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BI0T BB

BN EREEENNEL — R BEERASEEE 2 BT, 1.1 FE2E80 THE
HHEBTESRE X RS, A 1.3-1 g T — P IR S b8 R SR IR (S B Y 2,
REHF RIS ZALBEDSEH, TR —ee3 4 20 BRFEEN, XRERFIEE 2 LY
RS . B, RBEHEEREREENAESCHEERSETEEEENERE S,

MFE 112 FRILEUCRE, BEEL#E (ADC) MEOEE#RE (DAC) MELTREEL. &
Tl EE-IRE N ERE, BPER, e, B, — A RERR L R — s
#{F. ADC & DAC M5~ EEHARF B MERNEERIE . Ed EATEARIITISH
B, A% 4 BEELGE TRENEERERRSHTE. RITESEM, EEHCIEE DAC
FEEEEER, MEHRLE ADC FEEMNAWAS, XIEFH 4 DAC F1 ADC HRREFE
KIATREI SR, HEZTHE, S8y CMOS TEHEHE.

HAENE DAC, BAEEREEE ADC S— RS . RITEAE DAC B HMIR AT
e BRJE, 1B DAC ¥ Ho e W B e FEOR R BL B s T ik, X8R RIRIY DAC #4745
o BE T RHIRIT BN DAC YEAERI 3L, AT DAC LB E: . BEHHTIE#4T DAC,
X4 DAC BT ERKAFEHATR, HEEHER.,

BT RN BB ADC, FIFEM ADC MITEBEFIRIR T 46 . 4R, Fid &) ADC ZRixt
B AT REE, AT ME: BB TIHE . EadE s BB A T R A
%y . ADC BEEHBABNARBITSAR . RIMEE ADC 43 HK#E ADC, 3 ADC #15
# ADC, BT ADC MITEEREMFHE L, BMER ek, 5 —XETNR
BRI BT R AR . RITIES TR KR 5088 LIRCEN RN E RSB ADC #1 DAC 19,

10.1  SRAIRATE T B it

EHF NP EEEOZ — BRI S  E10.1- 158 T ERERFEE S DM ADAC1].DAC
Wi AJE— T (digital word ), EHEFRESLBAGSSRITHEHESEHR . FIHEHE
BIE, XEHT #WESE R SNEEIES, SEH S 2 BN ERNAIT
RRIESABRED . RERHATLERERER, HEXFHS8 DACHERER .

—ANE RS ARG DAC ATLUAIE 10.1-2 (a) RISHSERR, TTRIER, Bii—10 N RETE
{ bo.br,by,.. by - 2.6y -1 ) I—EHERIE Vi . b B “BEAHRNA MSB”; by BN

“BARAIAL LSB” . S BLE Your ATLARR N
vour = KVresD (10.1-1)

HA, KEZWHIET, BF DERN.

(10.1-2)



502 CMOS #82 5 A 8 3838 5

N RBTFHRBE, b BH INREK, RoBH 1. Wik, ¥R (10.1-1) F= (10.1-2)
&3, DAC RS TR

- by b b by .y
VOUT‘”KVREF=(?+?+¥+ o4 >N (10.1-3)
1)
vour = KVaee[be2 ' + 5272 + 5277 + = 4+ by 2 "] ( 10.1-4)
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Hritmag
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A
E10.1-1 BT ES4HENEUERRE
ViuzF VliEF
bU'—D bU—. 3
by —» by—» - .
by osenss fovour ba—s{RirBL— st Lol BEF LoV
bN—l:—b by— |- —b
Wiga ¥ ¥

(a} th)

10.1-2  (a) ATESLEAYERERE: (b)) ATRETEY
PSS (+SARCAEREARFNES )

BFEFEZREHAEHY. EXRHLT, LAMASERLRFEERRAET, JFE
TESH SRR R R, I 10.1-2(b) R . A2 B WM B A 50T RBE AR TP BE -

A 10.1-3 B AER T — MBERINR B DAC MEAE R, ERFHHBIFR, —
AP 48 H1— N KRR o AIVSLIS 48 0 B Bl F SRR A oo PR 7 A — A 5 T LG B e
FE, DRATHLEIAT LR . e SR I ORI R L R R SR BIR E AT
18] $7 R it — R el R L 3 <

DAC BRI

TH DAC R BER = By s RAE R EER) P AR A4S v 2 R S A El
A DAC WIEE S TSR AR, BN ERR. VAR E101-4 35—
3 i DAC BB AR A, RATED 8 MTRERFS M —ME KR ErRilE e .
X LSB R 3. LSB REE LA
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LSB = VZ“,EF (10.1-5)
TN 1 . B4 DAC RSB AN 1LSB, HEE, MBTHA N 000 BHE I % 0.0625 V.,
(B2, BABEHIN, HIFERE TR 12 4 LSB, EMBEIRSH 8, BRS ASEY

000 BF, MRAHEEER OV,

.| Yrer DVgrgp el =
i > piIE T -’K%UJR;.F
t T
ZHERFFR
) )
byby b3 by-|

A 10.1-3 HHEEBBNENE

1.000 .
0875 '
----- r----~t-—--—1xmﬁ&m sEmss ===
m 0750 F '; ; ; ; ——
?ﬂg l ..... - R
& 0625 f i 11ISB
® | S S S . R IS A
H ! : T !
i]e 0.500 f ! ' ! - .
4 T muEsmss
B 0375 b : : A
= 7 : . / , .
S S A 7 S A
0 R Gk N A R
...... ._-..--_.,,.____i__..._--_--._.---_________
0.125 | s “m=d :
0.000 4 . - . - -
000 001 010 011 100 101 110 111
AT

10.1-4 3 £ii DAC BYFRAR %A S et

B8 DAC B R A TR 7EE 10.1-4 SRR 3 ), LR KRR B ER T Vigro
X DAC B 2 (B FS Rk R (B2 SO B R FC1H1L... FE/ MBS 0000... )
SRS RZE, —MRWE, DAC MHBZIEETLIXR R

1 (10.1-6)
W2 E(E (FS) = Vier — LSB = Vigr (l - Eﬁ)
FS X LA H B R B TR TH05LSB, 7EA 10.1-4 &, FS 5T 0.875Vrer. WZIE
W (FSR) EXN:

FSR = '™ FS = Vggr (10.1-7)

N—=x

ETF EiRihe, BATTLEUET DAC ERBENSH. F— I #H RIS, &



504 CMOS # g &% & 389% it

LR P RAE AN B B A B U AT A B A B T E M A R, BT
BREAEL, H10.1-4 B T —EREBGIER DAC MK, X RBET 44 DAC i
L% N BTG AR RRERR I, B (SRR ) ST XA DAC (SIS L B EE
BROZ DAC BB B . AR FRA T I 10.1-4 791 3 4G HEAG AL MRS | W] LB B R0/ 10.1-5 FF
TREIEER, TR BN AL 10.1-4 AT A RAIBRR

B 10.1-5 B 10.1-4 BR 3 i DAC SR ILMRE

M 10.1-5 Al I, BEALMRRS — M ME-$E00 1LSB BAEH I, 1 F] 0.5L5B = FSRI2M!
RIA K. X MEME DAC M— M EAMSY, BRI THBIBMMERS. BT LHE DAC &
AL R EL OSLSB RN, FAEE#—SHB/MIRR LGRS s, RAESHm
g de P d 25 A N

DAC B3ISHH (DR) %-F FSR MM 8RE08/ME (Bl 1LSB ) #UEL, WL DAC RIS
FitsSE -z ks

_FSR__FSR___ , ]
DR =70 PSR/, 2 (10.1-8)

MERASNBER, X (101-8) TLIFERK:
DR(dB) = 6.02N dB {10.1-9)

DAC BfEIREL (SNR) 2 SCHHMZIBEAE AT (M 8 AR MR b . BAGMRA BO 3 27 4R T LU AT R
BABRSEFHHEATIRER. HTFERERNBILEE, HEARE.

T
1 158 FSR (10.1-10)

2
ms(B{LM ) = \/—[LSBZ(i - 0.5) dt ===
r T Viz 2"z
ik, DAC BUERR AT LIFR K.

Yoyt Ims
= ( 10.1-11 )
a (FsR/2"V12)
HF—IE3E, vour WBKTTRERIZI FHMEST (FSR2) IN2 B# Vae/ (22 ). B, DACFR
ERE SNR B AR .

FSRIQV2)  2%Ve

SNRpox = = (10.1-12)
FSR/(2¥\/12) 2

K (10.1-12) HANERFERS:
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W

Ve
Smmx(dB) =20 logm( 5 ) =20 loglo (ZN) + 10 Iogm(ﬁ) —~ 20 ]Ogm (2}

(10.1-13)
= 6.02NdB + 7.78 dB — 6.02dB = 602~ dB + 1.76 dB

I HRATAILLE KA RAH ( ENOB) H.

SNRsctal — 176
ENOB = == 10
6.02 (10.1-14)

HH, SNR.cou RFHASHISLER SNR 8,

X LA R AT RS RAEFER, N VTR B DAC MHEREIEE A M. — 4 N iZf DAC
HIBIASTLER 6N dB. BASTEH ] LUE R 7E A% g i e FEB B R B4R F X9 N PR A g e
BE. HE, T TAENH LIS SRIEE, ZRBRMENEE, RENSISEEY
MM 1.76 dB., ML, XTF— 1042 DAC, DR K 602dB. ST —EBEBHN RS HEE,
A5 DAC i AT MHI AR B IEE Y 62 dB. X R f R R BB s B A k98
HFFRHGR , WPT R TE RA A A5 03R48 et

B F IR R — MR RS, AR 10.1-4 MRS EERa2 bR A
BE. BSFERBREEIEREIRE (offset error ), 128123 (gain error ), FIHIELHE: (integral
nonlinearity ), #533E£8PE ( differential nontinearity ) FIA ¥ ( monotonicity ) iR, KiBIREE
AR~ H5 R LB 04 SC PR Ay 7 PR B A 1 A A0 PR A i 2 R O B SE 254l , o
B 10.1-6 (a) BN . X/ MRV DIED BB E A TRTRER . B3R L R ARANMNE
LS E R A SR RO R M 0 RS P A 2 IR 218 1 281R 25 R DAC P58 M1 e TR U
AEEHl, I 10.1-6 (b) PR

! S e 1

| wwsb |
o TR N
£ OBp--ctorodeeo \ 1>
§ 578} --ziozedoe b
% %@ | ;
g anl- we gy
T S L TCE
I ' LR
2 s}k \
S : BRSE

AT YT mEse
¥ 000 001 010 01T 100 101 110 111 000 001 010 0171 100 107 110 111
B AR KA
(a) (b)

B 10.1-6 (a)3{s DAC BIKERZREE; (b) 3 DAC H¥BRETER

BadesktE (IVL) IREBR LFRNH PR S A PR S R E W AR
EMH, ForIEEu T LUBRAEREMN T A HEE LSB RER. BT LI BT IL
%. 3t BiEEL A ALMER], #1017 #3R T—4 3 {f DAC 8 INL, — 1 N {i DAC §J INL
AJLAFRTR N —ANIE INL f1—4~1 INL. iF INL BIF INL S9BK{E, i INL 26 INLBIBRCKE. 7



506 CMOS BEREE & & 8% 3

& 10.1-79, 1E INL BB KRBT 1.5LSB, i INL B A% TF-1.0LSB,

WaARsktt (DNL) REREME FRENOHSHETRENTR, 2O ESENEIEE S
iM% FHEER N ENNREER, MAREEMIETE ML, NE v, BEMI0T5ER
EAf, v, hyEEEE, BMAMSELETIRR Y.

V - V VCI
PSRN (DNL) = (—V—) X 100% = (v - 1) LB (10115)

¥ *

X F—A~ N fir DAC F1— B RN E T Vig,
Vese
2N

A 10.1-7 WiiR Tk, &, DNL RMBRTWER, 5T TR E
KRR TE ST, W 101 B 110 BB 40P 4 (B K IE DNL %F 1.5L5B (V.J/V,= 2.5LSB), %4
BT 011 2463 100 8, P4 ARt K5 DNL 3465 —-0.5LSB ( V../V,=— 0.5LSB ), it DNL
H-15LSB., REBBANRE, Y ALFEN 10055 101 BHEA EEEARH (A 5). BHRITE
EREELTN, BriaT Ll A sS4 DNL %-1LSB,

V= (10.1-16)

R R 4

T
|
|

e md e m e — = R e e
1
1
1

AE R
aokS ool— talby toks ool ookh ool ool ook

000 l 001 ' 010' 011' 100 101 110 111
HFRANG
H 10.1-7 — 3 {if DAC B INL. DNL FdEBRH: MR EE

DAC HBRYERTE M S N FEA A F SN ST B R E e, Sl R s —1 5
BEMAT IR EM AR, SRR, E—RERGRESE, SRRk
20tk . E10.1.7 RBET HMABETMA 011 FF] 100 6 HIAFE B, B8, — MR
) DAC §) DNL %% . £irE, IR DAC H—/PMFETF-1LSB M-DNL v, BB RIERFER.

8 10.1-1 —EER#E 4 i DAC B /INL 70 DNL

E 10.1-8 H THABAFIERRHT 4 f DAC ME B, SRUNL FILDNL, B LSB Rk &
o ILEEER RS R R
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H10.1-8 ] 10.1-1 B9 4 £57 DAC ¥

fiz.
F110.1-8 B/ FINLFDNLIRZFIEIREM . &B{h, + INL=1.5L$B, —INL=-15LSB, +DNL
= L.5LSB, -DNL=-2LSB, HIlt, X4 DAC F AL,

DAC myzhaS4FtE

ELEX DAC BT AR IENEREE RSN, MESSESE IR DAC SN EESS .
DAC Sl A RIS R YRR . e R 4 AT R R DAC $EAEAE R HAS I BT
FEIA A, 4R DAC MENAR, HSEENEVINDRE.

HRE DAC BEMHAREEAFERE ., BT REREER SRR, FEaRFET
HREERIE WA L (AHER A ), MRE—AREY S, W EKNRSST S5H R
BEFBEERNAE. FatR, KBTI EREY A, XETEEFHAT A (HhE
BARZN ), ARSI RS E ORI AR AT SR SR E B A

BHBARN DAC HBSHEISHFERATN. BRNASMESREREER RS
W AR R R, ERHTARY Ax O51RH. £%9ITHELEUY, 3t
THEAAMBRARNRAABRRE, A.0)NERIFPHAFERTIL RN

%mt (Ré) |LG| (C“) |LG|
Yoww _ _[(H2 = - 10.1-17
V, R,/ 1+ |LG G/ 1+ LG} ( )

ARFEE L LG ARAF K, MABLH Voo MLEREIL V0 Z R EFFEIRE . RITATL
SE LT T ) SRS BEROR BRI iR 2 8




508 CMOS B3 K & &, 3598 3T

Vo, — V. |LG| 1
ﬁ}%% = bm  Cow 1 - = .
& Vou 1+ LG 1+ LG (10.1-18)

T EEE AT RIS 2R E X DAC #IRWL

$110.1-2 ERAARERIMERIZEX DAC HHAEMHIE

B DACTHAT - RHBHER KR, C =0, A0 =1000, & Veagr W 1V, RDACTE
BICEH TR AN,
fig:
FRAHBOR SR EEIE 3 1LG = 0.5 x 1000 = 500, B bE5 IR 2K 1/501 =0.002, 3R R i%
INF10.5LSB, FmrA-

X 1 Vee
WHIRE = — ~ 0002 =
SEAAE 301 0 =

RSN BRER T,

BB KR DAC HEEM SHARR Wk B TRAMMSEW R GB. B RIANER. #H 6 &
RIELALEE R AR AN R R EEHC, MXETHFm AR (LR C). RA
GrEEME (GEsE) 8, B4 GBIETERRABNEE, -1 ERA08ERHNY
BRRRE VT LIFRR 4

Voult) = Acr[1 — e Ju(1) {10.1-19)

Hep, Aq BERBCABRAATIEE, on 92 T EXH ER-3dB %, A TEEM 4R
2, X (10.1-19) S8 e BB i o e b AT AE B P B 4 T A B B 4 {EL ) 0.SLSB 2 M.
H—HH, WREHREXERE (FE2TR) 8, BrERMA RN EFA RS aHiiRE.
TERE S R RS R4 ) o FE ARG 0 /N £ LSB 2, B4R . R C i
MEFEALR T T B RECR SR L AT R .
BJE . MRBERCEH DRk B AREE TR, BakilRBERERA. 4,
IR BORSHER N 1 Vigs, MBBHE 1V, BAFEIFEBA/NT Lus,

$110.1-3 EWHAER GB FREIIR B)2F DAC HEEERIE N

8% DAC I T — M AR AR, € =C, GB=1MHz, & Vg B 1V, K—4
8 v DAC AYFE#mtfa],
ﬁ:
9.2 FHI 93 HHIMTT, RIVHEws REmH0.5)(10%) = 3.141x10°, Ag = 1. BHREEH
HET Vegro B4, WHBEE (B Veer 9 05LSB) 4
1

; —wT
1 — =1i—e "
N+
2

A

+ T
2N 1=8w"

BB TH:
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N+1 N+ 1 9><10—ﬁ)
T = In (2) = 0.693 = 693 =1, -
( on )ﬂ() ( . ) ( 3141 0.69 986 ps

DAC i

HIHA DAC 59 B 228 T I & AR sh AR . — MR DAC B HERERIETE sk 5
A-HDEWEY . XA WEAREAE— SR SEE 8RS (ADC), WiiEE WA 10.19 FiR.
N +2 RiBT ATSFE A 000...0 B 1111 UG, MMBIBNE DAC HEFEREE E, DACK
N MRS ARERREERERIE v, 36038 ADC b, ADC M40 E s A BISeERss s, EEN
2, ADCHEEVEE DACHNER 1 67, ZIBAEETEMHEERSERmILRER, Sk
729, ¥ ADC RS I DAC 8 2 fi&fRiF, BAREILT, Bl DAC K¥ MR FiRER KN Y
000...0, FiEsm e —frd Bl 1 3hE INL, RS N |, BBA INL K TFH0.5LSB, T
BPMEENBFIRER PSR DNL.ADC 85 AR ] LB RER/NEIL0.SISB 2N .

