Flash)

ALY Pipelined

M5199 2.1 U521aNv03 ADC

Low-to-Medium Speed Medium Speed High Speed
High Accuracy Medium Accuracy Low-to-Medium Accuracy
Single Slope Successive Approximation Full Flash
Dual Slope (Integrating) Algorithmic Half-Flash (Two-Step Flash)
Oversampling Interpolating
Folding
Pipeline
Time-Interleaved
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2.5 unap
a) a - . & a a Jdde v &
Tuynitldesuondnnismauiuguees ADC uazswaziBuanvTRATHA YT
» .
uaAIITuITouTMINUYeIdIqUnIal uenvimiudaldnandalszianves ADC W
] 3 < o " : AY o Y o .
milA 3 dszammunnui lumsuasiu Teoudazysziamiueeided-dofoiuanaia

»
'l saniulunisidenl¥a ADC Sadesdeninuzansunlwasanslums



dninveayanait NzesundmAn szl

NN 3

HannNISNINUVDI0aN035NA ADC

3.1 panh

o a a o d o & o
DANDITNA ADC ﬂﬂlﬂu ADC llﬁzlﬂ’llﬂ'J'lljli'JIhUﬂﬂ'N 7] 1un15111]amunuaﬂﬂ

=]

ar aa 7 < a o a dat e s o v a
ldduauasasamiine 1 ia TauSunlasfunndaniisddaunnga (MsB) Tdada
Ao e o o W

nulyanyUosga (LSB) Tnssadnveadane3sin ADC v N 1ia [29] sxdsznoudoe

90193 51iN ADC YU 1 1A (One-bit Cell) 142U N 2993 inaeaamaiuasg Ui 3.1

Dy, Dya D,
(MSB)% $ (LSB) $

Digital Digital Digital
i Out i.=i Out i Owt i
inl n2" ourt N oty
—O0—{ A1 One-bit Cell ] A8 Lo o | A gpepirCett2 ARREL o - o] AMI% e picen v ATREL o

n Out In Out In Out
Reference In Reference In Reference In

Iy + Iy + /T%

3111 3.1 dano35iA ADC YA N 1in

MININUYBIBANDIsiA ADC N launisvivaue [17), [19], [291-[36] awsouvala
i 2 ngu fadl
1. NQUYBIBANBITUA ADC NUMSAISHALVUFIUADL (Binary Coding) [29]-{31]

2. NQUYBIBaNd3siin ADC ANMIAISHALLUINGS (Gray Coding) [17], [19], [32]-[36]

3.2 HANNFINIUYDIDANDIBUA ADC ANNITAIHAUVUFGIHADI

3.2.1 ManMIMNU
INANU (Flowchart) ¥830an0351A ADC Hiimsassyauvugasnegun
a o Y o -s’ 4'! - ' ;Y a & v o
3.2(n) [29] AWIT0DTVIMININ AR 1ile I, Ao MmnssuadedaFauauAvmng
dmsSumsutadiu au i, Uae i, fio ﬂszuﬁﬁuwﬂ ua:ﬂsxumawfwmm ADC muany
U [ 4 Y o <y ar J 3 -
AMNTSUN |, ﬂan'umuﬁ‘_lu 2 mAwnesvsenseua udnih S suinsudusinszuadiads

1, fwnvSoudioy & 2i, <1, wlddSnoamidya D, HAulu 0 (Low) uazaszud

61654
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Ll in
A
2
'l'
Yes—l
0" No g =20, — 1,
I = 2iln
l Y
(m) Fau () dnwaizawlou'iiase

301 3.2 ndnmsinuvesdane3siin ADC RlimsassiauvugMTDs

WA i, DAy 2i, Tunsdifi 24, > 1, ez 1dASneaerinn D, Hnuilu 1 (High) uaz
AITUN i, vEUMMIAY 2i, ~ [ 9M511MY08an0T5A ADC AINAIANNTANAAS
anuazoiolouInasa1dasgUil 3.2() dmiunszuaedna i uazAsaoaIing D, 1Wou

Wueruns 189

2 328, <1,
b =4, o G.1)
21in -1 ref ;21111 217, ref
0 ;21 <1
D, = mo 3.2
‘ {] 321, ZI”f (32)

MN3UN 3.2(v) 9ane3ENn ADC NUMsassHauuugmaes iidnuuzainleu
v »
IasuifudygingUiluasy (Sawtooth-like Waveform) Mifiinuvessaneisiindana1aiia
dodiandnyegasalszms [17], [19] YedrfaUszmsusn Ao Tumsulasiudyanue
a a ° £y ¥ '
ianwAanmarzaugy Huraiianugndsslumsuasfuves ADC anasuazay
< o W tS Y o o de & o & a ; (Y P
azivun lumsulasdudygraniosas desiandvgdmlsemsnila szifaduduiiieannin
. 4 . oo 4 o o 4 o
dyaruyludesiludygruiledlszaouniennudgaimiunn  luvazimsiam
4 .y oy : - 42 %
voanesavnszuaaimihmlumsindndyginasauniivesnssuaduyan (2i,) Aty
pduADiBIfUMINTEUAdNEY () limamiAsuveanmissninminszunduyafiiniy
fuminszuednde Wunarilifidasnuifiouludnuuzawloulvase aus lunsudae-

AUd YUY ADC 338003
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322 frethamainaiiuues ADC viia 3 i

Tun1sfinueasaneisin ADC awsomunwaziduals Tasmsiiy
§7M7U ADC 411 1 57 H30 One-bit Cell FninnAomainafumuiniuDainents dufu
Sano3siia ADC AlnsassdanUUEBITINg 3 Ta sxulsznoudis ADC wuw | Un
MM 3 'msviammﬂﬂﬁuﬁagﬂﬁ 33 NAUNSH (G.1) 1AY (3.2) FMNTOLNAIANLL
mwTouasaunzisnoamwinavomdazinldfzili 3.4 ugii 3.5 usasdnvmzdwlou
yosdane3siin ADC AilmsasHTIVLTIMEesuIA 3 §n Tauf ADC vina 3 Dalugauna
%:ﬁa’mmﬁ%ﬂaamﬁwm{mnﬂ 2 wio 8 M unsfinnuniavestunde 1 LSB my
),

Binary code
A
/ B
DZ Dl Do
(MSB)$ % (LSB) $
Digital Digital Digital
i Out i o= Out i = Out i
i i .=i i.=1 i
in in2 1 m o2 i3
- Analo Anal 3 Analo Analof ) Analof Analog
—0—{ "¢ One-bitCell1 "8 —0—0— One-bit Cell 2 8l o0—o % One-bit Cell 3 —O—
ut In Out In Out
Reference In Reference In Reference In

M M M

5171 3.3 Sane3sin ADC AIMIAIHAUVUIMTDIVUIA 3 TR

A io-l

ref

57 6 » i,
§l~/ § et § r ref

]
4
-]
g
ool
]
a
0| &
]
3
Sy o

(n) NsTUMBIAYATDILAT 1 (MSB)
317 3.4 dnvazdwlouWasunzinoneinyavesdaneisiin ADC Nimsassvmiy

$IUADIVUIA 3 1A
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A iauIZ

]
=

UMD IAYAVDIUAN 2

4

(V) ng

3
3
"
<
<

7 3 (LSB)

ANAYDIAN 3

o

(M) nszuao

o
g™

4

AVADAIDIAYA

aa

T
1,
Q)

ON -

(LSB)
OFF-
ON]

OFF

ON —

(MSB)

sUn

S o

a a

o

¢
ATADADIAWAVBIDDNBITUA ADC NUMTINTHALVY

noloulWasaas

113.4 anyuzow

o

a

FIUADIVUIA 3 UA (0)
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2 DZDIDO

111 -
o 110}
o]
(-]
&)
5 101 |
= ‘\_
é Ideal Transition
> 100 | 1
o i
g :
a
3 ol 1 :
& —
S o010 Step Width

(1LSB)
001
000 T T T T T T > b
1 2 3 4 5 6 7
0 ‘8'l~/ Elnf §[~f '§l~/ _8_["’ §[~/ §1~/ 1y
Analog Input

31 3.5 dnvmzaiwTeuvesdansisin ADC RilmsassHanuugiuasavuin 3 ia

3.3 HANNMSNINUVDIDANDIFNN ADC N

=

33.1 vl

O d

HMIAITHAUVUINTY

o 4 A o -t R N .’ (Y & : a 3
SﬂﬂlﬂSUlﬂu'IfBISUﬂi'Hﬁﬂ luumimmmun;ﬂuuunuq TﬂUQﬂﬂx‘l‘]ﬁ)ﬂ'llJFg

a v aw Hn v o L ¢ a
iR Frank Gray 1in390U03 Bell Telephone Labs ¥l muasvimnsdvuludl ae. 1953

[14}-(16] 3UuppvessHennsdezitlumsiSvadwuveaavguans (0, 1) $1uau 2" dréu i

- » - : d' o L] ° o .::A o ﬂ' :
N fie Smautananun lasmaasunlasvessva lunaazdmunaanusziasunyanss

3197 3.1 AndURUS sEINEUE A Iavg ARl uazsHmAsd

avg Uy Y IUTBA sHainsd
0 000 000
1 001 001
2 010 011
3 01l 010
4 100 110
5 101 11
6 110 101
B 7 111 100
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& a : v o 4o ' a o LY 3
azvindamniu anuduiusseniaugmdy muguaes uazsvansdagllannisen
3.1

Tumsn 3.1 dMSuuRATAIA YD TN Jes T UATNUNAIAIMUY INDIDIZII
dluiiaftinsnlasunlasen o dlu 1 nfenfdvunin 1 1y 0 MIndRuvBIRVgMTDINE
=3 Yl c: ¢ w 4'- [y =t ‘:; ] ]
muldhnsnlasunlasvesnvsuaesluvndwuhiaadu ssiimsnlasuudasannni

4 - A 2 -~ o L4
nivalosufusHansd
»
MsadNsHansduing N Dannsiansduunn N— 1 i Inanins sl
- - - (=) * - o L & o
1. Avaamzanin 0 nihswansdua N — 1 dagadny ldddunsausavessimnsd
YU N UA

2. pAUMUvBITHAINS IV N= 1 TR

a v o & ¥

-y - [ 73 - & 4
3. 9190 2. lAvaAzaedn 1 wihsvansduna N - 1 danganaudnuud ez'ldaTands
voIsHaINTdvuIa N 1n
° o P 1 4 £ £ 4 o Yy o 4 a
4. svmnson 1dende 1. uazde 3. s2ufu s2ldsvansdvuia v ia
AIBUNITY MSAS NIV INTIVIIA 3 TannsHansdvun 2 Ua

. 14
At o v w A

ﬂ'lﬂﬁﬁﬁlﬂiljﬂu'lﬂ 2 Ua ndMUML 00 01 11 10

@AuanIzanIn 0 vNsHmAsIvIIA 2 in 9z'ld 000 001 011 010

- pAUdIWLTETHIINsIYUIA 2 1im 9214 10 11 01 00
- Auanzanan 1 sHmnsdvuin 2 0a vz'ld 110 111 101 100
- 3w2'1@svainsdvuna 3 9a fie 000 001 011 010 110 111 101 100

o d
33.2 msuwasavginaeaiustininss

o ¢ A w P a9 Y o &
mmﬂaela‘ug1uﬁml'ﬂusnmﬂiu nwanmmmog 2 iy YlvlﬂNﬁﬁWﬁl‘]fu

-] o o d’
nyInu Al
HUUA 1

1. fimuald MSB voaswainsdllanizasdnisuiAuanuny MSB Y8aavgIUe e

2. 3UAUNDSAIIA MSB voaavgwans udmfSvuivusuiadall (D)

(MSB)D, D, D, D,(LSB)
NN
1 1 ! 0 Binary Code
| 0 0 1 Gray code

« o o <y o v a4
EIIYI 3.6 FI'JOU'Nﬂ'Iill‘]Jﬁ\]lﬁ\lﬁ'lUﬁUQ 1110 1ﬂusu‘dmitJmunafunmcnuuun 1
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y a : 124 a r- o 3 a Y] 4 1Y a : tey
driimiagiianiizasiniaeadu srldannzasinvessiamnsaiilu o uaddianagi
anzandnasaiud i oz ldennzasdinvessimnsoilu 1

3. antunsnfSeuifsuiiafazgae Iisou q sudliaganiio (LSB)

drednmsulaanvgunes 1110 Wusvmnsd Az 3.6 Arondninaaiuuudi o

MSB vosHmnstlanzassniiu 1 FuRLINUAY MSB vouavg el

SUAURIIUININ MSB veuarg el tdMInslSsuisuiuiadaly (,) e1dq 1a

» »
mglirnnzasinAuiiu antuanzasdnvesiia b, lusiainsdeziilu o

y ¥
siminimsnSsuiouiia D, dulia D, vedmvgwaes @ hilamgianizasin

Rty antuiia D, vessWansdezlianzasimiu o

»
o

ame MnslSeuouiia D, dulda D, ¥50 LSB vauavg a0y 921491 danenl
H (] L

anIzAINANAU ANTU LSB vossHmnsdeziiannizasdiniiu 1
LUPT 2
1. Amuald MSB veasvamnsdliannzasdnruwAer Iuny MSB ¥oanvgMana
a Yy a 1 4 ~ a W Yo & A& o
2. GUAUNDITININ MSB veaavgiuae udrwndudadall () Tavhiswiadedma
dny a a - s
(Carry) wauandi Taszidluaniizasinvesiia D, Tusvmnsd
3. autiunisuaningae veuavgmaes TashimilatadmaliiSes  susa LsB
dedumsutavaug el 1110 dusiansddomdnnasiuuuii 2 Az 3.7
- MSB veasnansdlanizasdmilu 1 ruiReaduiy MSB veuavgILae]
- FuAuNIININ MSB Yeaavg e udnhnsuandudadaly (o) velaraamilu o
uazAmadu 1 i lumiladadima v2'1dda D, veasriansderlannzasiniu 0
- vimiuinsuania b, fudia D, veuavgiuaea ez tdmavamilu o uazdmaidiu 1 o'l
o A& 2 o yVa - oS3 a
frfladaima vz'101a D, vesswmnsilannzasdmilu o
- game Minsuaniia D, Huiia D, 3o LSB veaavgmaes sz 1dwavanidlu 1 daniu LSB

o 4 < a
YDITNAINT uv:uﬂm’:zammﬂu 1

(Carry 1) (Carry 1)
P R N R

1 1 0  Binary Code
1 0 0 1 Gray code
(MSB)D, D, D, D,(LSB)

:; o ] Y] Iy o 4 a
21.]71 3.7 ﬂ'JBU'Nﬂ'lﬂlﬂﬁQlﬁ‘Uj'luﬁBQ 1110 lﬂui'ﬂﬂlﬂiUﬂ'JU'Hﬁﬂlﬂﬂl‘ml'U'UYl 2
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vinnaninammsmlasavgseaiiusimnsdlunuui 1 szasandosfumsinu
o < . & 4 a § a
voudndingFnensing (Exclusive-Or-Gate: XOR) Fuiluinailiasdnordymiiu o iedunn
» ’ [ 4
Mninesdinnzasinmioudu nalunsdinduymiaesliannzasinaniu Xor el

- Is -~ : -~ '’ ° v
apsmownaily 1 duinlunsudasavgwasuifuntmasdaunsonitldTasmsde xorR

AN 3.8

]O——TjD——OOG d
O e

Binary Code

U7 3.8 msae XOR moulavavgmasailuswainsd

333 msmassvmastiflunugiumes
o o = o LRl Sy Y o o 1
msmlassdmasdifiumugiuaes udninuaing 2 uvy #ildwadwiigy
s - - d’
RN Al
Huun |
1. fimuald MSB voavgwasslianzasdnrumuINUAY MSB YosHmns
a - J::;-: o y = : = o Yo [ =
2. Aosansvansindadaly Simiuliannzassaiiu 1 wldfadalUvevaugiuasai
»
annzasanudwivanzasinvolanountiiil uadrdadaldvessimasod
annzassnilu 0 vz'lddada ldvowavgmmealinnnzwuReITusfUanIzanInveln
pounYiil
° o o o éll & = ¥ )
3. auiumsinsasiansd lises o suisiaganiie (LSB)

aregumsilassimnsd 1001 Aumugiuaenonannamuuui 1 fs3Uh 3.9

(MSB)D, D, D, D,(LSB)
1 Gray code

LAAN

- v o ¢ g Y o p o
21]71 39 911001\1ﬂ15111]ﬁ~15ﬂﬁlﬂ50 1001 ulum'ugmﬂmmunamﬂmmuuun 1

Binary Code



25

MSB vaaavgmaesiianizassnitlu 1 1suRyITURY MSB voasriansg

)

< - Y 4 ' o a’ - @ .’1 a
wosanda D, vessrmnsd szldhiailifianzasinitiu o Antudia D, veuavgumes

sriinzantmiu 1 IvwAvItUTNIIZaD9NYDY MSB

: - - Y o v - a’ a (3 : -
uimiuniesaa D, veasrimnsd vlditaiiliannzasdmilu 0 Aniutia D, vouaw

gumeseziinnnzaodnilu 1 wuidvafuanzasdinvesia D,

qathe Ainsanda D, nio LSB veasrimnsd o181 LSB Sannzaedmilu 1 fuiu b,
w30 LSB woanvgmaeszianizaninilu o Swsetudwivaniizasinveatia b,
uyy

1. Amuald MSB voamvgmaelian1IzandINIFURDIAUAY MSB vosHmnsd

2. Budufinisansin MSB vpuavg ey udwindviada len MSB vosvmnsd Tav
hifiladedoma mavandi Weniluannzasinvesindalysn MsB huavsmaes

3. autiunsae 11500 9 auda LSB

(MSB)D, D, D, Dy (LSB)
l 0 0 1
(Carry 1) Gray code
LAAY
1 1 1 0 Binary Code

d' o ] o 4 ' 4 v . 4 o
31]7) 3.10 A208NMsUUaIsHmnsY 1001 lﬂulﬂ‘ﬂﬁ’luﬁﬂ#ﬂ')UHﬂﬂlﬂﬂl‘YlllUUﬂ 2

fesumsilassdansd 1001 Wwavguaesdiondmnuaiuuui 2 fagifi 3.10
- MSB voaavgmasianzassmiu 1 15uReIRUAY MSB ve3sHmnso
- FUAURYIINININ MSB voaavgmand udmmsuinduia D, lusvmnsd sxldnawin
o
i 1 Antuennzasinvesiia D, luavgwasailu 1
v L
- imiwinsuania b, luavgweesiuiia D, Tusrimnsd oz ldwavamilu 1 dniuiia D,
Tunvgurssiannzasdimilu 1
Y . Py @ a L=} o (4 b 4
- gathe vimsuanda D, Tumvgmesduiia D, n3o LsB luswainsd sz ldwawaniiu o

uazAmaiiu 1 We hishdiima aarizasinves LSB huavguaesssinuiiu o

@ (4 b 4 [ 9 = °
nnmsiassvanstiumugmreadondninme lunuui 1 aunsavilaTaons

#9 XOR Aa31% 3.11
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MSB
1 o o 1
—o0 1
oo >
Gray code Binary Code

311 3.11 msde XOR Meuassiansdifiuiauguaes

33.4 nmanmanau

INAILBITANBS A ADC AilinsassWanuuinsd [32] fagit 3.12(0)
mwsaesuemsien1aaeil e 1 ez i, fio ANszuad et uasmnszumoIAyRYe
ADC aiuddy dau i, fle mnszuaduna Fadmszndn o I, mnszua i, vwgnuouilu
aparidwnvsvonszug udnhhinSsuivuivmnszua 1, AwnesnSeudion &
2i, <1, wlddyanadineamdna D, Tannzaeimiu o (Low) uaznszug i, vl
Wiy 2, Tunsdifi 2i, > 1_ e 1Rdygiiaeaeidnn D, Sanzasinidlu 1 (High) uaz
sz i, TAWNAY 27, - 2i, 9InANUAINGT dane3siia ADC fifinsassiauuninsda
ﬁﬁﬂym:dwhu"lﬂmalﬂugﬂﬂwulﬁﬁuuﬁﬂym:ﬂuuwﬂsﬁagﬂ'ﬁ 3.12(v) dwmsumnszun

YA i LazdyanuasaoamIaye D, Buwdumums 1ah

(M) MU (@) SnvazoroToulnnsa

514 3.12 nanmsimvesdanessin ADC Aifimsassiauuuinsd
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2, 320, <1,

o = . e (33)
21 ref —211" ’len = Irz/

D 0 4,<1,, (34

° 1 20,21, 4

33.5 Mt aNISHYaIR Y8 ADC YHIA 3 DR
Tugun 3.13 dane3sin ADC HlimsassWauvuinsdviig 3 Ta sxseney
AIU5aNB3ITUA ADC YA 1 1A $1UM 3 NIsAEMAMAATU 9INTUNIST (3.3) LAz (3.4)

ausounasdnumzaslouiaswazAdneaminyaveudasin 1ddsg Ui 3.14

Gray code
/ A\ \
DZ DI DO
(MSB)$ $ (LSB) $
Digital Digital Digital
Timy Out T2 ™ Lount Ot e O iﬂ
—o—{ A% One-bit Cell 1 A™%%8 | 00— A™% OpepitCell2 A™I8 L0—0— A™% Onebit Cett3 AMIE | o
n Out In Owm In Out
Reference In Reference In Reference In

IR/T + IN/T + IN/T %
4' [ a a et (Y o «
§1]'Yl 3.13 90ADITUN ADC NUMIDITHAUVVINTYVUIA 3 UA

A inull

T T 7 T
6 7
1, —8-1,,, -8-1,,, 1

2 3 4, 5
8™~ 87 87 8

—~ =
—

3

o a 4
(M NIzUMBIANAVDIVAN 1 (MSB)
31 3.14 dnvazarToulWasaaziSnoaiernyavesdanessiin ADC Hlimsaasria

nuunsduuia 3 ia



y
Lt
1
PRl
l T 2I 3 1 4 ] 5] 6 1 7 1 | } ihl
0 '8—l~/ §’~/ g’r-f §"~/ §’~/ gln-/ §l~/ 1y
(¥) PIZUAMDIAYAVDITAN 2
A ia-l)
IS
1
Pl
>i
1! 2] 3! 4 5! 6 77 beme
0 'g’r-/ §’~/ g’r-/ g‘ln/ §’~/ §l~/ g’rv/ 1y
4 a o
(M) NISUMDNWAVDIVAN 3 (LSB)
ON -]
DO
(LSB)
OFF
ON
DI
OFF
ON]
DZ
(MSB)
OFF 1! 2; 3! 4 5! 6! 7! >
0 Eln/ g ref §In/ glrr/ §1n/ Eln/ E ref Irr/

() AvmoaeIAyA

- o

51U 3.14 dnvuzawleulrasuazAsnoaiodyavosdaneisin ADC Niin13assH

HUBINSSUUIA 3 1A (AB)

28
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‘kDZDIDO
100 |-
101 +
'3
°
]
< 111 \_
£ .
8 Ideal Transition
>, 110 A
[ :
]
= 010 4 ;
) ;
2 G B
0ll + Step Width
(1 LSB)
001 -
000 T T Y T T T |
o a1, A, 2, A, 4, &, I, i,
3 8 8 8 8 8 8 ™
Analog Input

51 3.15 dnvaizaiwTouvesdana3sin ADC NMIAISHEIUVIATIVUIA 3 TR

Tuz1ft 3.15 nansdnymzaiwlouvesdans3sin ADC AlMsassHENVUINSIVUIA

} 4 ]
3 ua TﬂUllﬂ’J'lllﬂ’ﬁ"N‘llel‘ll'l!H?ﬂ 1 LSB iy (1/8) Imf IFUIAEINUDANDIENA ADC NUMS

ASHMVUFIUADNUIA 3 Ta MIuaRuYBIdanassiin ADC YUIA 3 TANUNSAISHT

upugmmeaasnsassiatmnsdannsoagy1ddmnsan 3.2

MSIN 3.2 N1suaiiuveIdanaIsun ADC Yu1A 3 1n

nsTUABUNA (i,,) Asmeaio1nna (D,D,D,) AlnoaLInA (D,D,D,)
HUUgIUNABY uyuns

0 000 000
181, 001 001
281, 010 011
381, 011 010
481 , 100 110
s8I, 101 1
681, 110 101
81, m 100




