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1.1 anmihanuazanudinyveaum

o o aa s 7 4 Ao
muﬂamuunu:aaﬂﬁjumma (Analog-to-Digital Converter: ADC) lflu’msnuqﬁu
Ay lumsdanmsdygia eanndyaui ldvinaues (Sensor) vzogluzy
dyanudoiosmiodyyimueuzasn ualumsnluguszuuriensoenuuuglnsainig
9 a o = a1 = £ an 3/ ° ;
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o an a 4 [ : a a
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ADIN151992993 1A 3AANUdIFYYe ADC fana1n eldinmswaulnseadiauag
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MannINIuYes ADC egnatwdsziamianldimaluladnsmdmaesuuyluinars
(Bipolar) [2]-[3] 11UU BiCMOS [4]-[5] nTauvudued (CMOS) [6]-[7]

A10019 ADC T laiimseanuuuluofa [8]-[10] Ay Single Slope ADC a2 Dual
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o s =
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o a dv R P rqvd 4 v P
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o o - 4 Ay va o - o a a N . 4 o
a3l ADC Bnilsziannilan lalimstinaue fio dane3siin (Algorithmic) ADC Fasailu ADC
= L | [ . . . [ a a
UszinnanumInunaauruiAuIiy Successive Approximation ADC Taudane3siin ADC 9
=] ° 1 4 o ar 4 z Y aa J
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= =1 a J &4 Y Yo  w e = ] "
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d.i = Y A [ 3/ [ a a
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[
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o o o ' @ =
wasswansduvudeunduihuavguassannsaaialavnisdo EX-NOR fagUi 2.17
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yindumshi (3.1) Wi esaziounszua MM, simihiidnnnszuamiouiaves
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M, uaz M, fguauiadiulamwgauadiaziinsiaulugininszuadud dmsuluna
Ujvavemva M, uaz M, iauwsiiunndszms uazamsudaoudnuaud g uay g, i
' ] o o a ) =l A (=]
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VINAUMSIN (3.4) 1Az (3.5) WU MINIVANOATINITVOIWVDINDTAZROUNTZIA AIWITD

mldTaomsdiunldsunmsmdneudnuaud g veawamwadiomsimuanidnsiadiu
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MIAIATIEHAINNUAUMUBURALDZI IR NAYE IS AL R B U TIaR T Ay
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MnNszuaduNA i BAnTeungud (i, < 0) n3enszud i, Inudluay nszud i 9z'lva
[ = ° by [ ai o o - = -.'\ 3
Auweaa M, Bwai lHussduninanusesaveaunma M, n3e v, UANALLINAY
wieanausaau luned v, Wumaei USinanssdu v, AviuizmidulSnavousediu
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Wlua A v30 v, NiaAad WoAwswy v, anad wilvueama M-M, ogluaniazlirh

NIZUE (Off) AITUNTTUAATU i), HAZNTZUAATY iy, VX UAINI
ips =, nag ip =0 1o i, <0 (3.19)

i ' ' o ' "
Tunsdifinszua i, GAwnndgud (, > 0) nienszua i, Bauiuvin nszua i, vz Inaru

womra M, Antunsaau v, sziinumuiu Tuvngiinsaiu v ifnanas daiu

ips =0 nag ip =i, o i, >0 (3.20)
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Alua E iy =ipg (3.22)
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3 do W o ] = ; = 1w
M3 150995 HanTuduys ol lunsalnszuaduna i, < 0 vl suaminy

ﬂ — ,D'.' _ gm']
abN — .

= (3.32)
Iy $=0 gmﬁ
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iDlE(gngm'} J ("{;ﬂbf’s-'-l) (3 35)
i, EmEms (I;ast +1)(T2abps + 1)
C +C
10 T,,p = —22—*1 (3.36)
gm(:
+ ¢
]..zabp = (gm] gm]) grd (337)
gmlgm4
CgJ4
T;abP -~ (338)
gm4

o o o o o e 1 o ' = ' & cl ° o
dmsudanvnonszuadmsuduas Iiaswazadmumisves Tnauazd s Fuiluiadiia

v a o = a0V e cly
Tunsdauvemavsilanduduysoilunsdinszua i, > 0 vxlimaan

I
B.r =g _Em8m (3.39)
I, 5=0 gmlgmﬁ
gmﬁ
SPrase = (3.40)
278(Cpus +Cpr)
SP2ase = EmiEmg (3.41)

2;1'Cw(gm1 +2,)

Soaae = '2%

= Cgﬂ) (3.42)

3.4 JvsfSuvumsunszua

3.4.1 29059UNBIINDI
= a o &
Tuzii 3.16 nanalnsaad 1999929058 U051A03 (Inverter) [35] Fulsznou
o ] o [ v o
Mudunen M, uaziived M, Tavvunauazvuasuveaommaniaosnesuiuilug A
o e = Y o -:rq' & = =
uazTua B mudidy mamauvesesannioosuiolanii ilua A Fuiusuyalua wi