ADC
S
Y, HDACKEFE
s v ] out :>wsmrzas .
B A
AR oy o ECIS e e W 2
(N + 248

B 10.1-9 DAC BY%A - iR

DAC #7— MR T DAC B H 3], X MEEAFTETRBEADC. E10.1-10 8
& T BB DAC f)—PMSEU R 2% (digital pattern generator ). 3 DAC RIS 3855047
XHZE . DACHIRAREAEFMESFHER, BENE, TR EIIRELAF AT FE
EE /PR 6NdB, N 2#EN DAC MFE . XA TR N UBEFHEREFIERNIEL. F
FIKEERE T EFMME . B0 DAC A% aim BT LU SRS K B iR & =, flin—4
RESWL. MESBEKE (THD) /NT 6N dB, IFA3HE DAC 9 INL #1 DNL #7E40.5LSB
TEREIA .

Vour Wount(jo)

1

New e

VOU
BRRLER —NIM N L0 o i [t A

[=R=]=1= Lo
—_—
D

(NfL) —~| DaC M
A
 E— ;
b

M 10.1-10 DAC G55 B A6 kiR
7E DAC Bt —IRE EEHNEENE 10.1-10 FRERE TR IR EAEEE Ve B



510 CMOS #H % A 2 B1 it

AN, A2 A HBZERE DAC it B 2R ) DAC IR H . B 10.1-10 B8
WA AT DAC Wi, IRMAHHPE, BaGREESRE fHSEBR. ’RE,
1T DAC RSESEHICHE, S B E R Stin. hiX MURTER SNR FTLUSBIG R
fi¥ ( ENOB ),

102 FH{THURS RS

PR M 38 V) 1 PR A S (R K 4G B 5% B R i HL SR B 2R T 0 28, L 10.2-1 4
T DAC I EFRRFTMERHTRAENGSE R, DACTLLESTH, BTLIRHGH. B
1T DAC — ¥ REER . | IRV L, NIRRTty NT, K N B, TR 1L
ST RIRS AL, 3#4T DAC BT LARIB S A MO, UL BT RN T. S — S H0 A RR
BEHOT R, R84 B2 e F tL ISR R . e FR e B R e AT B . T,
RAVEFTHAT DAC B BHERHOT K

| W5 |
¥ ¥ [ 3
5 [mw J[_er | [ wus ]
X ¥
| ammws ]
B 1%

E 10.2-1 MG

MR L B4R DAC

e AR L IR DAC BB IE Vipe FEUN—E HERIMATE I, X keh HOl W8
— A BOBE B RRR  EER H e E vour, WM 1022 BOR - S HHEFERAR A«

Vour & _RF(!O + I'l + 12 + -+ IN—].) ( 10.2-% )
Heh, B L. L. L. B3I RR
Hrg AL
g
2._

AN oVOUT
VREF=p]  RRECA ~
(e :
-y, +

10.2-2 ELHMELLG 1 #5AY DAC BHER

B 10.2-3 HEBH T — R LI DAC KA., HHASBRMLE RN v 2 Him
FUR SRR, S R B IS B A B R AR AR Veer EURLZ 8], 4RI REERFAI4T 1
10, BERH BRI R 7T LUANIRE DAC 193038, HERMEN KR2, XE K2 DACH)



FL0F BEEAEHESERE 511

Wi BEHMRETLIORN.

2 \R 2R 4R NI

Hedr, HFES T Vaer BN 5,20 1, BRIEFFEL 5, 5HELEN . 5% 0. K ATLL SRR E DAC
RIS . X (1022) WATLIER Y,

—~KR { b, b b by _
vour = —Rrigur = —‘(_0 e #—) Vrer (102-2)

- K by b by by
Yout = ‘2‘+?+§+ +_2‘r Vrer {10.2-3)
Bl 10.2-3 T EEBIMIECE BEL DAC B T BARSR RS2, iXFF DAC M— A& B AT
FEABANEM, HICEERR. RAERENSHEEERA. BEEan MSB oS Y
Rusg, XBILSB {(IAIHRHN Rysp, BRATHMEMBFHAIZRN .
Ryss R 1
RLSB - 2,i\.r-]R - 2n—| (10.2*4)
BN, 2N =88, TTHEMTEER 11128, — A 1 K8 TTH-E 40 & S BOR Rl BE 2 [ M ISR
HE, B NRRE, MSB RS STHERRA S BRERTRE, BT AN THES G, —
A DAC R FTRERIEAPIRY, SR MSB R BRI B ARLEL0.5LSB 2 18, R4 M ieirasy)
Bt DAC 8, &7 — g -1L5B 1) DNL, WIS DAC MIERIEH .

At
?VREF I Rr=K(Ri2)
- - F:
L 4 S s
% $1 52 Sn=1 +
lln 111 llz llN—i vOUT
R 4 2VN-1R < o
I
. o) 1 L

A 1023 ZHFRIMAT R DAC B H

A 10.2-3 7 DAC TFERTTHESHABETT L R-2R BTV, R2R ¥ &
BESARAMES R0 2R M. BRIBEA = FEBERIH R2R . HERRE, 2RH
P AP R SRERAEAY; H{Ey 2R B, A R AR 2R HERE AR, 1 1024 B8 T
B 10.2-3 #) R-2R BBHSER A, S ROR S HBRA TEEMR, X@7ET “MEM—14 2R
HFHA A ERNEEERE 2R, RGBSR RNRAHNEE 2R RERGHHBRE 2R, &
S —TEEK 2R B3, B, RSxEaHAERTLE S

VRer Veer ,  Viker Vrer

=R TR T g I T

XA 6, XERBREEERKRARAY S, e (102-3) SHMEtaE, 8
R R-2R BIEREERT X ES AR, (REHHB TR S, R, HSIFLR3ER
xS B RS F A BT, MRS T s S ERTE, I, X4~ DAC 7T AF1E 10.2-3
B 7R B 2R IA PR DAC B9 B — R,

(10.2-5)



512 CMOS #4il 8 a0b 205

81024 Zafdd i i DAC §F R-2R BT S R A st

A L B DAC A T WAL IR, R 10.2-5 &7 . dEifiE MOSFET #)
WL WA . MOSFET AICRCREE R JOR 0 Wil iesse i), 80, WRAER SR Feupl.
— LB A R AR 2 P iR R A e R R 2 R
SFIRELEL MSH RN, SREH 2 AR ER T 4 M5B, IULTTEE LS8, ERKRE
—4 MOSFET, {HAL, % N AT 8 G- Wi RFATFToY, MG EMERNEEIERL, Bk
PR S b Y B P B T ( EDLL LSE SRR ILRT L ) R 2V ik
EEPER S, VCRERE S, AT M 2RI R W, ., M TR
I 2Y R TR B P — AR

#1025 AT MOSFET (e 6 L i

AR TRALI 10.2-5 TR I ELE PRI A2 TR R, SAEARLIE Vi BEFHREL T

MR S LKL T LA
Tugs = V;_:* (1026

O EEHE AR A2 S AN, BN A2 MR BT AT FET MO L
T Voo TEEE. GBIERCAEE AL WFEVHIG A S ELEE M , R TT LB MR I R et A
AT BTN SUPCAR e B M) BB ARS8 1 FET ob, JF ELUSF T £ ARIRTT
BB R, FEASTFR S 5, 5 o S MY TERIE . R WT e, MR
L] A T A

Vour = Ralby— 1+ by—z 20+ by-y -4 + = + by 2¥°11) (1027}
AR £ = Jye = Ve 2Ry, T2
W=(‘l;+?+'-’é-.---+‘;’:j;4%;j_f+"’;;')vw (1028)
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513

BABH R A, E102-5 B SIMN R RROLLRREER . R/R, MERIZET 2. %
THERILACE, WTLUT BIT (08 FET, BT LML SREATREEER (S5H%) f A2 1
W Z M. FAHE R2R BETE M4 A LIRS 6 7 1 T LU e ST IR S LI R4, 51,

BRI GI4EH DAC

P L BRI DAC 4 B FE Vi B BRR— 41 2% MR, B0 1RT AR A B R
WEDRISHBIE, B 10.2-6 4 T —ME BRI DAC MISAAER . SR FE LR

Vi, Vasoot, Vo HHBE B vour F

HERAR
MR R R A \Cl,
Vrer D22 ) B B 3% o BHL S 420 4 i AR 154 i
RELZ M E . X —4~ N frikigs, & 2,
MRELIA 8. WIAFRR, K Voor g SR s | gm0 vour
Bo0] LA @R AR Sk 3 B ok B AT L2 364y -
{8 (partial value ), & 10.2-7 (a) A7 — 2,
A3 f s R B4 DAC. ATRUA—4 .
32 B RSB0 o LB A 4 o LB B 10.2-6 o R H AR DAC BIER

o BMMUKHGTIRMME, UL LHBEORRES . RS i 2% 1, W b

FERAT XA G, WRE O30, W bS8 FF LT,

B 10.2-7 (a) Bom iU SR HPI4E A DAC TAELENT . BT SR mMaSEd bo= 1. b;=0.
by=1 (bo & MSB, by & LSB ), WEF XTI, BITEH vorr ZBF (1116 ) Vegpo — BT .

B 1027 (a) PEE— Mk n AR BIETZER R .

Vier
16

1027 (b) A THE 10.2-7 (a) 1 DAC Brig A% HAS 1.

v
vOUT:%(n ~0.5) = 2 9, - 1)

(10.29)

T <
:E:%
g5

v =)
S
m ful
M ]

vouT
e
o
5

...........

_____________

____________________________

——————————————————————

7% ]

50 §m>
23]
s 5

2VREF

oo

Veer |

C:ool

vouT = [ Tr AT

-------------------------------

___________________________

-

..........

B 1027 (a) —"1 3 M ER LMK DAC H1H;

(b)

000001010011 100 101 110 111
BFHAD

(b)) WA ReH:



514 CMOS A3k & w587 it

WRGHARE, TTLMEAR 10.2-8 WL, i BRSNS EZERE - 1IR,
BT XA ABGR TR, Th— N 2V SRR LM R L. XA T T
XA B BRI T R S A AR AR i T BT MU REZ AT 3
B P — Sy H By PRI IR, TR T i B EHERE

VREF
R’QB% by B )
X |
7
R 3 {0 F] 8 (RIS
G

R

5 |
R I
4 I
3
3 1
/ X L 1 _ﬂ
R 1
2 P vouT
z l v
R h /_
mé

#1028 B 1027 (a) BH—RsLHEL

B LR 4 B DAC OSSR, R TRE A T MOS T8 XRESA— M2
B TS R A AT AT T maddsk, BURIET £igk . mREHEATHT 8. iR
2 BRI DAC BEM IR A, P, BRBMEEESE AT LHTER
HHK.

SRATTAT LR ERS BB 0 B 77 R B s R I 4 B DAC OB U i Fi b2k
Ve, B, EZEFAEESRM INL, WT—A N G ER ISR DAC, T8 Vg M2 EA 274
HLPE, (i 2V AR U B Y HBATRE, B Ve i, BRI, TEAMEETR
i PHAT B KR

(Y- DR
BT IDR TR
ook i AMEERE v b, 2V - i AR v 2 T BB EEILHIZEE DAC BIERA INL
A, BB i=2"", BT Ad B RAE(E, AL b RER BRI (A

Vrer (10.2-10}

RIEFABR ).
BHgsE 2V A AR B2 RHARR, T ULE X R B RER
Row = R + AR { 10.2-11)
R B/ MEXR
Ryin =R — AR {10.2-12)

B INL B R S R AMIEMEZ 2, X B PAL T A RBNERIEME, HLl



F10F Hifdlins 515

ERRERE R RANIE, Eit,
INL = vy EEFR) — vy (HIAR)

_ 2V UR + AR Vegr _ Veer _ AR (10.2-13)
MR+ AR+ 2 TR-AR) 2 R
i
2V (AR w—1f AR \{ Vper 1 {AR
INIL = ‘2—N(*;2"k”) VREF =2 ? —'zw“ = 2N I(_k"—) LSBs ( 102-14)

B DNL TR 6 M A/t K & B /NS & B /MR 2 AT H — (L BT B
. WTLiRRR:

DNL - vstep(g‘:ﬁ;) - ]"'stcp @ﬁ) - vsl.ep("y::ﬁ%} . 1

lr"sl.ep @ﬁ) vstep@ﬁ)
(R * AR)Vrer (10.2-15)
_ 2'R - REzAR AR
R Vaee R R
2VR
T ) IR D B R S R A

$110.2-1 BIERILHITH DAC B EER

WRE10.2-7 (a) W EE LB DAC HEHEBRE 1 Spm RREREE, TRATE
BEA+19%, REEBIR INL RIFAE0.5LSB Z R B Ao B B kA BB iR DL,
.

R (10.2-14 ) 6] R3],

() )

2Y = 100
MIBN=6, N=601 DNL HATLIH (10.2-15) RSB .

+1 (64 64\ [ 1
=—[Z)=|—=]){=])=x064LSB
o= 35 (5) - (o) (&) = =0

AR far 4% L G148 DAC

HA AT EL Bl B DAC B AR JFURLRR Y v 28I 3 377 N B AT HET TR A o X AT R A
FREWEEEERTOREAK, WA 1029 R, ERSHIAEERE, FEAR-IHRNEF
= SRR . AT LI DAC A5 — MRS B BRI LR A BRI

A

1
2
AL LARIE R -




516 CMOS #3528, %, 33K i

B A A 10.2-10 25 T i i e B4 ik DAC A A s

) B SRR T AL AT, 760, 10

FIREF B A R A FR A . B, e, 30,

VREF mei H R L —o VOuT Hﬁfiﬁﬁﬂg 1 KBREFY VREF*HEE, ﬁ'ﬁi@ﬁjﬁfj{! 0 E‘Jﬁﬁﬁ
B M, 7EMCBIE, DAC IR

PR R LMIR RS Vg (COMERNBA
#1029 SEFERLAZSEN DAC BiEg  FREMELBERF(COFRERME, FrN:

bC  bC by_, C

VRI:!-Ceq = VREF(bUC + 7 + ? + ot AN=T ) = Cuvorr = 2Cvour {10.2-16)

CJ—Q-I—%—J— :;%—L _L_A(,;_J_ r i—‘-’vow
¢1/ Sy 2 5 ] . i \
J\ o] \L};f 12: % T

5 Svo2f Sw
(o]

{
VREFO -

B 10.2-10 HRFEHELLFEER DAC. ¢, HBIRIFTA FFocisi.
@ﬁ]ﬁﬂ, b,—= 1 FIFHEGS.-& VRE,FH b.—=0’JI'J Si%ﬂﬂ

M (10.2-16 ) ALK vour B
. Vout = [baz_l + b12_2 + b22_3 + ot bN—Iz_N] Veer (10.2-17 )
H—FhEEE 10.2-10 A EBREREFRA—TF

Ceq
MR, WE 102-11 fin. ITHITR, Co BTG Vaer /'r"'
HER AR B, 20-Co BIEHFED R B2 B, p,
_ VRFF 2C- Ceq vOUT
MEFAFFI B FR WG 5 Veer HHE, B4 T
B 10.2-10 B9 DAC B LB MR IURIER . 724, HAIA], 3 bi=1

)X B A LA R, 35 b=0 M5 Vege A0, EiHH B 10.2-11 B 10.2-10 B8 %
BEN:
Vvour = [Be2 '+ 51272 + 5270 + - + by 27N~ Vier) (10.2-18)

NTHEFRAREREWTDLEIE Vier TE—MEIMGL, M "HEM". ETHSAE, BDA
L AR, MNP Vepe LRTURER, ABABS 4 HEIR DAC,

Rk, 7ZESIREAMIRT 7 LAHES i L BB DAC R IRERYE. B
SRR ERME INL, XTTF—A N AR B4 DAC, A N A #ERIIAR KRN ¢
B CrM, % AEE R Ve HERS, BRI N

c/2t! v N o
vour (HAE) = °C VRer = ;],-EF(ZN) 5

BB R —R . BIREENEE R ACC. W C KFKEN:

— LSB (10.2-19)




F210¥F HAfBEXERE 517

Cuax = C + AC (10.220)
B/MER -

Cmin = C — AC (102-21)
I RATERRRIFER T Wd

_ (CxAC)2T! Veer  AC-Vegr 28 2¥A
()= ——F— Vpggp=—— =+ . =+ "SR .
vouT ) 2C REFR Y Sic 2 2 (10.2-22)

WISE i (B INL
+2¥YAac  =2VAC
2’C C

INL(i) = vour{ bR ) ~ vour(Fi8) = LSB (10.2-23)

EE, BENELE L. Bk, 85 INL K.

INL = =2V1 A—CCLSB (10.2-24)

AR 25 S MR DL B BIFE MSB R LR . FIFIE 10.2-11, BIRLES —BER AT,
AR BRIERERN.
Ceq
Vour = 3C - o) + Cay Vrer (10.2-25)

Her, C&afL (bit) H1HRE, 20-C ERNAN0HRE. BIF DNLATLIERY.
Vitep (ﬁﬂ;‘%&-) 1= VOUT(IOOO. N ) - VOUT(OIII B | _
VaiepFRARIE L) LSB

2
(C-AC)(! ——*N)
( c+AaC )VREF - ( 2 )VREF

DNL =

(C+ACY +(C— AO) (C+AC)+ (C— AD)

= -1 (10.2-26 )
Vrer

2N

B Nc+Ac)_ N(C—AC)( _g)_ _ oo — 1y AC g
*2(2c Mo N -) 1= =D

2 (10.2-24 ) A2, ( 10.2-26 ) ¥ ARSI b4 A e 22 R 51 A9 B2 35 INL 1 DNL.,

$110.2-2 ZHHINNBEET| DAC B DNL F0 INL

TR —A 8 fir = JE AR L 4R B DAC BB A5 2 H4H0.5% , REIR INL #1 DNL,

.
B (10.2-24) SRS INL 25

INL = (27} +0.005) = *0.64LSB
BER (102-26) BEEH DNL 5.
DNL = (2% — 1)} = 0.005) = = 1.275LSB




518 CMOS 3L 5E ix . 251431

TR R T 0 TR R R A B A0 B MBS AN A 25 LB AE3ERY . MOS T &5
A AR LMEE 0.1%. NS0 25 A REWIA X RN , T84 10.2-10 Fi7R B DAC BEaT L
BB 10 VRN . (B2, XWRUR TERMEAT, MSB A LSB 2 A% 512 1 1, ST
HPRIAERERARER . TH 0.1%80 2 H RO OOE I T ILEHT 1 B, Y H R ART
R AR SN . T B T s,

#110.2-3 BELERSETEHEE

{1~ 50 pm x 50 pm B A7 ISR AT ARR 5 A C/C = 0.001 + 0.0001N, {58
TR USRI DAC RIBCKATRERIEL. R INL SRS T EE. 3 H BN A1 b
WEL (1MSB).

