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ABSTRACT

This thesis presents an algorithmic Gray code analog-to-digital converter (ADC), which is
based on the current mode operation and MOSFET integrated circuit design. The realization method
makes use of a triangular function circuit to generate a symmetrical triangular-like waveform for
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V. 9 USIRUANATBNYUNNUALIIYDS AUBINDHINN (Gate-Source voltage)

Ve 9 UIIRUARATONYUATUINLYIHDI AYDINO NN (Drain-Source voltage)

A 1 ) ad . .
M, 0D ANTNAINANDINIVIINIVLDIONATOU (surface mobility of carrier)
HaTUNUAY 4, MSednMANNAABIAINEINIE Teadmiy PMOS
i ) v ' ¢ ) . .

c,. fio smawg Ifhrenuiueunnoonlae (capacitance per unit area of the gate oxide)

Ao AnunhelsednSruavesseniinszud (effective channel width)

L fs anuenlsedninauearoiiinseud (effective channel length)
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Tunsfifidyauduyn i, Tanfesahmnssuadreds 1 G, <1,) swildnszua, &
a [~ v ' LY
Famailuauuas Inarhuuemvin M, e 1dnszumasuveanoaivin M (7, Ay
& y . o ' 4
I~ i, $anms Tnaveanszua 1, didluwaliussdusznhavunnuasnaeiavesuediy
a4 4 ' o o o o o o t
M, (V) SAuindy udvnmsinussavussiuludansiifvunnysauemvin M, Wurald
1Y ’ 4 At ° Y '
usefUARATDUVIANIAT YOS AYDINBIINN M, (V) Uaraanseurihlduean M, T
° o e’;‘ 1 " s L 4 Y
YnsEUa (cut-off) AaTunszia I, Selidwiitugud Gedawald 1,,=1,, =0 Awgudiu
Tumeasetudwdrdyanasuym i Idunandwnseuadieda 1, G, > 1,) Wufenssud i,
é ' L. i L] o
Fafiauriiy i, = I, = i~ I Inad1aaesiTnua A dneanin M unu 3 lduemin
M, lithnszua tagsmsiiauvessesiiounseud MM, ilidasimsdaunssua
whfugeazesasiounszue MM, Mildldnssumasuveswoaiin M,, @,,) U

WA 21, Jhumaireansdissaunsaaganudiniusvesnsaue I, uag 1, et
nsdl i, <71, wld

Ips =1, —i, wog Ipg=1Ip =1I53=1Ip,=0 (4.1m)
mdl i, >1,, il

Ips=0 , Ipg=i,~1, wag I, =21, (4.1v)

snizfinesaziounssua MM, ssvmsdeinnszud i, wullunszsuaiowiyn i, Alnua B

o ﬂ’l‘ = ~ d .
ASUUMNAUMIN (4.1) TWNTOVHUTUMTNISUTIDINNN i, hlél’ﬁju

nsdl i, <1, %la i,=i (4.20)
= - 4 . . .
nidl i,>1, wld i =i, —2I5 =21, —i, (4.29)
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v

g1l 4.2 nsmipuadiinisaeiunIsuaYDINTs

2
4.3 995ATNOUNILUA
9 4:’ s P21 'i‘_] ad I A
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fldoonuuy guataftiugiuresiesie fisamudunusuynigadvesiesdmnn
a 9 14 a a a (; o 9 :;'
waefisaudumuieiniigaoengannuas hinniinu s ki nesasiounszuail
’ 1 (%4 1 1 4 L3 | o A b=y Udad
1 umsdeimnszualududs 9 vesaesitimuesuiu. Fnslinsesiguauialy

° tY dy o ﬂ o v W dyd
ﬂ'li"ﬂ']\ﬂu‘llﬂQ'Nﬂiﬁzﬂﬂuﬂizuﬁllﬂﬂwuj1uﬁ1u15ﬂﬂ531ﬂ1‘ﬁl UANAUAIUAD

L, & lIo
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i o wa LEY ° 1 '

defmualiueamin M, ua M, TguauiAmunedfuynisznsuazshauegluim
a o 4 o d o o o
puda Tavhi I uag I Ao NIzUaBuNN LAZATEUAIDINIHNVBIDT MUTIAY INNTNITAN

9 @ w d o 1 I 4 [~ [ d"
2ansee IanuduiusvsassiusEninvinni e e (V) yssedivin M, Loz M, iudail
Vas1 = Vosa 4.3)

P> 2 [y 3 o '4 . 2 a 1w
Tmm Vs A0 llﬂﬂuizﬂ'J'N'U11ﬂﬂﬂﬂﬂ1°}fﬂiﬁﬁlﬂﬂuﬂmﬂ1’l Mi (i =1uag 2) FINAUNINY

Vosi =V + 4.4

I

Ip,
#,Co V% L

unusaunsi @.4) asluaumsi @3) dle I, =1, woz I,,=1, 114

D s
Iln L M2 /4 M1

1 G 1 a ]
aumsf @.5) uaasiiiiunnisldnsguiunisnandees TugUiuu995391 (IC-fabrication)
windmuasasidau L veaneawin M, tag M, Inlinwiiu msaesiunszuadunm I,
d a1 W ! o P o A
Tidlunszuaeminy I, 983290598 iMdnTvnonIEUAIINYNTS UNRAB 1, =1,
o a '8 t { 1 LY
dmiunsinsizivinavesmianuduniuigadiunzyaeenyeassaody i
o ° A o [~ = I'4
yinadnnszi 18 Tasmsumuasesauyavesuedmnns didyanavinaan lumsiinged
1 v P Y o o 9 o Y !
wimanudumuigadhvesaesssimsiiouussdunadeu v, Whitgadhueesaes Taoli
(-3 o i A |24 { ﬂ’l’ =)
fritafananinusaduiigaoen (v, =0 V) Fegldasesauyadegli 4.4(n) minunsam

< Y ]
wasamveInszuaigadivesateses 1d

in = 8mVin + 8as1Vin ' (4.6)

o v & o -2 ' Y a
Taoialll g, >> g, AUTUINAUNIST (4.6) A NINUTTNIUMADIUATUNIUBUNN (ac

small-signal input resistance, 7, ) ﬁsgﬂul’fwanws jERipY

vin

== — @.7)
lln gml
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lin

o— =% *
gml Vin Em2Vin
Vin Q) 8 s 8is2
® * ; *
)
io
° o — T .
gml vin gm2vin

8at <l> g (D)%

(V)

4 e o o 4
jin 4.4 (M) 2wesauyadinivinsizimiy, Y0993 ATNBUNTUT

@) 2vsauyadmiviinggin -, vesesasieunssua

o d a a1 4 g ¢ o
Tunmandusuiiedinnzdmanudumuiigasenvesesigwisanseiildlasns

o o { &
Hounsadunadeu v, hlifigasenvesneslaeld v, = 0V daguii 4.4(v) devz'ld

o o Jduo dy
ANVAUNUEAIU
i, = 8V, (4.8)

s
Ry

' [ . ' 1w
iuez 18A1AUAIUNIUB YT (ac small-signal output resistance, 7,) YBI1IUAUNINY