»
ANTIAUDUNA v, AaT]

Vin =Vosn =Vop = Vsar (3.43)
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VsGp + Voo
—C_ Vsor
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X

~ - 7 s
3UN 3.16 29938U931N03

a:; -5 o = @ o« o a’
#1ua B yauihueidyalua szlinuswuminna v, Al

Vou =Vosy =Vop — Vspp (3.44)
v ' o a Ve o a FR
dilounusafuduna v, MRRud (v, = 0V) 1naumsh (3.43) 921491 vy, = OV 1Az

Tt ' o A = 1

Ve = Vpp WOAMA M, vzogluannzlihinszud (Cutoff) FalANTIUMATY iyy0m = 0A

daumoana M, agyiamlugininszua idudmiesusudu (Lincar Region) 1119391077

v »
o - . o o
USIAU v, 2 — Vo W0E vy, € Voot Vy, BAAINTEUMAT iy ., AIH

2
; v
I pp(Lincary = B ((vsap + vTP)vSDP = Szm ) (3.45)
fAnTzue iy, =i, 92 141
Vs
H 12}
Ipp(Linear) — B (Vsc.v + V'm)vsnp - 2P J =0 (3.46)

nNaumMIh (3.46) nmuald v, = - 7, 32 18 590U v, = OV AnTuus e IRNA v,,,

»
o =

NN
Vou = Vop =Vou (3.47)

o ¥, fioyaTuaiianzaednifu 1 (Output Hi
- na luauanzaoInilu 1 (Output High State)
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Tunsdindoumusaiuduna v, 10y ¥,, 1naunsh (3.43) 921831 v, = OV uaz

1 L] é = 1 ]
Vosw = Vop WOAMA M, vzogluannzhiinizua Salianszumasu i, = 0A du
vorla M, v lugininszua hisudmiesrusudu Heannamsnu vy, > V.

™

»
AL gy S Yooy — Vpy IAUNMINTEUAATU ipyy ) AL

. v
Ipw(Linear) = P {(VGSN - VTN)VDSN - DZSN ) (3.48)

Y . - ¥
fAINTENT iy = iy 92 1A

. v
EpN(Lineary = By ((VGSN - Vm)VDSN - L?;N J: 0 (3.49)

] 3 " o [¥] u’;’ o o
vInauman (3.49) nmuald v, = ¥, 92ldmusedu v, = 0V dniuusaaueana v,

¥
-

= 1
WUNINIU

’

v, =0=V, (3.50)
A A o = =
o v, fio analuaiian1izasdnidiu 0 (Output Low State)

MINAUMITT (3.47) 1D (3.50) TWNTADUUANUAUNUTTZNINAMSTIAU v, 182 v, 7D

(3.51)

mIimmuasminesveamninszuavewema M, naz M, IMiaumiiu

i o i & o i d
(8, = 8) hidsmsnilaiiliasdunedinesfg i 3.16 innwmnnas [35] Tavh

(WY (W
o) %),

B ; % 4
foonuuYINIBUNDsINes Inulduoanla BSIM hilma TuTabuuy AMIS 0.5um a3 &), =

141 pA/V: 1102 k) = 35.5 pA/V ilpumuamadesiiaaluaunmsi (3.52) az'1ld
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L), k\L), 355\L),
N30 (Z) 24[1) (3.53)
L) Ly

3.4.2 NosnfSuuounszua
nvsnfivuivunszuadagUi 317 [41] Yszneudasrsnsaziounssuaditm
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dnazaodn D, Hiowyalun ﬂ:?j’uegﬁuwﬁmslﬂ?unlﬁuus:wiuﬁms:uﬁ i uazi, Ms
Fanwensesamsnesuu1dded
2wesazRouUnTzUA M-M, uay MM, srdmnanssuadunn i, uar i, i
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MININUYDI35115 sufBuNI 2@ Ina1? msa@ouduaums 1

0 ; il'nl > ‘-l'nl
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" s A ° 1 s o 4 =)
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1o Ey=Eqn €y —Ecria 4.7)
= Eaua T Eu —Earrbap (4.8)

NNAUMIN (4.7) 1oz (4.8) INNVAANDIA &, = -4.1670x 10”, &, = -3.5558x 10”", LAz
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=
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= d ad (a
4.3.4 MIINTIZHRANIZNUVRIRM)INasunaa
minfasun)asvesgungil A7 eriikansznudpamsuilua B n3em

usaau luued v, ¥898an03 5N ADC MinaUOAIZUN 4.1 (MAHUIN N4) Aail

AT 2D, _
AvB_300( o (JE+JZ)J 20AT (4.11)