8.
i INL 7E4 0.5L8B Z[A], M= (10.2-24) 5.
e N_l_{}_C._ +l {EJ - i
INL = +2 z = R e e

M EAE N4 10 2. BE, 10.1%XBAYREEIER /N KT RF— I yEmaom, R4
F%E R AT B AR
RABEMERKR, —4~9 il DAC R LITHA.,

FE, F 10.2-10 FiRAEFER R EIZER DAC BE— Rk SR S MR LS X DAC
WmnER . F102-12450 T 55— s B AR BB BHE LLBIYE R DAC, X1~ DAC 5
fr B R — D RINSUE TSR . o BB L, BB HEREZEOV (EE, iRiE
BHOGRALERE, MM AR AaBER ), o B I, Milk b st b 1Y
FRKLHRT, PR HEES:

-K
Voutr =~ E (buc +

b bC by C
DR oL

bo b b, By, (10.2-27)
= ‘“K(?+I+F+"+T VREF

_ Cp=2CIK

VREF

¢&50\ b\ ﬁblksk AN ¢;Kb‘2k AN qsg\gﬁ ———t
I |[; o
C‘L C—L :f o ;D -

T T *T =T L 1
P 10.2-12  ZiEmmA R A RS DAC B3I

BREE Veer BOMEPERTCADEE ] 10.2-12 fOHE . 5E 10.2-10 ML, A 10.2-12 B—MUEENR
AR E, BHEEFR, B—MMUSE SRR A DAC AR E— M B ORRIEHL
RN 2C, EHEBEREETEZEEFE R AR,

tmnilo

i
p—
\&




F10F HHEPBEEERE 519

AFFNEE T DAC HW=MARE., BT 5R Rk e flEght . &R L ammcfg
Frg b BB DAC, XSk ERa] IR AT DAC, F 10.2-1 85 TH& 8RS,

F10.2-1 317 DAC HaE/

DAC 35 e e

BRI A L PRI A HER, REFXFEAFNEW  SoHHEREKX, ERE

EH PR3 L SR A HSEREE IS EM R EER, BEXERFNEN
R 77 3¢ R R EER, HER FLAEEREKR, e

103 HITERERIRSB S HENT R

#3417 DAC FREE K — L F NS DAC 4R NRE T EN RGN s,
MSB JUHHE Y LSB JUIHE H L EIS K . RATHEE TTAHY I RO B WA RO ST R/ oo 1
BRI RTIRRE. Bk, A0TSR RES A RO/ Jo itk e B 2 M T I (R s,
T PUECRE A 2% DAC BRI TR, AUk, DAC FENERE SR,

AT TR PP EE BN R B . B —Fh AR L B RO Bl DAC R ERK -
B4 DAC & ¥ DAC flIMASHE—E, BEYHASE1T DAC Wsitigd , SAEKErIsm,
MR . B— Mo R LGS S R T DAC MIERMERIE, FEETE A
PN, B MRS E T S L AIRBR T, AT A8 Bl RRCY B RREE

HE4ERZER DAC RYES

Bl 10.3-1 254 THI M A1F DAC #1 K i F DAC SCFE M + K 03 DAC B9, X B, BITOAM
A DAC B T R LSO . —1F DAC ¥ M 4~ MSB fi7. B—4- DAC ¥t K 1~
LSB . LSB 2 DAC BRI BER L. 2¥ LT E MBI, 4G N T DAC M tharel
FR A

bo lb| bM'I 1 bM bM+l bM{K I
vour = (? ottt Z—M)VREF+(;§)(?+ Ttk Vier (10.3-1a)

by b by by by ba s k-1
Vour = (E + 4 ok M + oM + AM+2 oo SMTE Veer

(10.3-1b)

Vrer

4
—» M N
7| MsB VOUT
—» DAC *

VREF

—» Kfi
K;ISB} - s o on
1 —» DAC

B 103-1 @48 K LSB DAC #til, ¥ M A K {7 F DAC &M M+ K ii DAC



520 CMOS HEdid 3k sk, ¥ #5383+

M (10.3-10) TRAEHE 10.3-1 o DAC BIABEERN M + K L. BATTHMBY TR
AT 2" 8 25, XBORTF M A K 2R ER. BRIEEER, AMREERE
£+ O5LSB 2. {HE, TLAREE (BIEMRRIE—LREZ ) A MSB {13 LSB (M EAR/D
— Xf—4 NEERE, XTREITURROT

A
5 | AR = (%) _ %1 5B (1032)
+0SLSB 1 100
N-i-1roR - gN=i - oN=i

Bifn, B 103-1 5 MSB 1 (i=0) BHEEELAUNEL2MS. 165 MO0, WERAU212", 0
B K (UREH, B4 12M HSRE TR IR 125, (R, Rt {UR4extefi. 1
BEEEE, TEHEESSBBIERL. TEHEFHREX —H.

i IHEE = % (10.3-3)

1031 HBBEFHRW

R 103-1 H M=2, K=2, & LSBDAC WEHEF M 114 P 3/8, K DAC ¥ Hsy
. B8 Vegr= 1V, HHNL FIEDNL J% /D7 X# DAC BF 7
)

BFABH) DACHL A

v =—+
ouT 3 4

by b 1(!;,2 bg) be b by, b
t=|=+=2 ==+ + =+ =
227 7)T 27 T T e

LRl DAC HH25.
vom(gﬁ)=%+%+%+%=%+%+%+%
BAIRZER R 10.3-1,
% 1031 A8 THARITVAEMNGEE. £ LB 2 1/16 2 2/32. 5 4 FIAH T HNL
1.5LSB, —INL 3 OLSB, % 5 $144 4 T+DNL 3 0.5LSB, -DNL -1.5LSB. B 3-DNL KT -1LSB,
FRXA DAC B

21031 i 10.3-1 th DAC BB BNITRR AR Y

WA vour{ZEhR) Vour vour{ZEER)}- vour vour (ZERR) YT 1L -2/32
0000 0/32 0432 0/32 -
0001 332 2132 1732 1/32
0010 6/32 4/32 2132 1732
0011 932 6/32 332 1432
0100 8132 8132 0/32 —3/32
0101 11/32 10432 1/32 1732
0110 14432 12/32 2432 1/32
o111 17/32 14/32 3432 1/32
1000 16/32 16432 0432 -3/32

1001 19/32 18/32 1/32 1/32




FI0F BEPBEHERE 521

(=)
WANTS vour{ZEFR) Vout vout(3EFR)- vour vour (ERR) T R—2/32
1010 22/32 20432 2132 1/32
i1 25132 22432 332 1/32
1100 24432 24/32 /32 -3/32
1101 27432 26432 1/32 1132
1110 32 28/32 2132 1432
1111 33132 30/32 3/32 1/32

B 10.3-1 BEAA T 10.3-1 HEERR-F RIS . FTROB TR rERRERE FHES, &
RRAE 10.3-1 §H5) DAC A& HBREER

#1032 RBFILFREIROBHE THRE

R EFIPRLEE DAC BHRERMEBEF (= 12"=1/4) ZEEFER THAL,
7
EREE T SR LSB DAC, ST RFEZEF A LSB 61, MHEREHET 1/4 WS
MEBR Yy
bz b'_z, .’.‘bz Xb3 I

‘i’(x“_‘:lx)‘i'?(xiﬁx) = T+—4"I‘3—2

b, by (2 E’g)iL
AJE(2)"“‘:”'(4)_AJE Y Y

Ax ERIFBOUT BERATE by T b, BET 1 WEHR. FLaT1E.

3 1
‘“(Z)“ﬁ - A=

EHET x TUFERS.
: I 1 6 1
xim—zig—giﬂ

B, R T x B ETEE Y 524 ~ 724, WTRFEEERE16.7%, /INFH25% (£100%/25), X
BT LSB SR, W 0 INL B DNL /N FEF10.5L5B ( W3 H 10.3-6 ).

A—THPAIEES DAC I 5ERURRSFRN T EMA 1032 iR, SHNESEST
DAC FIEEHERLETI AR T DAC Ml . XML& F DAC ITT B 0 7 RE% (subranging ),
#10.3-2 B)F X IH) DAC B R AT LR b .

by b bu— by | by bu+x-1\{ Veer
Vour=(?+z+"'+"27 Vrer + “{+T+"‘+T oM (10.3-4a)



522 CMOS 4t 4 b 38 ii i

b by b b B
o= (42 4 B D B B e (103am)

FERE, 3U (1034 ) 54 F DAC AOBHUSR ML (103-16) HIF).
PR HE SR S 87 5 R 10.3-1 MR . FTRUR M, Rl e e L e i
B2 B BRI LSB DAC 55 1 ) A S A ey BRI

Vi

B 1032 il K LS8 DAC ( FEM ) M Vs
M G K (T DAC 81 &8 —1 M=K { DAC

B 10.3-3 Syt T — 1R 4 (000 L PP DAC S Lol SR He BB DAC LSB
F DAC AOSRCRE B R 0 158 SHGA0Y . RATEBIHEA LSB T DAC A9 i, Y 16is. i
itk A MSE T DAC Wy BERIPER LB Ry 7=t TR vour. SRR ST L B
=B B B) s L (B ALY (s,
A DAC SLF DAC AT LA — Ve ol Lo A DAC W58 (E B — R ik Ao,

P 1033 FEATAHR RO R L IR T DAC M &

T Ay e LGRS L DALC A3 AT 10.3-1 9 10.3-2 BT 4035 S e e v o
TR A L0 R ek R L RO F DAC TR SC B 4. %9 T Wi i,
TERT DAC i 0 AR | S o Ao Re

P 1034 Syt 1P 4 (e e 12 (M T DAC 851 H0AO U2 L NS B DAC. LS8
F DAC WS C, 500, WEOLE C M FRHM. C M LSE B A0 IR £ 0
WAET MSB EFIOEMRET OB, BTG,

www . bzFxw.com



F0F EMAREHRE 523
X
& 1.2 (1036}
ctac
QR U e L A
€ C 2 2¢ 10 W (10.3-7)
sk, SRRSO AR Y 2015,
LSHRS MSBREF
T A \ A \
t vouT

Vrer o—
FLERT AR I 1034 A% RS T —4 8 (0L PR DAC PR 5, &

1034 MM 4 EOLAIEIE ST DAC SR —1T 8 maﬁ;mmn DAC
SR MSB P AR RCRIE v, FILSE PERTIN L2 B S EOLE Vo R 5
)t 1) (5 e+ 35 e
=%(?+%+%{+% (1038)

)

(

Joaae

#
11 1/2 1/4 18
V= (T)"“Vm + (T)"’V"’ + (T)”“’ + ( Z )s,vm
by by By b (1039)
'(?+T+;+Tﬁ)v‘§
FAIA (103-8) k(1039 SmFE T FEOLE, B 1034 SR R4 1035 Brang

LB LRI T LS A e
L 15 8
x e 15C
e Vit v
e v o [l b e
2¢ T 2c T ise ¢ " 2¢ T Ise
. (103101
» ( 15 4 1515 )V. +( i6 )‘5
5+15-15+ 16 5+i5-15+16
16- 15 I6 15 o
s (ls- 15+ 16)"" o (IS-]S + w)v’ s AT




524 CMOS B, 2 B30T

C, = 2CN5
—
J_ C+ 7c;s_|_ YOUT
2C = 15C/8 =
+ +
v Vi

B 10.3-5 & 10.3-4 B2 e &%
W (103-8) F (10.3-9 ) FAAR (103-10 ) AIEE 10.3-4 (ORI S B IE R

by b by by by  bs be by ) % b,Veer
—_ _+__.___|__.|.._.+__+__.._+__.__+__V — —_— _
vout (2 4 8 16 32 64 128 256/ °F%F E,—:g 2 (10.3-11)

FER 10.3-5 BN SRR C ANERERC A MSB FEFIRN LSB BE3Y , RGP EMIRL T #4r MSB

REFI FIAR IR . B 10.3-6 B T SR AT RS SEBUR 1 oL o7 52 L B4 Bt DAC IR & axX b
MSB F DAC A% LSB T DAC B4 TR0

Ja CI: P {0
&
PARA s

voi | g
g e 11 s,

.—/biﬁ ¢l_“- _/b_l
_‘_{ C/4!§ “:ﬁ Cf4!§
+ = —] . — —f
= ')b; &i Veer—=| [ 22

[

L 4

VREF] _L-’b/? a8y | P_,{B
5% =%
LSBREI MSB Y%7

M 103-6 T84 4 47 s A AT A 38T DAC A —F 8 i —FEMAn AT K 2% DAC

FRER R B TR AR T DAC HEE—RHTERHR DAC 2By
Yoo XEFEKFEASRAETEX T R H R S ay Xk hkE] .

A EI4EH DAC B4R S

& fy R IHT DAC R FN T B R A REHOTRA DAC HAE¥. RMITERNAZ
— R E T U~ MSB BIRABHOT M — AR LSB BIEMBH . XFT
B T ] TRk e 42 A0 8 R R o 7 £ b B g i O SRk R A 6.

[ 10.3-7 5 T —4 DAC B F, B MSB T DAC KRR L BEERT LSB T DAC %
A L ARI4Ekk . MSB T DAC M {1 LSB F DAC 2y K £, B3T —/MEER M+ K Al
DAC. [ 10.3-7 By M {1HL ET DAC M ER L FI4EH0N Veer2Y, SRIE TR BTTR LUl AL
F DAC R K XA T DAC 05— P EETE Vagr RUBZ A)A9 2M S5 (EHE SR A AR A8



FI0¥ SfRNaRE 525

HEA M-2Y R S . i 1037 Bim

M-MIE [

M-MSA

B 1037 M+ K (i DAC, e Mse o M (e R L Rl
BF DAC, LSB 8 K (SR FRR T DAC

TR BT LR 10.2-7 (o ) EHIE 1028 09 R M (R AEVRELERA G4 IR E 2V 4
UL — A | SERRAYLEY ), PERLEE B N R R | SRRMALY ) EEEOER A AU
R A, TVRELER B AV R B B

P 10.3-7 75 b, R L PP B L T L A B DAC M T PRAE BRI . . MBTFFE
SpRIFF S0 F Sc oS, ERHREAM. MR DAC Aok R AR R AE i
THEEAY SR b O E S LA — e R, M-MSE I I e s e e FE R
ST DAC FHEGER A 'S Y BT HIE, S48 8 S ammEmhE. e, B
P g L o o R P b FELY (U ek PN S T2 (6], akehy M {0 MSB Wb et
1038 (a) ST 1037 B DAC A S AR

e Cp | =

Cy=
i35 2510 T 2K-2C 7T

# / KA ‘J 1.4

T MVagp

i ikl A
1038 (a) 91037 Pl ERELRSE T DAC B%E
HEF: (b)) 1037 P DAC M RE R

(1038 (0 )/ F A0 FER Vier dom MBI L IRARAO LS, Q0% B SRR, &
RE SR



526 CMOS #E R A& B3

l€9-=“’lw(;_?“;,_;+ ---+%+"’;}') (103121
b, byt HEE T VierAU. B 103-8 (a) Lo b W dem i HETE Bk A 01 B 22l
W A, E%TFME 103-7 hl T DAC #Y LSB.

SEMATME— R MR 1, AT R RS DAC AR SR A R 0 W
B R, MRS ED B A IR EICNY C,, IAE 103-8 (b ) BEADSE T DAC BYE
B, TR T DAC R v b TR

= S B B )
[} - 1
= vt + 2+ -+ B ) v

#3 (10.313) Pvher TR (10312 ) PA9 Vier RIMBLRIE] T DAC A9% HILIE S

vour = Viewr + Viour

by by by-y | bw | bua byin-z, Buan-
g G e g g

) 110:3-14 )
EHHT—1 M+ K {2 DAC,

B 103-7 Bt DAC A9EEAURATLLENR MSp R AMAY . B2 58 il femia, 7Ll Lse aY
W MSE ER, IRk el g, D 27 mRAYEE, Y MSE R
Wet, MEMWEEETRE, M0 LSE AT —EAt, aTike BRI

8 10.3-9 #54 T—4 MSB F R A7 L BT DAC 11 LS8 FIHRIERIL MR T DAC
1 DAC. i1 DAC WifE41 2 MSE RINERR B L5R LA . 5 9R LSE iAW EaEe
T, ARERESHIAORE VI AT AL I L ARAT )

1038 M+ K (i DAC, 16 MS8 T M (OB FREELL IS T DAC, LSH 211 K {0 LIRR RIS F DAC
MSB FEFITHIE ik e R RT R

o . B B, Bl v
Vet = (2—‘: + 2—;+ g 2—:—-_—| + %)Vﬂ. -r?“ (10.3-15)

www . bzFxw.com
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Hoh, e K {F DAC BTl HLE, &R
— b_M bM+I_ bM+K—2 bM-rx i
Ve = (2' + 22 + + 2k’—| + 2;( )VRF_F (10.3-16)
2 (10.3-15) Mz (10.3-16 ) Besz, WA 10.3-9 Fim DAC B e FE, MSB FRALAF i
WA DAC, LSB HHLERHBISET DAC, XM MHHER.

by b by_o by by | bui By -2 | Buenos
Vorr —(51‘ PR T e T e T T S +—2mx—)1’m (10.3-17)

5l 10.3-9 TR K DAC MR ETETH LSB v LIBR R BRRY , B2 MSB Ak, FLlE
WHER T LSB. S8 ZMHBIR DNL i MSB ¥ B RRESSEBE/ . TTUEER
WA ARE . HAEY 2. R KRR, MG Ex e ST LN DNL,

5 PR AR 2B R4 EC T DAC SEH—4~ DAC, FIRTHE T LIZE INL #l DNL #ERE + BUETE
. ATLURA EAS R IMMEAR INL fl DNL XA SRR T4, #ln, 0T E 1037 1
DAC, & T MAFRF DAC.MSB F DAC £—1~ M (U B HI45 5 F DAC, LSB F DAC
3K R LRI T DAC. il (10.2-14), BEHE A4 T DAC BB INL %,

AR AR

pXd
T(R) = 7M1 — AN-1 )
INL(R) = 2 (2M) 2 2 P LSB {10.3-18)

Hh, LSB 544 DAC —3(, HIEATHR (10.2-14) FeLL 2¥0M = 2F ) B BRI 3TF DAC
W DNL R (10.2-15) . FEE, TEXFHENT, LSB 846 5% DAC —&, LRI
a4 (10.2-15) thFeld 2¥2Y = 2XiE7|.