(4.9)
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51t 45 2vvsmuygadmindnsinwansyauemanuivesazieunssd

o a I's 4 [ 4
FmdumsimszimraneuareInIAudyeTasiounsEIanegil 4.3 93

o

= 1 1 o 4
d1i e anavesdianuy Ifudesgndsvuanivviasiavesuadnn (gate-source

o & ¥ H a o ]
capacitance, C,) {Jundn Felunsdifies BaesmanldFlumsiinsedindegya 4.5
Ansaniiinuay, 9214
iin 1] [gml ¢ S(Cgsl + CgsZ )]vln (4~10)

4 3 3 o 4 {
o ,, fe g IWflueksenhwunnfunsesaveseamn M, @ = 1 uaz 2) wazh

Trua v, 0214
I, = 8mVin (4.11)

unue v, nauash @.11) adlugunsi @.10) 9'1d

i, 8m 1
L ‘ .12)
Ly gm 1+ S(Cgsl + Cgsz)

l gml

D.

A o

NMINANMIN (4.12) WUVTAEROUNTTUAAIFUN 4.3 Hevnsveenseue IMase (de gain)

Y

Yo —8m (4.13)
lln gml
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o o . & A o W 4 ¥ ' el '
uaszaTﬂmmum (dominant pole,pl) m&i‘.lmmmnﬂmmn1ums‘1m1wanwmg‘wmtmm

gml
p=——22— (4.14)
' Cpy+Cop

4.4 20afSsumeunszue

gﬂﬁ 46 wamesSoudounssue Falszneudisaesasiounszud MM, uas
M,-M, #9703 mT29958UuNnesInes (inverter) My-M; [13] ioudasdyanauoniynyea
29957 Tnua D 1eonueylugilvesdyaafineaeninyn mshauvessiuaunio

Py 9 ~ = v J [y [ -:?d
wonesuwldiliuaesnidiammanSsuisumnssitassning I, AU I, Astife

- VDD- -
1 |_'_| ‘:JMz —l I-_j‘Ms
Iy =1ps C D .

o,
M, J——Gm  HEM
iy

ogi

v b4
g1l 4.6 299snfSouifivunssuanugu

ns@innszud 1, fiswnnnd I, wie (4, > L) w18 1, =1,,= 1, ttufouomiin M,
v lug s vazfveanin M, el ndadu mifussdunnnsonszninnaeda
Fuvuasuves M, (7,,) Smaadaunnlndifissiy o v s dussduii Tnua ¢ (7) fifh
sz v, (7, = 7,,) uozdiuwalfueamin M, famsiinssua u5adu vy, v83 M, inn
Yszanm 0 v ufeussfueniynvesnesiilnue D (7,,) Shwidy o v niendanldh

t4

A a [ Y
Ve IMistitinnnz ladnminiy

Viie = Vo, = “0” (4.15)
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wazlunsdifinssue 1, fnndesnn 1, uie 1, <1,) 9218 1, = I, = I,, Wufe

woamin M, ionlugnuFady vasiveanin M, vonludnduda inld v,z o v vedn

M, vhnseua wezidlunaldusain v, veawemmin M, liaszinu o v dufe v, = 7,
a4 A < ' .
n3ellaniaz Tasniy
Ve = Vor= “1” (4.16)

A o L3 { 4 1
Fannmahauvesnesduaaslugumsi 4.15) uaz 4.16) Ssamnsaaglidouly 1dn
nsfl I, > 1, wld 1,,=1,,=1, uaz v, Jaangladnmidy <0
sl 1, <1, A 1,=1,, =1, waz v, fisaagladnoiiy <17
v d o Y o a o a ~ 9o
saaslfiuieeshmihinSouifoudygnanssuasasndunnaegaiitlonldivaes

Q’l’ o 9 o o a ] [ an I'd
nnmifusziimsulasidygaeniyni Ideonuieglugldyanuatneaiyn
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y AN 1 o J 4 9 L 4
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P yﬂ ' o a 9 P ' ’ H aY ¥
#ldidududszneulunmsesanyursesiinauedndiy Fanguasestosvianuaila
@ 4

1 ¥ ° 3 ' (Y § o d { o ;
nadeluuniivggminlildeldaus wiufiedunsiziilluaces Apc Minuduodudad

swazdsaoy luundrdudaly
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IVIANDIFTUA ADC ¥ UAUVNITHAUDULINIE

TaeldWand uaaraey

| o
5.1 AN

‘ﬂi]QﬁulﬂﬂTNTﬁ?Jﬂ‘liﬂﬂﬂllU‘U’N'iﬁi’mIﬂ81‘3’11ﬂﬂlﬂﬂ‘/lﬂll“?ffﬂﬂ'i){"lﬁ'ﬁmuﬂil?mu

(] o ° o o
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o aa A a a o A ﬂ Y a o o q 9
dyanudtnsafioussyasuuindeaild duilunisaadunumsniauazdiansanld
& L] [ Q’I’ y o Y] a a
szuulivuiadnatesnanin [121-13]  auiuluunilegldduausisesdanessinulas
Fagraueuneniludyanudineanieinss ADc siiadhstauvunsdivinauluglassue
nw’léfmiaammmws'lu§1J110a'mism'[ﬂul%'uamﬂmﬂuqﬂﬂitﬁuaﬂﬁvlﬁﬁ'ﬂ 2495 ADC
a o (] ' Ao o A o o P 9
Minauelszneudiunguatesdesiidigie eeslandumumasy wesasiounssue
=t /) J o ] LY d' 9 o =
uazaeesilSouifivunseua deiausanfuie Idmsudasdgygaeuinendunmiiu
o aa I's A "8 ﬁ a n’/' o Y o a
Fyanauatnoaviyniidarmuiuduiulilauidesns sauiedaidiuausuuafialums
"ne199s8anessia ADC Minerue lsenuuuaiiailulees Abc imnsautasdygin
swnnenifudyanuftneasiuiu N indadaw msaseasuanssouzuazdudunmsniam
a 9 o ‘A 4 wa =t q’:

voe5 7 Idsenuuuezasyi Tasldmslinszvguanifuesasss lumangu] saumams

AouuuuNINIIHUe9993a20 T1sunsy PSPICE

5.2 19959an935Nn ADC sHasTrIUUInIININaUE
3l

7o { o
dsznoudlsrnsleddumumasudmanslunseumduilsy 2esaziounszua MM, uag

s = ) = o ) { 9 A
5.1 LAAINYTBANessNR ADC FiiadsHauumnsdviia 1 infilddiuaue &9

e =),

1 o ' 1 \ [ 3 L] A ~ o s ! T

MM, ilidasimsdaiunszuamifuaeaiidufiasinmssmuadasidiunnuniiede

ANMNE (W) veawsmiin M, M, uaz M, Wisuiluasuviiveswemvn M, uag M,
J ] . A o Y a1 s @

womn M, aoulrsesinniau (common-gate amplifier) IWONIUUINTAINTUAYY I

aszuaduyn lasllveain M,,, M,, uazunasswnszuansil 7, immhiadaussdulugan

yuanvewemn M, Ilisnefiindy 27, dmfuneamn MM, uag M,-M,, A83fu
= - o P o an 4 . A o E