fimualil 1, = 10uA, B, = B, = 564 pA/V’, AT = IK, Uz a = 1.34mV/K 921871 usadu

»
-1

Tuned v, finianal 1.4256 mv iioguunilmuiu 1K n3e 1°C

435 MINNTIZNHOADUAUDININIIND
MINMIANTIZHNITAUYAVDIBANDI TN ADC Mg 4.4 (MARUIN A5) 92

Tdnnuduiussendnmnszumerdina i, naznszuadunn i, Tunsain 2i <7, fio
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Absolute Function
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io_"f - [ Emi18m7 ) 1
Ly Em0Ems (?;,,MS'F])(TZG NS+])(T3asz+1)
lﬁﬂ T s g"'-"cxsﬁ + ngCg:'I +8udCuis
gmsgm(x
& Cgsﬁ (Cgsé i Cgs?)
‘TlabN =

ngCg'.rG + gmich'.' * gm6cgsi

Coo +Cpn +C

i _ gsl0 g512
gn]ﬂ

labN —

VINFUMIN (4.13) 54 (4.15) 92 Idmdumiaves Inaudazia Ao

fp s gmigmﬁ
labN —

2;",'-(gmsc“g.rfn + ngCg:'l' G gmﬁcgs!))

_ﬁ) - ngCg:6 +ngCg.:7 +gm6Cgss
2abN =
270C 15 (Cpu6 + Cpry)
Emio
SPsaon =
2”(ano + Cg:ll + Cg:lZ)

dmsunsdin 2i, > 7, 9z lAnnuduiusszninmnseud i uaz i Ao

B _(gngmgmn J (Tuses + 1)
Em&ms&mo (I;abPS + 1)(T2abps * l) (I;ab.PS + 1)

'in

4 +g,,)C.,
139 I;ab (gml g 3) gs4
gmlgm4

P
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(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)
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C, o ¥Cy+C
T:'abp — gslo gsll gs12 (4.23)
Emio

INANNIN (4.20) D4 (4.23) 32 TamdwmusvesInanaz 3 1sunazaa fo

e et
Sorar = 2rr(Cf: 1 Cis) 2
Fawp = #’*ggﬂ) (4.26)

Tosar = 256(C,i5 f mcl:,” +Cp) Lz

nnnai I9InMs@Esunumsinuueasaneisin ADC dagUit 41 9z 1dmmsiiines
AN 9 ﬁdf:gml =3.1911x 10" A/V, g, = g,, = 3.0986x 10° A/V, g, = 2.9627x 10" A/V, g . =
2.9782x 10" AV, g,,, = 4.4539x 10° A/V, C,, = 1.404x 10" F, C,, = 936x 10" F, C, = C,,,
=29632x 10" F, C,,, = 1.404x 10" F, uaz C

gs11

= C

gs12

= 2.808x 10" F WU fp,,, =
690.564 MHz, fp, ,, = 5.84 GHz, fp, .y = /..., = 101.028 MHz, fp,,, = 178.299 MHz, fp,,, =
800.198 MHz, U2 fz,,, = 351.428 MHz Fnhudasfansiauvessaneisin ADC i
edagUit 4.1 ariuegivaesasfounszua MM, Hundn Fsaunsainuldte

714D 101.028 MHz

43.6 MINHAE UMy
A lumailasiuvesdane3siin ADC vuia N TafazUil 4.2 (MAruIN

6) ITUAUNINY
te=Nt, +t, (4.28)

1o t, A0 MAMURNRAINMITNINUVDTTBIRAT NI i,

t, A0 AaMmiRNATINMIIINUYeINIdoshadnAInDaIAYA D,
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MAMUN £, T sonsun 1AnndasinaveInansuauBINIINNAveIdanDI 5IIn
4 o 4 4 to o . w !
ADC nuuauo [40] cnﬁuagnnmmmnm (Time Constant) T,,, Whumnan Awnan t, W

a 4 1 ] ° 4
’Jlﬂ'i'!:'Hil'1ﬂﬂ'll')ﬂ']ﬁ'LI'JQil']ﬂﬂ'l‘i‘l"l'lsl']lﬁJEl\I’Nilil‘lEU'lJmUU [35] ﬁ”l N =1 = £

2 tdu 4abP

1.5762 ns, UAZ 1, = 4.4656 ns 92 141001 1, HA1)52u100 6.0418 ns uAd N =9 9218101 ¢, T

YJs£10 18.651 ns

437 MIINTIEHAMSITUINDIIWAITA
a a o o H @ a a a e w
M3 INTIXHAMTIAUINAITIWAA ¥y, VOIBANDITUA ADC MriuAUDA
N 4.1 mwsenvsanlAnndusemagagainoseniausduumatie v, uaz

o« é “ [ :I’
AIA (MAKNUIN A7) Falin Tavsuna il

VDD(mm] = 2I/TN +[VTF| (429)
Y o v N o a ey
1iimseenuuu99s lavlFuuuitaoswemva BSIM flimaTuladuyy AMIS 0.5um Al