DNL(R) = tTf\R (;—:) = 2"1—::3;353 (10.3-19)

XY R ILBISE R DAC &9 INL, TSR (10.2-24) 4.
INL(C) = 2""‘%1,53 (10.3-20)

KJg, M= (10.2-26) #AFAE LA F DAC BIDNL FR 0 :
DNL(C) = (2% - I)A—C(‘:LSB (10.3-21)

BHR 284~ DAC B INL #1 DNL A8, Wi MSB 83 3 tL 485 T DAC 1 LSB HLfT R
BIFEET DAC &) DAC 5 INL #1 DNL W52 .

INL = INL(R) + INL(C) = (2"’"%‘? + 2"‘1-‘%9) LSB (10.3-22)
Hi
A
DNL = DNL(R) + DNL(C) = (2‘% + (2% - l)vég)LSB (10.3-23)

i 0 B 0] DR M IEAS AT 85 INL #l DNL 24 F . 807 DAC BB nl fERi 3.
{5 10.3-9 B, MSB F DAC B L ALEET LSB T DAC B EIR B4R, T
Rl DAES R A X R, B INL fl DNL RN

AR _AC
INL = INL(R) + INL(C) = (2”—1? + 2V '?)LSB (10.3-24)



528 CMOS B & & 584805t

DNL = DNL(R) + DNL(C) = (% + (2N - 1)%)153 (103-25)
FRARTERFETF DAC RSB PIER AR, Fin, 7ER B A% MSB R B4
# LSB BOREm, £ (103-22) fiE (10323 ) FH INL XA £ EHE, HILHETH 2K,
i DNL % EBE R A B A 25 B O] . 7E AR LB A MSB AR IR LLAFI4RTL LSB RITRSL
i 2 (10.3-24) Fiz (10.3-25) KU INL M AR EEHE, HEME k25, T DNL tixfh
AREEGR, HLFIET ALY 2¥, AR NRBET DAC RigiHEHRES, URRENE
AL B TR B TR T S /N O EIT A 0 B, T ERAI TR AT DAC R
AT B R B 4

$110.3-3 @it—AN R RE LGS MSB IR L BIM K LSB A DAC

S —A- 12 fil DAC, &R SR LS 4R MSB RIBLATHE L BI4R I LSB. 7 TR

W EAN SRR/, M =5, K=7. RO INL /NTT 2LSB ¥ DNL AINTET 1LSB RIRTH,
BEFR AN RENRE.

##:

2 (103-22) = (10.3-23) AIARE R

2= guAR | 568
R c
i
_ AR AC
1=2=+ (2= g
Eilicy: A e S w
5 _
a_g = 272_—23%‘; = 00154 - QCQ = 1.54%
#
_ 4t
RIEREERERERELBBIME, T AR 0.05% KSR EE 0 R H M TR
dFR (103-22) FHARR T LT 2!, EILZXAF R MH K ERSTAER, X—X%
AL 32 A S B 7 ATCIFHETEE Y 64 § R R

FERETAE 10.3-3 BT Rt R Bl — R FR LA LU 14 MSB e P H L B A A
LSB i) DAC 8RB,

B 10.3-4 i@it—NSE P AR Lo BIgR R MSB M ER EL B LSB i DAC

SHi—A 12 £ DAC, ERFRAR L FIgEK MSB M L ER LRI LSB. BT s A it
EEEAEEEER/ D, BMM=5, K=T7. REINL JNF2T 2LSB #1 DNL /DT%T 1LSB B
B AR AREERNEL.,
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BR:
A (10.3-24) M= (10.3-25) ATLIATG .
2= pER pndC
R c
0
AC
=—+ Q% - ="
] R ( 1) C
R AR
AC -2 AC
T T g g = 0000221 - =T = 0.0211%
0
AR
AR 2 o0 > 2R _osw
R -1 R

EXBITH, REFENZRRERREIWNE, WEAFEEE, BYBEERRNGLE
wE, RNEENAEIRBERASR/MENER. XRVRZEA M E, BN KHE,
VSR —TEMHRFEEE, NTREEESE. NERIMTEEK=5, M=7, AREEILT
A, MHREEEEIR 2.36%, XTMREATH. BASBNABKHLER 16 TiRE 64, X
AR THERARENER.

A T ST AR R T i, T R S B I B AR R K R TR
AYLLE. H—MITECSR MRS T DAC, S Moy ol R FI4EHA9 T DAC HA A, E4
JRHREMELSB T DAC RUBLH th SRR M R UGS X4 B0 R B, SR M ML IR 55 MSB DAC
HORSTOLE D s PR . IR AR, MO0 net A B IR RN B DAC WA RMER .
R, RTINSO E R BR RN A2 AT, XWEIERMT DAC &)
WE.

104 HITEFERIERE

AT DAC RRR BT DAC, 817 DAC WHHE T T8 . B, Sh— 2
E— BBk P, Hlb— PN RBIA$EIT N B DACEE N A-ateblkrd, X BT L 28
£ BT HEIC DAC fMH$47iZ8 DAC,

FE10.4-1 A48T~ BITRAHEDE DAC KN LFEE, TUBEBXMEHRBERE 4 M
X 2R ER AR ER, JFRMIREIT : JFE S B ESEI X, ¥ a5 G
FEE, BTN ER EATERRAE, MRS 6 () H 1, X SHE C BixEs
Vage: TSR i R0, FFESOH C IR B 0R; JF£ S EEHBA RIS 3B,
LB BB LSB JTIR ) MSB 450K, TWMPI TR T X fER SRR,

VREFL_{Z )53 C'IvaCzI )_ %

A 104-1 BITHFFESE DAC HIR{LEERE



530 CMOS #$i 5 &%, 838+

1 10.4-1 BITHEFEL DAC BisHTiE

B C= G, MEHBRIBTFR bo=1, bi=1, by=0, by=1, FERIRTRXIMEFHERL
AR

)
1
B34t L—13“6
-
211
&
/4
0 L . s
(] 1 2 3 4 5 6 7 8
T
& (a)
1
&
%1,'2 !
-
144 |
0 , .
0 1 2 3 4 5 6 7 8
T

(b)
H 1042 B 1041 9550 1101 BHEPEREE. (a) C F%
BB (b) G PimaIEE

R
RIS AT, B, vo=0. BT bs=1, BFFE S HEHE vey = Vegr. 55, T
X S\ HE# voy = ve=0.5Vagr XBESER T LSB ISR, B 10.4-2 51 TAM ¢, #1 C, MR
. HEAT—ALSB—b,, X SHE, 1 C B . SFE S HEnt, ¢ R CPiRM®E
FERE 0.25Veer. ENT TR 2 R 1, CHEEED Vi, REREFRRKE GHE, QG
FIRRBEAER (13/16) Ve BAMEBETE 9 WHRKTHA ST LU R R,

M EEMBITAUFY, $17 DAC FEHEB IR PE T UL/ B i Rk E BT
KRFZ L. REBHABIEERER, —HiREREM TXM DAC ptkiE. XMIREFAiED
RE|OFAERE . FANT LR RERE. BE O C UM LSB MEER, X
MR EFRENRA, FEATERDMIER, WE 104-1 Bir, —NRAREARK 8 (i
HArE amlE ik, HERIER 13.5 psi7),

BB AT ROV EE DACIR]. E104-3 A T EBETER DAC MiKR
FEk, EARGNEAIAUNESER. XRBEREERY.

Vout(z) = [bﬂz_] + 2_lb|z_2 F e 4 2_(N—2)bN_2z—(N—l} + 2_(N_])bN—IZ_N]VREF ( 10.4-1 )

Hep, b2 1 3i-1. F 104-3 RS FHEFELREIIESTE N+ RPpikeh, BMES— AR5
Rk e Ep AT LAFE o — BT ROES T



ERIE g Ti 2 T 531

R M REAR T AR RE10.4- 300 AR IE . 3% A0 F %A reE . 2 (10.4-1) 7T
M
bz Vigr
1- 05"
AEMRATA A b MWRAFES . T AT LR b B BR-1 BI04 $H TR
A C104-2) RURSHIRER L. RPEATF A BB IR, 5 BRI A A, TR (R 0
BEFFR BAIE . IRREH b Vi FLEUCS M O — 400000, JR40 A R ARSI BE . Sl 0SS iR o0
RIS AL, T WA B R

Voulz) = (1042

° Ypur

+Vigro—rg

161044 FRBICIARNE 10.4-3 SF20E

#1042 FERENFEHHEHE

PR T MSB B LSB MINIFE N 11001 , sREHL5 B8 11, SF- SRR th Voerdd
Vi 55 0T BB RE . FOf T S M
':

B 104-5 (£ 1042 FHTFOE 10.4-4 055
SO R F TR ATIER 10,64 B ). 8 10,45 RSO HRE , At



532 CMOS 8 5 & 2 3383t

LSBT, SEHE 1. FXAWRE, Veee 5 0 HMBEVeee S . BoHEHAEO, B
WIFE B B —Veer Bt 1/2Vege TS Bl 0—(1/2) Vs SFEAHARAHEE 0, BTLI-Vige #
~1/4Vrer MG A5 e, BN BAE |, FFLL Veer BI-(5/8)Vrer AR 1 Y
+(3/8)Vrer. BEJS, MSBJE |, LA Vg F1(3/16) Vage MG S B FE 115 B 4+(19/16) Vigr. B
AR HISEBR Virgr B2t Vepr & 2Veer, 15 11001 TERMER I 2Voer T RIS H R (19/16) Vagr-

EREELBEN—FERARSAFLETR, EEHEFFLEL CHEZEHE DAC. N T EH
2 LSB B HEEREOR, 10.4-49H) 0.5 fEHCKRRAIHE 25015 T 0.540.5L58. BN 0.5 f5RCK
BT EAREMEREYN, SRSHBITSSHANMATL - 7ERITREGRAND
KRN Bin B mEs .

b BT BT DAC, BRE¥ST DACIERTHE, BRERFE I HRMFEREE, &
AR AR R TAHEH. BRE 104-1,

#1041 BT DAC BytERENEE

#17 DAC ] .4 B

TR R A 10.4-1 fa, EHRED %8, FEEINSMNE BRI A

BEE 10.4-4 i, WD 18, TEEHOSME QM ARG R A L
N

EHFEETEAFIE T &8RS CMOS HARMHFAM DAC £, # 104-2 XX DAC #
T —RE, AN TENNEERRA. BFERITTHNSS —FRBA-ZARSK DAC. T
ER S PRI TR T AME SRS . 2RI T AR AR et

#10.4-2 DAC ffat2s

DAC B 9 B
R AR, —#Hm 1023 B, FEEFREOR REER. FRR
BARmE
A LB, R2R BRI 10244 FEHEED, HERR BN, LR AEE, R
R AR, FRESF 1025 B, AFXFELERE  THEER, @RK
B, HER
A TR A% W AR 10.2-7 B, HERE mEA, HAFERAHR

REHEHAIA R, TR 10210 RIECRE, WREENAS  ERR. dEERsEE
WA

TRt AR 10212 REER, R FEFE X, WK, ZERAKR
R
PSR . 7 DACH 1033 EER/D, BT TSR LR Ead, BREFmRE
ik MR TR HIAEL0.5LSB
LR, F DACHE 1034 R/, BT SR  HFEHEGS, A8 BRES
FR B 431 TR THAL I FE AL ZAE£0.5LSB P

R BB T DAC  10.3-6 e, mEES/D, BATTHE SEFSNBERRS, BRES
T BN T THE ¥ T W FER0.5LSB 1N




F10%F BMEFBEHARS 533

(%

DAC 7] Ham itad
BRI MSB, B 1037 MSB B, mEE/S, BT T SR B A A

TR W IG5 K LS8 TLAFHEE il
BLATH PG AT MSB, B 1039 LSB B, WEREAN, BT R T AN B R R

Ef e FH i LS8 v s | i
47 HL AT ST 10.4-1 TR, TEUE 18, BEHERMIFEE
WkkizE 10.4-3 EHAER VLG, %5 G2 g Nk

B R E AT

HITEE 10.4-4 e, —ERRT 18, T HHIAEE R

10.5 HREEERFE AT

AREHE R RPN BB (ADC). ADC £ DAC W¥IER, 8T, mTHAMN
MUESHES, FE—LHBNRE., FEANRIRADCUIHEFTRE ., SRS FHis
WABHE SHERBTHINAN. Bk, ADC Z2—MEHEREn.

ADC &4

B0.5-1 2 H T — N ER ADC MHER, — RV HIR B s IR 2R A0 BY B i B 25 A e B S B A
{57 ADC K& [ RIRE. HIBEBERIERLHET ADC AGHHRA RSEREIH, 5
REBESRASMENRE DRI, 2 RBEEH AR ADC MBS S TERE N — 1%
Ay ok BRI R AR . XMHEEBIEAR Y ADC AsHmtEl. HEiuidRibaR, &
HBMEAFRSSE RSN FHE. BEX 2N FE, B N BEFHBREATE. Bib
AR X SRS AR AR i, 0 TN T R AP A BB R B AT
SIS B, TEFREEIN, — DR A E SRR R — SN R TR,

FRE10.5-1 7 ADC WHFEmNIER EE, BB AES M FEL 0% 10.5-2 (a) By
. BE BB f BERIS A G SREEACR. MBS SRR £ RN, B3
THE 10.5-2 (b) BrRBISAERL . SAE S HTEEREMF ML OSSR L EES . R
EEWR MBI 0.56, FETHER, ME0.5-2 () Fia. WHERTTHERE 1 IERE
S8, AT HEAESISR R RAIORRBRNE. I TAREESPIREHERES, R
WRLMEDRESHFRRAE. Wik, FERE 1051 PRI BEREREBREABRGESTER
i 056 M1FS, WmE10.5-2 (d) Fim. MRS AGSAHEREEmREEE TR 26UT,
e REBIENITEES . REEE10.5-2 (b) P DT 056 (RERNEN—ETEREN ),
AR EDREUE B R LIRS 1E 0 Bl L AP AENIRSE .

‘: S I ..»_" B (KT
x(rjo—h-i,vv. L - —» s -0 W KT}

AT E A REEHR TR Rk HER

H 1051 ADC BSEAER



534 CMOS MR 88 & 28

{a)

L4
BRI
[

-z 0 ' /3 £25. fs-fs fs  fs+fs 2f5-f8 2fs HZfs + /B
s (b)

i

B 1052 (a) HUAESAGESERHRIFIRNINT ; (b)) SHESRAEAY SRR 1 ;
(¢) fukKF 054 MERTIIREE: () RANRRBEENLHEEE
BT ADC B AR, B f/RAATREHEE 0.5 SRR, X ERAT HiRk L
RAEEEAIERRESOE LR, XERESOTHEEEERNESR, THEESHTATH
ADC B A B BIH RIS, SHRITEMT f H 0.5/ MFL M ADC, X ADC #HH
RS, % 10.5-1 FIH T ABTIRRI &R ADC #I2.

% 10.5-1 ADC Ly

i =&EHTE ADC TR ADC

Lieat #BaE ( BF) BEATIEE (> 14 )

ehf R, | Bk ERER AR (> 1012)

Rk NFEEhi ke, BN {4382 (6 i)
ADC BB

ADC W ARRBIEE, @Y RENEE, WHARTHY. ERMATLE 0 3 Vi
EIGE R, T oD R 7B E R L. & 1052 I T ADC HiB BT &
B, ST . RS . BN 2 WANG. AR ERE TR, RENAFR
H R A, R EIBARS . Fm, BERMARETEA—ABE TR
e T

ADC B Atk BT A0SR, A 105-3 FORA—A4 3 2 ADC, fEX/MFER
S, MACREMESR, BHEE GRS TR A BN 0.5LSB (2i-1) &, XEX
F N AL ADC, { BB 1 ZEBIN,

E10.5-3 Bt AR IS T 7 RIS SHANREC RN . BURSRIREE
S ST 3 AR 2 R SR AR EY FNRECER M. FAR ADC FHERTRA RS
AV MEFE 7E10.5LSB 2Z2[H] .
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#1052 ADC fERHHFR RS
TifbiE b REE R 2 Bh&hag
0 000 0000000 000 000
1 001 0000001 001 11
2 0 0000011 011 110
3 o1 0000111 010 101
4 100 0001111 110 100
5 101 0011111 111 011
6 110 D1i1111 101 010
7 111 1111111 104 001
18] v
L imm //
] B LNy o
PRI S
Bl e
NS Y Z D
oo 4 BEAE
ST Z0 I
00 |----4-- 74 W N T

NP LSE

14 Vier H— LRI AR

B 10.5-3 3 {i ADC BB A% R

FhAWE . (FMRE (SNR) F1 ADC WA RKAE ( ENOB ) BIFE X5 10.1 e MR, AR

Hixsg SELFEERXR, WA ADC HSHFHRHAEE X,

ADC #2312 ADC T LR B D EIEAME S84k, SABRATLARIRERIEE (FS) BE

¥in
VREF

Wk, (@R N IR, KRR 2V T RERH AR,

FEW BRSSP RE N T E AR B EIR2E (offset error ). H2ETRZE (gain error ), BlHIEL&RHE
(INL). $4r3E4ktE (DNL), SF— M RERE ADC, AILUKF (v # 0RES AERr dl2%
& BB IR A T T AR B N R A (X BB AR 2 (AR EMEESRME ) AR TERIER
HE 2 MR TP IEBR]. XA AN TR R AR EER R KRS, W

® 10.5-4 (a) Fi7s.