30

3.4 $IBU1DANDITNA ADC NAMsNaUelUAN

3.4.1 5anB3I5AAN ADC Y83 Nairn D.G. 102 Salama C. A.T. [29)
111 f.A. 1988 Naim D.G. #az Salama C.A.T. Intinausdane3sin ADC lay
Mhassazounszun (Current Mirror) faguil 3.16 [29] Fuilusane3siin ADC v 1 il
Taol¥imaTuTaBnsuSamesuvvdves dwmivdanessin ADC vun N Tasziiuniseo

MaAdana3Isin ADC 1 1 U (Bit Cell) $142u N 193033107 3.17

Dy, Dy, D,

Voo (MSB)é) é} (LSB) é
iiu

BitCell1  —(3)e(D)~ Bircen2 G)--~- Bitcenn

? ? Q

3U%3.17 8ane3siin ADC 4119 N 1A ¥4 Naim D.G. 1tag Salama C.A.T. [29]

M358 31I 3.16 msneieldRai pszumduNy i, srgnueeitiu
gpadesvsazeunszud M,-M, Fuiluresfifsnsimsvnenssuaridunes feudie:
gnduumNfivIIn () venesiSoufivy Comp, uaziorina Tuadausesazfounszua
M, M, oz M,, M, sy Tasnesasiounszua MM, ithinsesasdounssuaiiisas

. . 4 -
VWNTTUTIMAVNUL TIUATEUL [ dgnauuImIay () V9329515 suITvY Comp,
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o s W :
uazioAna Tuadaenesasiounszua M, M, uaz M,, M, aAmdwy Tasreesisaesnsd
o " v & ° o
OATVHWNTZUAINUNIR. DINMSINUYENRsSouRoY Comp, Snszue 2i, < I,

yaa U4 - . y o g * t e
wldavnoaoinyn D, inuilu o (Low) WunariiuemmswFanes M, oglumanz i
nszud (Off) ANTunszuaeIna i, sxlifwidy 2i, Tunsdif 2;, > 1_ v 18d3n0ao1nnn
fnuiiu 1 High) WuramivemmswFmasy M, egluaaasinszua (On) sniunszua

101NA i, exfin iy 2i, - 1, s1ashnudnd ez 1dh

) 2, 320, <1, (3.5)
- 2im - In/ ;2im 2 Ire/ ’
0 320, <1,
D, = 3.6
¢ { l ; Zihl 2 1"[ ( )

1AM (3.5) uaz (3.6) 92 118an03 51N ADC vB4 Naim D.G. 118z Salama C.A.T. #agl

#i 3.16 WudaneS sinflimsassWaupuiavgaesdai dnanuudr i ded 3.2

3.4.2 9and351A ADC Y94 Nairn D.G. ae Salama C.A.T. [30]

wonmito TUonees ugilii 3.16 uda nwliihfvrtu Naim D.G. uaz Salama

[ Y e - a a L) - <3 4
C.A.T. Uiqﬁu'llﬂuaﬂﬂﬂaiﬁllﬂ ADC mlmimsuﬂuumavgmﬁmangﬂlmuum lﬂu

8ano35in ADC v 1 Uadnandluzdi 3.18 [30] Tugilft 3.19 uaasdane3siia ADC

o A 1 o = o s o
YU N U ‘B\ll'ﬂﬂﬂ'ﬁﬂﬂﬂ'lﬂlﬂﬂi)ﬁﬂﬂiﬁ“ﬂ ADC 9UIA 1 UA IUIU N N5

Digital
' Out
. +- @
Reference i 7 7I l -
I f e ;o '
}__ : ) — l ef | ' [refl }__‘ | Analog
C ) T ] Ji 1 Out
Mio E M, M l i M, E
T - 1

311 3.18 5ane3 51N ADC 493 Naim D.G. 1Az Salama C.A.T. [30]



Dy Dy, D,

(MSB)@ é (LSB) é} Voo
; I

BitCetl (G)e(D- Bitcen2z H3)»—---({1 BitCelN _@‘_"

-9 ® ® T

317 3.19 6an8353A ADC Y1IA N 1in Y93 Naim D.G. uaz Salama C.A.T. [30]

o a ¢ ° ¥ o [y
1\10511121]7] 3.18 WBINIIUTBTIADI Ml'Ms lag Ms'Mw YI'IHH'IYIIﬂH’N%iﬂ:YISH

»
QA e J

a & - 4 ° 3
ATTUTNUDATIVIWATEUTNINUNIR LASUBANTUFTADT M -M, Yl'lﬂﬁ'lﬁlﬂujﬁﬁiﬁ:ﬁau

d‘dv

»
pszUAREATIVEIBNTTUMIALEBY MINNUBINIAINI 00U AR nszuaduna
° < o ¢

i, 92gAAUUNINVIVIN (+) ¥BINsITeuivy Comp, naziioianaTuadivnesaziou
pITUT M, M, uaz M, M, AWdwWy faunssud I sxgnduunniiviay (-) veenes

P 4 (4 ¢ w
Seuiioy Comp, uasiiewiyn Tuadiunavsaziounsud M,, M, uaz M,,, M, Mudiy

2 a 1Y R yao o a1
VNN IMYEININTBuTioy Comp, Sinszu i, < vx1dASnoawina D, Tauiu o

° L 4 - 4 1 [ ° L4
(Low) Whuravirlinswdmaes M, egluannzbivhnszua (off) Wunaiinszumasy
» »
vpaupaNIMFmALS M, TAwndy i uazmnszud i, dvzgeunuiluaeunmisunign
° = 4 y 4 4 v & s R a0 !
dunlifievyaluadisnesaziounszua MM, antunszudoidaya i, selnumify
3 aa 4 1 ° = 4
2i, Tunsdifi i, > I vz1dASneaorvyaiinuiiu 1 (High) Wuwari Iueansmugmany M,
ogluannzinszud (On) uaznszumAsUvRBIMI WTmADS M, vlifumiiu i, - 1, 910
. y y s . Ao . v o

meiamvesnesaziounszud MM, wldnszumerinn i, audu 2, - 1) A

o aa s ] Vv
ASTUTIDIANA i, LazAdneaovyA D, Wouilumums1dd

‘ 2i, s < Inf 37
Ly = .
™ 2 (iin - ]ref) ;iln >4 Inj
0 < I
Da - "irl ref (38)
1 ;lln 2 ]rej

vnaunsh (3.7) uaz (3.8) awsnaghiufminzuradnyuaisTouliasaueaiies

= & o a a ada o o §
Tuz1l 3.18 Jadludane3siia ADC Nimsassimuuguasslanezih 3.20



(M) AU

ref

l’!f ref

@) anvuzowloulrase

3UM 3.20 vanmsiuveIsanessin ADC Aa3Ui 3.18

3.43 dand353n ADC V04 Pouliquent P.O. uaznmue {17]

33
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U 4.16 2aesauyalumsInswrinaneuausaniimwivesnesifansuansdl i, >0

_J_E(&\\ 1
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ConsCss T Co3Conr

gs6
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n

T

§

(4.32)
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3

271(CppsCon +CosCoir)
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4 + C
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d’ o a o o o P
MININ 4.4 ﬁm:\:n1imam'umuamﬂﬂ"lmmiaunasmaimgﬂ‘n 4.41

Ausaduiigadiy uoma M, vomua M,
Vo livhwnszua wadu
V, vnszudduda yudu
v, hnszuabuRa yhnszuadu
Vi wudu yinssumduda
Vo yadu hivhnssue

flMSAU ¥, (Midpoint Voltage) umussdudunaiirliueama M, uaz M,

Manegluraninszuddud uas v, = v, = 7, laonmiden

Vop +Vp + Vi %
V, = £ (4.100)
I+ Pu
B

flNI53AU ¥, (Input High Voltage) iTunmssdudunaiivi liuemmia M, eyl
Frhnszud hisudmiedadu uazvemva M, Mmeglurinhnszuadud Taomimn

annwalnavverunsi (4.101) uas (4.102) Aa
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By
Vop +Vee +ﬂ (V +2vm(,,,))
V= e (4.101)
1+42
B
2
Vm(m)
Bu| (Vi =V )v Vour(tt) ™7 (an Viu +V.,,) (4.102)

Mg fdmuald v, =3V, g, = 141 pANV?, B,= 142 pAV?, 7, = 0.609V, iz ¥,

—0.6101V 9214 ¥, = 1.276V, ¥,,= 1.501V, uag ¥, = 1.72V
msf'nnuﬂfi1mﬁﬁmasvmmsmns:ummnamﬂﬂ M, uaz M, Mlawmnu

By = B ﬁ]u’i%'msnﬁﬁﬁﬂﬁmsSuna{mas'ﬁagﬂ?; 441 Unnumuas Taolinwsenu

= ¥,,/2 naumsi (n1.5) uaz (n1.6) 91431

(WY ("
5(2) (%) oy

¥ a s & 14 aa <1 & - ,
D10DNUVVNIDUNDSIADS lavlusmna BSIM niima TuTaduniy AMIS 0.5um 435 &, =

141 pA/V* 110z Kk, =35.5 pA/V? doimunmaneatiodluaunish (4.103) oz'la
(%), %), -5,
L), &\L)J, 355\T
n3e (K) z,{ﬁ) (4.104)
\z), L),

fNAMUN (Delay Time) 9INMINNIUYDINNIBUNB IRBIAIFUN 441 vzuon
fsandiunnaminenaenfsuaamrasinveusdnaluann High W Low ()
3 ' o a & '
uazmINAMURIINNSIAsurAIzasTnveun A TUANIN Low (U High (1) alim

[

a

Low, =

,
L/ B ln(3V°° 4V’”) c, (4.105)
B (Voo - w)  Pn (Voo — ™) Voo

p

tp = —2Vp —+ ] ln(3VDD ‘4V’”) C, (4.106)
B (Voo +V2p) P (Voo +V3)
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e c, fin Auiuszgniodnalua

INAUNIIN (4.105) 1Az (4.106) Miimualinwswudas unlfouveaduseauasfivemiu

» - Ay Vv ' a 4 /a1 . b 4
NN woAsIMseonUUY IMAIIAIMINIYEIBUNB MBI MM aunsavi1ldTaums
v+ o P ' [ (] o v
ponuupldAudYsey C, Tifm Awssduumassw v, MWiinge uaznisesnuuuim
wisiiwes 4, waz g, imge Taunsminmdasidiu (WD), uaz (WiL), feoiasu &
fmuald v, = 0.609V, ¥, = -0.6101V, ¥,, = 3V, (WIL), = lum/lum , (WIL), = 4um/Ium,
Be =141 pA/V’, B, = 142 pA/V', a2 C, = 0.1 pF 9214 1,,,, = 0.3833 ns 11z £, = 0.3810 ns
[NUMBATITIU (WIL), = 2pumvIpm, (WIL), = 8um/Ipm 9214 1, = 0.1917 ns uag ¢, =
0.1905 ns

4.6.2 10s1fSvunsunszue
vsnfFouiounszuadagli 443 Ysznoudaveesazteunszuaiiimsan
Msvonszuaidunile MM, oz MM, Aesaufuiesdunesined M,-M, lau
anzaodn D, Ao wnaTun e:i’lsum_jﬁuwamslﬂ%’umﬁuusxuiwﬁms:uﬁ i, WOT i, M3

Famwesrsesnsaeiuieladai
T

Tua € awddy Mansud i, > i, s ldmnszumasu i, = iy, = i, ¥ l¥usedunlua c

usazfounszua MM, taz MM, ssdhnnsminssuaduwa i, uas i,
ar ¥V o v A » a . .

finudlndmusesiuunaasie v, nieegluannzandn 1 (High) 910M15H19Mv032995
a s 4 9y o aa L4 P [
dunesines MM, stldannzasinvesddaeamiaya D Tauilu 0 (Low) Tunnasadu

hwdminszud i, > i, sxldmnszuansu iy, =i, = i, Musuiilua c faudlndgud

M, M, Yoo lé
F—+— —I[ M,
inl l
Ip2 'ml C i
Dmll
Inzl
I_"_‘I '_'! M
M, M,
' =

3UM 443 29suSvuivunszua
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n3vagluan11zanin 0 (Low) iWoRnisanannzasinfimiayaluase 181 b finudhu 1

(High) 91nmM3auveanesifTouiisuainan eunsadvuiduaunis 1dh

0 i >
D —{ ml 7 Sin (4.107)

-t 1 Ve .
3 bz >

4.63 wamsiavuuUMs INuYeIvsSouiisunszuadulusunsy PSPICE
onarpUALsTouzYBINsS sufisunssuadsz i 443 aziimsnadeu
Tas@ounyumsinuvesaesawlysunsy pSPICE lavlduvusiasavemva BSIM #il
a & U ' w WY - ' e
ma Tuladuyuy AMIS 0.5pm Fameluginssiveamaurazal 1@t muasasidu wiL iy
»
2pm/pum Wiounasmualdnussdunmassie v, miiy 3v
Tuzin 4.44 naawamudounuuMTiIMveINesIssusunssuasnmsilou
aszuaduys i, Wudyaaiaswng 25pa nazaszuaduna i, Dudyaradutulans
AUNLTUIN 0A 1T S0pA AagUfi 4.44(n) TugUii 4.44(v) Lax 4.44(R) uamIanIZaDINR
Tun € nazewnalua awddy lugning 0s 5 ps WemnsEUADUYR i), > i,
an1zandnilua C w50 D, 1ifu 1 (High) Tuvaizhiannrasinfiianalua nie D, 1iu 0
' - 4 a . . v
(Low) Tu%23081 5 ps 93 10 ps iiemnszuaduwa i, > i, 9214 D uaz D 11 o uaz |
MUy nramsdounuumsinild wuidinwaeasdeuiiullaumdnaisma
Lo
nguQ
Tugifi 4.45 uaz 4.46 LARIHAMIALULIVUAITIINUVEIIINTDUNIDIIADS AU

4.41 MBANMIAWIAMUN 1, 1AL 1, V02395 AWwdwy Taetmuald (WiL), = lum/Ium,

60pA
50pA
40pA ] 2
30pA | i\,
20pA]
10pA

0A <

-10, v v v -+ v v r v .
hA 0Os lps 2ps 3ps 4ps _[§ps 6us Tus 8us pus 10ps
ime

(N) NISUTDUYA

3N 4.44 mamsiBounuuMsiMveLRSSS suRsuNITUE
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3.5V
3.0V X
DC
2.0V
1.0V
2
-05V . \ . : : : : : :
Os Ips 2ps 3ps 4ps 5ps 6ps Tus 8us 9ps 10us
Time
(V) apzassnnlua C
3.5V
3.0V 5
DDIII
2.0V
1.0V
oV
-0.5V . : . : : : . . :
0Os Ips 2us 3ps 4ps Sps 6ps Tus 8us 9us 10ps
Time
- 3 L4
() anTzasInfie Iy Tua
3UM 4.44 HanmsBounuumsinnuvesnesfsuifivunszua (o)
4.0V
v
out
3.0v—% RN X
vin
2.0V
volll
1.0V
vin
ovi—¥
Os 0.2ns 0.4ns 0.6ns 0.8ns 1.0ns 1.2ns 1.4ns
Time

3UM 4.45 HaMsBEUHULMITMUINBANIANIAINUN £, VOI2TDUNDIIADT



g3

3.0V

2.0V4

1.0V

(%

-1.0W r ; ; v r v
0 Os 0.2ns 0.4ns 0.6ns 0.8ns 1.0ns I.2ns 1.4ns
Time

31 4.46 HaMsIBEULDLNMMIUNERAABIAMIAMUIN £,,, VBINIDUNDS IADS

(WIL), = dum/lpm, ¥, = 3V, uaz C, = 0.1 pF Tugufi 4.45 uamanamsiouunumsina
vInmsilounsaauduna v, rﬂuf?ugiymi’uﬁu”lﬂﬁﬁfhlﬁui';umn ov i 3V wud $ranm
fisuseiu v, = 0.5%,, = 1.5V oz ldnamuiag 1, SUszan 0.4016 ns

Tusufi 4.46 uomamamsidounuumsyiausnnsilouussduduyn v, dudya
Futulafifimanasnn 3v du ov wuh $ranarfifussi v = 057, = 1.5V w14

AMUN 1, TANS521791 0.395 ns

4.7 unagy

Tuunil iRnandmdnmmhounesquauiaidsyuesansdesie q fosauuy
Tavldueemsmimany Fegmith/ 1§ lusanessin ADC aawgluuyildimely
Snniiwusil Falsznoudan aesasieunszumuRug MeshifanszId 1M
qaqa 203 ThndFuduysal nesdunesines uaznrvsSvuifvunszua wouruanawans
Bounuumsinuvesnesdn g awllsunsuy PSPICE wieidlumsBudumussouzas

NNIUVDINDT



a
unns

N3BONUUUDANDIENA ADC ﬁ‘l-i“ﬁ‘l-ﬁ)

5.1 nanm

1 4 v

womluunilsznandidnnisviieu nsInsziguanAnIsiiuy tasnans
ounuuMIiuaeTUsunsy PSPICE taz MATLAB v938an0355n ADC minausly
o o (d’: é 3 ) 3 o @
Moiwusiiarugduuy #ldun mseeauvulasldessidanssua [32] mseenuuy

Taol$evsmmigega (34] nazmsesnuuy Tnol¥rseslansuduysal (36]

<y s

5.2 9ano35in ADC NiMsassvanuunsolneldsessinanseue

5.2.1 MINNINVIIIDT

vnnesiidanszua MM, lugdf 48 mwsevumiaiiiusanessin
ADC fifinsassianuinsdning 1 5alddagUi 5.1 B2 fenszua 7 uaz 1ilusinssue
AvfilaznsuadIeBe ARy maiauvenesamsansnuldid vunauazaes
vooda M, aoswiuueanta M, iliuomin MM, imhildhosesazfounszuad
Taouowinn drimualddasido wiL veawemmla MM, fswifu Sasinisdariu
ATEUAYDINGT MM, sxdamhdumils vemna MM, Famsamfunsesasiounszue
MM, uaz MM, vmihfidusesnFoufoussniasnssumasu ip, UAT iy, O

dyyiuataeamdna D, vomra M, Hmvhfideiunszuaoinvuasulydnvese nieu

Y o

L ] .

nuimihfismuaussauisunaTualiiidneg  Sidmualidasidm wL vewean

M, -M,, tiaz M,, ifuilugeamwessasidau wiL veauoama M, uas M,, ey 9213

1 womna M,,-M,, uaz MM, imdniduses aziounszuaniisasimsdaiunssug

pirfuaes dimualisasidau wL vewema M,, uaz M,, Tduniiu vema MM,
o ¥ :: 3 d‘dv 1 ' e 4 A a Aa

wimihfillunesazfounszuaifisaninsdiimnszummidunils doRosaniisuna

Tua191dn
Ipyy =i, +1, (5.1)

° é o o 1] L t

MAMIMUveINIsaziounssud MM, Fdlidannsveenszuamiiumes wxldm
N . ISRl 1 ar . d' - A:‘ 1 4 . A

AITUTATY iy UAT iy, UAUMAY 2i,, WeNIsanRTun A szldnszua i, dadlunsue

>
BuUNATIMIUNTIINARTIT Un1Aail
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iy =iy =(21, + 1) =2ip, - (21, + I, (5.2)

doumusnszuaiasy i), nauns (5.1 aalu (5.2) 9214
iy =2i,~1, (5.3)

1INMINNMVBNRTATRBUNSTUT M, M, 1Az M,-M,, 921371

Ips = 2ipys = 2ipg (5.4
iy =lpyy =ipyy = 2ip, =2(i, +1,) (5.5)

ieRnsaniiorina Tua J 92149
Iy =lpyg —ipye — 21, (5.6)

HounuAIINANNISH (5.4) az (5.5) aalu (5.6) v'ld
i, =2i, —2ip, (5.7

oul

vinaumsh (5.3) Snszue 2i, Tandeendnszue I (2i, <I,) mnszud i, sxfinuduay e

AsTUd i, Hnaludnaesiianszua MM, 92189
ipa = ips =i, (5.8)
Ips =ipy =ipg =0 (5.9)
eunumnnaumst (5.9) aslu (5.7) sxIddnszumewinn i fio
i =20, (5.10)

ont m

INMSNNUVBNITISsufivn M-M,, MoM,, az MM, ienssumasu i, IAunny
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. o an t o o -y o =
i, InznszuAAsY i, Bawndugud v 1ddagudiaeamaya D, lauiiu 0 (Low)

Tunsdifinssua 2i, SAmnnndmSeriiunszue 1 2i, 2 1) aszud i, sziduilu

van ienszun i, §nalufanesirianszua MM, 914
ip, =ipg =0 (5.11)
ipg =ip; =lpg =i, =2i, -1, (5.12)
ieumuAnInaumsi (5.12) aalu (5.7) sz ldmnszumewing i, i
e =2l ~2i, (5.13)

21NMINUVBINITN suTiey MM, MM, 1Az M,-M,, I9nsSUmasu i, Jaunify

4 - | v . Y o aa o s .
AU uaznsTuATY i) Inuiny i, 9 1dyauAtaonieidnya D, finuilu 1 (High)

14
! & o

VINuNsH (5.10) uaz (5.13) anseazd1dinszumerdyn i, sxiinifail

) 2i, 320, <1, (5.14)
|21, -2i, 320, > 1, '
NIRRT suifioy e 1dduauASaeaedya D, e
0 32, <1,
D, = ) (5.15)
1 2,21,

INTUMIA (5.14) taz (5.15) WuIwsMinaueah 5.1 vimhiidlusane3siia ADC

wuin 1 Danlimsassviauuunsg

522 malinsigamiannihauvesdaneisiin ADC Taul¥asesdriianszue
msiuveadanossin ADC Taoldesdrnanszualuadedn 5.2.1 duns

- tY ' o e 3 v a . [}
fmualivemmaudazdliguauidihu hlawgaunduazveaayadafinisilugn
Winszuadud dmivlumalfiavemandazd bisunsdtunyadszasuazamsud-

Y 4 J [ ) ] v o . 9 °
ﬂauﬂmmuwaauamﬂmma:mum'lmﬂuouun li‘luwanﬂnﬂmsnu:mimnuvmww
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t = o« y d’ a 4 wa ° [ a o
idduldawmgug Tuideiiszfunsiinszviguaudanisiniuwesdanessiin ADC
o -« é L3 - . * -
Taoldaeesdinanszua §08un AnuAanmnlumsdrunszun anufanmaazoy

° a o b 4 ad = P -]
$noudafidhu 14 nansznuvesgamgiifin/fsunas massuausimaniwd aawdaly

MsuUadiu HazAMSAUINAINIWAITA (NIAKUIN R)

. MIIRIHANNAaNMaluM TR IR
anuAananlumsdeiunssuauedanessin ADC #eenuuyTasldaaes
Sifanszuadag 5.1 sxfaninauienainverses e Neunseua M, "M, (g,), M, M,,
(5., MisM,q (£,), Az M, :M,, (5,) HRzAURANEIAYOISIINANTZNT (5,) undn

AMUAUNUSIZTNINATTUMDINNYA i, LASATEUADUNA i, (MARUIN R1) veiidaii

Zii" (l - 6'll) > 2iin < [u/
Lot = . ) ) (5.16)
21, —(4,(1-¢,)-2i,(1-¢,) +26,,1,,.) 520,21,
A
o 8” = 5p|z + Enl - gplzgnl (5~17)
En =€,y HE0 — €8 (5.18)
€3 =& tEH —EpEy,, (5.19)

VNANMIA (5.17) SnnwRaNan £, uaz g, TAnlszanm 1.7245x10° uaz 1.3044x 10°
amdAy xldniwianain g, TAnsana 3.0267x10° Tunsdifnszua 2i, > 7_ &
ANUAANMIA £, = 1.579x 10°, £, = 1.0412x 10°, ua¥ g, = 1.1023x 107 9z ldn2miAanan

g, 10% £, UANfszunl 2.6185% 10° uay 3.6282x 10” MUAIAY

v. madnnziasRanmarzTy
o - o~ o o § <1 Y 4
TumsdinsermuRanmaazauvedansisiin ADC Hilnraesimiuuingg
e N dadgi 31 esdnsedlunsdiiminssue i, = 7, anuRanainazauves