IR ¥,y = 0.609 V 1Az ¥, =-0.6101V 9z TAusasu v, . isnlszunm 1.83v

DD{min)
4.4 WAMIDEUIDUMMNUV3030281151un33 PSPICE
IHONATOUANITNULYDISAND3 BilA ADC fiuruadaglit 4.1 SaiimsnaceuTay
Bounuumaiauvesesdassunsy pSPICE Tavlduyusianswomvla BSIM i
maTuTaduuy AMIS 0.5um Famelugunsaivomaudazia 1@ muasasidm wiL &
1519 4.1 wioumaimua s suumdas Vpp A 3V AINSZUAUNA9W 1, [, 1Az
I, MY 10pA, 20pA, 1A S0pA AUAINY 1ugﬂﬁ 4.5 Wunamsdouuuumsiiauves
dano3siin ADC v 1 Jadagit 4.1 Taudounssua i, Sudyarniassiinsmlsm
210 0A D3 50pA mna"nym:thﬂau'lﬂmauaxrﬁﬁmnmmﬁwﬂugﬂﬁ 4.5(n) 1A 4.5(v) NUN
Fadfimnszua 2i, SAnfosninszua 7, Wi nszua i sz 0A S 25uA 9214
NITUTMBIANA i, AWML 7, - 2i, M50TIAIAAAIIN SOpA B3 0A LBTANIZABINVDA D, )
Auilu 0 (Low) nazlugaafinszua 2i, Sinnnninszud 7, wionszud i, BARauA 25uA
89 50pA nszuMEINA i, vzTiAMIAY 2i, — 7, uAelmiuAuIIN 0A F9 S0uA HAZTIAE
aosnuea D, Hauilu 1 (High) Tuz1fi 4.6 uAIANSIAUUIVUNANDL ALBINIIAINE VDY
dano3siin ADC finaue wud1 Sano3sia ADC fagdil 4.1 SvrsmufufiRnugega
Uszinal 96.541 MHz uaziionfivuifsuiumansIinswiHaneuauoam1en i veaiaes

Taoumum luaunisn (4.27) nui1 ¥ennudl fiRaugegavedsesiia ndinvaiu
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woaa W(pum)/L(pm)
M, M,,M,, M, M,, 6/1
MM M, , M, M, M, M, M, 4/1
M,, M, 1211
M, M, Mg 8/1
M,,, M,,, M,, 1/1
50pA
40pA
_30pA
20pA
10pA
0A
0A SHA  10uA  ISPA  20uA  250A  30uA  350A 40pA 4SuA SOpA
I,
n
(N) NITUTDIANA
3V <
D =1
2V}
o
1V
/_Do=0
oV
0A SHA 100A  150A  20pA  25pA 30pA 35pA 40pA 4SpA S0pA
i
(v) AvADAIDIANA

5UM 4.5 wamsBouILYNMINNUYEIEaNDI 5N ADC Y11A | Dativiuaue
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0.9

ivll/im

0.6

0.31

0 ; . . :
100k 1.0M 10M 100M 1.0G 10G
Frequency (Hz)

3UN 4.6 HaRDUTUDINIINIINGEVEIGANDI BN ADC VUIA 1 Taiinaue

60pA

I
50pA '/— !

40pA]

30pA
20pA] W i
10pA]

0A

-10 v T . . y v - . . ' .
MOS Ins 2ns 3ns 4ns 5ns 6ns Tns 8ns 9ns 10ns llns 12ns
Time

(M) NITUADUNA i, HATNILUAD1ID4 I,

4.0V
3.0V
2.0V I v, (D)

1.0V

0 \l’ o

-1.0V

Os 1ns 2ns 3ns 4ns 5ns 6ns Tns 8ns 9ns 10ns 1lns 12ns
Time

() AMWTIAU v, 11DT v,
- b= @ e o LY w a a
UM 47 mamsiRounuumsiaumeanynuE Tumsilasiuvessans3siin ADC

YuIA 1 1A
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a o a

mofumsnadouauiilunsilasiuvosdaneisin ADC v 1 findagalii
a1 szinitlounszuadiunn i, Fudyauduiulafiidimudun oa i 50nA 1Dy
Housnszuadieds 7, dudyanalvasenng 25pa dasUfl 4.7n) wlouadmualy
c, = 1.1 pF Tug1ii 4.7(v) uansA s i Tua 1 uazTua L (v, uaz v,) Taofimuseiu v, oz
uapadannraeInYeId Y IUATABAIAHA D, WU FRnmAA TR v, = 0.5V, =
1.5V v ldnnusarlumsuasiuvesdaneisiin ADC vina 1 T SAnlszanm 6.1423 ns
uazilonSsuiousunams iz lumsudasiuvessane3sin ADC w19 1 D