125 R R R IR A R B AR RN AR R, B WA REREEAR LA, ¥

7t P25 T LATA S R TORRONE BE fr 4R e ol L3 etim) T 1 AR it .



536 CMOS #EHLE &R, B 3595

BRI 1054 (b) Bz, 5 DAC 24, PR VAT L S PR IAR 2 FR R b iy
KT EERBR. L LSB Sy, FHAERSREFRGLE, BIE10.54 (b)Y 110 5 111
ZIHITIR . EXMATH, B R (AR MRE LY ) BALEE.

1 + HEEE=) 5158
l]l "'"1_"'1'_"‘!_'“1-_‘!"_!‘“"'"1_-" ]l] —__i_"T‘*_F"—'!‘*__'!‘“‘J_‘r T
- | 1 H | | | | ’_ o E | | 1 It |
Ll e L R A -
B i [ 3 B 1 R | , i |
o im0 e [
| i i 1 | | 3 F 1 ]
PO T A - 4 S Nt & e
LN A R e e S Y S IUN SR SRR O ELERE i
i i 1 [ ! H | H 1
B OO - B ey S J # 010 e TRy S ya—
L L 1 N N
HN RN N N
m 1 | T T | Juial_; L L1 1 1 £ 1 F . !flln;
0 L 2 3 4 5 6 7 8 VREF 0 1 2 3 4 35 6 7 § Vrer
8 8 &8 8 8 8 8 R R§ 8 8§ 8 8 8 8 8 8§ 8§

{a) (b)
B 105-4  (a) 34 ADC £IBEMNFT, (b) 3 {ii ADC #4252 £ B F

ADC R (VL) HISE SR SR AT PR BE e il 22 5 B TR e I B e B
B ERIBRREME, UESHER LSB HAM, BIEXMEY, BITER. WOk i LY
BB, AL HAERRRE, FE5 SR IR LSB 75/, IR, b, mEm
B INL BB & HIoME0, TREBUNT LLSB I INL,
ADC BB IRERHE (DNL) B S NEBA S H A Y LA A0 MR, EY
HLER LSB KA. ADC M4 RS HERT LIE 3 .
DNL = (D, — 1) LSB (10.5-1)

Hef, D RUA LSB HBAINEBRE AN, M10.5-541T 3 £ ADC X T HF 5 R
BB RS ER . TTLIB R INL 898/ MES 9 59+1LSB F1_1LSB. DNL Yy
BRERR/MES SR +1LSB 1 OLSB. 5 DAC #H,, 7 DAC #, —LSB & DNL W TR
R—A-EHimA B IERE, ADC REHBUXMEE., Hitn, EE105-58, % AREY 316,
A N A RS S R EE A ) DNL 2-1LSB.

™ TR
10 f-—d--de-bodo1
bOINL=
& W01 P 1L .
# 100 [ra--1--r gl - RS
H o1 [INL= | yAl.ovL= | |
. -1LSB B NESTAT: R
ﬂ EI ! . a 1 !
010 == ke mbee
) &DNIE—: Lo
Ol =" oLss [T o
000 [} FE A W AT ) i Ly mn
0 1 2 3 4 5 6 7 8 VREF
8 8 8 8 8 8% 8B 8

B 105-5 3 fif ADC i INL 1 DNL B 7



P 10¥E HAMAERERR 537

MBEHRERRFEN, ADC 2Bk, J8iEE S A DNL GIB. Bh% iR
ST, AN ERRER, EXWRT, BEMIKE ILSB, RN T 2LsB EFTL,
SRETBE B ML E 26, R B EAER/NT OLSB, W ADC SRR A . 8 10.5-6 4t T—
A3 i ADC BIFERRISHERNER . JERIEE S BB MSB OB B EETR, M 011115
10000+ HAS (L BB EAERY, B K MSB WA +0.5LSB SIKSHE, 70 DNL St 4@ ER.

F 3

hish oio Rl

B 10.5-6 347 ADC IESREE T

§10.5-1 3 {i ADC B9 INL #1 DNL

FKE10.5-6 1 3 £ ADC /Y INL Hl DNL,
fiz:

XA 3 {i ADC B4 INL W {E R 1158, TEHIE 3/16 1 5/16 2B 7/16 #1 9/16 Z AL,
INL W/ MER-2LSB, T HELZE 11/16 #1 12/16 ZJA], A/ DNL B K{ER+1LSE, BB IE
3/16 i, 6/8 &b, DNL ffg/MER-2LSB, T HBAE 916 4k, X BFEHET HIELFIHIT .

ADC HIEh75451E

ADC zhZA4EHA DAC —R5HABRBMERM ARG R, WH, ERTH ADC pED
BB e, IR RRRAERIS ARTETRET —MEENHEE, HERMR A
AN DTE 8.1 WP RS IT  REHVR B DR B E ADC MahiSHEEE, A EE 4
B HEATE .,

FERUFR T, ADC AR RIESHEH A, TR MBS, BRI EEN RS
BB TR T 27 10.1 ¥4 DAC S5 A ERER A N4 .

AR LB

P SRAR (R R B ( S/H ) RRADC R4, BiE TN ADC iy iua 2 45 B EHAM TAF.
E10.5-7 45 ) T SRR RATTS o BT . 1, 7 B SRR BT 1) B SR SRR (R B B R R AR
RAAHE, DMER SRR S TE A R M — MEE AR LN, AR IR
BRI B AITHA] . SRR S 2S L TR B 2 0%, 1 TR BB B R I R R R
S BT SRS e SR E T ARG R ER AR I, SRR E R

Tsnmple =1 + ( 105-2)



538 CMOS a4 A% b 5% it

4 SMH f1d
R RRE B

] i

' | SHA
H—fa-—*‘: M—fy - ADC SR

&
L
-
=
=
=33
=
Lot

i

e

B 10.5-7 ERMRRE AT

ADC HIBUNE B ST T, BATREEN
1

fsample = T ( 10.5-3‘)

sample
BT bR S/H e RERIRHE, SBA —N0UERRATE (aperture time ), Bl S/H 44 R a8 B R
i, RAETT AT RERBTE., e TAERAHEIN A — MEE LR R RS, TREd
PhARALFIR A 5 AR O SEBRA BRI (L . 78 S/H MR BL, P RMERANER, ffak
KTIC RS

KRR BT LIS a2, BICEUIRA S/H B BEFI RO ARAG SH Bl . — S, HHR
WA DATEARE B B ATE TR A S/H AU, SH AR B AR E ML — AT, B
FERATEAFERETEM . — DMRISRASTTIRGE b S/H M BR AN 10.5-8 (a) R, REIBAISISEEH
KASRE MR AR, X4 S/H WA PABEREANE 10.5-8 (b) iR M4I7 %0 &6t
RRBE, EEME S B Cp KA EFF XM AR BRI R T, SR EA R,

B 10.5-8 (a) B S/H L BETATBE TS . dLZF CuokFors, HATMHIEECh RC, BT 2540
aE v BT, SR RE SR v )R CoEMRTFERBRR. BN B E B IERA
Fry R, 3R MERPO R EE RS . SEBCCREN AR ERIT R R AT
R HERXNE HSEA AR,

vinlt), vow(t}

Vourf 1} Vin{th vowm(t)

iy

-

R TERIFE — v T XA

(REE) 1 (R R
' i A "
(2} (b}

B 105-8 FFIREnk S/H BER (o) BHTHEFERE (b)

SH M — T EENSISREMZE 10.5-8 (a) PEANZERRSNETME, M—4
FRETEw 4L . BRETERE B AAFE BB SR P f S R4t , BALHREEMA
3 REATLUE SRR (B C):

GB*
A(S)as2+GB-s+GBZ (10.5-4)

FEAATRS 22 B4 S 25 B rh RS O A S B R AR beT, & (10.5-4) ERSwhE M mI R, FIin,
InSRFE A — B R BRI, i B RO R K -
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Voul?) = 1 = (V3e ™Y 5in(\ViGB - 1 + 6) (10.5-5)

5B 6 e R < 1 ] HEHMRATH RN HEIE, X1, B TLE SORE H B
R FOSCBR A LR = 181 B9 B 1 R O «
056GH ¢

Brror (1) = &£ = 1 — yu(t) = Vi ™® (1056 )
EREHADC P, ZMREZETH).SLSB, XBEEWE—k, EHRITTLGH,

1 osGa-r scrr, 4
St = Ve gesam ——\/3_2"' (10.5-7)
M (105-7) BHFER v +0.5L58 B98TA] 1,
!, -2 m( 2”) L (1.3863N + 1.6740 (10.5-8 )
GB \\/3 GB ] >

M3 (10.58) PEBE WL, FEE ADC 3R, AR~ BL{37 48 2 22 iy ok B8 A1 S ]
AL, B, MRBATRAM 1058 (a) FRM 10 iz ADC B SH M, GB 2y 1 MHz By#0s
M GEIRE 10 A2 R E AR 2.473 us.

Al — 58 o B0 25 FF S A 2 s AR T LR S/H e fsch, (511059 (a) 25 AT SH s 7Ee, 4
PiBr Bl C R EMARE, RIGEM, IHADE AR, % T kS SRATT REBHEA
MIRTEREUE , RHI 0, A —NEERA g D5, B10.5-0 (b) BH T4 SH HERKEMER, %
5+ S/H BB EATIR PSRR WIS, (MUCEIEBIEN, TEM/A T R EE A I b8

c
+ ]d

)_‘ {1)
Yout m( J Vout(fj
L HJSL

)
¢ld
{a)

B 1059 FFXRBASHER (a) REEMER (b)

ZERT RN —A SH BBERT — R, HEARBNE0.5-10 (a) Fis, % [
ERYEEL TR T B IR AT P BT, T Jo SR A A — MR/ NI 2 B 7, = 2V, B8 ARl
WARE . HARIRARRIRECAIN, TR R, (SR A SN ARSI, —RETUE A
BN MOSFET, BR% R—A pn S5 (Z— MR Y S0 ). MOSFET 5 pn BT WHE
M, RAEJLPRE AR . B105-10 (a) FEEFESTH B AT 10.5-10 (b)
P SAZHES SH BB A R eE S E T, B hEah o7 FRalRa A AL
AHEERR/ME, 3t BRI BN A BHRRE S S a8/ ME T . 5% D5 # D6 B —
WE LR RER v (B EBE IS Bk .

HEITE ADC . IEBBITRALERTRE, S0t i 0 Hode SO A PET 0%, 3%
AR . Shi R A E B R SR B AR R T IER T, FOA
HCBE AR I B ST iR,



540 CMOS #0228, & B4R

D2

o

Voutlt}
0

g
:
=
2
r 3

D4 Cy

M1 M2 Do
o 2

2y

Vss
fal (b)

B 10.5-10 RSN S/H BiEg (a) RETH (b)

B IICREE R R R R R SR Z R PRI . SRR B R MR R
K. B10.5- 114 H T A EMIRE T TAMRERFER . BAZRERKSRNEARR R
BAMRE AR .

e
@ 5 Cy
. l
[} “out“) Voult) Vout)
Vinf?) e &9
T +

(a) = Ty T
B 10.5-11  (a) MIRS/HERE, o, BERENE, o BH%
B (b)) B (a) 1 S/H BRI ER

F10.5-11 (b) 510511 (a) #HH., FEAHATEAFABMRGE S ATOCIILE, ERFFEH
— W

B 7B 10.5-11 89 S/H RpE2 o, BT —BEAFEIFE I LB A BRI AT LR # SH B3,
F10.5-12 (a) BT — MR LR AR, B TERBCHENERARE. F105-12(b) £
F10.5-12 (a) MESTBR, TEe WERAHEERACGRHRINALE, Bilf T 285 TR,

_QH B b

#, o—-ﬁﬁ o
] W)
vin{t} ¢l‘i§ Vour(!) Vi (I)__r+_| Voutl#)
| f . | —
¢|d—Z; [ °

Cy q‘)z Cu . ¢'ld\
—E/ )l Y

fa) {b)
B 103-12 (a) HERRASBAREHREADBTENFXEE SHE

B (b) BHREREACRCSHS T A2 5 S/H BBk
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K 10.5-13 AT — B TR S/H Ml 7508 Voo
BT, 6 IF MG, B i+ W] MOS “HB4, %
BRFPH S R BNE MM, g, FXAART DRI, w, ° o
BRAFRLAE i FTF ho MR —PEETIF LA, Tt —7%, 37—
5 CotiiE, B SH HBSE 8 (LI RISRIY. T j‘_‘
TrE PR S/H W B A0 P9 5 L S 0lR (9, 101, Cyy

D L I 1
HBEHSAHXMEEN— T ER. H105-14 BRTRE
BB BT AR o R RO — o bty 1 10513 TKAOSIIBLA S/H Fi
DHATREE AT, TGRS (R MRS ), BN 10.5-14 FARM— it
HfElAr, SEBEEIA S IRIBR AR R NAY, IRAEAESEFESHE, AV FIES
BN — A%, ERO B AT I/,

g

!

&
ik

B 10.5-14 ADC PSR ST ER
MEHARRE—PMERZES vi(f) = Vpsinet, BARIFFFa,V,. Hith, AVEIEY.

AV = d;;“ At = wV,Ar (10.5-9)
WRA R ITIRE R .
- . V, At
AV(rms) = ‘dv‘“ Ar=277 (10.5-10 }
dt 2V2

RBP AT SBOER Y ADC BVSTEZ RS, M1, dEatar s EE 100 ps, A
F5R—A | MHz MR- B TETENE, Veer= 1V, WIE TREBH 35 MM A iR IR A
Z 11 pV (mms ), FH, 2AFHEEELFATET 0.01%.

ADC B,

ADC F98iEFN DAC BB H ATRAFIR , BIRIFRSAEIAR . ADC HITRIE— it
AR IR, HAS ARG 10515 577, AR EBE 0 B Vege, B84 430
BA Bl — b ADC BXEHIR) DAC H1., DAC NS0 ADC 8 2 fir. S5 MRS AR
DAC it B Z 18 551 A 2 18) ) R i 48

WA NRA LN IZETZ ADC BRILINE:, 1% ADC BEEH, O, BEKEIREZ
+0.5L5B ZIA), Sy A M WAT L AR MR TEIRE . H5iR3E. INLRIDNL, B 105-16 88T
—A~4 47 ADC ATHERIRZE . B EARY T INL #1 DNLIRE, DB B R0 dEe 2 F S
AER R ERTOR, WRRLE RIS Vi, BN, SRS RIS R 8. 58
RERM OLSB o] FERm T BT .



542 CMOS #EHLE & & #5959t

FFsn
Tt
(N fif)

Vin  |&m v HERTF ADC
| ADC B9 DAC(N+2 i)

P 10.5-15  ADC B9 A% 31

PR T, 10516 BHZFT ADC FREMERT, Hf¥odinel, & 10.5-16 FRa451
YRR 2N, BIPRKEARRERA. —BAfIETEL0.5LSB 4hH K PR LIMES
Hogg LUAMORE Y, DAE L L EOE MRS R fE R e DNL- B, R A 21/32 BT, ADC
i, BES A, ME INL, RFEMER BN TEEAE.

F 3
20033 L T T T T L YT T
: : EERREE
L [ tBLpE

! i
i ;]

1.5L58 + - : e e
B : ; ! I
1.0LSB ,

it 171
one L i .

i : . ; | :
—0.5L5B| 1N etk - = | ; 4
LOLSB 1 | | = N San AR A i
. HE ; l H ! l : +
L H . cd : | i ‘4__2 WS L II )
2se - - L vilmL;
0 1L 2 3 4 5 6 1 8 9 10 1) 12 13 1415 16

i€ 16 16 16 16 16 i6 16 16 6 16 16 16 16 (6 16 i6
LA Vies IH— L ATETRA

osis A | A
/!

L/ Vi
0.0LsB
L iVl

=EiEMFR(LSE)

15258 -1

[ 10.5-16 4 fii ADC B AL RAS R R ER

TR e K R RS, AR KN ERR B ES Vi TR R E {30
EAMHORBE ADC MEWSTEREL. AT AEEEMIERMAE, SAAEEP N 6NIB, ZEN
B ADC 83U, X TIRER T E 10.1-10 FRpns®, BREMNEE L BEILIRE EREEES
IRENAT ADC FREUY- R#ARIEZE g, IRATHIEETTRERS ADC BIEER M. FM, X
Al B B DAC (4 ADC R .