WHureesnlFouifisudygranssumiendndygyrudtaeae iy Wedmuald 4, i,

a ¢ = o w a 4

woz I, i nIsuaBuNN NIsUMEYN HoznIsuadNBIveeNeT My MIanTY

L3 o [ 4 0’: ] dy
mimﬂwmawsmmmmzm"lﬁ'ﬁwumuﬁa'lﬂu
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Mz]j H ltIM, M.o‘:lh My v, @a HEw HE
@n — e}
Vor 1o - ¥
M, = : __I EM4
ln M, |—l . L’m B l"_ﬂ o c
M,:| :
Mll
o T N T
| l 11
1,@ 2!,+1”@ M6:] — Il:M7 Mls:| l_—,‘Mm _"”__,M: _|E[M“
or 2esianumumay 3 |

3 o a a a o ded o
7171 5.1 299s8aneTsilla ADC silahsHauvuinsEIiuaYe
a o a a e v e
Avsani Inuaduwnse Idnssumasu 1, veseamn M, dwiiiy
Ip, =i, +1 .1)

NeTATRBUNTIE MM, veimsaeiunssud I, Aausasiveenssuainiiuaeavinmgs

ynasuveweamn M, ¥l 1, =21, unzdloRorsamasauvesnszudii Inua A 1218
i, =2I,-01,+1,) (5.2)
wnus I, vinauntsti 5.1 w14
i, =2i, I, (53)

{ 1 o] -3 A 3 a
MNANNTN (5.3) wmmm‘lsmwﬂwmsmmsmamumawi"lé’]'ﬁluﬂaansﬁmwunwmﬂ

A o a o Ja
VOINTLLE 2iln lllﬂm{l‘JJﬂ‘lJﬂixuﬁgNm Inf MUAD
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{ A 4 ' ' ° 1 g
nsfinndle : Woenszue 2, Sanwleeninssua I, 24, <1 ) winlnszua i, Aoy
waz ez Inaruweaimin M, vnldueavin M, livhew duwali 1, = 1,,, = 0 weznInms
1veNsasiounsEud MM, uaz MM, w2ldnszuaasuvesuoain M, (7,,,)

o

"
- 13
aumnu

Ipyg = Ipy =21 G4
A o 9 1 1 a Y d [JY
dodmualfunasswnszua 7, awity 27, 9z 1dnszumeriyn 7, iy
b = 2(102 —11) (5.5)
unua I, 1naumsi (6.1) w'ld
i, =2i, (5.6)
4
fmiuarvssAtasaeniynyesnesinsanldsd sinmsihnusesssaziounssue
A o -3 {
MM, tag M;-M,, 9218 I, = 0 uaz I, = i, Foi Idueamin M, e luvasivemmin
1o o an d $ a 1w
M,, hivhau ufess 1ddTaeamiyminua D BaarzTadnmiiiy <0
nsdifiaes : illedinssud 2i, BAnnandnszua Z, @i, > 1) wldnszuw i, i
Huvrnuag Tnarwemvin M, HuwaIWueanin M, liviau manamsiiauvesaes
azMounsTud MM, tiag M,-M,, 9214
Ipw =1p; =21, (5.7

4
Y

Fariuninaumsi (5.1), (5.3) uaz (5.7) e2 1dnssuaeninm i, virfy
by =21y — (IDM + 13) = 2(Iref - iin) (5.8)

o YR aa d 4 a o 4 4 T o o
dmiusmwesasaealeniynile 2i, > annsafinsanlddsil Wewsmmn M, livhaun
vz ueniin M, hivhadae sinmshauvesesastounssia MM, tog Mi-M,,
4 o o i ' o
wldnszua =i uag I,=0 Fuihldueamin M, o Tuvasivediin M, T

1 aa o § a
uazldmAsaoamiynh Inua D fannzTadndly «17
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@ l’l’ = 2 J d . an 'S
farfunnaunish (5.6) uaz (5.8) SeagUminszudieuyn i, uazAlaeaieiyn D,,,

voe2e95 Iaiilu
We 2i,<I, wld i, =20, way D, ="0" (5.90)
dle 2i, >1, wld i =2l -i,) woz D, ="1" (5.9%)

M i o 1 -~ o { ° 4 @ o a
Wudeaumsi (5.9) uaasldmiudnesminauelugdi 5.1 Amhfidluasesdanessiin

Y o '8 a
ADC #iiadnsWaluumsdvua 1 4n

o d
5.3 MFAUATIZTHANTIDOUTUBIINNG
A39BNUULINLIEaNDI 5N ADC hahswanuunsd Iaeldadduamunasuild
F 4 ¥
daueluunil orfsnsiszanadwemnilFulesyadiliquaniadulawgannd
' ava 4 v A o /7 aa as
ualumar fiiReelinaduiionnneilsznoun1s18ain (parasitic element) Mo lunsmvn
1 Y] 1 [ 1 o [ 4 1 o 1 ar
uAnzi wu Ay ihurkseninvunndungeia () Amnnuihissninvuasuy
o 4 1 v ° { J’
1w (g, 1udu FadewaMMgaauddlumsiiauvessesildesnuuuiuiinig
0 ] } 4 v
deauyldnniildmanisaiion B lumangug 1123, (18] fatuluiadeiiszdlunsinaed
A [ al o v
AUSTOUZVRINDSITIBInINHANTENURINA duldun
o FR1fiANUYBINTUDUYN
} 4 "
o grfiRcmvewssiuliidedga
1 9 o a 1 9/ I-4 P
¢ mnnufumuduyngaduasianudunuemMyniigacen
®  HAADUAUBINANINDVDIDT

®  ARANAIA IUNITAIHIUNTSUNVDIII0T

5.3.1 valfiRanuvensuuaduyn
M3 N fiAuMNINAYeINsTHAB UMY dsanssii1 1A Tae
msfiesandnveesdaguii 5.2 Fufiumasuynasesdiunivesases Apc fainaue

luz1lt 5.1 917evsefiong KVL oz1d
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71 5.2 2993dumueeees ADC Muauelugi 5.1