] »
9ano35iin ADC neenuvulasldnessinanssuavuia N i (MARUIN 92) 2TiAIRail

£, = (2"*' £,-2"e,-2"e, - 2,6, + 2% e, 5, + 2V ), (5.20)
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10, =1,=50 pA, N=8, 5, = 3.0267x 10°, 5, = 2.6185x 10°, U0z &, = 3.6282x 10° 9214

7]

ANURAWAIATETY £, UAsTuI0 20.62311A 13D 0.825 LSB

do H
n. Midmaensnnudanivia
anuRananazaunnavu lun1sudasfuYedansssin ADC vun N U el
HAADYIUIUDANTBSUIUVEY One-bit Cell MINMIADNIAAAAUINDIANUAIINALIDIAVDS
Apc swaudafiiuly 18 fieunseminerdanedsiin ADc Tavldhaesirfanszuadagdi 5.1

WIADNIAAANU (PIANUIN D3) AiD

1
N, = Round{1+] 5.21
. = Roun { og,(z(z%_g’z_ ”))} (5.21)

616, =3.0267x 10°, £, =2.6185x 10°, Az £, =3.6282x 10” 9z 1d31 v, TAwiriu 9

o d -al ™
A MIARTINRANSTNUVBRmaiiinlanunlag
nsnasunlasnguugll AT sxlinadefmsauilua A (v) vedsaneisin

] »
ADC Tagldnessinanszuansgl 5.1 (nnmuan a4) fail

_AT /ﬂ -
AvA-3OO( Z J aAT (5.22)

dimuald 7, = 10pA, B, = 423pAV’, AT = 1K, 182 @= 134 mV/K WU MUy v, Hf

* v »
anng 0.952 mV 1BYUUNNINNAY 1K 130 1°C

2. ﬂTi’)lﬂTl‘JﬁNnﬂBUﬂNN‘n”Nﬂ’)”lua
a 4 ~ a o o w o $
VIANTINTIZYNTTNYAYEITaneIsln ADC lasl¥essitanssuadagali

5.2 (MARWIN R5) 1iiB C, = C

¥ v o f
a2+ Coy + Cpg WAZ C, = C g + C,, + C,, 92 1ARMWT IS

STHINANTTUMOWNA i, UATATTUABUNA i AD

four . Bm68mis8ma8ms (Teus + 1)(T|c1.ps + 1) (TZCLpS + 1) = 81 8umi6&m1&ms (TaceS + 1)
by Eme8ms&mr (Tlaps + 1) (Tzczps + 1)(TJCL5 +1)(Tiezs +1) (Tees +1)(Tos + 1)

(5.23)

ngCg.vG + ngCgﬂ + gmGCgJJ
nggInG

I

Ty, (5.24)
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Tpsteg z
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@ al N
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Yaltg 3 =
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1A =
|®]
vr3 N 5
14— O —{ 1> =
A »Pg E
g <] 3 [0 3
I — 1> p -
«© wrg »—4 &
4 kg E
53,
ls 5+ @ata)™3 9‘::‘”3‘ 3
AN kel
VAZ"'g ,{,D
— e T
7!‘?3 v -~
=/
1, ¥1wg
*—{ 4 8
trg < LY
\_/ a
1,Eiwg Fak
— e © A -
Py
#h - l uwg . u%:
Lo
‘_—xlz(:)_‘_ (’A _HA)II"'g

sue

2395910003

fveedanessiun ADC Taul

HAAADUAUDINNAIINDVOIDANDTT

L4
[
@

A1

2 Nosauyaluns

N s
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CpiCpus +CpsC

gs6 gs3 " gs7

ngCg.vG + ngCg.ﬂ + gmGCg.vJ

Ly =

C ..+ Cg,,s

_ g5

L =
Emis

Crr +Cps

_ sl
Ta=
mi7

C ..+C ..+C

T g2 gsl3 g4
6CL. —

gmlz

INTUMSIN (5.24) D4 (5.29) 22 IAdumiaves Inausazaa Ao

Emi18me

Pics, =
2n (gMJCgJG + ngCgﬂ + gmGCgﬂ)

- ngCg:6 + ngCgﬁ +gm6cgﬂ

ﬁ’zap

T oo (Cg,,Cg,s +stscxs7)
Psca = 27 (Cj:‘:' Cgsls)
st =Z,—(Efflim
s :2”_%2‘:5
s = Zﬂ(cg,n fg:m +Cpl4)

91

(5.25)

(5.26)

5.27m

(5.28)

(5.29)

(5.30)

(5.31)

(5.32)

(5.33)

(5.34)

(5.35)

nnran Idnnmsdsunuumsinuvessane3siin ADC Tauldessiansuaasgui 5.1
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wldnmnsliinesan q el g, = g = 1.6576x 10™ AV, g, = 3.450x10™ AV, g

m2

1.5429% 10° A/V, g, = 1.7455x 10* A/V, g, = 3.8047x 10* A/V, C,,, = 5.1856x 10" F, C,,
= Cp’ = C‘1|7= C

218

= 1.638x10™F, C,,,=2.34x 10" F, C,

gs12

=59264x 10" F.C,_,=C,, =
-13 -14

1.1853x 10" F, C,,, = 3.704x 10" F, uaz C,, = 7.408x 10" F WU p,,, = 311.936 MHz,

Py, = 315 GHz, p,, = 250.133 MHz, p,, = 1.849 GHz, p,, = 2. 348 GHz. uaz p,., = 82911

MHz mummmmmimnuvaaaanasﬁuﬂ ADC ﬂdiﬂ'n 5.1 il“‘llll‘t')UﬂU’NQiﬁ“YlUUﬂi"llff

M,-M,, Hundn Fsrnsormann1dae 82911 MHz

o J o (v
1. mﬁmﬂznmmls'ﬂumsuﬂmwu

anusrlumsutasiuvesdanessiin ADC Tasl¥vvssidanssuavuin NV Ua

(MAFUIN R6) TLVAUNINU

teery = Ny +lancry (5.36)
1o fuep 110 AIMUNAIAANMSMINUYENI BB enszud i,

tuep 119 M MUNTIRANNMS IV TsTindIASnoaondna D,

MNAMUN 7, TsaRvsanldnniadiiaveinanounuoimnNbveBansssin

o o 4 2 te 1 Y . o
ADC Tavldaesirianszue [44] Fa¥uegiunnadanal (Time Constant) T, 1iundn i
1981 £, INTIHDINAWIMIMURVINMTNOMRNsS suifion 411 N =8,1, ., =

Toc, = 1.9981 ns, LIAZ £,,c,, = 2.1307 ns 93 19T 1, = 18.1152 ns

MCL)
. M3INIEHAMSIAUINAINBAIYA
NISANTIHAWSIAUINAIIBAIYA V., VOIBANDIENA ADC Tavldaaes

Sianszuaaazlh 5.1 mwrsenesanldvinsnuveaiagigandeszninusau

* i 4 a3 ¥ o d’
UMAITIY ¥, 1AZAT1IA (1ARUIN B7) Falim Taodseua el
Vonimin) = 2V + 2|V | (537)

fminsoenuuyees Inslfiuudasauemma BSIM nilmaTuTadiuuy AMIS 0.5um him

U ¥,y = 0.609V AT ¥V, =-0.6101V 9z'1dusadu v, ., BAnlszanm 2.44v
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523 WaMsIBEUIIUM119Mve93938TUsun 51 PSPICE
(HonAToANTI OUzBIsanessiA ADC Taoldevsirfanszuadazalfi 5.1
sainsnageulasBounuumsiamvesnnesasTusunsy PSPICE Taslduvusiasa
oA BSIM AiimaTulabuuy AMIS 0.5um Famulugunsaivemrandazda Idmun
Sasrdau WL fnsed 5.1 wiowtermuald sussdumasi Voo HAZAMS AU luLDH
v, W0V 5V 1Az 3.5V AWEIAY H0zMINSIuaUNaNne I, 1, uaz I_ dmualiiiy 1opa,

20pA, LIBL 50pA MURIAY

MINN 5.1 6A3 VeI WL veaweaaludane3siin ADC Tasléarssiianszuadagii 5.1

usHING W(um)/L(um)
M, 3/10
M, M, M, M, 5/1
M;,M,, M, M;, M., M, 7/1
M, 4/1
M, /1
M, 412
M,,,M,, 8/2
M. M, 10/1

Tugdh 53 AuranisiBounuumsinvessaneisin apc fildianiudgUi
5.1 Taodounssuadunailudygaidasefiinsulsamn 0a 81 sopa ienamoy
AuaulAinminueesnes nndnusnwlouldasiluzdi 5.3(n) uazdSnoaimdnalu
.-_; \J ' é J v ¥ 3 & ] = A ’
1M 5.3(v) wud Baanminszud 2i, Santesninssun 1 Jullugafinssud i, asenin
«q 1 4 4 . a0 1 e . & a1 a 4- P
0A D9 25pA sxldnszumerdya i, HAwmAy 2 FOAUNLAUIIN 0A B 50pA uas
annzasinuoaneaeInya D, Tnuilu 0 (Low) ualusnfinszua 2; fAnnnndnssus
& v P ., @ : 1] - Ve o [ . < 1 e
I, Juilusnfinszua i, SAdud 25pA 83 s0pa ' ldNmnszumerna i, SAuridy
J - § - - - < 9
21, - 2i, HTUMAANWIN S0pA D 0A HDTANNIZRDINVIATABAI AN D, Tnuiu 1
. 4‘ “ e J é ° ;
("igh) werlumstuduims luusaueamaiannsveminssuraunsoaannuifivuves
fygrunszumernya Tavinsulsmnssuavoumassw 7, idoauuulusn 1opa Wy
SpA unz 15pA Auaairavesdnyusowlouasiwinusigagalugdn 54 wun

» » [ +
pszuADWYAIRAR IR LUMIAGY oM nTEuueaunane 7, isavuluain 10ua
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S0pA-

40pA

30pA+

oul

20pA

10pA-

0A T T ¥ T - T T v
0A SpA 10pA 15pA 20pA 25pA 30pA 35pA 40pA 45uA  50pA
i

m

(M) ASTUTDIAYA

5V

A °

3V

>t

PAY
1V1

D,=0
ov /[

0A  SpA  10pA  15pA  20pA  25pA  30pA  35pA 40pA  4SpA SOpA

i

in
(v) ASADAIDIANA

517 53 wamsidsunuunshinuvesdane3sin ADC Taoldasssinanszuadsglin 5.

dMSuRaNISIRUUILNARDLALBINKATINGYDISaneS s ADC Tauld2aessiia
nszumuanldmgUi 55 wud apc TaeldesstanszuafisrennuiufiRamgaga
Uszuat 79.695 MHz vinmsiauveanesiianszualuiadod 4.3 nudwema M, uaz
M, iJ:aﬁuﬁuﬁwwvfuﬁumjﬁnmm:uﬁ i, Wornu a2 lumsa3ad (Switching Speed)
yosupaa M, uaz M, seimstlounszuaduna i vessane3sin ADC finaelugli
5.1 Hudyaaduiule [10) deflounszue i, Sudyaraduitafitmduiun 15ua

»
i 35pA mIAMsiRMYBINes A RBUNSIUA M,,-M,, 9t dnTzua i, Wiudyenmtuiila
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Iy =5pA
S0pA;
1, =10pA
s =15

49pAd KA

48pA

47pA v v - ; v

23.5pA 24.0pA 24.5pA 25.0pA 25.5pA 26.0pA 26.5pA

1
in

311 5.4 Ingagavesilandudiwlouliasaves ADC Mgl 5.1 Taousanszue I,

0.9

inu/ iin
(=]
oA

0.31

100K 1.0M 10M 100M 1.0G 10G
Frequency (Hz)

51fi 5.5 wansuAUBINIANINDVBIBaNDIsNN ADC Tavldesinanszun

Aeudniunn —20pA 1T 20pA ﬁagﬂﬁ 5.6(n) innNamstﬁUunuumsﬁnm‘lugﬂﬁ 5.6(1)
wu1 Tug2anan 0s < £ < Ins iifenszue i, fnntosnigud (;, < 0) uoamia M, uaz M, vzoy
Tusnmzinssua (On) uashhinszua (Of) awdwy Taofinszud i, = —20pA uaz
i, =0A Tusawan ¢ 2 1ns nszud i, sriiRunnndgud (i, > 0) vema M, sxrinszumMu
M, iiioRssaanamanszue i, Snsnlasuadly 90% Sudusenariinszun i, §
miu3uen 0A T 1844 92185 anarlumsaind on veawsanin M, Helszanm 0.482
ns ioRvsandrnmficinszua i, fnswdoudaly 0% Juiludrearfinszua iy,
AudAsuatn —20A il —2pA exldsanmlumssind off voeemma M, Tidnlszum
1.073 ns unsdintlounssua i Hudugmduiuladiisennmn 3spa du 15pA 0214
AT £, 1i‘luﬁ'm_,apm17’uﬁu"lﬁﬁﬁﬂ'mﬁmmn 20uA tiu —20pA ﬁqgﬂﬁ 5.7(n) NHaMsIALY

wwunsimlugdii 570 wuh usena os<t<ins ienszud i, Jannandigud
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40pA
30pA '\_ i
20pA
10pA — 4
0A{
~10pA
~20pA
~30pA

0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time (ns)

(D) NTSUTBDUNWA i, HASATINT i,

40pA;
30uA.
20pAl
104A. ips

0A:
—10pA]
~20pA N
-30pA

)

0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time (ns)

o a o
() anusrlumsaIntveaoaa M, uas M,
P = . ] - a &
31]11 5.6 Nﬁﬂ'ﬁlﬁUlﬂlUUﬂ'ﬁYl'N'lulWE)ﬁﬂH'lﬂTlllﬁ'ﬂuﬂ'ﬁﬂ?ﬂ‘ﬂﬁ]i)ﬁﬂf)fﬂﬂﬂ M, DT M, 111

v _a_a oo_qd . 4 . Z oo dar A J
sane3siin ADC asgilii 5.1 Wetlounszua i, Wudyanudniulenlnukuiiu

G,>0) womua M, uaz M, szegluaniizihnszud (On) uazhirinszud (Of) awdny
Taof iy, = 20pA 102 iy, = 0A Tug29901 £ 2 1s A3zt i, exlindooniigud ;, <0) womnn
M, sxihnszuainu M, iiieRnssnsamaiisnszud i, Inmsu/deuasly 90% Fuih
Yanmiinszud i, Snmlfounn oa du —18ua 1 18%290alunsedad on veawomla
M, fifmlszann 1.105 ns iioRvBEIRARMAsIIY 7, Tmswasunlasen 20pa iy
0A a2 1d9ranmlumsednd off vowsmnla M, TAnlszana 0.628 s ienfSouifouam
Tumsaiasveauomna M, uaz M, fumnwanawesTnaTaarudaaunisii (5.29) adu
FadiinvesnaneumuBINAUEDISaneisiia ADC fgfi 5.1 wudh nalunsaded
voanemna M, uaz M, laniound aafu msdinszdaams Tunsiasiivea ADC &

51 5.1 ludiidumsadunszumeidna i, SinsanlavnminsdinatuesTna lnadu
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40pA
30pA;
20pA [— -
10pA;

0A-

—10pA

i
—20pAl /— 4

~30pA

0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time (ns)

(M) NTZUTDUNA i, LATNTEU |,

40pA
30pA.

20pA
10pA

0A

—_—

J Ips

~10pA]
~20pA] i
-30pA

0 02 04 06 08 10 12 14 1.6 18 20 22 24 26 28 30 32 34 36
Time (ns)

< a o
@) M lumsadasveswemiva M, uaz M,
] a ° A o a o
gil‘n 5.7 Nﬂﬂ'lilﬂUullU'Uﬂ'lﬂ'l'lsﬂumaﬂﬂﬂ'lﬂ’ﬂnli’J1‘Llﬂ'liﬂ’Jﬂ‘]i‘Ui)Qllf)ﬂlﬂﬂ M, uaz M, 11!

8ano35iin ADC A3l 5.1 edeunszue i udyanuduiulaniisanas

waiumstudunsiuvesdansisin ADC e N Oa Taumsilszyna 19
$an0350n ADC 1A 1 ailAvaNTuRagUf 51§10 8 2095 (V = 8) Aen ARG
[Husane3siin ADC vin 8 T Taumsasidiu wiL vewomranazsda e 9 20
oy udunAIE A MUAITUIRSIAUMSIRILILUNIHINS NI TiiA ADC wua 1 1a Tu
i 5.8(n) weasdoyamnssue i DAk 8 (LSB) Tungauna 1ﬂaﬁmfy1mn5:uﬂ6uwﬂﬁ
MsusA19In 0A B3 50pA v ddyanauedyavesyndanlsfegszning 0A B sopa Ty
finunhevesgvesdaanagtammasusazsUianlszun sopan® = 0.3906pa Tu
2R 5.8 uameransEouuunsTievesdanessiin ADC vun 8 Tn MonFouifivy
walunegaunddeglit 5.8(0) Auramsi@ounuudgli 5.8w) nudr wansEouLYLMS

1N 1UYD5aND35iiA ADC YA 8 T wiidygauemyaveaniiafinsulsmegsznin
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SOpAl
40pA
il
ol 1
— g ! [
20pA-" fii!
Hot
it i
mMV
0A | 0
0A IpA 2uA 250A  26pA 490A  SOpA
Il"
(n) dyaunszua i Uah 8 Tunngaund
50pA
40pA
230pA
20pA]
10pA
0A 2
0A 1A 2504 26pA 49pA  SOpA

’in

(V) HANISIBOUILLUMSNIU

H o a o o a o o o a
37 5.8 nIzuADIANALAT 8 (LSB) v38and3sin ADC Tngldnesditanszuavuin 8 in

0A T sopa wu@dwRURAluNNgANA Suihdyanugdmumisuudasglvenants
Bounyunsiauesinnudsunazanufanaasraunnaiy Sudlunaueinaa
Aanainlumsdanunszuaves ADC e 1 Daudazeesiinnaemmnafiu
TumsTinsevmAanaraau liFudunann (ONLE) uazmAanatanw iy
Fudunasa INLE) vessane3siin ADC Tasldssirdanszuauing 8 fiadaguil 5.9 uaz
5.10 93As 9 IRANISELUIIUDMITaYes ADC AtinwAanatnlumsderunsua
Faaunst (5.16) AaoTusinsy MATLAB 9ngUit 5.9 ez 5.10 nuiwuavessfianain
DNLE uaz INLE IMmgagalssuim 0.0898 LSB uag 0.1253 LSB Ad1au snfusanessin

ADC Tagldessiianszuaiinauesszii 5.1 awsmiwnlszynaldiiu ADC vua
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g dnla TauligadnuasuyyTuTuTndauaslunsulasiuse IAdyanursaoaiyansy

nniiaTaoluiisvaviane (Hadioh 2.3)

0.02 T T T r )
S } ! poA -
Ve A M O N Y MY Y AT ; c A
0.00~hv§!rvu .ﬂf{mg[‘.s (gﬂr\l'[ﬂ !‘}W 'F‘U! ﬂliL’V i i R
b | - k ! § i
: ¥ § : H
-0.02} 1 | f | [ 1
o |
3 1
o -0.04}+ 3
~J
=
S
-0.06} :
-0.08+ -
_0.10 1 H ] 1, 3
0 50 100 150 200 250
Digital Code

35U 5.9 71 DNLE vesane3sin ADC Tasl9aessinanssuauiia 8 Ha

0.15 T ¥ y ;
I
ll
{\(”
0.10F A7 N
/] PV ,
,J ‘ / ,':
) y N ) 'V/
7 Vo \ Y
= 0.05} /”' 7 i / 1 A
o ;o / N I
S 'V' f / / l
= f ) /\. l e
’/li r"] |/ Y
YRy ;
0.00} A \/ / .
-0.0f L H 1 H Il
0 50 100 150 200 250
Digital Code

31U 5.10 A1 INLE vodane3siia ADC Tagldatessrianszuauuin 8 in



wnanstuenansianubidmiunslsnuiionisfnwinitu lweygslnilulydssloguaiunism
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5.3 8ane35iin ADC fifimsassianuuinsdlasliresmmgaga

5.3.1 MINNNIUVDINDT

2eMmgaga M,-M, Tugifi 4.20 sunsminiauniiugane3siin ADc #
insaesimmnsdvug 1 SaldfagUf 5.13 (34] meiavesesamsoesue 1@

drimualddasidau WL veawomra M, -M,, uaz M, Baududeariwes
ORIV WL Y0WomAA M,, uaz M, AMd Wy 2WesazRounssud M,-M,, iz M, -M,,
wiivnsimsdaiunszsumiivans Simualisasidau wiL vewwedma M, uaz M, 1
AUMAUAGAIIAIN WL vowomia M, uaz M,, Amdwy nesazfiounszua M, M,
uaz MM, iimsnsinsdsiunssumifunily somma MM, Meamsaufuaes
Buneiined M, -M,, uaz M,-M,, imhfidursesnSoufvussninsnssumeasu i, uaz
oo nﬁoﬁ'nﬁnujmnmﬁ%ﬂommﬁwﬂ D, iifonvnisaninsssaziounszua M, M,, Uaz M -M,,

az'la

Ipie =lpyy =ipyy =Ipy =20, (5.38)

Y o

a o4 . I I3 !
ddmualinszue 7_ Junszuadrededadiined vinmsinuvesesmiigaga MM,

wldminssuaasu iy uas i, veawsmma M, oz M, uazinszuagaga i Ao

) 0 320, < I,,f (5:39)

1 = .