A FHEAT FARNGR 7T B R B ADC BB H RTBTEEE— 1 RAM &b 72N
5, S NS UM R AR (FFT ) B T/E ARk AT (e A vk Koy, 1 10.5-17
W T KRR BEER N FFT JRAVEST 7. X FPIIRIRIE Tk B mdesktd . IRIEM B R
AL EBAMREERN. B ADC HIES T RAE AES MK RWE ADC PR HIE
BRIRE ., WiERIEEZEAES 5 EIEEA—.

s e ] FFT MR — B 4.0, SRR s S/ MES B E SESARIRE LR, €
s T RS R, HMAT SR SNR, Bk, —AEREIERFRR
9 FFT 36 R RIS T B (5 S s sh et X Mel AT LUE L — -8 O Rm1], TR 74
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A “PYB Blackmann-Harris % %% B Fcf FFT 28,

A
S
T e PR T e

B 105-17 ADC i) FFT M3,

HT LA E 77 PR U A SR i e ok TE S A B A EE TR EREREN
FIBBBIEmME ADC b, SSEEMERBEE R, RS, 2 MR RS B
HIRRBHER . 1E10.5-18 2218 T 425048 ADC WAEZGESH=/AEESNANRER. 58, B
BRI = MY E R FHER,

il s I

[ 10.5-18 IESKBEM =M AN F BERE R

B 5 A P SRR T 7E48 S L AE SR AR, 3 0T LURR DNL FIE R BOMS . 25
i SEATERE HORRLUCRAE B NRER TR MTE, TRWZIBA S8 A AR 3
HAE PORMGREEE, WEET 1. B 1LSB BB DI T L LSB BALiMsrES % .
HG)/NG)

P(é)

B R A FAR S R RS, TTLUE S B RN RS — 1 2R rEes, BRARE
RREY, ER SR INL12],

AN R LA AR ADC $5H RO 0 76 TE 32 th R LS FIHR13]. F R MRS RE ST
HYOE (ENOB), THAMNGRR M EAEMI, £ 10.5-3 51 T ADC A8l 1%
Wi, BEXT ADC BIRAEE T LIS 5% 30Ekis],

DNL(i) = (105-11)

F10.5-3 ADC RRAHS1E L

RE B EE R FFT flid EEEER M AR

DNL 2 (Righkof) 2 (IR ) Pt po

R ARG 2 (BHAELERR ) 2 (R ) = 72

INL REZARERARESRL) 2 GENEdsd) B 2

HREIRERE & B (AR 2 i

Bars el £ (R i i

WRRE & s & BOREEEER)
Wi iRE 2 (iR RE) b & gy

SR & (FWSHRE ) = & el




544 CMOS BESF AR B33

BT ADC MR, (FEBREEEN, EAER ADCF. (FHEMRKRLESBIEREBK
2855 06 T2 RO FROM AR TSR . BAWRS R — R AR ¥ SPICE ZRMBRPE
5 R 4 R O EL SR B0 AT MDY . B —FiEFT ADC (LAY T R R BT IT
 C BREEAERRENTEMNHELR. ABMHENBHEERE ADC (& DAC) ZAI#
RSk b SE R JE FABAS PEBO B, ORI FFTE TSR ADC 1 DAC SUULILER

10.6 SBITHEEEIRSE

H157 ADC FI#4T DAC —HJUTETIRIE ABIFBTR. BITR ST AR B AR
R FFLEH . [ 10.6-1 4T BRI T ADC IZSHIHER . SXRRE AN B — M RBUR AR |
_AEt R . — RS . — A ST AR LR R, FRARITIR,
BRI A SRR | A B B BRI RN TR, g G pEI B g
BAIE T . AR AR, SRR R TSR Ve BTG, 1RV HA
e A SR BRI K , TP LR SRR O S A A AR AR HH AR 7. PR vin ok R
g ok | LR R, FEELANE ST A A S AR AT AR 4
. MR R B AT e, RSSO L R P, AR RN AL LT
PR S 49 R BOIAE T LU R ESR T EL

vin {*- nT -+
VREF El: > J T ;L_ _Iﬂlﬂllllll"_.,
i VT
o—» Ly
BEE ) ovp D_‘ i
s RS S T
B 0 | . s
i 0 T nT
|-
o

f=UT

@ 10.6-1 HEEATT ADC KESHIER

4 ADC A SRR IR R SCH tE . BN, BT L FEE 48 e B U 1) Ve A A LA R
B AR, B T AT S0 2 A A A T vin B L TR A2 dk. BT ADC AR ST
Ve, BAAIER ADC By HEREZ BHE R AR AR RN, HH RSN, B—TuER
AR AR AR Vi, WA fE] . BT RSB a Y 2V, Hep T EREh R

% — R FT ADC BRR IR RE AR, B 1062 A T — WA ADC RIGSHITER . IXFR
%W%iﬁ{tﬁ%a’ﬁﬁ%T%&ﬁ&xﬁ%%%%ﬁﬁﬁﬁﬁ&ﬁ?&% B, v BT 0, BIABRSE
IR (EXFHEE, vl SEEN ) SR EARSEE T f, R~ IERIE (B
AEFNE ) ETRS HEBS G ST HERBHERE Vo B, FE WG, valt
Nege T80 B BAR TS . B 10.6-3 W TR, TRES Vi 2155088 AR SRS Ftvin (R R
. fFe=1 B HL R Vint(h)mﬁyg:
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MereT
vt = K J W dt + vin0) = KNpge TVE + V, (10.6-1)
i}

KA, TRASE . 78 Neee PR, IHEERBEC R BOE TG 2, FH0E-Veer B BIE
A% BH Ve B—MEE LRGBS REBEENARETARS . X v /DT Vi,
RS, TR R T XTGBT vie OFT Vo IR, 7 0+ o084
RAYHRIE

Mo T+r
vty + 1) = vnlt)) + K f (~Vieshdt = Vi (1062)
13

# (10.6-1) LA (106-2) 18
[KNgerTVi, + V] ~ KVieeNouT = Viy {10.6-3)
AR (10.6-3) RTRGRH Ny R

*
Now = Mgz = 3" (10.64)
REF
_.“flﬁ'tﬂ cul% NREFEQ]_‘A%Q [’L ':jvm*u Vmﬁqtt{ﬁjﬁ‘*
1
via :|— FEAE Jint
-Wrer a Vit
1
E Bl
]
e TR
VifsaE| _
i R :} =it

B 1062 WHE ADC WL R

VREF + V[h‘

Yih
0

0+ bt - 1 l?-
B o (FH) **._” P
= Noud

B 106-3 E 10.6-2 BRI ADC L = vl > vy,

HATEIE DAC (Now ) B8 AN HLERSSABME R I . U sn IR R SR 05E, HiL
TR-FIRERRHEONE . B RARRELR T RHHRAEGE 22YT, B N 2
ADC RIS, iXFROF M TEBL4r28 T LLA 9.3 WHOT R # R a4 UE .

EEEA 817 ADC 895 FREL MR RE DA ARAE BRI BT RBI A AT LI L EE X
WR(14, 151, H84T ADC HIEEHEME, [BRER. 817 ADC MU SHREFRFF/NT 100 He,
R T 12 i,



546 CMOS 3k B, 8531

10.7 iRIRE AR ES

7 10.5-1 *RHE T2 ADC HhEBHSERE ADC. X2 ADC H— MEHRE A RSy N A3
FRAEE NASEL. Eib, BHnE LRSS, BaRERERAYEEM. X
e ADC AU EVCEE R 8 (TR AT o TR L B4R B e a7 LU UM T DAC BIZES ),
H4T DAC fliz#® DAC.

EXEIL ADC

M 10.7-1 454 T2 YGRIE ADC fZ5H) . XAHEREHuE— 1 LR . —> DAC R FiEHl
B WIS ENERRRIBL R BNE Y, FkE S —RE. BT HBREER.
BEHhRE AR ( AR —MEENERIES ), BRANMEERRIEIR AR
ESRRETFRA . 1, BUTRBI R BARIR MSB B 1, FrAHAMERR 0. XREFYNE DAC £,
DAC $i72 4 — A 0.5V AEHIES . RIS LSS AR MBI AV AT LB IR HBR
SRS, WRFESHIEEY MSB BN |, RN, WEFEREHE MSB
w30, KRR T BREENS 5. xR MSB RESZET. AF HE” KRy 1, H
S0 0, AT MSB MM BBFEIINE DAC L., HUCHRMANRRESSMETXT
B2 DAC B BT e, IR LN, WES AR 1. R AR EET,
MREW S R 0. XA b8 Uy ST BRI By 7 A3 (AR B YO8 L B

‘/9'————\
in /
HASE » N
i
»alm "
DAC o| s
oo | 1 e
. B
1 | #
|

Tﬁqﬂlu #H

M 10.7-1 FUCGEIL ADC £ ( i F ER Hnatek, A User's Handbook
of D/A and A/D Converters. New York: Wiley, 1976 )

B 10.7-2 25 13 T GBI I R Aal{f DAC BB W SRR SRR A . ATLL
B R A N RIERERORR N BATLIRS], WE VK, b e TR F R 5
HE 1 ATIRRD . SRRSO AT IR — B (L B84 Veer S —Vieer KL

B BB RO VGBI AR (SAR), B 1073431 7 —1 5 A1 SAR BT
XA SAR HOTE S RANG T EEIEA, PO AR A B SRR 51 T (i A s — %
7752 (SR). —A517 (G). FFAEAESS (FF) f—MEIAR (AS). R T L5 FaE R
B SRR RRA A TN E G R
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Vauess
VREFH oo

R
e

O.SOVREF T : ;
; : P

0.25Vpgph------ _.._._ ’

0 — =

B 10.7-2 FUCEBENERE

Vi ¥4
54 DAC Vv
g | | “LREr
" - T
+ ¥  MSB 158
Bl 51 el i il
4 72 4 7x 4 Fx o % ¥x H
1 2 3 4 -[ 5
= L‘°ME Lo = Lo~ — ~ —o [SB
n 01 0 1 0 i o 1 0
FFy FF2 FF3 FF, FFs
R Rp § R Rp § R Rp § R Rp § R Rp §
T T I T |
o —1 1 1 —1
N A
I Gy G2 Ga G Gs
JLILJL A i I T O T |
TR — ]
b 1: 11 1 1 I
J;_l— SRg 't SRy i SRz i SR4 i SRs
gl TE R R A2 B BULEHFR
REF SIF AR H ABERE

E 1073 WHBLAFFSEM S COFYGER ADC(#E H§ ER Hnatck,A User's
Handbook of D/A and A/D Converters. New York: Wiley, 1976)

B 1074 B T —MRYGER ADC 8F1F, &RH THE 10.3-7 1 HE E#% L IR s fr
R BIZE R DAC, BT DAC LISk, BEE— BRI —1 SAR, I 8 BRI 1AE L8 8%
WA —PRT (VM 5 Ve ) BINEZS . X H, vV, 2SN TERENER S BB B RN/ N IR

B, i, WRM+K=12H V. = Vegr, RALRBNAENIEEDN 4006, XEMETHE
iR A IE Y TR G e S X T R A LLE Y R AT



548 CMOS H4a 3 s Bk it

ADC Bk R -

18 1074 —4- M (AU TERE LR . & (i e L P LI ADC

i SRR . B ST RN
Vox R TF A S o B S HIETIVY . fERE MRS
1 Pl B 2 e e S 1AV e 30 (L

N Vos WLEE, R R L — ok MU BT RE . TER, th
¥ SRALATR - ML RS MO E I B BRI T30

BI07S AL R R T M 107s sa;_u—-'rmu. Esfrasﬁmmm
B 1074 S8 PR, WTLUFR LS4 KA 7 2°C PORAYILFE N

Ve =V¥h— Vs (103-14
195 SR A — PO AL S, SRR R0 SN Y e 28 S,

SeFFEATIVG ., (EAM A SRt ek B I TTENGEIEIOE . LURHFARORS SR
MBI 1076 (a) WP T 1074 RINFTSERE — 60y, TE0, LARaOA RIS

Veurp = Vi = (VA = Vo) = Vg = Vo = Vi (10.9:2)
: BEARE vy i
" Y& arc
Ri= Vil
Wer ] *
var_ aw KOGy
] = Vi =Vier

tal H el

#1076 ENCEEEKGHEAE. (a) M5BT DAC: (b LSET DAC

S, Vi R 4 0 B AR R B D v > 0, 1 V> Vi M- MSR
LM RIEE] Ve < VBTSRRI, — BRBIEHIE, B MR, fHA

www . bzFxw.com
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BOEFI T~ MREHBIE Via 1o VETEER FHIE Ve, 1 Ve, 201, REETEMPr—1.

BE, AR YRD B UGBS, HE B A A FE RS R
B, B 107-6 (b) Sl TRMBER— B, E3 8 TFH 10.3-8 HFARREE ELELERRY
MAR:

o Ceq L 2°C = Cy
Veormp = (Vaisy — Vin)% + (Vg — Vin)T (10.7-3)
i}
Vair) = Ve + 27"V (10.7-4 )
#X (107-4) AR (1073) £,
X
Veomp = (Vi + 2 MV — V:,);% b V= V) CZ;CC“
Ceq (10.7-5)

— — M
=V —VE+2 VR&FZKC

2§ LSB BUCHITHTTH, C25C IS BB B LI — R T RERE O V Y Voompes
BB AT T B S — R B A R A S SR . MOS HXHER SR
AEERUR, RS CRAM B RE R BEK, BRA L R ERE. & BT SeAMNRA ST
KEFEABEHR L5 "R, B ATETT BRSBTS S B — A 5 A a A
EXREIBA R, F10.7-4 i) ADC BEEHIT 12 [ 8%, ERHERE/NT£0.5LSB, 5
BT ) % 50 psl6).
RI0.7-7 45 T— M E 10.4-1 FT/R DAC B9 IBIT A ADC . 58638 2 Skt 3 MSB an-)
CEEBBLSR R (VT2 d, B BAIT N o). TFERBCP L8 S A S/ il
SR E—I\ LSB FHRMEHET, Hilt, SHEBHTHRESmE, PN, sty
KA~ MSB BRI S, B THESE + ) MSB, KEIBT 457 S DR K (5
FIE—A 110 LSB, MTIESMEHFERTHR— K+ 1 058F, 85 K+ 1 sk
RS A R S AR REV L ATIE oy B0, ZEBIATEA KBRS WF—
KEBATHH BN IL . % 10.7-1 FEARS T8I0 . 18 10.7-8 241 1 —4 4 (oS in i,
HHBVin = (316) V. 1 FIE 10.7-7 45491 N £ ADC BEFEE NV YN FE 52 i — U e

V{'n*
— >‘ B
DAC - 1| FEas

152Tﬁﬁrﬁ, ‘l bkl Jl

E

DAC £
s
Vaer | ##5 Dac e B n i
O B 10.4-1 )| S1BRFHE
54 B

ki
O—M
2] Vit P HHG B 4B

E 10.7-7 RHEAE 104-1 H47 DAC BZERETE ADC



550 CMOS #E#L4R & & %% 3t

F10.71 B 10.7-7 #1847 DAC 4L NT

BHFS BT RBMNT LSmY  ERARR
dh dh & o dup 1
1 1 — — - - an-1 2
2 1 an_1 - - - ay-2 4
3 1 a2 an-1 do — - an3 6
N 1 ai az an— an-} ap N

FEHEMBHE =NN+D

gt
iRl 240 36 4{y

* /T

0.00He i
612012340123456012345678

B 10.7-8 P 10.7-7 BB ADC S BRI A R (3/16) Vigr BT BR T H

TAKNIEHW ADC

& 1079 4 T —AME 10.4 H5hEH DAC KB ADC., iX# N i ADC i ¥ FHIAL, &
NGBS, LIBSE NSNS, BERMATE 2, FIRE L -SAHRFSN LI AR
WERJE, WSSO L R — SR MR AR N F TR

FAREE ADC HBE—RIMEMFEY. B SR AR —RME v, BT —HHEN
T TE SR R M TR § . Ah, HUR Vi TR 2 EARE LSS 0 R AR
43 B bR R AL R Veer HBUFEFRRN

V=2V = bi-1Vrer (10.7-6)

He b LN

b,-_|={+1 B Via >0 (10.7-7)

"'l %V;-1<0
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VREFO-

|
2 i 2 Vi 2 EV
Vif-. p—z-1 9 Fiad! ..l__rg.._ (ML
1 +] |
:
i

wim BN

B B2y )
F 10,79 2% ADC WF kL m
B BT RBATER 10.7-10 7, SXIES § BAGHE AT L Ve H— 1159 -

t -0 705 [0 105 1.0 V-VVREF
br+1: l :
=—1; | .'

LI ______ .:.-___.:_]__D _____ _} .

fb bi] 1001 [0,1]  [1,0] [(11]

B 10.7-10 55 ZAVE D A2

#10.7-1 FKRIEW ADC BT (kiTi2

BiE—1 4 MK REH ADC RRERDMAGEN 200 V. R Vi FF 5 V, REFE
B AR,

ﬁ:

BTV 200 VIRIERIE, % 1 RIGHREAHE 8, MNEFE 1. R5EX I HEESE 2
B4V, ZRBE Ve BB A-1.00 V. BT 2 B0 ANOE, FERZ RS BT,
SR 0. BEEH 2 HM-1.00 VR 2EN L 5.0V REmF, BR8N 3.00V. AYE
2RAHNIE, B3 R HRH NS, Fit3.00 vV IE 2 FRE 500V, BRI 3 25 H+1.00
V. HARAEIRMBABRERIE, 554 R HREH S, BRgH.

AP R TE R 101, A TRIEHESER, TRBTEOMAR.

V = VREF[bOZ_] + b|2_2 + b22_3 + e+ bN..|2_N]

analog

XH, RS G Wb+l MRS G0, M b -1, fEARFI.