Voo =Vspa Vo1 + Vi

A o 4 1]
iflosnn v, = 7., Tldaunsd (5.10) @oulnildidiu

iHae

Voo =Vsas +Vos1 +Vin

unue v, aaluaunsd 5.1 mt1A

I
Viop = 1"%‘”’771 + V1 + Vi

Aosanfigadygiaud1ved29es wwwudimasunszsuailiamiiy

Ipy =1y, +1,

(5.10)

(5.11)

(5.12)

(5.13)
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unu I, anaunsdi (5.13) asluaums (5.12) o214
1, =K(VDD‘VTH_VDS1"Vm)2 -1 (5.14)

4 o J o o 3 4
vnaumsii (5.14) funa ldhnszuaduyngaga 1,,,., swifiaduile v, = 0 v nisiisuudaq

1

Ii

in(max)

= K(Vpp =Veu =Vosi) =1, (5.15)

ar a’: 4 a { ' ° o . [l
fohuidoRnsanaumsi (5.15) wudmindwmualn &, v, uaz v, dusasd 1, 02l

in(max)

] -3 ar lJ - A4 v Vet ¥ a
AVUNY  V, Lag I, NA1IND mamammﬂmmmavs’lnumﬂsxuﬁauww I,"(mm) ALY

doafmuald v, uay 1, fimd

g 1 A

{ [ ] o °' - 3
uaznnaumsil (5.14) duna I3 hinszuadunndga 1, ssfiaiuldndedie v, =ov
k4 ]
wio M, livhnszue faluaumsi 6.14) Sudoulni 18y

L = KWVpp Vi =V,

in(min) = in

Y- (5.16)

5.3.2 ¥alfiRnuvewssiulvivesdiga
a d ] a wa LY [ 4 ° ]
madnnzimslfidnuveseduussiuifesdigavedatss aunsoinsanld
o o {1 L3 o y A o 4 °
vninnuglnsalgegaiidoszniias e IWGowesins $aWsunN99T ADC MTuaue
P ! o o . [ ' a o g o o
Tuzalf 5.1 udawuBdmaunsaminidesgsznin v, sudunsnalisuugsgaaudd
fo Usznouday NMOS 2 #1 iag PMOS 1 @2 minlszinaiiweammnyndalinadumeyiiu

y 9 )
ltiTou lvussszauuseau IiReandloudureesiinuny

ifle V., unz v, fv ussduannieussniaTuiuvITesaues NMOS Lag PMOS

audey Taviissduussdulude v ihduesmnihauluddudtisegluyas

IVDS| 2 (Vcs - Vm)
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4 o g ¢ o [y 1 3 1Y ¢ o
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Fanavi I ueamniiiau 1@ Sauvidu
UNUAY (V) 9T0EUMISR (5.18) aeTumunsil (5.17) 014
V., 2 WV, (5.19)
(v a’: o g 1 o o 4’ ° ot 1
faiunnaumsi (5.19) wmuhssanusadu Iifoeiigauesnns v,,,, Inuiiy
Voo = Wi +Vip (5.20)

snS208199Y A1 seennuyaeeT Taslfusamnnsugamesnieldina Tuladuyy

BSIM3 0.7 £m fifif1 ¥, = 0.64 V 1Az V,, =087 V1A v, =215V
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3 ° v a < 1 a ' '8
50053 2erauyadmivinszimdmnudumuduymuazianudummie iy
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Tumsinszimmavessnmudmuiigauazyaoonyeaesdodygna ady
ansanseinld Taomsunuueivinliaes ADC agilfi 5.1 drereesmuyansddyga
nnadnTahidrisdwavesmanug ik ¢, dofmuald g, umudadrnainiwes
undasrunszuansd 1, ﬂz"lﬁawsﬁuuaﬁmﬁﬂﬂugﬂﬁ 53 uanilosnnuomsin M, M,
unzundssionssuaned L mnihiiaassiulusalnase silduadodaanelladui
Tnua 5 uazTnua 6 Jadisuiugud vev,=v,=0V

dmumsimneimauauidvestinrmdumudunnvensesisiimstieunssdu
nawey v, $figadganoud Taohifnsandwavewssduiigaosnuesisinie v, = 0 v

1 4
@ @

as a d a, o o w u’: a y
Fafuefsmsinsiena9sda03BusesiuInua (Node voltage analysis) 92 Iddwududsse il

Alvua 1 9214

i =(gml + 8ugt goB)vl = 8aaV2 (5.21)
#Inua 2 0218
(81 + 8a1)
Yy = T OOV (5.22)
e

unusaumsi (6.22) adluaumsii .21 uazTaoiall g, >> g, 9218

I = (gml + 8un +goB)vl : (5.23)

fog  >>g,, >>g, 2ldManudunuuym -, 4892993 laumiy

v 1
r,=tz— (5.24)
L 8m

Tumendufusinissauyadeglii 5.3 Weinslimnzdmdnnudumiueniyn
o o 4 @ a. a J
s iR lasnsilounsefunaney v, iigadyanaeenTasld v, =0 v 11n35msamaied

useau Inua Udunsuasil
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flvua 9 9z'ld

iy = (8aas + Buste + 8on Vo + &miaV1 + Emis¥s (5.25)

flnua g oz'ld
(8mis + 854 Vs = —mes (5.26)

#Inun 70214
(8mis + 8ar V1 = 8?3 (5.27)

uiiioann v, = v, =0V S v,=v, =0V & vinaunisii 5.26) uag (5.27) 9218 v, =

v ]
v, =0V Fuuaumsi (5.25) Sadoulnaildily

iy = (8404 + Zuts + Lon ) (5.27)
& ' ¢ a1 1o
gave ldmanudumiueninm », vesns dawiny

v, 1

r, =~

Iy 8anst8uste

n

(5.29)

5.3.4 HOMBUTHBINNATINGVOIIN0T
MININAABLANBINNANNBYEINITINsnTt IR uReIfuTEmsins 1z
ANUELMUBNMIAZMAIIAIINIUIE Y NE9I91s Feonmisunuasesauyansdl
Fyanavmadnveswemvinaslylunes Abc fagit 5.1 Taveedrilsdanansznunind
Ay Wihuds ¢, veswemumiundn a2 ¥ evrengadananslugild 5.4 (e ¢ unuila
Myt ¢, veaweain M, niniEnsdinszvussduTnuailildaunisnssua

a 1 [ ;Al
Nnuaaie q luleesasiifio
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A}/

ng &

ol
(C+Cs+C))

8msV2

___1—¢

Bmio

10tCy)

8mizs A~

Emd¥2 %
(Cps* Cu<;> g"-‘4<

]
T

(CH+CHCY

»

Em7Vs3

8us7

EmidV7
> 8514

_ (Cl5+ Clﬁ)
Emis T~

4

91 5.4 295Ny IMTUARTISH M IHORBL ALBINNAINAYDI3

Alvua 9 9z'ld

flnua g ozl

Alvua 7 9218

bout = 8miaV1 t &misVs

vs 2. [ gm4 ]
8mst S(Cls + C16)

V7 — [ gm7 ]
8mis +S(C13 + Cu)

UNUA v, MINEUMIN (5.31) Ung v, naumsi (5.32) aaluaunisd (5.30) 1ld

bouy = —|:

8Ema8mie

8ms +5(Cis +C16)

!