Taounua luaunish (4.28) wui anwsa lunisidasiuves ADC S lndifvasy

SO e e S S S s
40pA

2 30uA
20pA

10pA

0A

JL 71
0A 0.5pA InA 24.5pA 25pA 25.50A 49pA 495pA  50pA
] 2f

in

(n) dymnszud i, Jan 9 luniagauna

SOA -t e

10pA

)L )
0A 0.5pA IMA  245pA  25pA  25.5pA  49pA 49.510A  SOpA
i

in

0A

() RAMTIYUIVVAITNINY

U 4.8 nizumerdnaiini 9 vesdanaisiia ADC MiuauovIA 9 Tn
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wordunsnagoumsivessanoisin ADC vuta N Tn Taumsiszgndld
9anv35A ADC v11A 1 ﬁﬂﬁ"lﬁﬁwmuoﬁagﬂﬁ 4.1 WU 9 2995 (N = 9) MAeMMAANY
{usaneisin ADC via 9 Tin Tavdasrdu wiL veawomranasmaanlsaa q szfmun
wuRvRuMsBouuumsiauvessanssin ADC e 1 Ta Tugit 4.8(n) uans
Foyqnszue i Dafl 9 (LSB) Tumagaund Wodyanmnszuaduyainisudsann oA
3 s0pA v lAdygiuedyavemniaulsaiegsznin 0A 83 sopa Taviinnuniaves
uvosdiugammasuudazUSanszinm souan” = 0.1953uA Tzl 4.8() uan
HAMSIROUIIUNSNNLYD45aN03 55 ADC 1119 9 D onfSvuifouralumagauais
317 4.8(n) Fumams@uunuuAgUR 4.8) nuh KemsEouumsinuvessane’siin
ADC vW1@ 9 1n viidyuineidnaveaniiniinisilsaogszning 0A B9 SOpA 13UIRY?
fusalumagannd dasidyanugdaumavuisazsdvosmams@ouuumsiauess
AnufouazaNRananazauRady Fufurauivinauianaalumsdaiunszi

993 ADC V119 1 DALAAZITMIaeManany

4.5 unaqy

Tuunii 1dnandamdnmsinuazmsinneiguanianimiauiddyves
daneisiin ADC Aiinsassiauuuinsddounduit ldinaue luinoiinugi wioueld
uemaRaMsIRouIIUMIIudIwTUsunsy PSPICE onaeuiazdusuniugndealy

o @ a s 4 ° ) - L4
NITNINUHVDIDANDITUA ADC ﬁu1mua1mwumwuﬁ
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agidwamsIvenaztorauonuzlunmsiiideae

5.1 ajUnanmside
a = f:lv =] & q‘ ¥ o a e o o o
Inviiwustiud auuamaniai 18 itouazWanndnlasiuneuzaomiu
AvADA W30 ADC wanmsminaueyiunsoaniuudansssin ADC UUNUFIUYDA
maTuTatnsmuFmaesuuudueda Tavdaneisia ADC Minauevziimsassiauuuinidon

I o v v o o o«
gﬂunuwuwu‘sunﬂ “‘mﬁmsﬁuuué’ouﬂaw’ TﬂU'i)']ﬂU'Hﬁﬂﬂ’liﬂ']iﬂ%lﬂi‘l:ﬁﬁﬂ'ﬂﬂl:

'
o

swlouvonesiuglmumavumaeitdnvuzaunas Tassadavesdaneisin ADC 7
ponuuuazszneuldursesilanduduysal 2vsaziounszua uaz9vslSouiiioy
nszua nazlumsoonuuy 181933 ms luueawomlafiveuvesmsihnszualuganinszua
dui riteannuRouvesdnyuzawTounszua uenvnddutiumsiiunimiialunis
Wz uTuoen W 1My

AuauiAMsuYesdaneIsin ADC Minaueldinsdnswiaussouszluma
nguHuaziMsnATeUAINMIIALUILUMININUAWTUSINTY PSPICE 910HAaMsINs e
wazrams@aounuui 14 wuihdanuaeandeaiu gumuiinsihauiiddyvessanessin
ADC fninauomusaagyIddamsaii 5.1

[

M3 5.1 AUAIaNSMIUNdNYveIdanss sun ADC Mitaus

DRITEITPTL L IV o) 21672
ma luTavveauoaia AMIS 0.5um
AMTIAULNAIIY ¥, 3V

AusIRUINA TR Visiaias 1.83V
NIz I, 10pA
MMdagayiy 57TmW
Snnudaiiduly1g 10 1A
nAuNaIng (Dynamic Range) 60 dB
AMULUNTA (Resolution) 997 ppm
HAADUAUDIANIIAING 96.541 MHz
anuis lumsmlasiu v=1) 6.1423 ns
ANUHANIAAL AN (V = 10) 0.833 LSB
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Vv o aw 1
5.2 Yorruenuzlumimivune
o a o o e a - q’- = g o

1N8anNd3sUA ADC Minaue luinuinusidaiisuauiiaulslumswanay

Y190AD Aall
. ] ¥

ADC Minauoiihnaesfideansdyyinuouzasnduyaluzdvesnszud dniums
° q 3 o [ o & o e 3 a
i hdszgnaldnudmivmsdszanadyaulugdvesdyanussduiuiludoadioes
waadyanaussdmilunszud (Voltage-to-Current Converter) NNIAIBUZADABUNAYDA