22, 2,21,
ips = by 3200 <Ly (5.40)
0 2,21,

_ I, ;2,< I,,f (5.41)

2 320,21, ’

weniosanh Tua C o214

ipt7 =i =1y (5.42)

»
° ' 1 ¥ o
NAMINNIBINeATOUNTIUN M,,-M,, AnTEud iy, segnunuifuasamt nivmi

gnduun lfewnyalua E Taoh
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bous = ipya —lpyg = 28, —2ip, (5.43)
a . a }
WoIMUMINAUNIIN (5.42) aalu (5.43) 9z 189
ioul = 2im -2 (imu - lr(/ ) (5-44)
dounummINaunIsh (5.41) aslu (5.44) 0zlAA s zuaiednn i, Ao

2i 320, <1,
i, =1 no (5.45)
20, -2, 32,21,

n
. da e [ Ve <
i)'lﬂﬂ'li'VI'N'I‘LHIEN'NQSﬁ:ﬁﬂHﬂ?zuﬁﬂuﬂﬂi'lﬂ'ﬁﬁQN'INﬂizllﬁl'n'lﬂUHNQ M,;-M,, nIzue

195U iy, FaliAumdunszumasy i, vzgaduurli Tua D Tash

I, =Ipis ~lps =lpys —ips =Ip3 ~lpg (5.46)

doumumeINaunsh (5.39) uaz (5.40) aalu (5.46) vz ldnszua i el

-1 320, <1,
i, ={ S (5.47)

2i, 2,21,

vInauMsh (5.47) wonszua 2i, < I, nszud i, seliauiuay dnfunszumasu i, vea
voaMn M,, TAUMINUNTEUT I_Uaznssumasy iy, voasmra M, Iaunifugud sinms
MamvesnsTsuiion M,-M,, oz lddyenaitaeamwna D, Tnutu o (Low) lunsdain

2i, 2 I nszud i, Snudhun sxl8nszumary i, Inilugué uaznszumasu i, Sm

4 Ll
iy 2, AnTudyauddeeamine D, selnuilu 1 (High) minivaeensdiaunsadiou

1 4
aunsdmiumdygyruadasamanys D, Tdail

v e

(5.48)

o =

0 320, <1,
1 2,21,

MINAUMITN (5.45) 1Bz (5.48) Wuesiuauendzli 5.13 imihiiusaneIsin ADC

va 1 TaNTMIassHauuIngg



104

o d ° w a a
532 MmdnsnguaNiAnghauvedanessin ADC Inslisesmmigega

vinpuaviavewwsaalumaljianiiamswdaousnuaud i uoiug

uazueamauaazAatino luaunainumnlsems durailiaussouzaisitnuees
»

Tidhillamgud  TumdeiivziunisTinsevguauianisinuvesdanessin  ADC

v & J a [N a .
Tl maigage Fa1dun awAananlumsdaunszua aowAanaaazay s1uiu
a o 3 ad - a 1
tafiiu118 mansznuvesgamginn/founas wansvausamnnud anwFalums

UUaAU HAZA WS IAUUNDITWAIA (MAKUIN )

f. MIdRNEHANURANMIAlHMSTHIUNEI
anuRananlumsdedunssuavenesdmiudanessiin ADC Teonuuu
TavlFaesmmgegadaglit 513 ssfannanuRanainueanesmagega (s) uay
AUAANDINVDINTAZNDUNTZIA MM, (g;), M;"M,, (£,,), MM, (g,), 1oz M;;-M,,

(e {undn ﬂ'J‘llJﬂuwuﬁ3H’J1~1ﬂ5=llﬁlt)‘lm‘!ﬁ i, UASNIZUADUNA i (MANUIN F1) 92T

At
2iin (l 4)+ zgmtx ref 3 Zih: < Ire/
i, = (5.49)
2L, — (26, (1- £, —265)+25,,0,,) 320,21,
Taun £ =8, tEp — €3 (5.50)
uae Eis =€t Enur ™ Ep32Eima (5.51)

VM IMUAIMSIIReIAN 9 Nldnnms@ounuunsiniuvesdansssia ADC fagUi
5.13 axldnnuianma g, = 4.150x10° Tunsdifinszue 2i, <1 928 g = 3.1104x10°

dmiunsdifnszun 21, 2 I_l1d £, = 3.3166x10° fanuiawan g, = -1.8376x10°,

P31

£,=-3.803x10°, £, = 1.8661x 10°, g £, = 3.3166x 10” oz ldnwiAanmA 5, Loz &, i

ANlszuIn —5.6476x 10 1AL 5.1705x 10° MuiAY

v, psAATIzIANRANIATE Y
1ndanessin ADC  hoenuuulayvldnesmidigagaving N da etoum

nszuaBuna i, iumnszuadeds I, sxldnnufdanmaazanyedns (manuon 12)

¥
@ ot

AU
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2" +2Ve, -2, +(2" - 2)5,, ~2" e, 55 +27 8,
£y = L, (552
_2N 8124 - (2N - Zz)gmugm

81N =7,5,=5.1705x 10°, &, = -5.6476x 10°, £, = 4.150x 10°, uae 5, =3.3166x 10° 914

ANUHANA T aNIANITUIN 24.45pA M50 0.978 LSB

- da o H
f. mMsinsendudanivifla
) »
AmRananaauiinavu lunsilasiueewansssin ADC vua N Oa sl
WaRBS MIUTANTOIIUIUYDS One-bit Cell MimAemananu st 1dd msy

nABMAIAANUYEITANDI Bl ADC Taslfraesmimgagadaztii 5.13 (Manuan ¥3) flo

l+4¢_..

N, =Round{1+log, (5.53)

2(28,5 +Ey—Ept em“)

81 £,=5.1705% 10°, &, =-5.6476x 10°, £, = 4.150x 10°, uaz £, = 3.3166x 10° 9z 1A mam
va N__NAumiu 8

o d -nd' -t
1 MIANTIANANTENUYBRaMg N AnMIn)ag
= ]

Aﬁ' 1 o A\ - tﬂ' “ \J a
nsnlasunlasmgangll AT eslinasenussdufilua B wieawssiulunen

' >
v, ¥038an035un ADC Tasldasmengaganszti 5.13 (manuan ¥4) fail

Av, =ALF [y | |2 |_ppp (5.54)
w0\ 5 " A

811, = 10uA, i, =50pA, f, = 85.20A/V", B, = 564uA/V°, AT = 1K, Uias =134 mV/K 214

fAusau luned v, ifuiuidu 0.3386 mv iogamgiiiiudu 1K n3e 1°C

2. MSANTNNANBUAUBINMIAIND
1NN ARSI NS TUYavesdanedsiin ADC Taoldavsmaigegadagui
5.14 (MARWIN 35) MBARsIHMTIRNDURIRmves ADC Tuzli 5.13 eldnaw

LR 3 1 4 a
AuRussznInmassumoIdna i, HATNTZUADUNA i, ND
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L..,,_ ~ Ema&m1Em18m28ms (T;xs + 1)(7;xs + 1)(733 + 1) ~ Em1sEmoEmi2Em3 (Tsxs + 1)(T5S + 1)(723 + 1)

fo 7= (82 + 8ms)Cas
gmlgmll

- Cpr +Cps +C

g58

ng + gmB

T + Cm
2

x =

Con

gm]

T,

Ix

i

C,.,+C

T = gsl gs18
=

gml7

Cpo  Coo+Con +C,

g3 gsit gs12

T5 =
Emo Emo

T - ngll +Cgs|4
¢ Emt3

210aUAISN (5.56) D1 (5.61) 9 1AAdmvLves Inaunasia fie

Em28Em
f-px =
l 2”Cg:3 (gmz +gm8)
_ﬁ) — ng +gm8
2x
27(Cppy +Cpps + Cppg +Cpig)
. gm]?
ﬁ) =
* 27(Cpry +Cone)
Emio
Jps = >
* 270(Cpnp + Cpoy +Coniz)
Emia

tpe= 27 (Cons +Cona)

£s14

in gmlogmllgm”gmlgml (T;XS +1)(7;xs +1)(7;S + 1)(7;S + l)(ns +1)

(5.55)

(5.56)

(5.57)

(5.58)

(5.59)

(5.60)

(5.61)

(5.62)

(5.63)

(5.64)

(5.65)

(5.66)
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nnrafl ldsnns@eunuunsiuesanessiin ADC Tavldeesmmigaganazai 5.13
srlddmslinesan q daill g, = 22144x10* AV, g, = 9.8210x10° AWV, g, =
2.1109% 10™ AV, g, = 1.599x 10™ AV, g,/ = 1.9371x 10™ AV, g, = 1.3631x 10" A/V

=C

Rgs12

=C

18

Cpr = Cpy = Cpy = C,p = 936x10° F, C,,, = 7.408x 10" F, C

2 g1t

1.4816x 10 F, C,, ;= C,,,,= 4.68x 10" F, Az C,,,,= 7.408x 10™* F W91 p_ = 342.158 MHz,
p:, = 1.839 GHz, p, = 97.668 MHz, p, = 68.741 MHz, 11a2 p, = 329.545 MHz AQUTASINANS
fiemuvesdanessin ADC lasléesmmgagaozduegivasesasfounszua M M,

I | °
Wundn Faamwrsaranuldas 68.741 MHz

a < o s

f. ﬂ'li')lﬂi'IZHﬂ')'INIi'ﬂNﬂ'IilllanNu
< o - a a ' a
A lunsuasfiuvesdanedsin ADC Tasldesmaigagasuin N Sa

(MARUIN ¥6) vzl Tavds s Al

tc(m“) = Nt‘h(m“) + t-H(mu) (567)
i S0 a -3 ° v ood oy .
o Lumao DD MDIMUNMNIAATINMITANIUVDINNIHOUNATNNTEUD |,

fiewy 10 MURTAAVINMINNNMVBI9 GO T NATADAIL YA D,

UMUN 1, TR IR IndasiavesnaneyauBIATING VDS aNeT 5N

’ <4 : (X J o (Y ’ a L4
ADC Tavldnesmiagaga [44] Faduegiumnmnia 7, Wundn s itoany DEAINTIEN
VINMMMURINMTHUYeRISsuiisy (411 S N =7, Lismnn = Ts = 2.4219 ns, Uy

Latmsy = 37929 ns 92 10107 1, Tn520100 20,746 ns

a d o .
¥. MIANTIEHAMSIAUIMAI MR
MIARTIEHAWS UM WAGR ¥, veadaneisin ADC Iauldaes
maganeli 5.13 awseiosanldeinsmunemiagagaiinessniaus i
r 4 & o -
UMTINIY 7, 1aZNI 130 (MARUIN ¥7) Falim Taodszum Ao
Voo(miny = 2Vin +IVTP| (5.68)

o ° 'ﬂ A <t
dniinseenuuunes TaslFuyusiasaemna BSIM #itimaTuladuuy AMIS 0.5um %%

AMSIANU Py, = 0.609V LA ¥y, =-0.6101V 92 Wuseiu v, Tisnalszum 1.83v
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533 HAMSABUIVUMSTIUYEINsHeTUsuASY PSPICE

onareuaNssaUYeIdanessin ADC Tauldavsmmgagaazi 5.13

<4 o = I3 1 4 » .
vohiminarevlasdounuunisiniuvesaelisunsy PSPICE Taul¥uvusians

v P . -~ .
vomva BSIM HimaTuladuuy AMIS 0.5um Sanwlugunsaiuemraudaza idimua

» »

8asaU WL Am1siei 5.2 wiouiaiimualy Awssduumassw v, mity 3.3V uaza

ASTUALNAINIY I, UAZ 1INV 10pA LAE SOpA MuGIAY

MINN 52 Sasau WL vewemaludaneisin ADC Tavldreesmimigegadagili

5.13
uona W(um)/L(um)
M,, M,, M, M, My, M, M, M, M,,, M, 4/1
M, M,M M, 10/1
M,, My, My, 1.2/0.5
M,,M,,M M, M, 20/1
M, M,, 1/1

Tugii 5.5 AuwanmsiBoununisitnuvesdanessiin ADC N lMinauedigii
5.13 Tautlounszua i, WudmanaWasefiinsulsnion 0a 81 sopa sndnumzaiwlou
aswazavaoaemnalugUhn 5.15(n) uaz 5.15(v) wud Frfimaszue 2;, Innteunia
& [] a , A T < ¥ [ . ot 1 e

nszua I Fuilusrafinszud i, SAszndne 0a 1 25pA s2ldnszumendna i, lnwniy

A v a. 4 - Qo = i
2i, FAAAURNVUIIN 0A D3 50pA uazaNIzADINYBIAIRBAILIANA D, TaAuilu 0 (Low) ud

] l:' 1 v A L3 4 <4 .’l |
Tugfinszue 2i, SAunaninsaua 1 Fuusaehinszud i, TAwaun 25uA 81 50pA oz
Tahnnszumowin i, Tawiy 27_- 2i, Taeiifananisin sopA 3 0A uazannzanin

an o = . P} L T A - °
yosRsneamIa D, Tinuilu 1 (High) eiilumstuduiims luueusamananizvemi

»
ASTUAAMITOARNMUROUYOIT Y IUNSZUMBIANA  TAuINsIUIMINTEIaVBUIMAINY
1, Widisawulden 10pa i SpA unz 15uA AaniravesdnumuzatsToulasusinn
] » » ’
¥aganaluzalii 5.16 wud aszumeRAIiAnURLUIAYY iomiAsEurvoUIMAIIL I,
Weuvulein 10pA
HIMSURANTIRUULLUHARDUAUBINTIININDVEIBANDI 53N ADC Tauls9smian
Yo - v b4 . o e < o 1o va

gagauanslanazlf 5.17 wui1 ADc Tavldnesmisgagaminaueiisannudlfianu

Az 65.749 MHz
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50pA

40pA .

30uA

out

20pA

10pA

0A
0A SA  10pA  ISpA 20pA 25uA 30pA  355A 40pA dSpA S0pA

i
n

(M) PSTUTIDIANA

3V \_D_l

D,=0
ov /—

0A SpA 10uA  15pA  20uA  25pA  30pA  351A  40pA 45pA  SOpA

'lll

(V) AdnpaILIANA

31 5.15 wamsi@sunuunsinuvedaneisin ADC Tasldeesmmigegadesii 5.13

NIMsTLYesResmmgegaluiadod 4.4 wulwedia M, tag M, veadudiu
¥ wefinnnuSi lumsadinduoswsanta M, uaz M, sevimstlounszuadunn i,
voadanessiin ADC Mminaueluzuii 5.13 Wudygaduiiula [10] ietlounszua i, Wy
o n’: - :::n J a' ; b 4 3 o
Faygnuvutiulafismuiunn 1spa W 35pA uaznszuadida 7, Wudyyuiase

»

YA S0pA INMSINUYEINTARBUNSTUA M,-M,, 9t T nseua 2i iudyaudu
o a1 a J [ o P <t ° <
Hulandinuinduein 3opa 1u 70pA Sa3iii 5.18(0) sRamsBeuuunsianlugdi

5.18(v) Wy Tushanm 0s <¢<Ins Wonszua 2i, Taniesndinszuadwdar, @i, <1,)
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50pA] Ta = 3uA
1,=10pA
1908 1,=155A
3
48pAl
47pA : v v v v
23.50A 24.0pA 24.5pA 25.0pA 25.50A 26.0pA 26.50A

‘in

319 5.16 FrgagaveilansunisTouliasaves ADC dagiii 5.13 Taoudsenseua 7,

0.9

iau/ iin
(=]
[

0.31

100K 1.0M 10M 100M 1.0G 10G
Frequency (Hz)

311 5.17 HanBuAUBIMRANINDVEITANDIsUA ADC Tasldtesmmgaga

wortda M, az M, szodluannminssud (On) uazlithnszue (Of) awddy Taoh
ipg = SOPA UAZ iy, = 0A TU¥NIM ¢ > Ins NIzZUN 2i, UANNANTINTEUAEND (20, > 1)
vomva M, sniinszuaunu M, iennsanywammnszue i, Hnrsnfdvulasal 90%
A ’ $ g "\ ; ] -

suthisranmiinszua iy, ffuiuvuen oA W 63pA sz 1danmlumsaiad on vea
voma M, TAnlssuim 0923 ns oRvsanyROMAMnTINT i, Imsafsuutasly

& [} - . a0 L) -
90% Fuugrnmiinszud iy HAanaenin sopa Wu spa szlddnnarlunsaing off
’ » »
voawoma M, lanlszua 1.017 ns Tunsdifidounszua i Audyarutuiulafiisan
¥ o : -~ cdes 1

29910 35pA 1l 15pA vz Wnszua 2i, Wudugmdutiulaniaanaann 7opa tu 30pA
Az 5.19(n) MwamsBeuUMsHIUINgUR 5.19(v) nud e 0s <2 < Ins

Wenszud 2i, innaninszuadndal (2i,>1) veaa M, uaz M, szayluannzi
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70pAl
ol 2i
50pA ' ry
40pA '
30pA \_ i,
20pA/
10pA]
0A,

0 02 04 06 08 10 12 14 1.6 1.8 20 22 24 26 28 3.0 32 34 3.6 38 40
Time (ns)

(1) NSUTDUNA i, 2i,, LAZNTZUABNDI L,

in?

80pA

60pA

40pAS

20pA.

0A:

—20uA —_——
W 0 02 04 06 08 10 12 14 16 1.8 20 22 24 26 28 3.0 32 34 36 38 40
Time (ns)

< a 4
() Arwisr lumsadasuoswemma M, uaz M,
o = ° 4 & < a o
517 5.18 wams@uunuumTHImeAnmAS lumsadasvoismig M, uaz M, 1u

dane3siin ADC Azl 5.13 iietleunszus i, Wudyanaduiulanla s

nszud (On) uaz Tivinszud (Of) mwdny TaeNnszud i, = 70uA 1az i =0A Turranm
t > 1s aszud i, sxlianiouniigud (i, < 0) voara M, sxrinssuauNu M, 1TDRITUINN
2 a4 4 s 4 as a3
nammnszud i, Imsnfavuudadlyl 90% Fuflusrinamasue i, Jauiuiiuen oA
{u 4spa e lunsaiag on veawemma M, Az 0.962 ns iisResan
, g . oa 4 o 4 L oau
fanafmnszue iy, insnfasunladly 90% Fudusranamnszug i, lsmaanin
Vot - 4 a A
70pA U 7pA wldanmlunsaied off veweaa M, Tanlszuiu 0.924 ns 1o
nvuFfsunarlunsadavensmiia M, uaz M, Ausimeiinawes Inalaarussaunis
= 2 S o w o o a a -~ P *
# (5.60) FuduVairnaveswanouausannIwivedansssin ADC aegld 5.13 Wyl
»
nalumsaiadveanema M, uaz M, fianiesni auniumsdinsiziarmudalunis

wlasiuves ADC Tasl¥ravssdanszuadagilfi sz ludwidunsadunszuaerding
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TOpA.
60pA I
50pA 1_ il
40p 2i :
30pA /_ " i
20pA

10pAY \_ i l

in

0A) 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Time (ns)

(P) NITUTDUNA i, 2i

in* ind

UAZNTEUNBNDI L,

80pA

60pA]

40uA

20pA]

OA

0 02 04 06 08 1.0 12 14 1.6 1.8 20 22 24 26 28 30 32 34 36 38 40
Time (ns)

< o
) ﬂ')'llllTﬂun‘liﬁ')ﬂ‘l“Uﬂ\luaﬁlﬂﬂ MJ {iae M6
- a . &4 2 g o g
?'lh'l 5.19 Nﬁﬂ'ﬁmUUllUUﬂ'ﬁﬂ'N'llllWﬂﬂﬂB'lﬂ'nUli'ﬂ'LIﬂ'liﬁ'Jﬂ‘]f'UB\anﬂlﬂﬂ Ml 1334 M6 111

dand3siin ADC M1t 5.13 iWetlounszud i, Wudygmdniulafilisianng

i Samusenvisa ldinminedana1ves Inalaaau
edumsnagounisinuvessaneisin ADC va N i Tasmsussynald
Sanv3siin ADC Ma 1 Daft Idiueuedagilif 5.13 §19m 7 2993 (V = 7) AemAAY
Hudans3sun ADC via 7 ia Taudasieu WL veaemwauazAwlsan q sedmua
iRt UMsBouuuMsHsane3sia ADC vina 1 i Tugiil 5.20(0) uanady
nszua i, Dafi 7 (LSB) Tunngaund iedyanunszuadunainisudsanin oA §a sopA
oz I dyauoayaveaniaudsaegsznin 0A 1 sopA Taolindwniavesgiuves

L3

dygragdamdsuuaasglisnlszina sopa2™ = 0.7812pA Tugiin 5.20(v) uwara

MSELULLUMSINIUYBIBANDI TN ADC W11A 7 10 1onSSuufivunalunigaunadag

1 5.20(n) AURAMSIABUIVUAIZUN 5.20(%) WU HAMSIATULDUNSNNIUYDIBANDI TN
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50pA]

40pA
30pA |
20uA
!
10pA |
0A n— )

0A IpA 2pA A 24pA  25pA 26pA T 47pA 48pA 49pA SUA
i

'ulll 1

in

(n) dFyaunszua i, 199 7 Tunngauna

S50pA
40pA
30pA
20pA
10pA
0A

0A A 2pA A 244A 250A 26pA 47pA 48uA 49pA S0pA
lln

I""' 7

(V) NOMTIREULVUMIN Y

51U 5.20 AszumeIAyAliaf 7 voadane3siia ADC Inyldnesmmgagavuin 7 Ua

ADC vun 7 Tia seiidyanueidyavoannialinsulsiegsznin 0A B3 S0pA 1¥uAY)
fumalumegauad Swdhdyoraglmumisusazzlvessoms@oununsinmesd
A fouRza AN RazauRaty JuilurouninnuAawaialumsdaunszud
¥83 ADC ¥119 1 Dauaazieesiinnaenanai

lumsdinszviaaanannaw liBadunade (DNLE) uazadanaiandm lidlu
[Badunasan UNLE) vesdane3sin ADC Taosldraesmimigaqaving 7 Sadagiii 5.21 uaz
5.22 3£ 3IA51THINHANISBEUILUMSTAUYEY ADC HinrwAanainlumsdariiunszud
Faaunsh (5.49) AawTulsunsy MATLAB 91031 5.21 uaz 5.22 wudwinavossAanan

DNLE uaz INLE Niqagayszunmt 0.0425 LSB Laz 0.0608 LSB AME1AY AIUDANDIBiln
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ADC Tasldnesmmgaganszii 5.13 museiunlszyaalaiiu ADC vun 7 fa 18 TaoR

Audnvuznuy TuTuIndanazlumsulasius: 18dyyualneaiedyansuyniia Ty 1l

. L 4 -
THAVIANW (MIUDN 2.3)
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314 5.21 A1 DNLE vo3dane3siia ADC Tasldesmmgagavuin 7 1

0.07 ' T T T T T
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31U 5.22 A1 INLE veadans3siin ADC Tavldhavsmmgagavina 7 in
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[ o v J do w J
5.4 9an035iA ADC Nimsassiauuuinsdlagldrsesianduduysel

5.4.1 MINNIUVDINNT
‘v W U4 - . - - o o
nneTinsuduysal MM, lugii 430 mnsmbumauniudansssin
ADC Amsasvenuunsduua 1 inladagui 5.25 [36] msvnuesesamnsooiuw
} K :l'
Tadail

M,-M,, hmhiidusesazeunszunilasueiryn Simualidasidiu wiL ves

drimualdnssua 71, uaz 7_Husnszuanifiuaznszuad s amd vy veama

wodiHa M,, oz M, Iinuiludeariwesdnsidiu wiL vowsmma M, 2saziounszua
M, -M,, sziidasimsdedmnszuaniiuaes uensmiuuomnla M,, oz M,, 6a¥101u59
Meesdunefines M, M, uaz MM, imihfidunesnSoufvuienSouiion
IEMINMATIUMATY iy, LATMNTZUANAT ], woad g aAsaeae W D, ieRe1san

nounalua G 9'ldan

iy =1, +1, (5.69)
L]
VNMTINYRINITAERUNTTuaRTSAs s dekuns AR YR M, -M,, AsTud
2ip,, 9@ TR Tua H uaz Tua I Taoh
ipr = ipys = 2ipy =21, +21, (5.70)

WorseiiTua H uaziowyalua 1 dwenuuvlinssuandi £, = 21, + 1 uaz £, = 1,918

nITUA i, LAz i, Seiwail
i =ipy =1y =ipy =20~ 1, (5.71)
o =1 _liabl =1, _|inbl (5.72)
Taoit iy e AnszumoIdnai I8 nmsiuvesssilaiFuduysal
oumumnnauns (5.71) aclu (5.72) 0184

iub = 2iiu - Irrf (5.73)
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VNS (5.72) uonz (5.73) lunsiifnszun 2, <I_ Nssud i s velinuiluoy v1nms

m~nu1mnwsﬁanwﬂnusm M,-M %’1ﬂﬂi~ll‘dli)‘lﬂ'b‘jﬂ i nmmu
hoe = Ly =lig| =1, = (1, ~2i,) = 2i, (5.74)

dnsua 26, > 1 nszud i, ezlduiiuuan vinmsiavensesilanduduysel MM,

=1a49
bt = Ly =)= 1. = (20, — 1, ) =21, — 24, (5.75)

VINAUNITH (5.74) uaz (5.75) sz lAmnsEuaeR A i 7D

2im ;2’m < Iref
ly = . : (5.76)
21, -2, 2,21,

iwewsenilua 1 drwenuvulinszuenddl 7, = 27, + 1_ lunsdifminssua 2i, <7, 0z'14

. A <t L . s 3 1 d’ ° L 4 - d. a ot ¥ y

AIZUAATY iy, FNAWNMNY 2i,, BAmleunInszuanad 7, MliussaunTua J Haudrlnd
»

gud Antudyanudtaoaowiys D, sxlinudu o (Low) Snszud 26, 2 I_ nszumasu iy,

welinmnnninszuanad 7, ylduseduiiTua 5 mindifswsduunaase v, o4

fl
o aa ” a8t . 3 = t AL ao -~ :1,
WUYIUATADAID NN D, nmn‘.lu 1 (High) %'lﬂYfoﬂ»lﬂiﬂl%:‘ﬂﬂ'll’fiyﬂg'lﬂlﬂilﬂﬂﬁ D, au

0 32, <1,
D, = (5.177)
1 20, 21

ref
2NANMIN (5.76) uaz (5.77) wuinesmiumueaszi 5.25 imihnidludane3siia ADC

YA 1 TANTMSAITH AUV VINGY

03 wa . (v a a v d
5.4.2 MIAnsERguUAENTAMIIOUYIdane3siin ADC TanldaesWaniuduysal
P MYBIdanessiin ADC Tavldraesfanduduyseiluiaden s.4.1 du