1 1 1 1
= 5= -~ + -+ — | = 504375) = 2.1875
Vanalog 5(2 4 2 16) ( )

B AT LA B Vaaog BITERECRCE T 2.00,

EAREREERYUTE0.7-10 FEHERZ ol LU B, i B4 g0 B B R R
ABREV RS, MEL07-115R, BE, EHERAREST 044, M ELNERAHE—
FIT—LHR



552 CMOS 3 d & & %% it

og EALE A [ DY
oo 1 ¥ /ﬁ LA

T T )
2 b /] /1] /]
AN NIE [ W LT HE
s S ET T
E@_ﬂ_‘:;' 1 l l l/ J/l
> sk ;P-/I/ / f// 7 [ } 5
*’_‘?@ﬂ N 7 A

1 08-06 04 02 0 02 04 06 08 1

-
Vin/VREF

B 107-11 #1072 P ERWHEBTRES VIWERLE

A 10.7-9 BraehiikiadE ADC RS B — AN R EEE ; M E, (B REIER NT
JE R R AR AT DA SE A — W e . AR — SR A0NR e FE KT 25T S A B T 0L el 1 1 i
o K (107-6) WE—RIEH-MARERERSIHE, &,

Va=20 Vo= @by + 22 by + 20 b, + 27 by Vis (107-8)
SEH, BATTLUE N Jh B ES H:
i=1 N—1 N
VN = gA;‘Vin - ]:‘zl (jglAj)Al‘_l + bN |}Vm:r ( 10‘?_9)

Hep, AdARSE § (YRR 245,

MAKRIZE ADC 0 EERR T A 10.7-10 598 AL SRt th 8 Frab ik BIRO R, ATRELI TR
REFHEAREMEREIRE . SR ERETRERE, IS5/ 10.7-9 hRAT SHELHE
B, RERERBFHEBICRANTETREA—ASHAGSSBEELLNEERE., RIS
K (10.7-6) = (10.7-7) AE RS HRZHBR, B,

Vi= AV, | + Vos — bAVeer ( 10.7-10)
Fu

b = { =41 #F V_, > Voo

' = -1 FH Vi, < Vo
Hrp, AR (B3 27 B8, Voo B | RORFHEIBIRE, A RRFESR 17 B35,
Voo REBEREFERE, A, AR Ve B, RAFDHBBETUFARZERFARES,
B 10.7-12 878 TiX iR, FM10.7-12 () B8 T BT 2488255 1 008  geagiRzE. vRIE L,
MEER AR, RESHA. F107-12 (b) B TRESELBRLOEW, EHFRE 10.7-9 gt
HHZHARTFRE, &5, B10.7-12 (¢) BT LR AMH N - IERITME 10.7-11 S F
HRH, ZXERES VL. ERX, BIUEIDTRAZE ADC MEmBEE R,

( 10.7-11)



FI0F HBAHEKEBRE 553

TERIATAIE (10.7-8) LAHAG 4 RIADITIRIITIRE T . RITHSW ARTH 248
TR AR . BIE | BUORSEEIEC A, = 2 + M, HAVERIHR. SBray v S8
B Vy ZEALIFR Ny

Vi — Vi =2°- A4 Vi (10.7-12)

RV VIR T Vi, WIS 4 RS SRS . IR, % 4 SLR4HRE0, BT
WFTR N

Vier

A = Dy, (10.7-13)

Y Vi = Vage BT, A BER/ME, W15,
My 1 )
A T (10.7-14

HMILFTLIES, AMBERA M2, EERKREE. BE—SMSNEEY 12, B, &8
ERF—REER/N, BE-GEK. X—BREESLREN L EMB LB Ry, — B
. WKRER ADC 8 —BLFHIE T RRHI &M, V., BERX L R LR AR

2 o Vos1 = T Yoc1 = ‘Z—N (10.7-15)
I

w1

ol

Vo
{a) {bh) {c)

B 107-12  (a) HWERE A (b) RERERE Vesz (o) HBBEERE Vi

il 10.7-2 5K RIEN ADC HEEEK

MPFIKZE ADC B Vig= Vaer, 5F—FM2EH 1.875, WH (10.7-14) AIEIHEEE 5 (k%
HIEER . W Vi BN 0.65 Vags F1 0.22 Ve EE XA, 207 Vi, HHE RN .
W

BT Vio= Ve, ITAIER 1072 FRFIMNEEER . B S HEBAR OV, XEREZNRAE,
R A BT 1.875, WIS 5 (U4 0, XAESRA. XELERAME N EEILRSE R, KA
RHRFEMEA,

FR107-2 Vi = Vaer B 5 R RIEW ADC RITEARE

i Vi(As=2.0) & i fi1(A; = 2.0) Vi(A = 1.875) & i fI(A = 1.875)
1 1 1 1 1
2 1 1 0.875 1
3 1 1 0.750 1
4 1 1 0,500 1
5 1 1 0.000 ?




554 CMOS £ & & 845 3t

WAE, T Via= 0.65Veee FIFRM T EE LR . 458373 1073 &, WTLLERIBZERE D
WAL 40

F10.7-3  Vin=0.65Vher i 5 REFAKRIEH ADC HIHERE

i Vi(A=2.0) & i fi(A =2.0) V,(A; = 1,875) %/ {E(A=1.875)
1 +0.65 1 0.65 1
2 +0.30 1 0.21875 1
3 - 040 0 ~0.5625 0
4 +0.20 1 — 0.1250 0
5 ~0.60 0 0.7500 1

BE, 2 V,=022Ver BE ERAE, FREFE 1074, 0 LAFRFHAEA L BHRE.
F10.7-4  Vin=0.22Vaer B 5 LK IETH ADC BOHERE

i V, (A= 2.0) o i f(A =2.0) V, (A = 1.875) & i {(A = 1.875)
1 +022 1 0.20 1
2 -0.56 0 - 0.5875 0
3 -0.12 0 - 0.1750 0
4 +0.76 1 0.6500 1
5 +0.52 i 0.3000 1

RATEED: 2 A, =1.875 B, £ Vip = 0.65Vaer B S (KR BE ADC SHBUHRE, W Vi =
0.22Vier FHIEAT . fLRRAE T A B EXNFARXZE ADC HENEm, HE 10.7-11 ATLIFE
HWEHXHERNER ., SAN 0.65Vier BF, 55 4 ¢ (BBEWHIAE ) BN 0 V. HAiRE
FREES | R, AN 0.22Vee AT, BB 45K 065V HA—{LBE, XTIRENKES. dit
W5, Vil Veer BERERHERZRGE-1, 0 1 1,

ERIZE ADC

R FXRAKLEE DAC fab B, E10.7-9 4R LT R RT ADC. 55§
BT LLETR N

V, = [2V, -y — BVeer)? ™' {10.7-16)

XE, BEW0 L, bR+ EBiAR0, W h-1, WERXHE 107-13 (a) PHHEE
LI, SRS I DR T AR S A R T R A TR, £i110.7-13 (b) Frwlie). EX
AR, BT R, FAE T Ve, XHEREBEER ADC AFE—NRERFFHRE, —
A5 R 2 BIRCREE . — BRI N EE LR

FERIE LR R SO T L S1 RV G A S BT REE, BE VL XD 2 MRS
bW T MBRAGEFREREEE  E V. EROSRES SRR FARE - JR Vo KT Vies,
MRTRIACE 1, HEE V, FRERBEEE; MR VAT Ve, MRAEE 0, V.AE. REHFICH
Vv, A RSB 51 AR FHERIE BT B — ok, X BT, HERBFRRAK,
FE, BT —ANENSASS R, BFUSTHTASE, $—008 MSB. TEZEHHH
XA



B 0FE HEAHEHMBRE 555

Rt +1 } L o— +VREF
HRE

x2

g 1 Vool T
Vin
(b

Bl 107-13  (a) & (10.7-16 ) B92EBL; (b)) #E{CEHR ADC #950H

51 10.7-3 EZ® ADC ROFFRITE

HE10.7-13 (b)) FHIEERIZEE ADC 54 0.8Vee BHERIES . F107- 148 Tt v, M
Vo TR . TR %A,

Vo /VRer Vu/VREF
201 20

1.6 [—mam- - - ==~ - 7 1.6

A

R % 1.2

0_3.//:/’/_‘ / 08

/ i

/' 1 AI/
Y001 2 3 4 5 Yo 1 2 3 4
{al (bl

o
e

L

>

B 107-14 #1073 85EE. (a) B 107-130)FE V,; (b) B 10.7-130)FR v,

2.

891 YRR, 0.8Vesr WPEBUGA BT X STEA, B3 VHERN 1.6Vee, XITRAY V, HIERA
0.6Vegr. W MSB K 1, H2UGEA, VB 28 12 Ve HEEIRE V. B, T—MBEL AV,
3 0.2Vegpo &5 3 WAL V. N 0.4Vee, BT —HRIN 0, V,20 0.4Vier- 55 4 YA Vi 1 0.8Vier,
18 V, = 0.8Vegr, 54BN 0, B5TBER, Vo= 1.6Vege, Vo=06Vee, FSMH1, HHE-H
TR REDR I, 55 YOEEBTER 11001, FHHMT 0.78125 Ve FIRBIHE.

BIUEE ADC HFKAZH ADC BENEMHEER, BIE L ERTERNZL AR
FRUCR T ., MW FHKREH, EH— 1 BERAR . dTERUPRAR—TBORE, 5
USSR 2 MR 24, Bit, ARE—MEBMIEN 2 AR XF ADC BiRE
eI ALIEIZ B RIS AR 2S | BB ROR A A LR BRI PRI A SRRLIE . MOS FFRETEBAIEA



556 CMOS #4i i b 260k 3

LA B e R

—A-FR T 10713 (b ) AEEY 12 i ADC 8YER SRS RIS RRR A B 00199
(OELSH ) HIO03% ( LSLSE), FHSN 4 kHz. RSN 8 kHz B, eefiging] 0.022%
(0.9L5A ) 1 0.081% [ 32LSE ) [16].

B ADC

ADC A HPEATLATT A BT AT IR SRR S ADC PR R AR
T A ADC BEEAERIA R, ERTRE SR R A T P~ ] Py
0¥ 0P B2 3 | A DA A SR AR R, R P R (R R
FEIFOEIERE THE S shedsy .

T8 10.7-15 85t T — TP e oot B2 EL ORISR DAC W MSB . K 16 FEHE L SR DAC
LSB W EUCH TR ADC YRGS TR . o, —- M2 (e TR L R AR DAC i
CHEFTENHE.

EeNE L MSB TF b, 5 MSB R O T Vigy, TEERICN C) B AR C ATS 0,

By =G+ Dy v+ Tt B (10.7-17)

PEI07-16 (a ) Bk THOM € 05825, BI07-1500 51 &, ient, AT o e
PR Vi Vos. LA, BT Voo o 0. 605, 6 STITHE, C, 8008, T 5 Vi Wi
10716 (b | Bk 75— 2R SRRl WabR v, AT

T - c.)
¥y = = A
' ‘r.‘. T ) Ve (107-18)

WMALC,FTC ., WV AT R, RV, A RT, N E NERRIE. A R
i, BB i EEAE DAC EFTO) R LR B R S E MO MR, MSB BEEEHE. MSH 2
RUIE v USRI A SR TR

F, CETTr .

e Yo Ya
10715 R M (TR R, & SR R L RGPS ADC (4 £ B AEA

www . bzFxw. com



F0E HEEERAERSE 557

Cl Ci Va

+ + Ci

VRer = € VReEF = Vger _§
T 1. I ¥l

{a} {b)
B 10.7-16 (a) O\ 5 Ve M (b) C 5 Vagr #HiE

F A COBBET, £TH M A RREE T LR, B, G5 Ve HIE C, 8
Hi, 5B 107-16 (a) FIRFREM, C EXN:

E;:C3+C4+"'+CM+C {10.7-19)

WG, KMEI07-16 (b), C 5 Vege M, G, Vo MR (107-18) 4, HETH | ik
732, MATE—, WAL FEUBETRTARBESES, U V., EGRES. G
YRR MRS, SRELR G TR, Mt BRERA N M AR,

TEFSERE R M, S ES R, HESME RGBT, RER
B DAC MIBITRIAGHEAT TIETY, BUm bEsiEaldm s, 4% n Srgife e, sk
FHBRMGMBIAGE 1 {2BF (M- 1) i BFAUST. igfukizedy 1, NERESREAEM
tro T, BFASEMEETE, EmSP MRS TSGR, BnsSinNaEdsi DAC &
BREIEE, REETEE CNBjE DAC M HIE | B3 M3 DAC R EHEEHE V,,
BB TR ARSI RERYE . E—NEEHE A -~ TR B —R
2 BN . R, AP LSB 85 F DAC HARERM.

TEHHE ADC 502 TZEXB LA AIEE R ADC M F. %Kk Bif R ADC %% ADC 13k
HEARLHAE. CRESF AN ENBEA—# DAC. MEFHHESEIT DAC, BREBITRE
BaS FF R A S AT TR ERBUN . — 8BS, P ADC R HE RN TE 101075
ZE, ENRELEANGERAD| 8~12 fif. IRIITRRSZH T &%, MBTLEmMm,

10.8 SEFELEEIRE

AREMAET, TR LR8I ADC HA SR E . X RET RE ADC AR, Bk
RIHATEAR LI AP iT (1) . PRI R R — A R, el % s s B A
Pl i, —EREASMIE R R T, FERE— AN, B0 FhE ADC
SRR E N RS AN, A ERRRSRENITERER AT REE. BE RER
R R AI/ B LR AR DB R SRR I LR T MR . AW TRAZ A/ S RBFHE . I
BEMATETER TR RSB RIRE ADC,

HFHITEIRIA ADC

BREEM ADC RN ADC. E108-1 5t TIHAEREN—MF, ERE—1 31
HAT ADC. WEFTR, Veer SR A 8 ME. S MESZER— D HERAMRHER. KERKED
Bk E NPT RS, FUERTH BT, i, WRVLE 0.7Vees, W EEFHERENE
B 1, FHE S AN 0, BEEHIERGINDE 101 5% BAER. BRT, WREAMIET ADC



558 CMOS BEdrE &, & 7541 it

REMTIRR. G, ARITREA B ELRIER V16 MRS, Ti4MEL > FN2E Y
Veer/8- [RlRE, R BE LTS A+ Vigr FI—Vige Z W], LISEBEXUR S |

VRer Vi = 0.7VREp
o

0.875Vper F—h 14
R 1
0.750VREF F—h >—
3P0
0.625VREp Fh >— . -
R ol <~ o
0.500VREF 4 >_ éﬁiig:% :> ?lﬁﬂgl%
R 0
0.375VRer b 4.
R 0
0.250Vypp e >—
R 0
0.125Vrer >_

R

B 10.8-1 3 f3HFT ADC

10.8-1 FHFHTHIN ADC #—MERUS SHR VB FRE o488, B4 MFA
MREE. B—BE, BERA R ERREH AT, B, BFamRNSHE R
AT, PR EFATENETD. HlL, BRunE SRS 84 RIS E BN RE . &
¥, RAEHK CMOS T#A, 6 A8 ADC FRAESTRR £k 400 MHz[17, 18],

47 ADC HIHRERGR T AT CH 2 RREAK T, AR B8 T8 ADC
Fo BT RIERM AR BT RAEGIE, XA 2 500 SR R (R e B R SRRk B Al T SE AR A
SRR R AT R R LR B 8 B B R B Vet . R EER
REFA R LSRR BN M RS LR AR 4, SRR T SR NEE,

IRABE TR 6 17, WERSNEREEEL LN, i hiasn bhin
ADC pim

Bi10.8-1 tEEREIEI ADC HEEREIE

A 10.8-2 B/ T NAIRIN ADC AR LSRR . LLARAS | MIELSEE 2 i R4 5050 N
Vosi Fl Voo BB THESNRSEEFERER. MER. (a) ESLmafas|Ris
7 M Vosi. Vosaw Nl Ve RFARIXRAME; (b) BRIEFTAFEZLME, B Vos (=Vop ). N
N Vier R INLIE; () A Vo1 Vosz. Nl Viegr F8 DNL.

R
(a) BITEEE: X Va2 > Ve — Vop i, BRI 1HR OB 1; YVl > Ve — VogiiT,
PEEAR 2 0782 1o JIR Vi(2) <Vi(1), BRAM N IHRG, Wik,

Var = Voss < Vg = Vos1 = Ve = Vg < Vg — Vi



F10F MMAEHMHERR 559

Ve2 ‘+C5>
R }"_’051 - wER
ie;

H 1082 ) 10.8-1 6PN ADC
HAE,

Vakr Ve
VRQ"Vth-;%_)|VOSZ_VOSI| <'—2R£“t

(b) MEFERMEMEFHLET Vos, TUTHXTEA Ve BRIMREHFS TR INL

Vosl _ Vsl _ 210
Viss  Veer/2" Vrer

(¢ ) DNL W LA TR KRR 2 .

INL =

DNL = (VR'Z - VGSZ) B (VR] B VOSI) B VLSB - VLSB - V{JAQ + V().\'I - VLSE

Visa Visa
— |Vosl - V052| — 2N|V03| - Vosz|

Visa Vier

H1T ADC B /LN EEMNRBER LML E: Hhk, — P N{HRA ADC BE 2%-1 At
WRE, Hlin, —4~ 6 LN ADC FE 63 MHERE. FE S HERNER, T ADC BYHH 58
FEERRL MIARE; B—AFIERE AT, FRE2 -1 R SRANE, MARBZEX. BT
A HE 58 B IR B BELAIA A LA RSO EE E , WA BT RSB A T RE /D, TRR
HTT LB AR B R L. IR T 2N R R IR a s LGS, R Bk
S, ATEERE, EEELEMARER H RS, fli, BT ADC
i E—4 200 MHz, B-{EH Ve OIERES, T 2V MEAERER 6 i ADC, AT
B

AV Veer/2" " l
At = —— = ==
[ Vp 2ﬂf (05 VREF) 2 Tl:f

2B PR E S DAL povps AR &R LR , B R AR RE i FERRS LR NE 10.7-2
HIARBIL G ) ZHHEARUBRRE ADC FRBZCE MR

= 124ps (10.8-1)



560 CMOS #4E & & %1%+

$110.8-2 RiA) ADC w1 LLE 38 45 3R B0 PR %1

— M 6 i HRIN ADC B LA BS B0 4 5 28 10 radds £, BB 25 10° AU S b 3 3 Vius,
—HEREHEIE R 1V R0V, (BB )R L 2 A MR A B R A B TR R
IR Vigr =5V, I ADC MBS MR E /D7 e BB A A
R

X i RS A i e FE AR

Aa Vf:l - VRF)
Vols) =
ouls) ((s/m-‘} n 1)( s

Voul) = A1 — & "OUVE — V)

HATAE R, 53,

B R E G TR %
Veer S
Ve - Vo =05V, = 8 = —
A BRI
05V = 1041 — e"'“"’)(j/lzg) . 64 =1 - e 0T
5-10
L4
T -2 090872 o 7= 107 In(1.00128) = 1.281 s
50000 : 281 s
\ 1
BEL. BokHfR - — = 0.781 X 10° ks

1.281 s
BAE, BB R A o R A

Av
SR=3Viis - E=3V/p,s = AV=3V/(1.281 ps) = 3.84V>1V

PR, LRI B AR SR Bl R R R

HAFRERFT AR, REAREAMRRE, ADC IS o7t — 25,
B SR PR — RS EM R EMBEEBHE S, 5 LU AT Mg
Gird R R AR, PRINGHI IR T s R BB I AL RN L . X R T
THERE LLBEAS HE AT S5 R R LSRR AE AR ] . SXTRMESETE, RIERAT Ve ME ALY HBIE . (HE
AP I S/ MBI AR SRS,

KGR BB FFAEBERR B R4 (kickback ) 2XIF1(H) ( flashback ) BYIRMH . FJE7E ks
WA LR SR R MR . TR TE LR B A A A R ASS B s, AT
R S AR LB AR A ERE . 55— SRR B T L 2 2 B B R B e i, R R
WEMEH I TRE, ERATERA , B, HERHS. SRAAE TR EETER R
HHr: FREME 0" BR—EFERE 17, MRE “0° f “1” Z2EEE. &%, FReEH
FREET RS 0 M . AJLRMOT AT LIS AR B . B0, RAITTA0SE il Hasn
BRI B AR BRI ALLY, 20,



105 BdABEHRE 561

RiE ADC

XHAT ADC & FEdbA7 80 A7 Bk 2 0 F i Tk LR b S 5 AR A9 EE B AR s AR 89 1
. B 1083 B T —PRFHE TR 4 13 A ADC. 8, MASRTETHBRANEN, &
FismAA (AT — PSR ), ER, BMABRAHIRE vop, BIREKXT Veer. AT R,
B 10.8-4 AAYBAROR SHA0H R IBAEALEY . R, HERSEER EEIMRINEERE Ve b
B FRHOARMBOE A L RS~ EE, ERREsREE, BT AsaaRRE.