: _

ADC dniumniimswannTlavosnuuuld ADC dwnsaiuamssaudunaldlavase wio

L. a y: 1 v o ] a ° 9 ¥
msosudyy s ldnsnmssiusunanienszuaduya msin Abc Tihlszgnald
NUIAANNUTANYUIAZATDIAININGIVY

a e ° - o o . ] o

ADC Mingusdunsoiinuldnnuswunmasivigalszuia 1.83v aduls
AUMINAITONINITDBNIV VIS AN Ifrmsoiha Idia s sduumastieanm
M3BNAY 1.5V 1d2 ADC flAvzianmummnzauiumnmanisi dszyndl¥ugnsal
° . o a0 [ v & a
§IMINNANT (Portable Device) NABAlFAuAMSIAUIMAIwTuTULDAMDT YA 1.5V
Wundn

VINMsNRsudanuteInandwyaeliznms Ao aussouzlumiinuuearens

v - e L4 3 o Ly Ve -
AzNPUNITUMIAZIIIOUNDITIADT M sodivliesaziounszualilinnuianain
vevasszilumsmuinnuiaiduly1ddmsumsdenmnadanoisiin ADC v 1 1n
wodszgnal¥auilu ADC vwa N Ta wazdrannsodsulgansesaziounsuali
4 12 wa & s < Yy o ¢ a 4

anuifiAnugau i ianus lumsadndyganszumerdna i, Muiu uonn
Jy Y = a 4 ot Y o aa o Vi
UMa5 015 vl1annuEve19I8unesines lumsaindyyuataoaeaya D, TH3

AL w19 lunisulasfiuves ADC anas
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A CMOS-based Algorithmic ADC

S. Arayawat, A. Chaikla, W. Petcmaneelumka, V. Riewruja,
P. Julsereewong, and T. Trisuwannawat

Abstract - This paper presents a one-bit cell of
reverse Gray-code algorithmic analog-to-digital
converter, which operates in the current mode. The
realization method is simple, small in size, and suitable
for fabrication using CMOS technology. The design
strategy is based on the MOS bias at the edge of
conduction to provide a high-speed operation and a
low distortion in the transfer characteristic. The N-bit
resolution can be achieved by cascading of the N
proposed one-bit cells. PSPICE simulation results
verifying the proposed circuit performances are
agreed with the expected value.

I. INTRODUCTION

An analog-to-digital converter (ADC) is an
important circuit building block in a mixed analog-digital
system. It can be used as a component in many
applications such as computerized control systems and
instrumentation systems. Since ADC is a small part of the
whole system, it should be simple and small in size.
Moreover, a low-power consumption and a best speed
performance become necessary. For high-speed ADC, the
parallel conversion method offers the best speed
performance. However, the parallel conversion ADC has
a complicated circuit and spends a large portion of the
chip area. Recently, the demand of high performance,
portable and battery-powered equipment, arises causing a
strong motivation to implement both analog and digital
circuit on the same chip using a standard CMOS process.
The studies have shown that among the existing ADCs,
the algorithmic ADC offers the advantages of both the
circuit performance and smaller size of chip area [1]-[4].
In addition, the algorithmic ADC starts its conversion
from the most significant bit (MSB) and continues its
action successively bit by bit. Thus, the N-bit resolution
of an algorithmic ADC can be simply realized by
cascading of N-bit cells. There are two techniques to
implement an algorithmic ADC, one is binary coding and
the other is 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 also proposed in literature [1]-
[2]. The configuration of these approaches is simple and
can be realized with a minimum chip area. However, the
two major limitations of the binary-code algorithmic
ADC are determined. Firstly, the accumulation of a signal
error, occurred during the bit generation, deteriorates the
accuracy of the ADC and limits the resolution of the ADC
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Other limitation is the finite bandwidth of the subtract-
function circuit that causes the distortion on the subtracted
signal due to the broad frequency spectrum of the
sawtooth-like waveform. Therefore, a high-speed
performance of the ADC is limited. To minimize the
disadvantages of such ADC, a Gray-code algorithmic
ADC has been introduced [3]-[6]. The transfer
characteristic of Gray coding is triangular-like waveform.
The advantage of Gray-code algorithmic ADC is that the
accumulated error is smaller than that of a binary-code
one [4]. The realization of the reverse Gray-code
algorithmic ADC can be implemented using current
mirrors, current comparators, and analog switches [3].
However, the accuracy and the conversion speed of this
ADC are limited by the operation of the analog switches.

The purpose of this paper is to propose a CMOS
circuit technique for realization of the reverse Gray-code
algorithmic ADC. The proposed technique is based on the
absolute function to achieve the high-speed operation and
high-accuracy ADC.