8m18ma

8mst s(cl3 + C14)

P

(5.30)

(5.31)

(5.32)

(5.33)



MINUSENUIN g, = 81y = B > B = Bots = Bonn » Bonts = Bnts = G WOT Cg + € = Cps+ Cp=
° 9 a ) 1 o
M ldaunsn (5.33) awnsaou Insnaluiiv
i =] Emdm 1, 1) (5.34)
G + sCe
Alvua 1 92l
—T +
v, = Thin T 8unVs (5.35)
gm +5C,
Alvua 2 9214
v, = [i—].vl (5.36)
Em +5C,
P &4 ' - -
Tavii ¢, = C, + C, + C, unzipunua v, 11naunsi (5.35) aalumunish (5.36) 2e'ld
gml ] d
V, == I (5.37)
|:(gm1 +5C, )(gmz K SCA)
nlnua 4 9214
ng :l
v, = .V, (5.38)
[gmlo + S(C9 + CIO)
wazfilvue 3 92'ld
- +
V3 = gm3v2 gds5v4 (539)

s + 8&ms +5C5

48

Ce

] 4 ] [
Tatil ¢, = C, + C, + C, + C, NMIURINMITUNUAT v, 1INANMTA (5.37) LA v, MINAUMTA

(5.38) aaluaunisn (5.39) el
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gmlgm3 »
v, = Ay (5.40)
? [(gml +SC1)(gm2+SCA)(gm5+gm6 +SCB):|

dounuat v, 1InTun1si (5.37) 4o v, MU (5.40) asluaunisdi (5.34) sz e du

] y
010 Touns2uUa (current transfer function) 489993 NMINAUD Aell

iout — (gmlgmngmpxgms +SCB) (5 41)
Iy (gml +SC1Xgm2 +SCA)(gm5 + 8ms +SCB)(gmpn "'SCC)
wiodazillniee1difiy
H,.(l +s-CLJ
Jou _ Ems (5.42)

i .
g [ e e
8Em Em2 / Ems +gm6 gmpn ]

lf}a H, =|: gmlgmsgmngmb :|

gmlnggmpn(gms +gm6)

[ o d T L] $ (-3 1}
MINANTANINAIMITVRIRNN1IH (5.42) wudil Twasg@dwmis Tavanansadouuans

D(s) = (1-1)(1——“‘—J(1—i](1 —i] (5.43)
D D, 22 P,

Yo a4
unu'laasiife
° - & . Py 1 o 5
suhudietmslssufisudulseantiioudmsussaumsn (5.43) fuaumsi (5.42) s¢ld

o [} Q‘I‘ ﬂi -9 ) v Y
dumds Inanad Fauminy

gml
p, =—=ob 5.44

Em2 Em2
- = — 5.45
P C, [C2+C3+C4J (5.45)
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ng +gm6 J — ( ng + gm6 J
Py =—| B2 | = (5.46)
’ ( C ) \G+C+C+G .
Empn Emi3 - 8Emis
uag =— = =— 5.47
P4 Cec [CIB +C14) (CIS +C16) 47

dretrsu dweamniildiilumaTuTaBuyy BSIM3 0.7m uazstmuald 1 = 50 uA, 1, =
I,=10 pA wag I, =20 A uaz V,,=+5V 9218 g, = 1.61x10" AV, g, =g, = 806 = &y =
g.,s= 1.761x10* AV, C, = 5.68x10™F, €,= C; = C,= C, = C;; = C, = C;; = C,; = 3.24x10"* F
14 ]
uag C,=C, = C, = 6.47x10™ F auiuninaunsii (5.44) 61 (5.47) szlddwmialna p, p,,
p, Ug p, ogfitlsvunal 451 MHz, 173 MHz, 346 MHz L8z 432 MHz awddy sildwum
- - a wva & P Vel o ) 1 - o 4
dad1na lunsUfiRauniennuigeussanestegidumisInaunse Ina laduuud
4 4 o a ! . 4
(dominant pole) #18 Twa p, Feufuminiinesves NMos M,-M, i iiduseesaziou
t o o v da A 1 Ao [} 1 1 = T o gy 1 Y1
sz uredi lsAmudumidalna p, Adsdiedalidumisegludunnudgeeg fldnanldan
d' o g - ll = wa L]
asesfrhweueriudinareuausaneanudlfifsugeannsmirllesnuuuilssgadldam

Aunudgela

5.3.5 MAANMAIUNITTRHIUNTZUTYDIII0T
saaAanaalun s UATEIE (current fransfer error) BIeRsTUAHEN
mmqnﬁmm1nmmﬁﬂwmﬂ1umi_ffas~hunmmuﬂnmsﬁzﬁauﬂszuﬁﬁugm“?'ih’f’“lmws
Fulszmsdiie detrusu wssasfeunsaualugili 43 Selisaswoonszuaivase

1INAUNITH (4.13) MINU

i =-(-g-'ﬁ}i,n (5.48)

] v 1 4
Tagnzduuuvesaumsial lumenvesmAanmaannsadounandlddai
i =(-¢)i, (5.49)

4 1 a 1] . A N 4 Y 4
ile ¢ fie MAanamlumsdaiunssuavesnes Wenlfsumevaunsn (5.48) fuaumsh

(5.49) 9218



g =1-En (5.50)
gml
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[y q’: [ ° LY P A ' y v v 2
AYUUIINYANNTTNINIUYDINIT ADC ﬂ\izﬂ'ﬂ 51 Vlvlﬁ’ﬂﬁ’]'nnuﬁ'nl'mﬂu WA

}
MmsanseimaRananlumsasinunseua ldaede luiife
HRSINVBINTZUEN INUABUYNYBIResslia iy

I, =i, +1 (5.51)

vinmsderIunTHAAIuNTAsNounTsud MM, M idnssudasuvesnemmin M, uaz

M, Hfumau

Iy=1,, = [gm )Im (5.52)
gm2

uazilofinisanmasInvesnssian Inua A o¢1d
i,=I,~01+1,) (5.53)
' o ; P P
unus I, 1naunisfi (5.52) waz L, nnaumsh (5.51) asluaumsi (5.53) az1@

fy=i,~ 1 (5.54)