° L4 . v a “a o ~ °
msimualdveamauaazmiiguanifmiiulamgaunauazuemrayadiinsinmly
¥rahnszuaduds  dmivlumalidusamaunazda Waunadduynlsemsuazam

4 - 4 J L ] o o ° 8/ °
‘ﬂi'Iu’dﬂi)llﬂﬂllﬂuﬂf‘lli)slNﬂ’dlﬂﬂllﬂﬁZﬂ')llﬂ'ﬂlllﬂu&'NUW lﬁuNﬁYI'l‘lHﬁ!Jiiﬂu:ﬂ'ﬁﬂ'N'lu
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1 4
v a o = a s oo ° o a a
voa299s liiluTanmgu] Twiadefiveilumsiinswrigueianisiauvesdanessin
£ 4 A s & Yy - L] -
ADC Taolgasesilanguduysal deldun avwAanmalumsdasunszug anwAanain
azau Swoudaiidiullld sanszmuvesgungififountas mansuausImenNG

Anuis 2 lumsilasiu tazA s UM A Mga (MARIN ¥)

n. MIUNTIERANNRARMIA UM STIR NI
anuAanaalumsaIRIunTS TR andSslin ADC Noonuvuulauldaes
HadFuduysainegli 525 widavinmawhicunadfuynadsemsvesnemralunas
(Y] - S W L4 [
azfounTEIl M,-M,, (5, uazanuAanmnvesnesiaiduduysal () Wundn (nn

o ‘.’
HUIN %1) AU

_ 2, (1-&4)+ 6,1, s 20, <1, 5.78)
1) = .
2Ly - (20, (-56) +Euly,) 320,21,

o i = Eg +E,p5 —EE s (5.79)

]
ey

Tunsdifiein 22, <7_ Snnuanam g, uas g, sz -2.950x 10° uaz —4.3809x 10™

]
ey

awdy szldnnudanann 5, Tanlsanm 7.3323x 10 dmsunsdifien 2i, > 78 ¢,
uaz g, IAnlsznm -3.372x 107 waz 1.0833x10° awdAy wldnnuianain g Tim

Uszui 7.4643x 10°

V. mﬁmﬂzﬁmmﬁﬂwnmazau
o a a - b4 Jo o U4 ) A '
2IN9aNB3 54N ADC ioonuuy Iasldavsianduduysaivuis ¥ On Wetloum

ATSUABUNA i, INAVMNTENT ] ”f%:'lﬁ'mmﬁﬂwamn:nwva:nws (MANUIN %2) A3l
ec=(2" g5~ -2V el +26,6,4) 1, (5.80)

w30 g =(2"")g, +(2%)e, - (2" —2+2")e,5,, — (27 —2) €L, +(27") cgl,

+(2" =2) e, —(2Y) el - (2") L el (5.81)
i, =1 =50 pA,N=9, &, =-3.372x 10, Uaz £, = 7.4643x 10” szifan1uAANMIAAZ Y
g, Uszamn 19.125pA 13 0.765 LSB
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do H
A, Mz udandulla
1] »
muAsnaaazauiinavulunIsn)aafuvedanessin ADC vuin N n seil
HAADS UIUDANT 91D One-bit Cell Minnaemmnaiu snudainduly1dd sy

nsAoAImAATLYEIBANndIsin ADC TasldesHanduduysel (manuan «3) fio

N, = Round {1 +log, (1 225‘” J} (5.82)

6

i g, uaz e, DAz -3.372x 10" uaz 7.4643x 10° mudwy s ldswnudia v, = 10

a d ad o
A MIAATIEVRBNIENUYRRUM NI asUI g
nmsudsuudasvesguugll AT slimansznusenwsauilua B wiem
o o a a ¥ Jo o o o P
usadiuluuen v, veadaneisiin ADC TaslFeesHedduduysaifagUi 5.25 (Maruin 54)

s

il

AT 21
Av, =§66[ /T;,(‘/F“ +./B, ))-mmr (5.83)

it muald I, = 10pA, B, = B, = 564 pA/V', AT = IK, 102 o = 1.34mV/K 921831 usedu

luuet v, lsanas 1.4256 mv iegamgliminiu 1K u3e 1°C

9. MIINTHRAADUAUBINIAIND
INMIIANI PRI TNYavedaneSsin ADC Taul¥esilanduduysala
P v o ’ 3 o <
U7 526 (MArwIn 95) ezldrnuduiusszninmnssumerdinn i, uaznszuaduna i,

Tunsdini 21, <1_fo

Tt _ ( Em18m2 \‘ 1 (5.84)
. Em18ms } (T;auvs + 1) (TZabNS + 1) (Taams + 1) (T40sz + 1)
lf;i) T;abN = ngCgs6 + gmscg.ﬂ + gm6Cg.15 (585)
gmsgm6
C . \C (+C
Lo = gﬁ( £ 3;7) (5.86)

ngCg_vé + ngCg.ﬂ + gm6cgss
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nggm6

SPrasw =
2”(gmscgss + ngCgﬂ + gm6Cg:5)

Pran = ngCgs6 +gm5Cg:7 +gm6cg:5
2abN —
270C,s (C s +Cir)

Emn
270(Cpy + Cpz +C,

512 gle)
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___Emo
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(5.88)
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(5.91)

(5.92)
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dmiunsdin 2i, > Infnz'lﬁ’mmﬂuwuﬁsxmwmnszuﬁauwﬂ i, UAZATEUMOANA i D

o o _(gngnﬂgmlz \ (TJabPS + 1)

Iln

~ (gml + ng)Cg:M

lﬁa T;ch -
gmlgm4
T = Cps +Cpr
2abP =

gm6
C

7;abP = £
gm4

T _ Cg:ll +Cgsl2 +Cg:l)
4abP —

EmEmsEmn }(Tlast + 1) (Tz‘szs + 1) (T40bi’s + 1)(T.‘mbi’s + ])

(5.93)

(5.94)

(5.95)
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SPrasr = 27C,.. (8.0 + 8.1) (5.99)
SPrasp = 22 cj:i ) (5.100)
fme% (5.101)
Torar = Zn'((,'g,” fz':m +Cg,,,) 102
SPousr =;%,TJ (5.103)
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-14 -15 14
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5.9264x 10" F, uaz C,, = C

gs13

= 1.1853x 10" F WUN fp,,, = 690.564 MHz, fp,,, =
5.84 GHz, fp, 4y = fPaup = 130.607 MH2, fb, 4y = fosup = 3.195 GHz, fp,,, = 178.299 MHz,
fPysp = 800.198 MHz, U102 fp, ,, = 351.428 MHz FnhuSasifamsiauvessanessiin ADC
FagUit 525 vzfuazjﬁm'wmzﬁauns:uﬁ M,-M, undn Fannsoranddend

130.607 MHz

a < o o
2. MsAnsizam e lumsuoadiy
o LY a a o 3 ‘o o
A lumsulasduvesdanessiin ADC Taoldnesianduduysaiving N

i 4
10 (NANUIN F6) sz lin Iavdseum Aall
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fetar) = Mlugasy + Lasian) (5.104)

(ip tawy 10 MNAMUNARANNMIIIMVDNSTIBERAS NI i,

tusy 110 AMIMIARAADINMSINUIBINISEOUTITIAIADAIOANA D,
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v W 34 e o > o »

ADC TaulavsHansuduysel [44] Gausgiusiainega T, ,, n3e 7,,, Wunan swran
o s J ] ° =4 = & ﬂ g

tiy VSIRTITHRINAWIAMURINMIMOUVONNTWToUsY Fuiluesnlslums

adAvnoamIana [411 VN=9, 1, , = T,y = Topp = 1.2428 ns, UAZ 1,,,, = 4.3428 ns 9314

1301 1, DANUTZU 15.528 ns

- d [v) M
¥, PISIATIRAWSIAUUNAINILNITR
NSNS IHAWTIAUINAIWMGA Py, VOIGANDIsHR ADC Tnuldaes
v e 7 o 4 - ° 3 3 (Y
HndudnysaingUn 525 awrsonnsanlavinsnuvemdagaganaoszniansiau

v 7 2 a v a
LAY VDD HazNININ (ﬂ‘lﬂNu'Jﬂ °]f7) "]Nllﬂﬂﬂvﬂizu‘lmﬂqu

Vobiainy = 2Vow +|Vis| (5.105)
150 AnUV293 TaslFuuusiasaueaia BSIM nilima TuTatiuuy AMIS 0.5um Nlim

USAAU V= 0.609 V UAT ¥, =—-0.6101V 92 1dusedu v, fisnlszuim 1.83v

5.43 WANSIALUIVUMININIHYBI03A81Ys1NsH PSPICE
A o a a ¥ S o 7 o a
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L 4 A 1] i
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A 1 d' < 1 ) < | -
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2i, SallAunuiiuen 0A S 50pA uazaaIzanInvesRdAvaIeIRA D, Tinuilu 0 (Low)
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Tau £ = Em2 Em27o13 (21.2)
‘ (2gm12 _gmu) + (goB + gd.vl) i >0
28 EmEmiTons 4

vInHai M9 nmsideunuumsinuvesdansisin ADC TauldavssinanssuanagiUii 5.1
wldm g, = 3.6366x10° AV, g, = 33197x10™ AV, g, = 2.7664x10™ ANV, g, =
2.4843x 10" A/V, g, = 49636x 10* A/V, g,, = 4.4033x 10° A/V, uaz r,, = 2.131 MQ Tu
nsdinfnTzud i, <o srldmnnuAanan g, anlszinm 2.403x10° ddnszud i, >0

v ldfnnuAanma g, anlszinm 1.012x 10°



202

° <& (Y Y
mﬂmsm»nwua»nmsﬁzv’t’auns:uﬁ M MM ‘]N‘flﬂ'li)ﬂi'lﬂ'li‘llU'lUﬂi:llﬁlﬂ'lﬂUﬁiN

122

vz ldnuduRusszninnnszumasy iy, uaznszuadunm i, fio
iDl7 = 2(iin + Il)(l - gplz) (“ 13)

- (2gm12 —gmM) + 1
28,1 Emir7o014

1auh

n1.4)

pl2

vinwad lAvnmsiFounuumsinuvesdansssin ADC fagUdt 5.1 ezldm g, =

2.4843x 10" A/V, g

ml4

=4.9651x 10" AV, g = 4.6493x 10* A/V, Uz r,,, = 2.099 MQ 921§
ANNURANDIN £, Az 1.7245x 107
a l& ~ 1w g ‘&
MNMSIIUYBINSasRounssud M, -M,, Falimidasinsvuwnssummiunii

v o 4 "
22 1AR I ANRUSSTUINANSSUMATY iy, UAS i), D

Ipig =ipy (l—gnl) (R1.5)

(gml7 _gmls) +fl__

Emi7 Tors

4
1o &, =

nl

(R1.6)

vinkad Idnnmsi@ounuunisinuvesdansisin ADC maglf 51 exlam g, =
4.6493x 10™ A/V, g_, = 4.6456x 10™ A/V, R, = 1 kQ, LIz r,,, = 1.982 MQ 9z ldnmAanain

g, UAn)szunn 1.3044x 10°

Weoumumnaumsn 1.3) aalu @1.5) 9z 181

iD|s=2(im+I|)(1"£n) R1.7)
Tagh En =Epy + Ey —EppEn (81.8)

1 g, 102 g, DANsEI™M 1.7245% 10° uaz 1.3044x 10° mudidy wldanudanan ¢, &

AsTa 3.0267x 10°

{ENNITUIINMINNUYBINIIINARTIE M,-M, 9214
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ips =i, (1-5¢,) (n1.9)

(gm _gns) + (rnS "'".,:)

3 i, <0
:; »n rﬂ rD .
Taon Eo = ( Bt ) e (91.10)
gmb —gaﬂ + l 'i" > 0
glnb gmlSrAﬂ

nnHaT I nmsRsuuuumsiauvessaneisin ADC Tasldeessifnnszuadegai 5.1
wldm g, = 3.3197x10" AV, g, = 33237x10" ANV, g, = 2.7664x 10" ANV, g =
2.7677x 10" A/V, g,,= 5.1429% 10° A/V, g =3.6366x 10° A/V, g_ = 2.0996x 10° A/V, r =
2.568 MQ, ne 7,, = 2.769 MQ Tunsdifimnszue i, < 0 szldmwianmn &, Tmdszum
-1.200x 10° §nszud i, > 0 9z ldnnuRanan g, Tanlszuia 1.0412x 10°
PnmsThnuwesnesaziounszud M,,-M,, Falimisnsimsvnunssummiidudes

v ldnudniusseninanszuaasu i uoz i) Ao

ips = 20,5 (1=, (R1.11)
4 2¢ -
Taon £ =M+ﬁ (91.12)
28,5 Fas

nRah Ivnnms@eunsumsiuvesdansisiia ADC TavlFavssinanszuadagai 5.
w1Am g, = 2.3427x 10™ AV, g, = 4.6798x 10° A/V, R, = 1 kQ, uae r, , = 2.638 MQ
vz ldnwianann £, BAnseum 1.579x 107
& ’ - b A
weunumeneumsh (a1.9) aalu (a1.11) 9z1dh

ipys = 2i, (150, )(1-£,,) (R1.13)
& s 4 ¥ o ' Ve
WeUNUAINANMSIN (R1.1) 2alu (R1.13) niounsdagtaunis niivz 1o

iDl6=(4im(1—gp1|)-2lnj)(!"5,2) (n1.149)

lavh £y =Ep +Ec ~EpE (91.15)
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A a o (4 L A
Wienesaierye Tua v2ldn
iy =ipys —ipys =21, (R1.16)
o v , a1y T . L T .
1NAUNIN (R1.16) NTTUA 2i, UMMBBAINNTIUT [ (2§, <1,) sldnnszua i, finudu
AV UASANTTUMATY iy, = 0A oUNUMNNTNNSA (91.7) alu (91.16) awmduiug
»
STNINNTTUMOIANA i, HaznsTUdUYA i vziinnail

Iy =2i,(1-5,) (n1.17)

Tunsaifsnszud 2i, dsnnndmsenidunszue 7

VN UASAINTTUMATY i = 0A IBUNUMIINANNITN (R1.7) uaz (R1.14) aalu (R1.16)

@i, 2 1) wlamnszud i, Saniu
ar 1Y o + o a a e d’
AWTUNUBTENINATSUADIANA £, UATHITUADUNA i, VWM
b =21, — (41, (1= £,) = 20, (1~ £,) +26,,1,,,) (1.18)

Taun Ep =y +Ey —EpE (n1.19)

pll
P o - L4 £
NAUMIN (R1.17) UISTAUNMIN (R1.18) mmsnﬁqﬂ"lﬂ’nns:ummmm i, i lay

Uszun fio

o 2i, (1-¢,) 32, <1, 120
" o\28, ~(40,(-8,)-2i,(1-€,)+26,1,,) 320,21, '

d
2. MIAATITHANUAANIATSAN
TumsiinnzianuRananazauuedanessin ADC NINISASHALUINTTVLIA
a oW d' = asd' 3 Ly 1 e 1 Yy o <
N fiaagih 3.1 sriims e lunsdiideumnssuaduym i, minuminszuadads I, 39z
Taasnenordnavemniiniinuiiu 0 (Low) vnfuflSmoamidinaves MSB sefiauiiu 1
. o 1) ] v yaa L4 ot | Y v -] ]
(High) snietamu $1 N = 5 sxlddSaeamdinatinuilu 10000 drdmuals £, fio M

ANURAANMIATEAUUDI One-bit Cell NoonuuuTasldessnanszualudiwunj Tash

£Aj b ioulj(real) - iouﬂ(ldml) (ﬁZ. 1)
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- 1

3 4 4 ' o °o_w 4
00 i 1D MINTZUMDINYATTAINIWAANAIAVDI One-bit Cell Tud1iud

gty 10 FINTZURIDIAHA THANARUDI One-bit Cell Tudwud
13iDWD130NT One-bit Cell 1 W30 MSB 921441
Lutt(udeaty = 2Lrey = 2y (%2.2)
MInAuMsT (1.18) 92149
bnireat) = (20g = 21 )+ (46,3 iy ~(26,) 1, ~(26,)i, (2.3)
Weumumuineums (82.2) uaz 2.3) aalu (m2.1) 9184

1= (46,)i - (26, )ref (2 1) i (n2.4)

VInaunsh (R2.4) e i, =1_ w4

&4 =(4e,;—26,-2¢,)1, (R2.5)
iifofi915a07 One-bit Cell 2 Tnufi i, =i, 914N
sttt = 2ty = Loty = g = i (R2.6)
MINANMSH ®1.17) 92189
Ttreat) = Zhmpireoty (1= E01) (m2.7)

Weunuamnaunsn w2.3) aalu @2.7) 92149

ioulz(real) = (4Ir¢f 4’111) + (8813 ml (4 ) ( l) ref (8 3 ) ilnl (48 £ 12 ) I + (4511 )Ilnl

(R2.8)
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41, -4, )+(8€,3)1,,,, (4¢,)1,, —(4¢,)1,, (92.9)

Lot 2(reat) = (

4 ' = g
IUBLUNUAIINTUNITN (R2.6) L1AL (R2.8) adlu (n2.1) 0819’;’11

&40 = (88 )i — (48, ) Iy — (484 Iy — (88,8, )iy + (48,8, ) Ly +(460 )i (R2.10)

VNTUMST (R2.10) 108 4, =1, 9214

£y = (845‘,3 — 45, - 45, — 85,5, +45,5, + 48 )], (n2.11)
tiiefi915007 One-bit Celt 3 Tavft i, =i, 921¢
bty = Lty = 8y =S (22.12)
NS @117 0w1dh
L ts(reat) = Zhourz(reat (1-¢,) (n2.13)

WeunuMININMIN R2.9) aalu (w2.13) 318N

iouIJ(reaI) = (81’4 - 8iin ) + (I 68{3 ) ilnl - (861 ) ref (I 6 l) 1 + (8 1 )llnl (1 6 IJ ) ilnl

+(8¢,8,,)1,,, +(8£ )I (n2.19)

4 - .
N30 brurseaty = (81rey =81 ) + (168, )iy — (88,) Ly — (168, I, + (85, )iy (82.15)
WounumeINaunIsh (82.12) naz 02.14) aalu @2.1) aldh

,43‘(16 3)’:.-1 (8 ) ref (16 I)Iref+(8 l)’m (16 3)’.1,.1"'(8 2)1 +(8£)r¢j
(n2.16)

nnauNsH (n2.16) e i, =1 914
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£, = (165, —85,, —8c, — 165,56, +85,5,, +867 ) I, (%2.17)
Al

(30013017 One-bit Cell 4 Taufi i, =i__ 92149

Dt s(ubeat) = 2’w:3(um/) =161, —16i, (92.18)
a } S
VINAuMsh (81.17) 9z 1A

iwld(rml) = 2iwl](rmf) (1 - EII) (ﬂ2'19)

WAUNUAINAUNITN (R2.15) 231U (82.19) 9z 1

iml-l(rrul) =(l 6Irr _16ii ) (32813)1111! (16 2) ref (48£I )Iref +(32£ll)ifnl _(32£Ilgl3)ilnl
+(165,8,) 1., +(3263) 1., — (168} iy (22.20)

Touta(reat) = (161 16’»:)"’(32 ) im —(168,,) 1, ref —(48¢,)1, +(328")i,", (R2.21)

HIRUNUMDINTUMIN (2.18) taz (32.20) adlu (R2.1) 914

&40 =(32¢ 1) im —(16€,,) 1 ref —-(48¢, )Ir¢f+(3281)’lnl (32¢, l))iln]+(16 £,)1 ref
+(3263) 1, ~ (1687 )i (92.22)

vInTuMsh (82.22) W i, =19z 14

«=(326,, =165, ~ 165, ~325,5,, +165,,5,, +165} ) I, (22.23)
(oM 013017 One-bit Cell 5 Tavh i, =i, 914N
iouls(idml) - 210ul4(ldzal) —321r¢f —32ilnl (ﬂ224)

NAUNSN (R1.17) 9218
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ioulS(real) = 2i0nl4(real) (l - 6‘Il) (ﬂ225)

WeunuamInaunsh (92.21) aslu (02.25) 9214

ouIS(rzaI) (‘,ZINf —32’ ) (6451))iml _(32 ) ref (128€Il)lref +(96 l)’ml (64£ g))’ml
+(325,8,) 1, +(9683)1,,, - (64€2)i,, (R2.26)

W3O gy = (320, —32i,) +(645,)i,, —(326,,) 1, ~ (128¢,) I, + (965, )i,y (R2:27)

mmmummnfmmm (n2.24) uaz (92.26) aalu m2.1) e AtER

(645:3)’0.1 (-’2 z)[,.y (128 x)[nf+(965n)’m| (64 I))iinl "'(32 &)1 ref
+(9662)1,,, - (642 )i, (n2.28)

MINAUMIN (R2.28) 0 i, =1, 9z 14
=(64¢,,~ 32¢,, ~32¢,, - 64¢,£,, +326,6,, +3262) 1., (92.29)

HORDITHIANVAANA AL TUVDIBANDI 5N ADC YUIN 1 UM N3 One-bit Cell
upardIny wlssnmninuAaNaInaS TuYDIDaNDdI 5iiA ADC NepnuuuTaul¥essina

v
AsSUAYUIA N 1n18faN
= (2"""&:,3 -2V, -2Vg, - 2" g, +2V g, +2V ] )I,,f (n2.30)

a3. msdnsensnoudanivilflg
mwAananrziAaiulunsnlaiuvedansistin ADC vua N i sxiima
Ao mIuBANTeMIUYEY Onebit Cell MimABmAAATY MIsAATIEHIMUDATITL
Tl1ddmiunsdomnafurnsdaneisiin Apc Tasldasessrdanssuadegilil 5.1
anseins 1w
NAMAnMsMauvessane3siin ADC i 1 S Hlinsassimnsdaeglil 312 oz

L4
@

= CAI o 3 a e VoA Y &
fdunismoulndiviiiy 12 antumwAanmmazausziisgagamindulyllf fie
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L =(2"e, -2"¢,~2"¢,)1,, (R3.1)

vnaumsh (93.1) musedssnanswudafidulg1d (v,) vewdansisiia ADC #

3 o w -~
oonivy Iavly¥aesdnanssua fio

1
N, = Round<1+Ilo 23.2
CcL oun { 2. (2(2&_’3 —£,-¢, ))} ( )

24, mﬁmﬂ:ﬁwaniznuwaqmﬂqﬁﬁlﬂéﬂuuﬂm

nndanoisiin ADC Tasldanesirifanszuadagtfl 5.1 arwAawmnluntsdeiu
ns:uﬁmanmsﬁ:ﬁaum:uﬁa:”lﬁifuﬁuqmnqﬁ unmslanuniasvesgungivziinanonm
usasufiTua A Taofi

v, =V — Vg (nd.1)

1INTUMSN (13.3) Wemnszumasu iy, =I, 9218

_ 21, L
Ve = Tl T)C. (W )‘ + Vo (T) (n4.2)

WounuAInaumMsi @4.2) adlu @4.1) 9'ldNn

v, =V —[ ﬁ(%)‘ +Von (T)) (R4.3)

dnmuald v, uaz v, A Ausaduiilua A Hgungil 300K tazfigungil T Mudny 91n

AU (n3.1), (13.2), t1ag (94.3) 9214

27 L
Vo =Vg _( #OC‘,; ['ﬁ,‘)l + Vrox) (n4.4)

T f 2l, (L
Vg =V — [3_0_6 #ocfw (W), +Ve—a(T - 300)} (n4.5)
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&
1o Avy=v,-v,, (n4.6)

Wounun19INaNNIIN (94.4) tas (14.5) aalu (n4.6) 9z 18N

(T 300)
300 ﬂ. J a (T -300) (R4.7)
N30 Av,,:AT( /21 J aAT (4.8)
300\ B,

1o AT =T =300 (24.9)
W
B = uC. (T) (4.10)
1

a d 1
fas. msmﬂs1:11wamauaummqmm3

VINNVITUYATIMIVMINATILHHANDLTUBINWAINT YIS ND3THN ADC lay

M¥vsirdanszualugyii s2iie c_=c +Cpy + Cp WAZ C = Cpg+ Cpy + C o 9810

gs12

filua1 (gm“)vﬂ+(gd,,,)v,_=i,."+(g0,+gd,,,+gm,,+st”) (n5.1)
filua L (8t + 8z + &miz +5Co )V, + (&) Ve = (8ot1 + 8ot )V, (n5.2)
#lua A iy ==(8ms) Vs —(8ars + 802) Vs (5.3)
muﬂ K (&ma)ve +(8¢.u + Zarr + By +5Cez +SC.¢-'|3) Vv =0 (n5.4)
fluaD iy =(8urs + &mts +5Cqns +5C,uis ) Vo (R5.5)
filun g ot = (&16) Vo + (Z1s ) Ve + (€03 + Lt + Luns ) Vs (R5.6)

NAUNIH (15.1) D4 (35.6) D1 g, >> g, UAz g, >> g, viBoulmildn



n

nlual (8mi1) Vs =iy, +(gm“ +ng,”)v, (n5.7)

Alua L (&mz +5Cu) Ve + (&) Vi = (&) vy (R5.8)

< 1 4.

ylua A v, = —( )IA (5.9)
Ems/)

#lua K (&mia) Ve +( Gy +5C1y +5C,s ) ¥ =0 (R5.10)

#lua D v, =—[ ! )im (R5.11)

Ems T scgsls + SCgsl6
HlunJ bous = (8mis) V> + (ms) V& (R5.12)

MINTUMITH (RS5.7) 1AL (R5.8) DWTIAU v, = OV 921}

1
V== ————— i, (n5.13)
! [gmll+scgsllJi

(gmnz +5Cu)v1, =(gmll)vl (n5.14)

WoumuaInaunsh (85.13) aslu (05.14) 9219

gmll :
+sC = - —— n5.15
(gmlz tz)vL ( - sC “)Iln ( )

WounUMVINTUNITH (5.9) aalu (25.15) 9e'ld

i, = Emn [ Emiz ),‘m (n5.16)
Emn +SCgsll &m2 +5C,

WoumuAInaunIsn (15.9) aslu (5.10) 92181
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gmH l ,
v = i n5.17)
« [gml.’i ][gnﬁ +Sngl7 +scg:l!] !