II. CIRCUIT DESCRIPTION

The two possible transfer characteristics of a Gray-
code algorithmic ADC are the symmetrical triangular-like
waveforms for continually increasing the input signal as
shown in Fig. 1. The reference current, /z, sets the full-
scale range. The current iy, is an analog input signal,
which has the value between zero and the reference Jy.
The proposed technique performs the current transfer
characteristic as shown in Fig. 1(b), which can be
described by the flow chart in Fig. 2. The input signal i,
is amplified by a factor of two to generate a signal 2i,.
The 2i}, signal is compared with the reference Iy. If 2i,, is
less than I, the digital output D, is set to low and the
deduction 2i;, from I becomes the analog output signal.
Otherwise, the digital output D, is set to high and the
analog output signal is then generated by subtracting the
Iy from 2ij,. This analog output signal can either fed back
to the input or onto a following identical cell to generate
another successive bit.

A A

oul oul
Ill‘ IR
D,=0/{\D,=1 D,=0{D =1
1.2 I b 1,12 Ty Tin
(@ (®)

Fig. 1. Two possible transfer characteristics of a Gray-
code algorithmic ADC.



Fig. 2. Flow chart of the proposed algorithmic ADC.

A. Absolute Function

The principle of the absolute function [6] is shown
in Fig. 3. The current source /5 and the transistors M,-M,
generate the voltage v, to provide the pre-bias transistors
M;-M;. The bias voltage v, is approximately equal to the
sum of the threshold voltage of the transistors Ms-M;.
Therefore, transistors M3-M; are forced to operate at the
edge of conduction to minimize the crossover distortion in
transfer characteristic. The transistors Mg-M,y form as a
unity-gain current mirror. The drain-source voltage of the
transistor M3, v,, is established by the input current i,.
The gates of transistor M;-M; are connected together,
thus the transistors M;-Ms will have the same drain
current in saturation.

For a positive current i,, the voltage v, effects the
transistors Mg to conduct. The flow of the current ipg
through the transistor My increases the voltage v,, then the
transistor M;-M; are activated. The current ipy causes the
voltage v, to increase and the gate-source voltage of the
transistor My to decrease effecting the transistor M; to
cutoff. Similarly, the flow of a negative current i, through
the transistor M, causes the transistors M;-M; to cutoff.
Therefore the currents ip;, ips, and ipy can be given by

100

e o'y

Fig. 3. Circuit diagram of absolute function.
Iy =ipy =0, ip, =i,; 4, <0 (1a)
and ipy =ip, =0, , ip,=0;1 20 (1b)

Based on the unity-gain current mirror My-Ms, the drain
current of transistor M, ips, the sum of the current ip; and
ips, is reflected through the current ipg. Then the current
ips can be states as

ipg =ipy +ipy =ipy +ipy = )f.l (2)

It is clear that the current ipg is an absolute function of
current signal i,.

B. Proposed algorithmic ADC

Fig. 4 shows the proposed one-bit aell of the reverse
Gray-code algorithmic ADC. This ACD is based on the
use of the absolute function as shown in Fig. 3.
Transistors M,e-M;2 and M;;-M,s form as a twice-gain
current mirror and a unity gain current mirror,
respectively. Transistors Ms-M;, function as a current
comparator [7] to compare the reference fy and the current

Absolute

Function b E L D_ .—,-.@
|-

Anslog
Out

Fig. 4. Proposed one-bit cell of the reverse Gray-code algorithmic ADC.
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Fig. 6. Reverse Gray code to binary code conversion.

2, to generate a digital output. The operation of the
proposed cell can be explained as follows. The input
current i, is multiplied by two using the current mirror
My-M,;, where the channel width of transistors Mu
and M, are twice of transistor Mjp. The new signal
current 24y, is compared with the reference Jy at node D
to generate the analog output i,, and a digital output
signal D,. The current i, at node A can be stated as

i=I-2%, (3)
If 2iy, < Iy, the current i, is positive and flows through

the absolute tunction. Therefore, the output current i,
can be expressed as

For an N-bit resolution ADC, the N proposed
one-bit cells are cascaded with the analog output of one
circuit connected to the analog input of the following
circuit as shown in Fig. 5. The starting bit pattern of
reverse Gray code is set to Ol11.1, all bits of
resolution ADC are set to high except the MSB is set to
low such as 0111 for 4-bit resolution. Table I shows the
3-bit resolution ADC of Gray coding, reverse Gray
coding, and binary coding. The binary code can be
simply generated by the use of two input exclusive-

 NOR gates with the input from the reverse Gray code

of a present bit and the binary code of a previous bit as
shown in Fig. 6.

TABLE
i =|i|=1,-2, @ 3-BIT RESOLUTION ADC
Input Range | Gray codi Revers Bi
In consequent, the digital output D, is set to low, For "R o 4 e Gray cod?ng c;z;z
the case of 2i,, = I, the digital output D, goes high 0 000 o1l 000
and the analog output current i,,, becomes 0.1428 001 010 001
) 0.2856 011 000 010
b =i| =20, - 1, ©) 0.4284 010 001 011
0.5712 110 101 100
The transfer characteristic of the proposed circuit can 0.7140 11 100 101
be shown in Fig. 1(b). The output current i,;, and the 0.8568 101 110 110
digital output D, can be written as 1.0000 100 111 111

= r " 320 <y ©)
24 =T, 2,20,
0 ;2 <I
= e )
1 ;20 21,

II1. SIMULATION RESULTS

The performances of the proposed circuit were

observedw through the use of PSPICE analog
simulation program. The BSIM MOS model of the
0.5um CMOS process was chosen for the proposed



ADC. From the circuit in Fig. 4, the ratios of the
channel width and length (W/L) of the devices used are
shown in Table 1. The reference current /, and the bias
current /p are sct to 50uA and 10pA, respectively. The
supply voltage Vpp is set to 3V.