Tauil i = (g g )i,,, +(g'"3 - 2)1l (5.55)
gm2
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Amdumsimsieimaiananalumsaeiunssie aunsauninsaneeniiuaenidl fe
- o . o
RIRNNLS : <1, mldnseua i duay mnmshnuveesdsisunssud MM,

uag MM, s¢ 1dnszua 1, Inwiiiy

Ing = Egmm }104 (5.56)

ml1s

unus Z,, naumsii (5.52) uag I, $naumsi (5.51) 1'1d

P (-g"ﬂg—"“)(i,,, =~ (5.57)

m2Omls

1 3 A A v 1 o
uatilonnNasavenssuaf nua B e 1, =0 ffwiiy

In =i, +1, (5.58)

out

' <
unuan 1,=21, uog I, vnaumsi (5.57) 114

iaut =~(gm3gml6 Jltn +(gm3gm16 . 2}1‘1 (559)
Em28m1s Em28mis

4 ) 1 ]
foiuiiernsfouiouaunish (5.59) Aunamsmauvedeeslunmqudaumsi
(5.6) vioaums® (5.9m sewuhiimadsuun lvnitldmaniselfaeedau Ae siranma

1 1 A - 1 1 o
lumsdarunssud (g) ing nsziteowiun IaTa (do offset current, I,;,) FeUAUMIAY

£, = (1 - —g""g—'"‘ﬁ) (5.60f1)
2gm2gm15

Em28mis
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ndifiaes : i > vlinseue £ duwn sinmahauvensesasteunssua MoM,
uaz M,-M,, seldnssua I, uoy I, vy

I, = [&]
g mé

la

iag I = (g’"“ ]I s
ml3
niouzld Iy = [éﬂg—m”]ia (5.61)
Em6Em3

o <
NOITINATINYDINTZUAN InUA B w’lﬁ

Loy = Ipyg _(IDM + 13) (5.62)

WNUM 1, MU (5.57), I, Mnaumish (5.61), I,=2I, uaz i, naumsi (5.54) 12'1d

Loy (R 2[Iref "(1_312 )iln]+ Ios; (5.63)
Iﬂtjﬁ £, ___l_( Em3 J['gm7gml4 U gml6) (5.640)
28m N\ 8me8ms  &mis
1ay IOSZ = (gm7gml4 —Zjlref +|:[gm3gm16 )__2 = (gm7gml4 )(Eﬁi&_ _ 2]]11 (5.64%)
Em68m3 Em28ms Em68mi3 \ 8m2

uaziflonfSouifieuaunsi (5.63) fumumif (5.8) nieaumsi (5.9v) Avgnurudsaiuh
- o . a4 ' A va
Wsaunlunanansiinueesiseslunimgud) Felsznoudisaesdlu fie Aranaalu
msadarunsEua (£) uasnssuaoavionlvase (de offset current, I,,) A lAuaaslilu
aumsfi (5.64) fredrusu dedenld =50 pm, 7, =10 pm unzdmuali g, =g, = 2,4
g 8= s = s = LT61X10Y ANV, g = 3.520%10° AV UBT g, = 3.521x107 A/V

L4 [ [
futuninaumsh (5.60) 9214 |5, = 0.057% uag I, = 0.011 gA UAZINANMIN (5.64) 98
181, = 0.11% uag I, =0.017 uA
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5.4 19939an9353A ADC 11U N in

ifiosninnisienvedinsdanessin Apc dunuueynsu narafe lumsuias
”mumu'nmm'fmi{wz'lﬁﬁ'tytymﬁﬁmanfiaﬁw suhmindesmsatnaessaneisiia ADC
annsauedyanasuasnifudygiuatasasuiu N in Sideniieesdaneisiia ADC
YA 1 ﬁwﬁmauwhﬁ'n5m’;uﬁﬂﬁﬁmmsmdewﬂwﬁu wazesezEudundasdyaa
nninfilifuddegaqa sB) ldmiivithioddgdga (LsB)

nnwessaneisia ADC siladsiauuningd Tasldfeddummumaoni ief ety
ansoinatiaihuncessanedsiin ADC via N I 18 Tasmarineesvina 1 fnfiriuuo
WReRLLUUAIIIAR (cascade)  TAgMIsthNszuaDUABABITNNTBa W snile Tildeiiy
aszuaSuMvesnsnileynsudeidesulifuansluglii 5.5 ddueniynitldon
29958ane35iA ADC $1aw N dnezedlugdvessiansdiisueniin Ms linifin LsB
windesmsuvlasdaanansdi 1diegiuglvesdyana lunifamsonse i1 Taverde

nanmsudassiansdidifusdaluuis Taol4995 EX-OR GATE asn'ldsfuivuudalu

unii 3
MSB T LSB
i i i i
"y | biteell | 249 bitcell | 2“8 | bitcell | 2@
1 2 "N
Iref Iref Iref

31 5.5 29958085 5iiA ADC §11U N 1

5.5 wansEeUIUUMITMUYeI9sAETsunsH PSPICE
onaroUaNIIANENIMIUYEINeTSanessiin ADC silahsauuuinsdild
dueue szimanageulasms@ounuunisiiauvesnesaslilsunsu PSPICE n1eld
maluladuoaminnsuGamosiuy BSIM3 0.7m Tassmuadigasidaunnuniiede
ATeT (W) voswomimiudeatsieit 5.1 wagthmadenld 1 =50 ua, 1,=1,=10 A,

1,=20 gA WQZ V,,=+5V
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M3191 5.1 A5 1aUANUNIABANINYNI (/L) YoIuaann

nuFmned W pam)/L(pm)
M, 20/1
M,, M,, M, My, M,
pUeTR 21

MlO’MIS’ MM’ MlS’ MIG

M;, M, M, 4n
M, M,, . 11
M,,, M, 1/0.7

nnnamsReutuuRT1esdanessin ADc fildiuaue Blugili s 1dddenn
Yt rvianun (power dissipation) 1A 0.66 mW LazTraneumisadedaaerlriasvesiees
devmsulsinszuaouinendumnn i, 990 0 zA udl 50 uA uansldzUd 5.6(n) Tasfigas
gegavesdoanaimmasudgUi se@)  Fwaaaliiiuineesdaneisin anc 714
sonuuUINIaT i ndygramumdsuiiisouusaunas Tasludaefimnszue 21, T
Wouninszue Iviufonsue i, Trsenineo ua fl2s pa wldnszuaeniynisuwiny
21, udiilesnssua 24, IAmandinssua I vienszua i, fedaud 25 gA 8450 pA 9214
nssudiomiynda ity 20—, Taons i 18Tnadadionud tazligagegaveens v

£ = o 14 o 4 ' W a o
fmLﬂuqmﬂaUuﬂ’nmmag‘nmwuwaQmﬁiyiymﬂuﬂmﬂumﬂa
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40

30!} . . ) '

Iout? (nA)

20/

10}

Ligs (WA)
(M)

50.00

49.98¢

49.96¢

Iout; na)

49.94;