WBUNUAIINAUMSIN (R5.11) 1Bz (85.17) a3lu (95.12) 9218

\
» =[g"“J By Ji, —[ Eme ]im (85.18)
Emis )\ 8mr T sc,;m +5Cg,ns Emis +scgj|5 + SC,,,m

mnms?mﬁ:ﬂunmwmn 4 lﬁﬂﬁﬂﬂ'mﬁﬂﬂU’dNﬂQYlNﬂ’ﬂHﬁ'&le’N%iﬂ.'lf‘fﬂ

»
=

ATTUAAIZUN 4.8 amnsofINdRsIaIU i, /i, ¥92393 1A

fpr (&ﬂ ‘ (85.19)
iy \ 8 ) (Tieps + 1)(Tyep,s +1)
! C . +g.C .+g C
lflli) T;CLP = gm} £36 gm] g7 gm6 £33 (‘DS.ZO)
nggMG
T. ~ Cg:JCgJG + CgJJCgﬂ (as 2 1)
2wctp = .
l-P ngCgs6 + ngCgﬂ + gm6Cg.\'3
INAUNISN (RS5.18) uae (15.19) 92147
o . Bm68mis8m1a8ms (T;CLS + 1) (T;CLps + ])(T;Clps + l) ~ Em18ms&m18m3 (ECLS + 1) (95.22)
Iy Em68m3EmsEm7 (Tnaps + l)(TZCLps + 1)(7;CLS +1) (T, + 1)
D C .+C
1o Ty =28 _—E18 (5.23)
Emis
C,.,+C
T = e (n5.24)
o7
) t P 1 1
WaLUMUAINTUMSH (R5.16) aalu 5.22) 1214
Jour . Bm68msEma&ms (Tzc:,s + l)(ﬂczps + 1)(Tzaps + l)_gmgmxegmngmn (T4€1.s + l) (15.25)

b 8rme8msEm (T:czps + l) (Tzaps +l)(7;as +1) (T4Cl.s + 1)(T5C,_s + 1)(T6CLS +1)
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C
gl (n5.26)

mll

1o Teer =

C .,+C ,+C
T6CL= Ctx - 2312 g3 gs14 (ﬂ5,27)

2 Em2

26. m3dnsizvanusNumsuaadiu

wndaneisin ADC TaslFssifanszuadaguil 5.1 mwd luudasiuvesses
aunsausnivsan didumedaufie mnamisniifannnesdesfilaindyarunszus
DWNA i, (t,q) MASAMIMMINTIRATINNTMMYeINs IS BuFouio a0
AIADAILIANA D, (t4c,) TABAIIMLUN 1, BUNsORNION IR INHARD YT UDAMIAIINA
¥DI0aND3I NN ADC ?&aw‘fu‘aQﬁuﬁu‘:mmﬁ"maﬂwahﬂm'utf]u*nﬁ'ﬂ [44] TR £,
winsizvnnnslSouiioy 41, [43) dvmualdveania MM, Tanumumeriu

NMlsEMs 9INTUMSN (4.105) 1Az (4.106) 92 1031 1, = £, = 1, TAUT

Co [ 2V (3VDD —4V, D
t = 2 +In (n6.1)
D B (VDD - Vr) k (VDD - Vr) Voo

do  c, fle muuyszyiilun H

g fe snsilinesvesmninszuaveausaa M,-M,,
§1C,, = 1.1x 10" F, B, = 141 pA/V’, ¥, = 0.61 V, 182 V,, =5 V A0 1,5, 920152000
2.1307 ns

1ilp9ndan0350n ADC WA N Tin ad1edusnnsAemmAnsanossin ADC
vm 1 98 $wan & s saiunnuilumsuasiuvessaneisin Apc Taoldees

INANTEUAUVUIA N 1a veiindseuin

teery = Naery *+ taner) (R6.2)
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27. MIIATEHAWIINUINDINWAIGA
mMsInEAmus I uIMaIIsmIgaveidaneisin ADC Iaoldaaessifanszun
aunseissanidnninnuginisigegainossn s sfumdsw v, uaznsnd [47]
ngalii 5.1 nudiisnousemiagagamiiy 4 Ussnoudaufiven 2@ wazduved 2 @
fidpsznianssduumassis v, insasen tnmus IMusmvaria@eaunndiina

7o yé 1 o [ ~
TUNIBNU i)x"lﬂnau"lwmmusaﬂulmmmwanws o
(Voo —0) = 2v,,g, +2vgp, (n7.1)

30 Voo 2 2vps, + 2|vpg| (27.2)

X

4 a ' o 3
lﬁﬂ Vs, A0 AUGIAUITTH 'J'N'U1lﬂ5UﬂUﬂ1‘Uﬂ{ﬁ‘UﬂQl0unaﬂ

&

Vo, FIB AWIIAUTENINVUATUALVIBOT AuDsNOd
) o 4‘! ° M L] Q' L=
dmiudeulymsinuvewemalugrnhnszuadudi fio
B 4 7.3
lvosl—lvasl"l rI (n7.3)

4 t - ' o ¢ o { o °
vindeulunis luueauomra AwssdusEInvIAsUAUBDT AR Wpshiy NANTA

uvoamagsanaula fe

Vos (min) = V] (R7.4)

Wounumnaumsi (n7.4) aalu 07.2) 9219

Y ob(miny = 2V + 2|V (n7.5)
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MANUIN ¥

o d Ly ° [ a A
DNITAATCHAAUANUANTININIUVIIDANDITUA ADC

= v '
neenuuulaglieasmmgaga

a d a
¥1. N3 AATIEHANURANDIATUM STIRIUN T2

ANUAANAIR TUMIAIRIUNTSIAYRIdanoIslin ADC NoonuuuTasldaesvim
geganegn 5.13 smAaninn iguwainugmiszmsveseamalursasiounszue

HazAMNAaNAIAYBINYTMIMgagAiiundn

° ¥
Avualn

£,, N0 MANVAANAIATBINTSAZROUNTILA M, M,,

p3l

£,5, D AMNUAANIIAYEINSANOUNTEIA M, M,,
£, B MAMVAANAIAYEINITAZROUATZNE MM,

£

L. AiB MATAANAINYRMNNTEERBUNSIUA M, M,

Ep D AINWAANAINVDINTHIANZIYA

max

o é U L ) ar
i)'lﬂﬂ'li'n'N'lll‘UDsl’Ni)iﬂ:ﬁﬂuﬂi!llﬂ M, M, FAUADATINTVWNTTUAIN U

100

v o o 1 ) a
vz ldnnuduiussTuInmnsEIaAsY i), HDTATENADUNA i, AD

ipy =24, (1-£,5,) (¥1.1)
o 2 -
TﬂUYI Ep}] =( gmo gmll) + 1 (‘51.2)
2810 EmizTon

nrafi Idnnms@suuumsiuvesdane3sin ADC Tavldaesmigagadagli 5.13

w189 g, = 4.6948x 10° AV, g, = 9.4098x 10™ A/V, g, = 9.1903x 10* A/V. a2 7, =

3.483 MQ vz ldanmAanan ¢, Trszua -1.8376x 10°
NAMSINUYBITs AR RounTIT M, M,, Rmsasimsveonssuamiiydes

v2ldnmduiusseninanszumasu i, , laznszuaduya i fio

ipry =20 (1= £,1) (¥1.3)
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- (nglo "gmlz) + 1
28mo Emlo2

Taon

(¥1.4)

pI2

vInkaf 14 nmsidsunuumsiniuvesdaneisin ADC fagUi 5.13 wldd g, =
4.6948x 10" A/V, g_,, = 9.3785x 10" A/V, g, = 4.1608x 10™ A/V, uaz r, = 3.367 MQ vz 14
ANUAANAIA £, TATlszan 1.8661x 10°

IMIMNuYBINITaziounszu M, -M,, Jalifsasmsvoenszumiiumila

¥ o o J 3
w2 ldnuduiusssninanssumasu i), uaz i,, Ao

Ipis =ipy (1 - Enz) (¥1.5)

(gmll —gmM) +ﬁ,__

gml] roH

A
1o £ =

(¥1.6)

nraf lannmsidounuunmsinuvesdansisin ADC degdi 513 w2ldi g, =
9.1903x 10™ A/V, g, = 9.2280x 10" A/V, R, = 1 kQ, LIz r,,, = 3.367 MQ vz Idnnuianan
g, UAndszuim -3.803x 10”
Wieunumenaunsh (¥1.1) aalu (¥1.5) 021431

ipy =2i, (1-¢,) %1.7)

d'
Taoh €1 =Epy + & —EppE (¥1.8)

o & < | & '
‘\'l'lﬂﬂ'li'Vl'N'llHlDQ'NOiﬁ:ﬁﬂuﬂ?:llﬁ M,,-M,; SWABATINTVDUNTSUTIMNUAD

v w ] J
st ldnmduiusevinmnssumasy i, uaz iy, fio

ipis = 2ipy (1 ’5p4) (%1.9)
4 20 -
Wwo £ =£—@g—”“)+ﬁ (¥1.10)
28,17 Tos

nnkad TdvInmMIdounuunsinuresansisiin ADC Tavldesmagaga old g,
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= 4.6948x 10" A/V, g,,, = 9.3540x 10" A/V, R, =1 kQ, uaz r,, = 2.857 MQ Aatiunam

AanmA &, TAnlszinm 4.150x 10°
HensaniiTua C 9214
Iptr S ~ Ly ¥1.11)
deimuswnaunis® ($1.11) aalu (1.9) 92189
ipis = 2 = Loy J(1- 5,4 (¥1.12)
INMINNIUVDINIITMIANGIYR 9214
g = MX (i3, ) (1= £ ) (¥1.13)

(gmz -gm9) + gm]gml7ro9 + gngml7rn9 + gngm3r01

sipie > Loy
TﬂU?" € = gmz gm2gm]gml7rozro9 (‘”1 ]4)
(gms "gm9) + 8m68mi1769 + EmsEmir1Yos T EmsEmeTos SRS
sdrer 7 D12
Ems EmsBmsEmirTos70s

9 nHaf I8 nmsEsunuumsinuvesdaneisin ADC dagilit 5.13 vl g, =
4.1608% 10° A/V, g, = 4.1570x 10" A/V, g_, = 6.6395x 10" A/V, g = 4.1612x 10" A/V, g =
6.5391x 10° A/V, r,, = 2.796 MQ, r,, = 2.616 MQ, uaz r, = 2.679 MQ lunsdfimnszua
ip > I 98 lénAANAA £, Tnszanm 3.1104% 10° dmsunsdifinszua I > iy, 914

ANUAANAIR &, AT uIm 33166 10°
iofinrsaniiewyalua nioTun E 92185

Tout =1p1a ~Ipig (¥1.15)
Tunsdifisnszun 1, dounir 1 uio 2i, < 1,,,01mmmr?i (¥1.13) 9z@oulmilan

oy = Lop (1= €1y (%1.16)

max ref
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WeunumuINTun1sh (¥1.16) aalu (w1.12) 914

’mn=(2Iu/(l”8-::)-21"/)(]—81’4) (¥1.17)

dlounumsInaun1sn ($1.7) uaz (¥1.17) aalu (¥1.15) 2 ldmmduiusssuinmnssun
IR i taznIzuTDUYA i AN
fe =20, (1= £,,) + 26,1, (%1.18)

out max“ ref

Tunsainfnssud iy, TAwnandimsenniunsua 7, 30 2i, > I_9naumsi (¥1.13) oz

@oulmilda
fax = i1z (1= Eax) (¥1.19)
deumumoinaumsi (¥1.3) aalu (¥1.19) 92183
i =2i, (1-£4) (%1.20)
Tau} €15 = €30+ Enay ~ €p32Emmn (%1.21)

o ¥ o v d T J U4
INTUMSN (¥1.7), (¥1.12), (¥1.15), uaz (¥1.20) a:'lﬂmmﬂuwu'ﬁszmnmns:ummnwﬂ

¥
i uaznssundune i, NAA

e =20, = (20, (15, = 26,,) + 2,1, ) (%1.22)

out

] »
NAFUNSH (¥1.18) uaz (¥1.22) annsaagl 1dhnszumedye i, sxilimaall

2i, (1—-¢,)+2¢e,,1, ; 20, <1,
’,..,“{ n(i-2a) ’ no (¥1.23)

Cl2r, - (2, (1~ 6, —26,) + 26,0, ) 520,21,
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¥2. MIANTEHANUAGNMIATZ TN

TumsinedanuAanmancauvessane3sin ADC fiimsassiauvuinsduina
W findagilit 3.1 sxlnseilunsdfdousnszundunn i, vdunszundiads 1 Feez1d
Asmearnaveaniiniinuilu 0 (Low) nduAvasaeIyAYes MSB sxiinuiu 1 (High)
ddmuald g, fio MANUAAMMARLMAIYDI One-bit Cell TioonuuuTavl§raesmim

o w o a
qagaludeun j Tauhn
Epy = ioulj(nal) - iouy(ldml) (¥2.1)
a ¢ Aa a . o
9 MNITUADINYANLAINIWAANDIAYDA One-bit Cell TUAIAVN

4 ,
VLT S

i o o AINszume IR yA lugANAARYDI One-bit Cell TUdIALN |
outf(ideal) T!
11091587 One-bit Cell 1 130 MSB 3'1a N
iaull(ldeal) =21, -2i, (%2.2)
~ v
AU (¥1.22) 919N
ioull(leal) = (2Ir¢/ - 2im1) + (zgld)ilnl + (45:s)iinl - (25p4)1n/ (32.3)
WounuAmINaunIsN (¥2.2) uaz (¥2.3) aalu (¥2.1) s2'ld
Ep = (2£ld)ilnl +(4£ls)ilnl "'(25,:4)1"/ (¥2.4)
vnaumsh (¥2.4) e i, =1 918
Eg = (45:s +28, - 25,,‘)1"/ (¥2.5)
130915001 One-bit Cell 2 Tauf i, =i, 91dAN

=2i

in2(ideal)

= 2ionll(ldcal) =41, —4i, (%2.6)

Ioﬂz(ideal)
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NAUMIN (¥1.18) 92 14

ioul2(rml) = 21wll(rml) (l - 814) + 2“';mnx Iref (%’27)
Wounmumonaunisn (¥2.3) aalu (12.7) w'lan

imuz(rml) = (41"/ - 4iin) + (8814 ) iin] + (8815 ) ilnl - (4gp4 ) Inf - (46'“ ) Inf - (4glz4)ilnl - (88148I5 ) ilnl

+(4gp4gl4 ) Irzf + (2€mlx ) Irzf (‘1‘2.8)
N30 e = (41, =40, )+ (86, )iy + (88,5 iy = (48,4 ) Loy = (48,4 ) Ly + (260 ) Ly (%2.9)

WOLUNUAIINAUNTITN (¥2.6) 1A (¥2.8) aalu (¥2.1) 9z 1a

€ = (83:4 ) by + (8315 ) by — (4gp4 ) Irzf - (4314 ) Iref - (43;)im1 - (83:4515 ) by + (43,;43:4 ) Irzf

+(260m) Ly (%2.10)

vIneunsii (v2.10) e i, = 1_vz1d

Eg, = (85:,s +4g,—-4c,, +2¢,, —86,6,+46,.6,— 4¢’, ) I, (¥2.11)
1{oR158N7 One-bit Cell 3 Tavh i, =i , 924N
iouﬂ(ideal) = 2ia|l12(id¢af) = 81!:/ - 8i1nl (‘1‘212)
A:i Vv
NNAUMIN (¥1.18) 92 101
i""”("‘"’) = 2i°"'2('¢ﬂl) (1 - 6'14) + 2gmnx1nj (‘1‘213)

Wounumnaumsn (¥2.9) aalu (¥2.13) az'ldn

buispeaty = (81rey = Bim ) + (24, )i + (16,5 )iy = (85,4 ) Lr —(166,4) Ly + (6600 ) 1y
—(16% )iy ~(168,45,5 )i + (85 p45rs Moy + (865 ) 1y — (460mEid) Ly (¥2.14)
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YEL) oty = (81, =83, ) +(24€,, Jii,, +(16£,5 )i,y — (82,4 )1,y ~ (168, )L,y + (68 ) .y

(¥2.15)
deumusmnaunsi (%2.12) uaz (¥2.14) aslu (¥2.1) 9= 194N
£y =(246,4)ii + (168, )i, = (82,4) I, — (165,,) 1., +(6¢,,.) 1., —(1662)i,,
—(166,48,5 )i + (88,4514 ) Loy +(882) L,y = (468 10) Ly (¥2.16)

VINANMIN (¥2.16) WD 4, =1 _9z1d

Epy =(l64;,5 +8¢, —8¢,, +6¢,, —165,.6,5+86,,6, -8¢2, —45,..1,5,4)1”/ (¥2.17)

(iiefie15a17} One-bit Cell 4 Taufi i, = i,9:1an
uratuieet) = Zhours(igeaty = 161,07 =163, (%2.18)
LInaums T (¥1.18) 9214
sty = Zhouis(rean (1-£,)+26,,1,, (¥2.19)

HoUNUAIINANNITN (32.15) adlu (¥2.19) 2 1dN

irmestpeaty = (164, =160, ) +(64,, )iy +(328,5 )iy — (165, ) I,y — (485,0) 1, + (146, ) L,
—~(4852 Vi — (328,48, i + (168,484 ) Ly + (3284 ) 1,y ~ (126,,5,0) I,y (¥2.20)

Fourt(eat) = (161, =16i,, )+ (64,4 )ip +(325,5 )iy — (16£,,) 1,y — (48,,) 1, + (146, ),
(%2.21)

WBUNUAS NN N (¥2.18) tag (¥2.20) aalu (¥2.1) o2 1d

£ =(648,4 )iy + (326,5) i, — (165, ) I, — (482,.) L., + (145, ) I, — (4862 )i
~(326,48,5) i + (168,48, ) I,y +(326%) L,y — (12600504 ) L,y (¥2.22)

pa©i4
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AT ($2.22) 0 i, =1 92 1A
£ = (32,5 +165,, 165, +145,,, —325,.5,; +165,,6,,~ 165/, —125,,,5,, ) 1,/ ($2.23)
(iiefia 1501 One-bit Cell 5 Tavit i = i, 92149
bty = 2oty = 32y =320 (%2.24)
MInaNmsH ($1.18) 9218
bres(reat) = Lhoussfpeat (1-,)+ 26,01, (%2.25)
ieumusnnauns (¥2.21) aslu (12.25) 92184

i = (321, —32i,,) + (1605, )i, +(645,5 )i = (326,4) 1,y ~(1286,4) L,y + (306, )y

outS(real) —

—(12882 )iy = (646,45:5 Vi + (328,481 ) Loy + (9687 ) 1y — (2861 ) Ly (¥226)

bpursreaty = (321, =32i,,,) + (1605, )iy, + (64,5 )iy — (326, ) Loy = (968, ) I, + (302, ) .,
(¥2.27)

WoUNUAIINAUMIN (¥2.24) uas (32.26) aalu (¥2.1) 92181

bougS(eat) = (324, = 321,,,) + (1608, )iy + (648, )iy — (326, ) Iy —(1285,) I, +(306,, )1,
—(646,48,5 ) im + (326,48, ) 1y +(9687% )1,y = (286,804 ) 1,y (92.28)

vInaumsh (¥2.28) tile i, =1 vzlA

= (321, —32iy,) + (1605, )i,y +(648,5 )iy —(326,4) Ly = (965,4) Ly + (308 )1,y

lowS(real)

(12.29)

BIBNDI5 HIAINIINRRNAIATZAUUDA One-bit Cell TUtRaz AL vz usalssuin
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»

mAuAANa Rz AuYeIdanessin ADC Heenuuylasldsmmigagavia N Tald
il

‘.!