TABLE 11
DEVICE'S DIMENSIONS USED FOR PROPOSED CIRCUIT
Transistor W (pm) | L(pm)
My, M, 2 2
M,, M, 4 1
My, M, 10 ]
M, 2 |
Mg, Ms, Mg, M3, Mg, 5 1
Mjs, My, My;
Mo 20 2
M, My, 40 2
My, Mg, Mys 10 2

Fig. 7 shows the DC transfer characteristic of the
proposed one-bit cell as shown in Fig. 4 and the digital
output voltage for the input signal current, which is
varied from O to 50 pA. It is apparent that the circuit
exhibits low distortion of the transfer characteristic. A
seven-bit resolution ADC formed by cascading seven
proposed circuits was used to verify the conversion
performance. Fig. 8 shows the output waveform that
monitored from' the analog output of the least
significant (LSB), or from the seventh bit cell of the
seven-bit ADC. It is evident that the circuit operates
with high accuracy over the entire dynamic range.

IV. CONCLUSION

This paper describes a CMOS integrated circuit
technique for realizing an algorithmic analog to digital
converter using absolute function circuit. The DC
transfer characteristic of the proposed ADC shows a
good linearity and low distortion over an entire
dynamic range. The proposed ADC is simple and
suitable for realization a high resolution ADC. An N-
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bit resolution ADC can be achieved by cascading of N
proposed circuits. PSPICE simulation results
confirming the circuit performances are agreed with the
proposed technique.

REFERENCES

(1] P.O. Pouliquen, K. A. Boahen, and A. G. Andreou, “A
Gray-code MOS current-mode analog-to-digital
converter design,” Proc. of IEEE International
Symposium on Circuit and Systems, p.1924-1927, 1991.

[2] K. L. Fong, C. Andre, and T. Saiama, “Low-power
current-mode algorithic ADC,” [EEE [International
Symposium on Circuits and Systems, vol.5, p.473-476,
1994,

[3] s. Signell, B. Jonsson, H. Stetrom, and N. Tan, “New
A/D converter architectures based on Gray coding,”
IEEE International Symposium on Circuit and Systems,
p.413-416, 1997.

(4] D.-Y. Chang, and S.-H. Lee, Design technique for a
low-power low-cast CMOS A/D converter. JEEE
Journal of Solid-State Circuits, vol.33, 1244-1248,
1998.

[5] A. Kaewpoonsuk, A. Chaikla, A. Linthong, T. Lee, and
V. Riewruja, “An Algorithmic Gray Code ADC Using
Current Limiter,” Proc. of ISCIT, p.287-290, 2001.

(6] V. Riewruja, and A. Chaikla, “A high-speed

algorithmic ADC,” [International Journal of
Electronics, vol.91, p.719-733, 2004,

[7] D. A. Freitas, and K. W. Current, “CMOS current
comparator circuit”. Electronics letters, vol.19, p.695-
697, 1983.

30V
20V D
LoV

ov
60uA

40uA
20uA | S
uA

Os lus 2us 3us 4us Sus Gus Tus Bus Dus I0us
Time

Fig. 7. DC transfer characteristic and digital output.

S0n

WS K0 13 20- 25 30

Fig. 8. Analog output of the seventh bit cell.

'l
|

n o 1
N 3 80245250 255 260285

Tie (%)

664

410 473 450 4857450 49,5500



103

1] wa Y A

SLINFIVSY

A v ¢

¥0-UINANA wwanle orsuian

idou i TR 7 Wou QUAUS WA, 2502 Wi 9.v0uNAY

4 v = & “ - '

noy vuavh 2/3 aunsaudu o lwidies oailos v.vouLAY 40000
Usziamseinun N.A. 2524 gammnssumaasuga avunalulas Insviml

anuma Iulatnszaoundudigunmisaiansziia
ANUFNNYIRWIZATL NITOONILUTZUUA WD INA
Uszaumsninisinm
W.#. 2525-2530 Aumisimnstguniesionnnd
VTN Invau 91198 (NFANNA)
WA, 2530-iag1iu Aumiaensd danamairimnssudidansetinduas
Tnsaunny
AMZIAINTTUANTNT

urmIneauma Tuladsvuanadaiy Invuvavounny

NUIY
Nt 2530-11991u MAUIBLINGINUMIDONIVVTLVUTIUDINIA
WA, 2546-19917 MadtinvInumMsYsendandsaunmainlugaamnssy

a e

N.7. 2547-1991u MTuiRvItuMses U SWd MUy INEUTaDN