49.92

499nos 24.99 35,00 2501 2502
L (RA)
)

511 5.6 (n) wansuauBIRDRyInIWATIVEIN9TBANET SIiA ADC Mitaue

' o - P
(1) FRFIgavosdggraamasulugilh 5.6(n)
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) o L= d' d' o (Y d' é
mwsunamimuuuuuwamamummammﬂ'uamwi'nuuﬁuauﬁm"lﬁ'mgﬂn 57 9

1 4 L] L] A a wa
uaaelfifuineesiineueiisanimdlfiideugeqadssuna 150 MHz

-3-—"5' 0:5

100 1K 0K 100K IM___ 10M __i00M  1G
Frequency; (Hz)

3101 5.7 HaRBUANOINNANNAVBIINDT

iteiiunistudunsieeedages ADC vua N findegilii 5.5 il 1dvinsde
s iiinsudasdyanaeuneniiudyiuadasavuin g in Fern18Taonsii
2958ane35iln ADC vua 1 indiiuauelugyd 5.1 $19u 8 29sandemanaiy 31/ 5.8
BianwamsBounundyananszumeniynveaesiienimaulsinszuaduymen o za
1950 pA éﬁi)3l‘ﬂ‘u‘r,’hu1!0Qlﬂ1ﬁ‘/!ﬂ1uﬁﬂqﬂ‘/’l"lt1ﬁ?0ﬁﬂﬁ 8 voInvsulasdgygrueurasn
Hudyguntaea s in wazeinwansumuesd duaaslfiuimannsdunsizians
ADC w11 8 T Iufinanuiudiga Tasgunseadilsddumumaouiiinudnuaza

] 4 ¥
foems Idudinseialudingadie Wedalidaelfiidnsiinge
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Tout: (#A)

10,. g

I

P T T

P PRI T 1N (St TSP EEP PR RN

A DU P P S DT (IS Y

=h.

1

5.6 unagy

055 82 484 M6 488 M0 A2 494, HF D8 500

Ep(RA)

5.8 FYQYIUATZUTIOIMYNVDII9S ADC ¥41A 8 11N
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¥
unii 13 auel9958anessiin ADC  siladsiauuunsdlagorfendnnisade

Ty umdeuifianuamnasiu uuamenmsesnuuujuiumswanesluglves

9/ Y o o @ dyw Yo
1995593 Tav 1Fusamnns udamesitlundn uenanildelfinauemsoenuuuleesudas

Fyapaenasniudagnuftasavuia N inlasldeesdanessiia ADC Minausvna 1 iin

VIADMAARAUTIUIUN 67 ’L"lll‘ﬁ01{81uﬂ15ﬁ1~11uﬂ]ﬂ~1')~1ﬂi‘ﬁ"lﬁsll%'lﬂﬂﬁ‘ﬁ'lﬁ'i)\iﬂ'liﬁ']\i'lu

} 4 ]
Tagl9Tosunsu PSPICE indsingraiuliauildmamsall3nnmsinseiquaudd

Tumanguyg)
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Y o Aw 1V
‘l.l'ﬂﬁ‘éll!!ﬁ%’;mi‘)!ﬁuﬂl!uﬁlu’J‘VI'I\ﬂHﬂ1i‘nTJﬂﬂﬂﬂ

6.1 unagd
Snonidnudnifuauuamaniedi 18in1s IS ouasiannndnnsdunnzuag
eammmqﬁsﬁaﬂe?ﬁﬁﬂfhﬁumsﬂszmawaﬁagq;mtﬁav‘immLﬂmﬁ'mutywmamaan'lﬁ'tﬂu
FyanuAtaoa (2993 ADC) iladsfaununsg wanns I8 nauegatiumsesauuy
205 lugduesanessw 10) moldmaluleBuuuneamlnnsudamesumemainiuyes
2995 g1 ueenssie (current-mode operation) Tavorfondnmsairedaygnamunmaoia
ﬁ'ﬂumzﬁnmmﬁ'uﬁ'm%"uﬁtyfgm§uwnﬁﬁﬂmﬁm{ued1wimﬁm Lﬁfamﬁwﬁaﬂu
Snnimusatuiselgimsineuesilisimmumanduividuusniteriuer i
asndnlunisesnuuuitessanessin ADC fiuauelasdeiinuiaufulesasiou
nziiaz g90sifSouisunssua «mmieﬂmmmqﬂs'lﬂiamamwwmmmﬁmasmmu
Waiy 18 1sznouday NMOS 10 & uag PMOS 8 &
quauiAlumsisuvesesannsedudulddsnanislingzdaussousyeanes
Tumanguiuazsamadeunuunistinuueseesdaeldsunsu PSPICE (aznui eI
dnaueiimAanmalumsdaiunssuageganiiny 0.11% nszuaeeviise Iiasagagamiiy
0.017 pA fumidsa Twwviaiy 0.66 mw awnsoi i Fems 18R sefuusedi Iduedga
szane 2,15 V. uasgfigrenmdlfidnugegadsang 150 Mz Fuflumadniiimels
aoandeadiullumamsdonty saan3ied dRanndulyinein s 1dzunsvensy
1ﬁ’ﬁ1muauazmﬁﬁuﬁlmﬁmsﬂmJwapm1@"3mﬂsm"lﬂﬁ1'lusxﬁ’numwwﬁﬁ'\u‘fﬁa s
1ls £33 ICCAS 2001 The International Conference on Control, Automation and Systems UNAY
$6 “An Algorithmic Gray Code ADC Using Triangular Function Circuit” 398a%ussn e
17-21 9a1AN 2544 © UMINUNY Cheju National Uszimenmald Taoswazoaves