N N N N N+t N
2% +2%, -2 sp,+(2 —2)3,““ -2"g,6,,+2" 6,8,
g=| oo I, (¥230)
-2 3:4—(2 -2 )3max3u
= do a_aag v
¥3. ﬂ‘li')lﬂi‘l:“ﬂ‘lujunﬂﬂlﬂu‘hﬂﬂ
’ »
anuAanaaazaviifaiulunmsmlaiiuvesdaneisin ADC vwia N lia vziing
AosIUTANTEI1MIUYBI One-bit Cell MinNABAIMAATY N3Nz nudafTuT
TRdmiumsaemmnaiuvedaneisiin ADC Tasldaesmimigagadazdh 5.13 anse
Sinserlddall
NANANMITNNULDITANDIBliA ADC vin 1 Ta Alinsassimnsdnsgii 3.12 oz
a: ¢ 1 e [ .’I a e v 4 =
TvunsmeuIndiium 2 dnfumwfananazaussiingagamifiiie 1) 16 Tao il

1 1 aa o
AONTSNUADAINIADAIDINNA ﬁD

1,2¢j E(2N+1 £ +2~£[4 —oV » +(2N _2)3m“ )Inj (%3.1)

UM (¥3.1) swisodsanumsnouiandullld v vesdansisiin ADC #

1% J =3
ponuyY Iag1¥2905Mmgage fo

1+4¢,,,

N__ =Round{l+lo
e & 2(2::,s 6y = Epy + )

(13.2)

a < ==; ==
¥4. ms'.un‘nznNansznmaaqmnqnmﬂnauuﬂm

o a a L 4 ' o o - v a ]
Indane3sin ADC Tasldesmmgagaaigun 5.13 msldsuainigungisl

1 2 ] = ' L -
HAABAWISIAUN Tua B nIomusaiu luned v, Tavh

Vg = V57 + Vgss (¥4.1)

. - )
nnauMsh (03.3) WoAnssuaasy iy, = I, uag iy, =i, 914
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#( ) + |2 (7)) (¥4.2)
Vess = -;é’ﬁ—(-p—f,—l +Vpu(T) (¥4.3)

A . o .
WOUNUMVINTUMIN (¥4.2) 1as (¥4.3) aalu (14.1) 9214

= #_(%&C:(él + i (T)] + %}’;")L( L ) + Vs (T) (¥4.4)

drimuald v, uaz v, Ao Amssauluuoanguugll 300K uasiigamall T Awddy 910

AuMsN (n3.1), (03.2), uaz (¥4.4) 919

21, 2i L
Vg, = ‘j ( ) + \/—“‘—"‘—(—) +|Vroa| + Vros (%4.5)
Co \W J; HCoux \W Jy
Vg, =—— 2L, (i) +L z'ﬁ(i) +|Vros| + Vros — 22 (T =300)  (%4.6)
300\ 4,C,. \W }, 300\ y,C \W ),
iije Avy =vg, — v, (¥4.7)

WoUNUMINTUMST (¥4.5) 11az (¥4.6) aalu (¥4.7) 92 18N

2, |2,
Av, = 300[ ’ﬂ7 ) 2aAT (¥44.8)

) AT =T -300 (¥4.9)

By =pCp (%) (¥4.10)

By =pCo (%) (%4.11)
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a ¢ 4
¥5. MIUNTICHNAADUTUDINWIATINGD
vInesauyadmsuMsIns kansuauBIMNIAIINDYBIdane3slin ADC lay

T vmmigegadegilil 5.14 e C, = C, + Cpg + Cpp + Cpy 48Z €, = Cpig + Coy + Coa

wldi

#lua ~ipy =(Zmo + 8asto +Cp2 )V, ®5.1)
#luaT (&) Vs == (8o + Lty + 8t +5C s +5C )V (%5.2)
#Tua x i, = (gu)Vy *+(Zara) Ve (¥5.3)
"rﬁuﬂ C -, = (g‘,| + 8 + &mir +5C g1 +ng,,,)vC (¥5.4)
?h‘uﬂ E i, = (gmls)vc +(8o1a )V + (s + 8 ) Ve (¥5.5)

INTUAITH (¥5.1) D1 (¥5.5) 1 g_>> g, uaz g, >> g, wiloulnmilan

filua s v, = —[———1————)1',,, (5.6)
Luto +5C,,
= +5C, 5 +5C
Y]T'Nﬂ 1 vJ = _[ gml] s g3 N gsl4 }V, (‘55.7)
Emn
Nlun x ~i, =(8m2 )V (¥5.8)
nluac Ve =— ! ]im (¥5.9)
Em7 +3Cgﬂ7 +3Cgm

filunE iy = (Zos Ve +(Zu1e) Vs (%5.10)

WOUNUMININTUNIIN (¥5.6) aalu (95.8) 9219
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i, = (-——g“—”—)i,." (¥5.11)
8mio +5C,;

Wounun 1 InTuMIn (¥5.6) aalu (¥5.7) 3218

Emi :
v, = L i, (¥5.12)
! [(gm!() +SCIZ)(gml3 +scg.rl] +scg.vll))

WoUNUAINANAITN (¥5.9) t1az (¥5.12) aalu (¥5.10) 9z'ld

i, = Emabmi) i, - Ems )im (¥5.13)
(gmlo + SCIZ ) (gMIJ + scg.vl] + scgsM) gﬂ'” + SCHJ” + SCZ-‘“

INMTANTIEH IUNIARLIN 34 IRDANYIHARDYAUBINIIANUAVDININIMIAIGIA

] »
A3 4.20 wnsaRMINMIAISATIEIU i /i 1992995 IAnail

Fnax E( 8mo \ (Ts+1) (%5.14)
ix nggm3 )(Tlxs + ])(TZ.\'S + ])
. + C
1o T, = (82 *8m)Cen (¥5.15)
gm2gm3
7 = CentCos+Con+Coy 516
ng + gms
C
T, =% (¥5.17)
gm}
dounua NI T (5.11) aalu (¥5.14) 9214
1
P ;_( Emo ][ | (Bus+1) i) (¥5.18)
gmlgm3 gm!O + SCIZ )(jrlxs + 1) (7‘2-\‘5‘ + ])

WBUMUAIINTUNIN (35.18) adlu (¥5.13) 9z 184N
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EmaEm 1 Em1Em2Em3 (T;xs + 1)(7;x3 + 1)(7;3 + 1) ~ Ems8m9Emi128m3 (Taxs + 1)(Tss + 1)(%’ + 1)

Iy Emo8m3Em18m28m: (T;xs + 1)(T2x3 + l)(7::5 + 1)(Tss +1)(Tes +1)
(¥5.13)
3 C C
iio T, = S ¥ e (¥5.14)
g-l7
Cato T Cont +Coyt
T, = Ca _ S (%5.15)
Emo Emio
C.;+C
7; = gs13 gsl4 ('5516)
gml]

a d o o
¥6. MIARTIERANNSNuMsuasiu
@ a a 1 %4 J [Y o < (Y
11M0aNv55UA ADC Iasl9130smAmigagaaszli 5.13 anuisr lun)asiueeaiees
ansausaivsanldiuasdufie swmminfifannessosildadndyanmnssu
PN i, (fmey) HAEMIAMINTIRAMIAMIINUTBINITISS BUMBUD A Ty
AVABAUDIANA D, (fumey) 190AWIAMUN 1, TUNTORISAN IR0 INHARDTUDINN
3 o a o A 3 ' ar 1 o < 1 o W 1
A2MDVLITANDI Bl ADC FavuegiunniananivesInalaamuiiundn [44] dausuim
- <1 é <
lumey 9515 IMOINNINTOUTROY MM, [41], [43] Faszaoudoiamsduneiined
M, "M, 182 M,-M,, #esufiu fimualdusama M,-M,, Tanuauwaituyalszas

INAUMST (4.105) naz (4.106) 21831 Lo = o= top Tau#l

Ladimax) = tooG + Lpon (%6.1)
Co [ 2% (3VDD —4v, n
tons = +1n (%6.2)
ope ﬂc (VDD - Vr) L(VDD - Vr) VDD
C ( o ( Wy, = 4V, ))
Loy = orl I ¢In| =22 L (%6.3)
oo ﬂc (VDD - Vr) k(VDD - VT) VDD

o 1, Ao AwamMinennsnasuannzasinveslua G
topy N0 MIAMUNINAINABUanIzaenvsalun H

c, fin audulszgilun G
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C,, fio aunvseyiilun H

B. fie AmsilimesveamsinssuaveswemialunesnSsuiisunssum

WBUNUAIINAUMTN (¥6.2) 1oz (¥6.3) adlu (¥6.1) 02181

(c.+C) 2, (31/00 — 4y, D
!ty = I (¥6.4)
) B(VDD - VT)k(VDD - Vr) o Voo

81C,,=335x10™F, C,,= L.1x 10 F, B. = 141 pA/V’, ¥, = 0.61 V, IIAZ ¥, = 3.3 V faan
 aman DEUATTENI 3.7929 s

1119991N8anB55IN ADC YUIA N 1a 5 139UINMSADMAIAADaNDBI SN ADC
dum 1 Ia S N 2995 aaiunnuisrlunisudasiuvesdansisiin ADC Tavldaaes

MIMPIGAVUIA N U szliam)seunm

tC(mlx) = Ntda(mu) + tdd(mnx) (‘“65)

¥7. myinnausamsseige

M3 RS iR Idumas wAgavesdanessiin ADC Tavldeesmisigega
amnsofiesanldnnsnnuginsaigagaiinessniussduundesie v, uaznsng [47]
g1 5.13 wudilisuuemageganiniy 3 Ysznoudauiiven 1§ uazBuven 2 i
fineszninusaduundatie ¥, uaznind Sivmualiueamasia@eiiunadaiinn

‘o yva ' > v -
TUNIBNU v:'lﬂnau'lwaamusmmmmmwmows o
(Voo —0) 2 2vpey + Vrp (¥7.1)
-
N30 Voo 2 2vpgy +|vpsp| (¥7.2)
° o 4 H 3 L] a v oo
mnsunau'lvmsmqm'uaauamv\lﬂ"lumamﬂixuﬂaum 1o

WVos| 2 |Ves| V7| (47.3)
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A ] Y J o 4 : Hao ° ¥

nndouluns luneduemma AWSIAUTENINVIASUAVNIBTARIA vyl NOINNNTY
woamamusonin’ld fe

Ivm.I(“) ;.IV,I (¥7.4)

deumusnnmunsh (¥7.4) aslu (¥7.2) 0214

Vob(ain) = Vi +|Vir| (%7.5)
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MANUIN Y

= d Ly ° .Y a o
ﬂ'ﬁ'Mﬂi'Izﬂﬂﬂlﬁuﬂﬂﬂ'liﬂ'lﬁ'lu‘llﬂﬁﬂaﬂf’)‘iﬁNﬂ ADC

d' Y daosr s d
neanuvulaglirsasiantuduysol

d .
P1. MITUATICHANNAANMIAIUMTTINIUN U
AMNHANGIA TUMS AR IUNTEIaYDIdanDds sl ADC oonuuy TasldeesHaddu
[ & d' o [] r&Y v
duysalmign 525 szasnanuligumaisuyadszasveavemialulesazion

NITUTUATANUAANTIAYOI NS HInFUFUYsaliTundn

enmuald

£,s

£, fD MANVAANIIATDINTHIRFUAUYS Ol

- J o ¥
fiD AMNUHANDIAVDINIIATNOUNTZNA M- M,,

. & ~ 1 ar T e
MmN INYBINTasRounssud M, - M,, Sillndasimsvnonssumynfuae
wldnnuduiuisznininseue i, uaznszuaduna i Ao

iy =2i,(1-¢,)-1,, (¥1.1)

(zgmll —gmlz) + 1

. i <0
o r,
TﬂUY] Eps - gmll gm6 ol2 (cnlz)
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ABSTRACT

An algorithmic grayv code analog-to-digital
converter (ADC), which is based on gray coding, is
proposed in this article. The realization method
makes use of a MOS current limiter to provide a
high-speed operation and low accumulated error.
The proposed ADC is simple, small in size and
suitable for fabrication using a standard CMOS
process.  Simulation results showing  the
performances of the proposed circuit are also
included.

1. INTRODUCTION

An analog-to-digital converter is one of the
important circuit building blocks in mixed analog-
digital systems It can be found in many
applications such as radar systems, TV and video
systems, digital telephony, computerized control
systems and mstrumcntanon systems. An ADC is a
small part of the ‘total system, therefore, it should be
small in size, low-power consumption, best speed
performance and simple circuit configuration.’ In
high-speed ADC, the parallel conversion method
offers the best speed performance. However, the
parallel conversion ADC has a circuit complexity
and spends a large portion of the chip area. In
recently years, there has been a strong motivation
implement both of analog and digital circuits on the
same chip using a standard CMOS digital process.
{t has been shown that, among the exiting ADCs,
the algorithmic ADC offers the advantages both
circuit performance and small in size of chip area
(1]-(4). The current mode algorithmic ADC based
on binary code has been proposed in literature [1]-
[2]. The configuration of these approaches is simple
and can be realized with a minimum of chip area.
The conversion technique based on binary code
requires a subtract function to generate a sawtooth-
like wavefon'n for a continuously increasing tnput
signal. Howcver the sawtooth-like waveform

. contains a broad frequency spectrum that causes the

- distortion on the subtracted signal and limitation of

a high-speed performance. This is due to the finite
bandwidth of the subtract function circuit. To
minimize the disadvantage of the binary code
algorithmic ADC, a gray code algorithmic ADC has
been introduced [3]-[4). The realization of a MOS
gray code algorithmic ADC can be implemented by

the'use of current mirrors, current comparators and
analog switches [3]. The limitation of accuracy and
conversion speed of this ADC is owning to the
delay and distortion which are respectively caused
by the current mirror operated in class B and the
overlap operation of the analog switches. In this
article, a CMOS gray code algorithmic ADC is
introduced. The realization method is based on the
use of a MOS current limiter to generate a gray
coding. The proposed ADC provides a high
accuracy, high-speed operation and low
accumulated error.

2. CTRCUIT DESCRIPTION

2.1 Principle of gray code ADC

The flow charr-of a gray code algorithmic
conversion is shovwn in figure 1(a), where L is a
reference szgna] and l.is an analag input signal
which has 2.:value berween zero and the reference
current . The input signal.[;, is amplified by a

. .gfactor two to generate a signal 2[;,. The 21, signal
i comparcd with the reference [.¢ If°21;, is. less

than I, the cjxgual output is set-to zero and 2{;,
becomes the analog output signal. Otherwise, the
digital output is set to one and the analog output
signal is then generated by subtracting the 2I;, from
21, This analog output signal can, either fed back
to the input or on to a following identical cell to
generate another bit of a resolution. Consequently,
the transfer characteristic of the. gray code
algorithmic analog-to-digital conversion is a
triangular-like waveform. for continually increasing
the input signal as shown in figure [(b). It should
be noted that the algorithmic ADC starts its
conversion from the most significant bit (MSB) and
continues its action successively bit by bit.

22 MOS Current limiter

The MOS current limiter ts shown in figure 2(a)
(5)-[6]. Constant voltage source Vg provides a
fixed potential at node A. Transistor M;, and
current source Iy provide the bias voltage which is
approximately equal to 2Vy, where Vr is the
threshold voltage of MOS transistor. Therefore,
transistors M, and M, are forced to the edge of
conduction to minimize the crossover, distortion.
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conversion
(b) transfer function of gray code ¢
algotithmic

Transistors Mg-M,e and M;-M,; form a unity gain
current mirror, If i,> 0, the curren. i, flows through
transistor M, and is reflected to nodz D by
transistor M,-M.o Then thq currents at node 'C and
node D are ip;; = 0 and ipye = ia, respectively. For
the case of in< 0, the cuwrrent flows through
transistor M;. Current mirror M,;-M,; forces the
current ip;; = ix and then the current ipy3 is equal to
zero. The DC wansfer characteristics of the MOS
current limiter are shown in figure 2(b) and 2(c).

‘o

()

Figure 2. MOS current limiter
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2.3 The proposed ADC

The proposed ADC is shown in figure 3. The
function blocks in dashed-line frame of figure 1(a)
is replaced by a current comparator M;-M,,, M,
Mq and a MOS current limiter. Transistor M,
functions as a current follower and provides a fixed
potential at input node. Transistors M,-M, and M, s-
M4, where the channel width of transistors M;-M,
and M, are twice of transistors M, and M,
respectively, form a current mirror with current gain
equal to two. Consider the circuit in figure 3, the
current i, is an input signal and L. is a reference
current, the operation of the circuit can be
explained as follow. The current i, is amplified by
a factor two by using the current mirror M,-M,. The
new current 2i;, is compared with the current I,.¢ at
node A. Then the current i, can be stated as

iA -‘-'-21-”.—’"/ (l)

If 2t < L, the current iy is negative and flows
through the current limiter. The unity gain current
mirror Ms-M, reflects the current 2[;, to an output
node B. Therefore, the analog output current i,
becomes

lla-l' = 2 iln (2)

" The current ipy, is reflected by the current mirror
M,z-M., to be cqual to the current i, and compared
with the current ip,;, where ip;; is equal to zero.
Therefore, the digital output Vi is set to low. Fors:, ;
the current 2i;, > Ler, the current iy is positive and
flows through the transistor My. The ¢current i, is .
reflected to the analog output node B by the current
mirrors Mg-Mye and \4,,-M|6 The aralog output
current i, becomes

by = 20, =20, =21, - 2i, 3)

For this case, the current ip,; is zero and the
current ip,, is equal to iy. Thus the digital output Vg
goes high. The analog output current i, can be
stated as )

2i, : ) 2i, <1,
i = A
21, -2, for  2i,>1, :

The N- bit resolution can be achieved by
cascading of N proposed circuits with the analog
output of one circuit connected to the analog input
of the following circuit as shown in figure 4.

3. SIMULATION RESULTS

The performances of the proposed circuit were
observed through the use of a SPICE analog
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simulation program. The BSIM MOS model of the . .
0.7um .CMOS process was_used for the circuit L 'jw” 35 8 & o
simulation. ‘The ratios of the- chariniél width .and b R
length (W/L) of the devices used are shown in table
1. The reference current I, [; and I, are set to N Figure S. DC transfer characteristic

S0pA, 20pA and 10pA, respectively, Vg = 3.5V
and Vpp = 5V. Figure 5 shows the -DC tansfer
characteristic of the proposed circuit for the input
signal current i, which is varied from 0 to SOpA.
A eight-bit resolution ADC formed by cascading
cight proposed circuits was used to verify the
conversion performance. Figure 6 shows the output
waveform, where the input signal is varied from 0
to 50pA, that monitored from the analog output of
the least significant bit (LSB) or from the eighth bit
cell of the eight-bit ADC. It is evident that the
circuit operates with high accuracy over the entire
dynamic range. The frequency response of the
circuit is shown in figure 7. It should be noted that
a bandwidth_pf about 80MHz is oobserved.

Table 1 .

Transistors W(um)/L(um)
M, 20/1

M,, M;, My, My Mo, My, 2/}

Mer Mllv MIS

M;, My, Mg, My, My 4/1

M 310
L Mp, My, 1/0.7

.

]

Lot 1A 5
Pmma o -

Figure 6. The analog output of the eighth bit cell
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4. CONCLUSION
A CMOS integrated circuit technique for realizing
an algorithmic analog to digital converter using
current limiter has been introduced in this article.
The DC transfer characteristic of the proposed

ADC shows a good linearity and low distortion -

over the entire dynamic range. A N-bit resolution of
an’ ADC can be achieved by cascading of N
proposed circuit. Simulation results confirmed the

circuit performances have been demonstrated. -
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Anti-fuse s used as the program switch element that selectively connects the logic bloclks and the wire channels in
FPGAs A novel PIP anti-fuse structure consists of Poly-SVONG/Poly-Si layers. The anti-fuse showed a low on-state
resistance of 140-200chm.For the antl-fuse, the rupture voltage was about 7V. The rupture time was very short time of
100-500ms. .
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WPI-2-2[English] Realization of Lowpass and Bandpass Leapfrog Filters using OAs and OTAs
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(XMITNE) Wanlop - King Monghut Institute of Technology Ladlrabang (KAMITL)
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cirenit impl tion with sy tic design and dense layout. As il 0 d the te reatization of current-mode
\adder filters, a 3cd-order Butterworth low-pass filter and a 6thorder Chebyshev bandpass flter are designed and sima: d using PSPICE.
WPI-2-3[English] Fuzzy Multiple-input Maximum Circnit in Current-mode
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A multiple-input maximum circuit in current-mode {s described. The realizadon method Is suitable for fabrication using
CMOS technology. pmeddrc&hmnvmdwphnﬁudmm&isﬁcandbmﬁlbuﬂdn;bbckforamk
time fizzy ler. The perfor of the circuit were studied using PSPICE program. The simulation resuits
verified the circuit performances are agreed with the expected values.

wm-z;t_mngnsm A Low-voltage CMOS Instrumentation Amplifier

Sukdnm Luikitmaoagkol X377, Wandee Petchmaneelumia AMI7L Vanchai Riewruja A3077 Chaleompun Wangwiwattan
KMITL *Amphawan Chaiida K347 .

An instrumentation amplifier with the low supply voltage is proposed in this paper. The proposed circuit consists of two
wltzg&t&cumtmnvmemhabalmmingchmﬁﬂthconmumbheaccmcyﬁm differentdal signal handling
and a high commonmode rejection ratlo. Moreover, high differential gain and bandwidth can be achieved
simultaneously. PSPICE simulation resuits, d ration the characteristic of this circuit, are included.
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Fuzzy Multiple-Input Maximum Circuit in Current-mode

Chamaiporn Pojanasuwanchai, Chaleompun Wangwiwattana, Amphawan Chaikla
Vanchai Riewruja, Prasit Julsereewong

Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok 10520, Thailand
(Tel: 66-2-739-2406-7; Fax: 66-2-739-2406-7 ext. 103; Email:vanchai@cs.eng.kmid.ac.th)

Abstract: A modular current-mode circuit, which provides the maximum of n analog inputs, is described. The realization
method is suitable for fabrication using CMOS technology. The proposed circuit has a very sharp transfer characteristic and is
useful building block for a real-time fuzzy controller and a fuzzy computer. The performances of the proposed circuit were
studied by the use of the PSPICE analog simulation program. The simulation results verified the circuit performances are

agreed with the expected values.

Keywords: Current-mode circuit, Maximum circuit, Fuzzy Control

1. Introduction

Since fuzzy mathematics was established, it has found
applications in expert system, pattem recognition, robotics,
and industry controi, etc. Fuzzy systems were
implemented using software or hardware. The
conventional software approach is large in size and its
operation speed is low particularly in real-time
applications. It always needs ADC and DAC interface for
input and output 1o deal with real-time problems. This
interface slows down the whole system and makes its
accuracy dependent on this ADC and DAC. For this
reason, bardware implementation of fuzzy systems with
high speed and high efficiency will be need for real-time
use such as image and specch recognition. The fuzzy
operation circuits proposed so far can be categorized into
the digital approach " and the analog epproach 4. The
digita} approach is superior to the analog approach in
extension, and ease of design. On the other hand, the
analog circuits have higher speed and lower power
consumption than their digital counterparts.

The most significant fuzzy logic functions for realizing
fuzzy systems are the maximum and minimum functions.
Fuzzy systems emgloying these two functions are used in
many applications %> 9. The realizations of maximum and
minimurm functions in analog circuit form so far have been
implemented using either a sccond generation cumrent
conveyor (CCII) ? or an operational transconductance
amplifier (OTA) ¥ as a basic active circuit element. These
approaches require diode function as an electronic switch
to eliminate undesirable signal to provide maximum and
minimum operations. However, the high-speed
performance of these approaches is limited by the delay
caused by the trdnsition between “on™ and “off” state of
diodes. The dynamic ranges of the maximum and
minimum circuits using OTA arc also limited by the input
stage of an OTA. Other approaches are based on the use of
CMOS circuit technique to perform maximum and
minimum circuits ** %,

For implementing a fuzzy logic controller or fuzzy

-571-

processor by employing maximum and minimum
functions, the multiple-input maximum and minimum
circuits are needed * 9. The problems associated with the
current-mode two-input maximum and minimum circuit
for fuzzy logic controller ” are accumulated error and low
operation speed as a result of using the binary ftrec
structure to implement the multiple-input maximum
circuit To reduce the accumulated error, the one-stage
n-input maximum circuits have been proposed in the
literature. * ¥, These approaches are taking the advantage
of the fact that MOS transistor operated in saturation
region conducts the maximum current for 2 given gate-to~
source voltage.

This paper aims to present another hardware realization
of the multiple-input maximum circuit based on the same
principle as in * ¥, However, we exploit this idea in a
difference way to provide high accuracy, high speed and
wide dynamic range. Simulation results.confirming the
characteristics of the proposed maximum circuit are also
included.

2. Circuit Description

A common approach for maximum circuits is the
common-sowrce configuration as shown in Fig. 1. This
implementation is very popular in bipolar designs ' 'V,
The two-transistor version of this implementation is the
well-known differential pair. The common node X follows
the maximum input voltage with an offset that can be

-
M, M, ™,
@ -

L™

Fig. | Common-source implement of maximum circuit
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compensated for by various circuit techniques, suchas s
replica bias. This maximum voltage-follower gives rise to
a blunt DC transfer characteristic, with important
crossover distortion.

The princi-e)lc of the muitiple-input maximum circuit in
current-mode * is shown in Fig. 2. Each maximum cell for
an input current is composed of two-transistor cusreat-
controlled current conveyor '?, My, and My, The cusrent
ine Of the diode connected transistor M, is used as the
current source for this circuit. The maximum operation’of
this circuit, based on the shared gate-to-source voltage
comresponding to the saturation value imposed by the
maximum input current, can be discussed as following.

i
i e
R
' M, .
LB [y
X M)
<

Fig. 2 Principle of the multiple-input maximum circuit

The basically design of the maximum circuit, the
transistors are all matched and operated in their saturation
regions. The drain current of a MOS transistor operated in
saturation region is expressed as ¥

C.W
ip’%f(va"_’r)z"x(va:'yr)! O}

where K, vgs and Vy are the device transconductance
parameter, the gate-to-source voltage and the threshold
voltage, respectively. Suppose that i; is the largest input
current among all of currents, i; = max(iy, &,...,). The
drain-source voltages vy, vy,..., v, of the transistors M,,,
May,..., My, established by the input curreats iy, iy,..., iy,
respectively. The drain-source voltage v, is established by
the maximum input current i, thus the voltage v, is the
maximum voltage. The matched transistors M,;, My,...,
M, and M, have the same gate-to-source voltage vx, so
they should also have the same drain cumrent, ipx in
saturation. At node X, this current is compared with the
M2, Mn,...., My drain currents, iplz, ip22p---s ipa2-

At steady state, the oulput currem in,, is a replica of the
maximum input current, in this is case i;. The
corresponding transistor M,; is 1n saturation. In another
branch, the input voltages vy, v,,..., v, are high, transistors
Mp, My,.... Ma are in the non-saturation region. The
differential voltage veg between the drain-source voltage
vy and v; fulfills the relation as

2, |\
Vg =Iv| —v,l > (—D—'-) yi=23,...,n )
K
The drain currents of transistors M3, Mp,..., My, are

iy = ipy 3)
and
bop =lpy =...=ip; =0 @
Because the output current is

l—l

Slgy +ipn +...+ipy, (5)
It follows that
by =ipyy =ip =i mmax(i,k,...,5,) (6)

The above discussion confirms the maximum operation.
However, the large voltage swings at input nodes induce
distortion on the output signal and limit the operating
speed.

The proposed multiple-input maximum circuit, with a
very sharp comer in the transfer characteristic, is shown in
Fig. 3. The circuit makes use of a MOS class B/AB
configuration. Each maximum cell for one input variable is
composed of three transistors, My, My and M;;. The
transistors M;; and My function as the current maximum
selector. The transistor M, and the bias current source Ia
provide the bias voltage Vy approximately equal to 3Vry.
Therefore, the transistors M;,-M;; are forced to the edge of
conduction to minimize the crossover distortion. The
transistor M, acts as a diode. The transistor Mz is used to
capture the maximum current to output node. The
operation of the proposed circuit can be explained as
follow.

voo
M, My, M, b
- 1 - va
oo, [ o llm . [0 o llee
l M, i M,, M,
o= :t—- o—=>1" Jq—[: o Ve IE ;
i |m Mi. M, i N—l j
. l ="l — ey m ! 1

Fig. 3 The proposed multiple-input maximum circuit
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Suppose that the nput curent iy, 13 the maximum
current among iy, iz,.... ie The drain-source voltages v,
V3,104 ¥y Of the transistors My, Ma,..... My are established
by the input currents iy, iy,.-.., in fespectively. The drain-
source voltage v is established by the maximum input
current iy, hence the voltage v, « the maximum voltage.
The transistors My, Mj,.... M, are regarded as the
differential circuits. Then the current ip, will fiow through
the transistors of the differential circuits with maxirum
input voltage, the drain current ip); of transistor M;; is
equal 10 ip, and another drain curfent ip; of transistor M,
is equal to zero. Because the gates of transistor M;; of the
maximum cells are connected together, the voltage v, is
related to the maximum voltage v;. Therefore the voltage
v, is equal to the gate-source voltage of the transistor Mj;.
In this situation, the transistors My, and M, form as the
unity gain current mirror, so the output current im, is equal
to the input current i;, which is the maximum input
current. Therefore the output current can be written as

i, =max(g.i,.....L)=i G

It is clearly scen that the proposed circuit has the
maximum operation of the multiple current inputs.

3. Simulation Results

The performances of the proposed circuit were studied
by the use of PSPICE analog simulation program. The
BSIM MOS model of the 0.5pm CMOS process was used
for the circuit simulation. The dimensions W/L of the
devices are shown in Table 1. The bias cuirent [ and the
supply voltage Vpp are set to 10pA and 2.5V, respectively.

Table 1 The ratio of channel widths and lengths
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The DC transfer characteristic of the proposed two-
input maximum circuit with the input current i
continuously changing and the other input current i
changing in steps of 20pA is shown in Fig. 4. It confirms
very small distortion on the output signal. Fig. 5 and Fig. 6
show the simulated transient response of the proposed
three-input and five-input maximum circuits, respectively.
The triangular input currents are SOuA peak amplitude and
10ps time period. To compare the propagation delay of the
maximum operation of the two-input maximum circuits as
shown in Fig. 2 and Fig. 3, the simulation results are given
in the Fig. 7. The input curreats of each circuit are shown
in Fig. 7(a), where the input current i, is 1MHz sinusoidal
wave with 20pA peak-amplitude and the input current i, is
kept at zero. The simulated curves in Fig. 7(b) and the
comparison results in Fig. 7(c), where ims (Fig. 2) and igax
(Fig. 3) are the maximum output current of the circuits as
shown in Fig. 2 and Fig. 3, respectively. Referring Fig.
7(c), it can be seen that the propagation delay of the
maximum operation of the two-input maximum circuits as
shown in Fig. 2 and Fig. 3 are about l6ns and 6ns,
respectively. The crossover delay is reduced using the
MOS class B/AB configuration in Fig. 3.

4. Conclusion

The current-mode multiple-input maximum circuit for
fuzzy logic controller has been proposed. The proposed
circuit designed with 3nt+3 transistors, where n is the
number of inputs. This structure is simple and modular, so
it can be easily expanded to meet the requirement of the
number of multiple-input signals. From the simulation
results, it is evident that the proposed circuit has the
correct function and good performances.

Device W/L (um)
M, My, My 5/1
M, Mo M; n
1o i,= [00 vA
i,= 80 vA
80 2 /
L,=60uA
s b _
g .
- =40 uA
40 =
=20 uA
“o

o 10 20 30 40 30 6 70 8 9 100
iy, uA

Fig. 4 DC characteristic of the proposed 2-input maximum circuit
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Fig. 6 Transient response of the S-input maximum circuit
(a) the triangular input currents
(b) the maximum output current

255

P
10uA Ay
oA /"
~HouA
0w
Os 0w LT Ll e 10w 13w

Tume

(2)

-10uA
20uA
[ 02us 0.4us 0.bus [ [ ™
Teerm
120A
[y
A
! LY
o TpnelVE 1) l
NiufFis D
180ma 200n8 200 240ns 2500 280ms 300na
Tina
©)

Fig. 7 Simulated results for speed performance
(a) the input currents
(b) the maximum output currents
(c) the crossover region
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A high-speed algorithmic ADC
VANCHAI RIEWRUJAt* and AMPHAWAN CHAIKLA*t

A method for realizing high-speed algorithmic analogue-to-digital converter
(ADC) is presented in this paper. The realization method based on the proposed
absolute function circuit, which performs a low-distortion in the transfer
characteristic, is utilized. The proposed ADC is simple, small in size and suitable
for implementing a high-resolution ADC. Performances of the proposed circuit are
discussed in detail and confirmed through Cadence Spectre simulation results.

1. Introduction

An analogue to digital converter is an important circuit building block in a
mixed analogue-digital system. It can be found in many applications such as
radar systems, TV and video systems, digital telephony, computerized control sys-
tems and instrumentation systems. An ADC is a small part of the whole system,
therefore it should be simple and small in size. Moreover, low-power consumption
and best speed performance become necessary. For high-speed ADC, the parallel
conversion method offers the best speed performance. However, the parallel conver-
sion ADC has a circuit complexity and spends a large portion of the chip area.
In recent years, there has been a strong motivation to implement both analogue
and digital circuit on the same chip using a standard CMOS process. This is due
to the demand of high performance, portable and battery-powered equipment. It has
been shown that, among the existing ADCs, the algorithmic ADC offers the advan-
tages of both the circuit performance and small in size of chip area (Pouliquen et al.
1991, Fong et al. 1994, Signell et al. 1997, Chang and Lee 1998, Zheng et al. 2000,
Quinn and Pribytko 2003). In addition, the N-bit resolution of an algorithmic ADC
can be simply realized by cascading of N-bit cells. There are two techniques for
implementing an algorithmic ADC, which are binary coding and gray coding. For
binary coding, the conversion technique requires the subtract function to generate a
sawtooth-like waveform for a linearly increasing input signal. The current mode
binary code algorithmic ADC has been proposed in literatures (Chang and
Lee 1998, Zheng er al. 2000, Quinn and Pribytko 2003). The configuration of
these approaches is simple and can be realized with a minimum of chip area.
However, two major limitations of the binary code algorithmic ADC are introduced.
First, the accumulation of a signal error, according to the bit generation, deteriorates
the accuracy of the ADC and limits the resolution of the ADC. Second, the finite
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bandwidth of the subtract function circuit causes the distortion on the subtracted
signal. This is due to the sawtooth-like waveform containing a broad frequency
spectrum. Therefore, a high-speed performance of the ADC is limited. To minimize
the disadvantages of such ADC, an algorithmic ADC based on gray coding
technique has been introduced (Pouliquen et al. 1991, Signell et al. 1997). The
advantage of gray code algorithmic ADC is that the accumulated error is smaller
than that of a binary code one (Signell et al. 1997). The realization of a MOS gray
code algorithmic ADC can be implemented using current mirrors, current
comparators and analogue switches (Pouliquen et al. 1991). However, the accuracy
and the conversion speed of this ADC are limited by the delay caused by the current
mirror operated in class B and the distortion caused by the overlap operation of
the analogue switches.

The purpose of this paper is to propose a CMOS circuit technique for the
realization of an algorithmic ADC. The technique is based on gray coding
which utilizes absolute function circuit to achieve high-speed operation and
high-accuracy. Consequently, the proposed ADC is suitable for realization of a
high-resolution ADC.

2. Circuit description

An algorithmic ADC technique based on gray coding can be described as in
the flow chart in figure 1{a), where I, is a reference signal and i;, is an analogue
input signal which has a value between zero and the reference Ii.r. The input signai §,
is amplified by a factor of two to generate a signal 2i;,. The 2i, signal is then
compared with the reference I..r. If 2j, is less than I, the digital output is set
to low and 2j, becomes the analogue output signal. Otherwise, the digital output
is set to high and the analogue output signal is then obtained by subtracting the 2i;,
from 2I,¢¢. This analogue output signal can be either fed back to the input or fed onto
a following identical cell to generate another bit of resolution. It should be noted that
the algorithmic ADC starts its conversion from the most significant bit (MSB) and
continues its action successively bit by bit. The transfer characteristic of the gray
code algorithmic ADC is a triangle-like waveform for continually increasing the
input signal as shown in figure 1(b). It can be seen that the dynamic range of the
input signal is equal to I.;.

2.1. Absolute function circuit

The principle of the absolute function circuit is shown in figure 2. The current
source Ip, transistors Mg and M, provide the bias voltage Vp approximately equal to
3Vr, where Vris the threshold voltage of the MOS transistor. Therefore, transistors
M,—-M; are forced to operate at the edge of conduction to alleviate the crossover
distortion. For a positive current i,;, which flows through the transistor M, then
causes the voltage at node A to increase and the gate-source voltage of the transistor
Ms to decrease effecting Ms to cutoff. Similarly, the flow of a negative current i,,
through the transistor Ms causes the transistors M,—M, to cutoff. Therefore the
currents ips and ip; can be given by

ips =1ip and ip =0 for i, <0 (l1a)
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Figure 1. Principle of gray code algorithmic conversion. (a) Flow chart. (b) Transfer
characteristic.
and
ips=0 and ip =iy, for i, =>0. (1b)

The unity gain current mirror M;-M, reflects a positive current i,, in order to
add to the current ips that is equal to a negative current i,. Consequently, the
current ipg, the sum of ips and ip;, is reflected through the current ipy by the
unity gain current mirror Ms—M;. Then the current ipy can be stated as

ip7 = ips + ipy = ips + ipy = |ia|- 2
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Figure 3. Proposed circuit. (@) One-bit cell Gray code ADC. () Transfer characteristic.

It is clearly seen that the current ip; is an absolute function of the current signal i,

absolute function circuit

2.2. The proposed circuit

The proposed one-bit cell gray-code algorithmic ADC circuit is shown in
figure 3(a). The decision block in dashed line frame in figure 1(a) is replaced by an
absolute function circuit and the current sources 7; and I3, as shown in figure 3(a).
Transistor M), with constant voltage Vg generated by transistors Mg—-Mg and the
current source I function as a current follower and provide a fixed potential at the
input node. Transistors M;;—M;; form a dual-output negative current mirror
with the current gain equal to two. Transistors M,—M;; function as a current
comparator (Freitas and Current 1983), which is used to compare the current ip;3

with the current source /, to generate a digital output.
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Figure 3. Continued.

Consider the circuit in figure 3(a), the current i, is an input signal and /. is a
reference current, the operation of the circuit can be explained as follows. The input
signal current i;, is multiplied by a factor of two using the current mirror M,,—M,;,
where the channel width of transistors A, and M,; are twice that of transistor M,;.
The new signal current 2i;, is compared with the current I;.r at node C to generate an
analogue output signal i, and a digital output signal Vg4 at node D. The current i,,
at node C can be stated as

igy = 2ijn — Iy 3

If 2i, <I,, the current i,, is negative and flows through the absolute function
circuit. Therefore, the output current i, can be expressed as

fout = Jrer — |iabl = 2ij5. @

Consequently, the current ip,; is less than J; and the digital output Vg, is set to low.
For the case of 2i;, > I, the digital output ¥, goes high and the analogue output
current i,,, becomes

fout = Irer — |2’.in - refl = 2ot — 2iip. )

The transfer characteristic of the proposed circuit can be shown in figure 3(b) and
the output current i,,, can be stated as

N 2iin for iin < Inr/2
lout = i

6
25 — 2, for Gy = Ieg/2. ©

It is obvious that the transfer characteristic of the proposed circuit is the same as
that of figure 1(b). For the N-bit resolution, the N proposed circuits are cascaded
with the analogue output of one circuit connected to the analogue input of the
following circuit as shown in figure 4. The binary code can be simply generated
by the use of two input exclusive-OR gate with the input from the gray code
of a present bit and the binary code of a previous bit as shown in figure 5
(Sheingold 1986).
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gray code
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Figure 4. N-bit resolution Gray code ADC.
binary code
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Figure 5. Gray code to binary code conversion.

3. Circuit performance

Deviations from the ideal performance of the proposed circuit are due to
transistor mismatches, finite value of the drain resistance of the transistors and
temperature effect. The major factors that contribute to the inaccuracy are discussed
as follows. From the circuit in figure 3(a), the source of each transistor is
connected to its body. Therefore, the operation of MOS transistors is insensitive
to the variation of the threshold voltage caused by the body effect. The error of the
analogue output i, is composed of two errors. The first error is due to the twice
gain current mirror My,—M,3. The relationship of the current i,, and the input signal
current i, can be approximated by

iab = Zlm(l - EP) (7)

and

g, = [(2gmll “gmlz) 2 :l (8)

2gmy, (2gms + gmy)ronz
where gm; is the transconductance of transistor M;, roy; is the drain resistance of
transistor M. If  gmyj =241 x107*AV™  gm;;=4.824x 107*A VT,
gms=2.853x10* AV, gm; =2.443x 107*A V™" and rp;; =2.198 M2, then the
error g, is about 2.8 x 10~ or 0.028%. The second error is due to the absolute

function circuit. The relationship of the output current i,,, and the current i,, can
be approximately given by

iaut = |iab(] - 6‘ab)l (9)
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and
o (e - &) for iy < Ir/2 o)
ab —
Agmsegm +Agmg,gm _ rontRyromgms :
( g"l'xgms : ’oz’o;gmsm ) for iin = Inr/2

where Agm,, and Agm,, are the transconductance errors due to the transistor mis-
matches between the PMOS transistors Mg and M, and the NMOS transistors M,
and M,, respectively, Ry is the resistance connected to analogue output node. If
Agm,,=2.014x 1077AV™, Agm,,=622x 1077 AV, gms=1988 x 107* AV,
ro2=3.33MQ, ro7=2.86 MQ and R;=1kS. Therefore, the error ¢, is approxi-
mately 3.5 x 107 or 0.035% for i, < I,er/2 and 4.02 x 107 or 0.04% for i > Jrer/2.
The effect of transistor mismatches in the first term on the right side of equations (8)
and (10) can be minimized by using a large aspect ratios and long channel length
transistors. However, the high frequency response of the circuit is decayed by the
large dimension of transistors. The second term on the right side of equations (8) and
(10) are due to the drain resistance of transistor and can be reduced by using a
cascode current mirror. The relationship of the output current i,,, and the input
signal current i, can be stated as

i - 2iin(1 - 81) + 8ab’rcf for iin < ]n:f/2 (1 1)
out 2o — [260(1 — &) + Eaplrer)  fOr  fin = Ier/2

and
& =€, + &g — Epad (12)

where ¢, denotes the signal transfer error. It can be seen that the output offset current
occurs in terms of gulr on equation (11). If 4, =Ilr=50pA, then the signal
transfer error ¢, and the output offset current are 7.35 x 107* A and 2.01 x 1072 A,
respectively. For the N-bit resolution ADC, the signal transfer error ¢, is inversely
proportional to the number N of the proposed circuit in cascade. The number of
bit possible for a high resolution ADC can be given by

N=Round{l +log2|:£-]-—g:8—"b)]}. (13)

If ,=3.33 x 10™* and £,,=4.02 x 107%, then N is equal to 10. The cascading N
circuits for the N-bit resolution ADC introduces the accumulated error that is
observed at the input of the LSB cell. From equation (11), the accumulated error
ers for the full-scale input signal current j;, = I.r can be expressed as

N-2
Eps = [2”“e,, + &g+ [[Z (2% + 1)] + 28! }e,,a,,,,

i=]
42V NN = 2) + 2V - 2)63,,]1,,, for N>2. (14)

If Ir=50pA and N=9, then the accumulated error ggs is equal to 3.62puA or
0.07 LSB.

For the temperature effect, the surface mobility and the threshold voltage are
temperature-dependent parameters. If the transistors are perfectly matched, then the
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current transfer error of the current mirrors is temperature-independent. However,
the bias voltage ¥, which is generated by the gate-to-source voltage Vs of the
transistors Mg and M,, exhibits temperature dependence. Thus the bias voltage
variation AV can be stated as

[21
AV = 300[ 25(\/[3_3+\/;‘3_9):|—2aAT' (15)

where AT and S; are the temperature variation from the room temperature and the
device transconductance parameter (KpW/L) of the transistor M;, respectively.
The factor o depends on the substrate doping and the oxide thickness (Uyemura
1993). If Jp=30pA, Bs=Ps=2.204x10"*AV~2 AT=10°C, a=134mVK™,
V5=2.06V, then the bias voltage variation AV is about 7.98 x 107>V

The high frequency response of the one-bit cell ADC in figure 3(a) is limited by
the bandwidth of the current mirrors M,—M,, MM, and M, —M,;. The small
signal transfer function F(s) can be approximately given by

F(s) = fowr _ gnagmagmagmiaro(Tss + 1)
in  gmegmy (gmy + gmy + gmygmaro ) (Tys + 1)(Tas + 1)(Tss + I)(Tys + 1)
(16)
and
Cs+ C,
= = 7
T, e an
T =Cn+C|z+C|3 (18)
2 gmy
T — G + Cy + Cyroi(gms + gmy) (19)
} gms3 + gmy + gmygmyro)
Cio + Cp
Ty = —m= 20
4 P (20)
Tym b @)
gmy

where C; is the gate-to-source capacitance of the transistor M, C, is the interconnect
capacitance, ro; is the drain-to-source resistance of the transistor M,. For
=Cy=14x107"F, C¢=C3=296x10""F, C,,=9.36x10""F, (=
592 x 10714F, ‘c,z_c”_l 18x107F, C,=123x10""F, gmy=gm,=
239 x 10*A V" , gmyo=1.82 x 104 AV and ro1 =3.47MQ, the poles and the
zero due to the time constants Ty, T, T3, T, and Ts, are approximately at
773.73MHz, 129.93 MHz, 1.37 GHz, 2.05 GHz and 2.71 GHz, respectively. It is evi-
dent that the dominant pole due to T, is the major high frequency limitation. Since a
dominant pole exists then the transfer function F(s) can be approximated by

loulN 2
FO =1 "=2Tst (22)

The conversion time of the proposed ADC is determined by the delay time ¢4, of
the analogue output i, and the delay time 4, of the digital output ¥V ,. The delay
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time #;, caused by the absolute function circuit and the current mirror M,,-M; is
equal to the time constant T; of the dominant pole, i.e. t4 = T2 =1.22 x 10~ s (Palm
1988). For the digital output Vg, the delay time ¢, is associated with the delay time
of the inverters M ,—M,s and M,sM,;. If the transistors M 4;~M, are designed to
closely match, then the delay time #;; can be approximated as (Uyemura 1988,
Demassa and Ciccone 1996)

Ly = (COI + COZ) [ 2VT + ]n(3 VDD - 4VT):|
Bc(Vop— V1) (Voo — V1) Vop

where Cy, is the capacitance at node E, Cp, is the capacitance at node F that is
the combination of the interconnect capacitance and the output pad capacitance,
Bc is the device transconductance, V7 is the threshold voltage of MOS transistor
and Vpp is the supply voltage. If Co;=3.20x 107"*F, Cp,=1.1 x 10712F,
Bc=2072pAV™2 V;=0.61V and Vpp=3V, then the delay time 14, is about
2.95 x 107%s. For the N-bit ADC, the N proposed circuits are cascaded and then
the conversion time f- can be given by

tc = Nitg, + tyy. (24)

If N=9, t_hen tc is about 1.39 x 1078s. It should be noted that the proposed ADC
provides better conversion speed in comparison with other ADC of its category
(Walteri and Halonen 2001, Liu and Hassoun 2002).

23)

4. Simulation results

The performances of the proposed circuit were observed through the use of a
Cadence Spectre simulation program. The technology AMIS 0.5pm CMOS
process was chosen for the proposed circuit. Since the proposed structure is designed
to be compatible with standard CMOS process and therefore any particular
technology can be used. From the circuit in figure 3(c), the ratios of the channel
width and length (W/L) of the devices used are shown in table 1.

The BSIM model of the AMIS 0.5pm was used for the circuit simulation.
The basic electrical parameters of the device are summarized in table 2.

The bias current I, I, I,, I5 and I; were set to 10pA, 20 pA, 90 pA, 50pA and
90 pA, respectively, and Vpp=3V. The reference current I, was chosen to be 50 pA
to optimize the dynamic range, which is equal to I, and the frequency response of
the circuit. For higher I..; value, the larger size of transistors is needed to avoid the
signal distortion caused by transistor operating in non-saturation region and this will
degrade the frequency response. A nine-bit resolution ADC formed by cascading

Table 1. Device aspect ratios.

Transistors W/L (um/um)
MM, 6/1
MMy, M4, M4 4/1
My 4/2
Mys, My 8/2

Mys, Mg 1/1
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Figure 7. Simulated resuits for DC performance. (a) DC transfer characteristic. (b) Peak
region of the transfer characteristic. (¢) Error from ideal transfer characteristic.

The frequency response of the one-bit cell ADC is shown in figure 8. It
should be noted that a bandwidth of about 128.8 MHz is observed. Figure 9
shows the output waveform that monitored from the analogue output of the
ninth bit cell.

The plots of integral non-linearity (INL) and the differential non-
linearity (DNL) are shown in figures 10(a) and 10(b), respectively. The
maximum of INL and DNL are about 0.18LSB and 0.25LSB, respectively.
When considered in term of INL, the accuracy of about 11 bit is achieved
(Johns and Martin 1997). It is evident that the circuit possesses high
accuracy and requires a small portion of chip area in comparison with recent
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Figure 8. Frequency response.

literature (Mortezapour and Lee 2000, Waltari and Halonen 2001, Liu and
Hassoun 2002).

5. Conclusion

A CMOS integrated circuit technique for realizing an algorithmic ADC using
absolute function circuit has been introduced in this paper. The DC transfer
characteristic of the proposed ADC shows a good linearity and low distortion
over the entire dynamic range. The circuit performances were also discussed in detail.
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The accumulated error of the proposed ADC is very low. An N-bit resolution ADC
can be achieved by cascading of N proposed circuits. The conversion speed of the

ADC is also high. Simulation results confirming the circuit performances have also
been demonstrated.
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