Qe o 1 a a 4
unaiteananlagnisusin Blumannvesdinoiinusg
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g o amaaes 1V
6.2 menaummmmma‘lumim’mﬂm
a9 Yo o } 4 o Aw o 9 ::y ! o oda 4
9129955 18vhmsesnuuuuaziaur Blumsti3seluidetinuhdsiidszaui
] -4 o 0 A ar L) ~ Q' g L]
ianlesuszdlummualumaih lhivdsuesianmass i lidssdninmatdiuey 3 Ussas
g 1
18un
] ¥ t 4
1) 9nasiiisenuiinnudiianugegevesisssiinruedugniiadioTna
a o 9 & J = d =
Tafiunudvesresaziounszud M,—M, Fulszneviunaueanniugmneiyya
o O . 4 . v { 1awa &
PMOS  duuuuamemsnannnie1dlidasifave st fiRaugeiusemunse
o o a o ‘ =Y
nseld Taoneouimsesnuuyases Tasidonldmsmdmaes luases Willuaiia NMos
3 & o o i (& wa { ’ J
waonue FadezildanudliRauvensesiieenuuyldimgeiuanlldn mungay
[ ° o' i
fumsih llsegnd 1 lunuduadigann
v a_a 4o o 4 4 3
2) 2e3dane3siia ADC Minausmusoiu IdnussduW@osdigailssina 215 v
ot1e lsfammnanisadiniseonuuunasWanees Wausoiou idnsesduus iy
¥ [ ]
Iidvsdn ey 1.5 v uda 2eesiildelinnumuzauedaundunuamamai’hl
o Y oo { o to Y 3
Uszynd ldauniugUnsal$mInnnm (portable device) fideeldfuunasnie IWdoeduily
= o (Y
uuamoIuUIA 1.5 Villunan
A o o S/t ° ' - (Y.
3) ifieannesiinauegnosnuuuldiimaiiaulugdnssue narfe Sudygw
a Y ' A Y - o 4 o ¥
sunnlugnssumeuinenifissetnuden Auiumniimswaun laseonuuuieesgeiming
5 v a o ; * A a d o
wsuussdueuinenduynIfiflunssud (voltage-to-current converter) tWadud liliwer
{ o 1 o { o W a q’:’ o a
wihiifuasesdamiwda il idansefudaygaduyn ldvaussduduyn
& a o 9 ®2 A 1 o . e - 1
wionszuaduym msth ldszgnaldentuianiunanedd (versatile) uaziinnusangu

2
(flexible) ¥1NUU
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Abstract: An algorithmic gray 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 triangular function circuit 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.

Keywords: Gray code, triangular function circuit, Algorithmic ADC

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 instrumentation 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
to implement both analog and digital circuits on the same
chip using a standard CMOS digital process. It has been
shown that, among the exiting ADCs, the algorithmic
ADC offers the advantages of 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 waveform for
a continuously increasing input signal. However, the
sawtooth-like waveform contains a broad frequency
spectrum, that causes the distortion on the subtracted
signal and limits 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 presented.
The realization method is based on the use of a MOS
triangular function circuit to generate a gray coding. The
proposed ADC provides a high accuracy, high-speed
operation and low accumulated error.

2. Circuit Description

2.1 Principle of gray code ADC

The flow chart of a gray code algorithmic conversion is
shown in figure 1(a), where L is a reference signal and I;,
is an analog input signal which has a value varing from
zero to the reference current I The input signal I, is
amplified by a factor two to generate a signal 2I;,. The 2I;,
signal is compared with the reference I If 2I;, is less
than I, the digital output is set to zero and 2I;, 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 2I,. 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 continuously increasing the input signal
as shown in figure 1(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.

2.2 MOS triangular function circuit

The MOS triangular function circuit is shown in figure
2(a). Transistor M;; and the constant current source I
provide a bias voltage which is approximately equal to
2V, where V7 is the threshold voltage of MOS transistor.
Therefore, transistors Ms and Mg are forced to the edge of
conduction to minimize the crossover distortion.
Transistors Mg-M; function as a current mirror with
current gain equal to two. Transistors M;3-M;4 and M5 —
M, form a unity gain current mirror. If ix<l.s current
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Figure 1. (a) flow chart of gray code algorithmic conversion
(b) transfer function of gray code algorithmic
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Figure 2. (a) triangular function circuit
(b) transfer characteristic

i, flows through transistor Ms, that causes the gate-source
voltage of transistor Ms to increase and the gate-source
voltage of transistor M to decrease effecting M to cutoff.
Similarly, if i,>],r, the flow of current i, through transistor
M causes transistor Ms to cutoff. Therefore, the currents
Ips and Ipg can be given by

Iys=1,, i, and I =0 for i, <1, (1a)

and
Iys=0 and I,5=i,—1,, fori, >1,, (1b)

Current Ip,4 is forced by current mirrors Mg-M; and M;;-
M,, to be equal to 2Ips. Current mirror M;s-M,¢ reflects
current i, to output node B. Then output current iy, can be

stated as

i, =i, fori <1, (2a)
and

loue By =g =L g =21, -i, for i, >1,, (2b)

It is clearly seen that output current iy, is triangular
function for continuously increasing current i, as shown in

figure 2(b).

2.3 The proposed ADC

The proposed ADC is shown in figure 3. The circuit in
dashed-line frame of the figure 3 is the triangular function
circuit. Transistors M;;, M;, and the constant current
source Iz generate a constant voltage. Transistor M,
functions as a current follower and provides a fixed
potential at input node. Transistors M,-M; and Mg-Mj,
where the channel width of transistors M3;-M, and M, are
twice of transistors M, and Mg, respectively, form a
current mirror with current gain equal to two. Transistors
M;g-My and M,,-M;3 form a current comparator to
compare the current Ipg and Ipy. The operation of the
proposed ADC can be explained as follow. The current I
is a reference current and the current iy, is an input signal.
The input signal i;, is multiplied by a factor two by using
the current mirror Mj-My. The current Ip; = 2i, is
compared with the current reference I at node A. Then
the current i, can be given by
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2i, -1, ©)

If 2i;,<Is, the negative current i, flows through transistor
M; and causes transistor Mg cutoff. The currents Ing and Ipg
are forced to be zero and iy, which are respectively
reflected by the current mirror Mg-Mg and Mg-M,. Then
the output voltage v, of the current comparator is set to
low. For the current 2i;,>1.;, the positive current i, flows
through transistor Mg and causes transistor Ms cutoff. The
current Ipg is zero and the current Ipg is equal to i,. Thus the
output voltage v, goes high and the analog output current
iou can be stated as

—2iin f0r2iin <Ire/
o = . : @
2 re/_Zlin f0r2‘in 2Iref

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.
MSB LSB
i T fou1) T T )
—> | bit [—> bit | _ _ ] bit =
cell 1 cell 2 cellN
lul [mf In{

Figure 4. The N-bit resolution ADC

3. Simulation Results

The performances of the proposed circuit were observed
through the use of a SPICE analog simulation program.
The BSIM MOS model of 0.7um CMOS process was used
for the circuit simulation. The ratios of the channel width
and length (W/L) of the devices used are shown in table 1.
The reference current I, I3 and [;=Ip are set to SOpA, 20
A and 10pA, respectively, and Vpp = 5V. Figure 5(a) shows
the DC transfer characteristic of the proposed circuit for the
input signal current i;, which is varied from 0 to SOuA.
Figure 5(b) shows the peak region of the triangular
function. A eight-bit resolution ADC formed by cascading
eight 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 of
about 150MHz is observed.

Table 1
Transistors W (um)/L(um)
M, 20/1
M,;, Ms, Mg, Mg, My My, 2/1
M3, Mig, Mys, Mg
M,, My, M; 4/1
My, M, 1/1
M,7, My 1/0.7
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Figure 7. Frequency response

4. Conclusion

A CMOS integrated circuit technique for realizing an algorithmic

analog to digital converter using triangular function circuit 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
confirming the circuit performances have been demonstrated.
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