He—RIESRE: B HERS (B ) MIFERESBEMAMTEO, Vi M Vv, ZR, XEQTE
B 108-4 FRARTHR | B8 HARER, XEHRSHE 1083 FHLLBEHER AL, MR A
RYISIMEEY, SRS INL R DNL. WIS ASRRHEAR/D, 25 TREBMAES HWR
ARV FIER A R, Hi, PR ADC BUEE N ZOAB] R IR MIER ADC AR,

VREF vy,

Vin
F 3

Va

) S
Vau

Vap
VZC

>
>
-
v g 'S 83 3L
-
>
>
>

b T Lk
V|a%R

Vip
Vlc R —:

Vop |

Vin

F 1084 & 1083 BAETER

R 488 RO T 37 o, et T B 2 3. [ 10.8-5 Wi T b SR AT RERAE AL £, 1 1 2 [R) S
AEELRL], XA PR BB AR IR



562 CMOS B8 g i & 2848 31

&ifﬁﬁ%ﬂ, ff2 Y 1’“’2)’4 mz %r&ﬁ:&ﬂim

g #b%%%%

Trl

P 10.8-5 FEARMGENAR (FE) KiFk

P 10.8-3 HRYHUIE (B8R ) IR — B TR, AFCARE LB G4 i
ARAOIERS WTAEAR (R DA HE R U0 T B A B 0 5 LB B A S 3t S I e L 0 L 8
HIBARE, BT R LB S A S b R B e R AT LA BERE R A%, 20 10.8-6 .

83 3T
B i

B 10.8-6 ILERRIERHE AR 3 (AFE ADC

HRER ADC B AE SR EZFS S HA—NRE, HAMEE v R v BT REES
Vaer Vo M1 Voo, AILAE M PHEIBNTRES Ve BERE, THEE Vi M Vo ff 045°HHI 52
i, SRSRBAL 19HRHORZE, X ARSI INL, R — % 6 M 45 8T 1)
TERORRR L Z B BB/, WS DI IFRIEER122] . PAE ADC RYSAHERZ 2 AR
FEEPRS . FARERRETHTREENESE. SRR AER, SRR/,
HAI# CMOS A ADC 7ERA SRS EAT 0] LUARI 8 6740985, MiihF 100 MHz MR 5 R %
BT R 6 11191,

&R ADC

#i&= ( Folding ) ADC A7 HER ¥ B /DT HAHATHRIN ADC 8 27-1. B 108-7 #H THE
X ADC WIEH . A NFRIFITHER ., B—RRTE—THELES, BaAFESRiky 2V
ME, B RBAER RS A BN — TR TR, #2Y T X R S s F— 4
X[ 1: , SR S5 IS St B — A8 2V A F R R4 BHL AR b . HOAeRE A Sk 2V -1 21,



F10F JAEAMEERS 563

TRA R HERNFAT ADC BE 2V MR, BE2. BN = 2, N2 =4, &R
ADC HE 18 ML, T 6 {UHAT ADC BE 63 M ipirse.

N1
B (NLI+N2) fi
-
RBFE

: N2 it
T 55 h
e 4 HE LI

10.8-7 8 ADC BIg#H

E10.8-8fRE 1 TR R . T8RS RIS F A TR, X8 F=2" | N1 R,
BT REEBESTEIR— AT REH . — V2 £ 4RSS I K H 0 555 SRR R i
BRI BEGHTHT, HlSEtBARE— RN, SERIEEY, FRX—fRES—
A E AT AR AR HRPIR ADC, ERESHu BB ER M.

FSi2

Vin

~F8/2

A 1088 BARRER

1089 BT~ F=4(N1=2) HIN2 =3 BB, BASBSEHEBETH
ALBRES BRI I ST R AT R BB AL M REER, TUED, EHENERT, &
THATEEBBE R — T 0~0.25Veee HFXIE), 18 ADC BIHE SR THEEMERER/ N F 347
BURIN ADC. B R 4L (b 25 Rk B L2330 R IR ADC, W2 548 ADC B HIF B S,
P8 ADC ISR : BMBRAREHMRR, IBSMW EREM AN R F 15,

B 10.8-9 il R BRHE R AR AT RIEIE : & 5%, RN Vi, = 0.25Vege . 0.5Vagr
M 0.75Veer AL HB T HMAEREME, HiIK, MRAEBETEE 0~025Vips WO ERERN. $
—BHE ] LU R AR 10.8-10 ( a ) B3 Bl 4 R B8 ; 25 MRS AT LB R 2 M S8 e
VR E EHEATE M TR RN, E10.8-10 (b) Bin. BE, EXHEBAT, BE—/MIRNE
HEE (BD— ARt ), HBE LR b RHE.



564 CMOS HEPL S A, & 3835 3t

VR.EF “““““““““““““““““““““““““““ — &
" -
0l ¢ =
% =
&k N =2 Fird ! =

ﬂ NZ=3 : ..=_ (=]

5 o= 7
VREF i G =
| —_

.,
=
T
1
1
I
1
!
1
I
!
t
L]
]
1
1
1
1
]
!
I
+
1
1
1
1
1
\
1
]
|
|
|
q
y

*—g—h

(b)
B 10810 (a) HBR T AEZRERMTTRLE; (b) WEEERLS (R HEEHEH

A 108-11 /il T — M RA—ABRABHRETREE, N1=2, N2=3, BRIIBF], X546
ADC FHFE 11 M HEEE, TR ADC T3 LA ikt EEME, MNER ADC —H, FrA
B RSB ERE R E10.8-10 (b) FOATR S TR SRR . FHELEE v LIRHNEY
Bkt — R AL R R B SRRk i X AP ADC SRR & AR ADCI21, 23, 24],

muss | 2
(N1=2)

E

A

BB 5 (ESert&

Vin 0=

2

HE®

: 3 {ir LSB
[}

L.LAl.a

%S

a8
B 108-11 f#H 1 A2 (R 8 5 A& ADC

P BT LURA B R R S BRSO SC B, B 10.8-12 531 T —Fh At B4 38 K 3L




FI0¥F HEPHREEKRE 565

il ee, ER, BENSABREEETIN, BR0E R AR N IR
FA10.8-10 (b ) HRkE, XAMAEE T o 250K RRAM B FI A9 T4 7 M B A i
HIFFIERILENR . EE10.8-12 91, RA—A 12 KR RRIE S S N T RS S, BihHE
B2 HORER, SR/ M 8 H-0.51R . B 10.8-12 A7 B Ak ity 28 B0 K P R BT LB
B Vegp GHL[F] B PR UM AR MRS, B R BB TR A 28 o

VDD
+VREF
Re TR

.R:; @ | i ——
] T

R ! iy 1 V2 i v7| ¢ Vg
v
R Vin

~ 0.5, |

—(L.51Ry, |

Bl 10.8-12 4 KB ILRLH

PENER ADC ZHERA ADC S5H PR LIRR I RIS R K ARG, BRI
BIZEX FoHEE 8 Ah . B REHE N 100~400 MHz B CMOS ADC B BLIE %4 H.
R ADC AFFEEREINE., AUER LA i 19 [R5 S VR T BER PTG R AR (L5 ML B LI X R K
FHHERNERZEMME, ERARERSOFNT, TR R — IR SRR LR
Bk, IR R, ITBRBNFERARNRIE, ADC M 552 BRELE s B B 53 A
$re IR AL B B GO T B TR PR . AT 24 S B RIS BB, MR/ a4
FRAFCRIE oL B B A T T A 00K

FZ UMK ADC

PIEA R ADC WIRSRESIE— M ANN RS S. HE, TEENE M
WETHS, MABRERAZMMTIAR ADC HEERIBER. B 108-13 88T SR K i
kX ADC W | REBEEH, BE, XBNRABRE v, BREEBRESE -1 K 7
ADC-DAC A3, K i ADC B8y B R Z R BE AN . Wi AF®E K AL DAC B, BT
HRRSRE. BB EgRK 2" REHET M,

E10.8-14 451 7 RAE 10.8-13 BIR LB R M B MK K ADC M TR R . B TR —
MBS A 3R ADC. BRI B 5 a3 i AR 011111001, H&, X191 ADC HE
EN TR, BHRLEE I EAN, R EFER N 8 MBCE.



566 CMOS #4603 o dr 22034

10813 B, TR K LHOKE ADC IS i e i

R AR RO B SRS ADC BB 2 — R K R0 RO (8 10,814 7P ADC
TP 0 TR R L 40 B 5O MELz, BU0-3 0B 98448 6 MMz, 3818l ol LUl )
103 4 PSR G B K 1, 9 DAC P B 28 A A B
PR ik A AL 1 10.8-15 s BUSUELA 3 0.4Vir BYMSER 2 (ME4E ADC TSI, 18,
2 BRI T 28 FEL, ETLL L G — 2Rk A L
P 2T R,

B 10.8-14 34 3 AR ADC 0 T fExt SRl

Vot WL wim

o atili
— M —se Gi#I —
LEmEEE = 0 ]

10815 —F 28 802 (MM ADC I-FIRF LA RRN, Srrmnss s o0

www . bzFxw. com



FUF HEPEEHERE 5867

E 10.8-13 1] ADC 1 DAC MIEIHLFFHE LE8 \
B, MRERRNRIHT ADC, AL SRRy VR Y
— A BB R R TR A 5 S DAC, E10.8-16 4 % R
THESRAHE. 2 AARR T ESO KASES % L...
20 M AR AR R, T 17 K
BB 17 R —ATF R BT P s -
2RISRk F, WTTAILBRERAS ADC FHH) £
Be RE TR EORE IS A R A R U L TR
X, KRR AME, X EE MR, —ﬁ, . -

=
RE

RIBBEMRED, BRRDEEE .

BAFKR ADC RIFHEHA T A 2 A F
1, iX% ADC B W EEIA T 10 A T &5 40 M RAE25]
0 14 BNIEFE0 10 M RBED6L. BAKXEREMTK 1o
REHMEM ADC RENIATH, ATTOREETR R
BEE, walll AR, H10.8-16 AR DAC LA

$l10.8-3 —~4 24, B% 2 (a1HAR ADC FXELAHRE ST

B 10.8-17 Fnfy 2 48 . H4R 2 MM KR ADC B, (HEE 2B Ve R 2 TidE 4,
KX~ ADC HIHINL FI+DNL,

|Vin(2
etD| [ 28 " aw 2w M o [Veu®
| ApC »| DAC ADC J pac [°
" Vuut{l)
|| ¥ ¥
VREF o VREF VREF o VREF
by b 2 by b3 2

10.8-17 4 10.8-3 R fyH A ADC

.
1 RAITBR RS Vo (DTET P8R M.
V) 123 4
Verr 4 4° 4 4
51 Fdth ol
VoulD) _bo by
Veer, 2 4
5 2 AR T FIR RTINS
Va® 12 3 4
Veer 8 88 8

X



568 CMOS #E R A& & 398 3t

vm(z) = Vin(]) - Vout(l)
EFRERXBAMELYTE 1081,

% 10.8-1 4 10.8-3 haRHRF
Vin(1) Vou(1} V(2 mERHEE

Veer by b Vaer Veer b bs by b, b, b,

0 G 0 0 0 0 {H 0 0 0 0
1/16 0 o 0 1116 0 0 0 0 0 1
2/16 0 0 0 2/16 0 1 0 0 1 0
316 G ] 0 316 0 1 0 0 1 1
4/16 0 1 416 0 0 0 {H 1 0 a
5/16 0 1 416 1716 0 G 0 1 0 i
6/16 0 1 416 2/16 a 1 0 i 1 0
716 0 1 416 36 0 1 0 1 1 1
8/16 1 0 8/16 0 0 1] 1 ] 0 {H
5/16 1 1] B/16 1/16 ] 0 1 {H G 1

10/16 1 0 8/16 2116 o 1 1 0 1 0
11116 1 ] 8/16 316 a 1 1 0 1 1
12/16 1 1 12/16 0 0 0 1 1 1] 0
13/16 1 1 12/16 1116 0 a 1 1 0 1
14/16 1 1 12/16 2/16 ] 1 1 1 1 0
15/16 1 1 12/16 3/16 0 1 1 1 i 1

A SRR S T RIS R A AT VB RILU T &25%
+INL=2LSB, —INL=0LSB

+DNL = (1000-0101) —1L5B = +2LSB

—DNL = (0101-0100) —1LSB = OLSB

5] 10.8-4 —A 2. | 2 fIfikR ADC HBARMEEEXR

B 10.8-18 2 1 T— R BI4 2 A AR 4 S ADC,fRiZ 2 i ADC $12 {r DAC REAER,
RRHBR Vege = 1 V, HBIETF k (BAEEY 4. RARTE 42 ADC B RIREN & B KEM
BV, AEMHMANELER FHEE.

VREF VREF VRfF
- i 2{u
vin 1) © ADC | pac [X ADC
l vout(1) l'.)
by by by b3

B 10.8-18 4 10.8-4 i 2 %% . B2 £ ADC



FIOF BMEAHMESEE 569

.
£ ADC RIS AR

via(2) = k{vin“) - (229 + %l)}

ISR R k=4 BHER V@), W v Vi Q2 2NN TFLUS, BN LSB HFathigs,
B,

[vln(z) - V:n(Z)I =

_fb ﬂ)_ (i BL)I <L
kv (D) k(2 + 2 4yl + 4 > + 2 =3
W k=4 +Ak, 4,

by b1) (bo b,) (bo b1)| 1
4 vip(1) + Ak (1) 4(2 + Ak >t 4y () + 4 Ty

(e by 1

v (1) (2 + 4)| < 3

FHF v DIE O~ Ve BIEEREE, v (1) = (Bo/2 + bi/4)| RIBKIER 1/4,
E i,

Ak

. > Ak s -
4 8 2
kA ZENER:

Ak *1 =1

& E)

= *12.5%

k 2-4

HF e

ZOriK ADC SRR IR A AR, BRMF 2148 ( Digital Error Correction ),
TS, HEMSAREMEIEMNSE 1| RS SRNMPCEBER, HE MR IX RS
REEH. BRIPRST—TER 10.8-15 F3b& 2 & 5% 2 AIRIKR ADC ST B el
SESE—MNER. B ADC RIS A BRR 04V, X MRS 2 IHY 2 8 ADC BIFHISE
%R 0110, % 1 BAY AR EEEN 0.25Vee B 0.50Vem T XIAT, #5081 2 45% 01, 44T,
R LR EFEER K, CRET LR THAFXE, B 108-19 (a) BRTHREET LE
RIFREH It AEN. B 2 SEsa w00, &3l00%HE 1000 AR 0110,

A1 10.8-19 (b) B TR 10.8-15 K5 2 K HEMBRIINAL/EREL ERE 10.8-19 (a) R
o REF2RIAERF 346, RIVIRW Ve BRUL 4. S RINA 10819 (b) firm. X, RES$
1 RLBBERET 10, B2 RIAEKE., B X 2m THEF A, BTl 00, 01, 10, 11 XIWH
I X, R SE 2 kR T X EP R —A, WAFELE . (BRWREFH. 100K 101,
AT 2 BLAEERAIIIALIE , MESFTZERIKS, ADC RIBFH S Be UG HEAT, RBREEE R
1. BFABRSERBERIHRER T EMHAR ADC PHERKBEENER, KSR
BF LB RISE B L0 L2 W24 SR ([27, 28],



570 CMOS A0k K, 353% 3F

VREF

0.75VrgE

0.50VRgF _ g {1) ) :
Vit = 0.4VRgr Vs = 0.4VRer|- _Ol_/% ]0]'
G.25VREE 0.25VRer | i E
00 . ;
0 Bh1  afeh2 > HM 0 mibh 1 I b 2 —> 1
HEmhmy = 10 - 00 HemtmTE= 01 ) 10

B 108-19 (a) B 10.8-15 RHE | KBRS RNIR0G,;
(b) Bl 10.8-15 v Fpf e st f T 8rE ol s B E

A i8] 32 X %X ADC

HAS T/ MY RGO A 2 — R AT RIS A9 ADC. IR 75 B BB B RIS XL
B ADC (fE108-20577R ). XE, M AMBRBIER ADC FFHERARZRE o AMR — 1
BRI B0 N (k. SRR REGERRAE, M AR SR EII4 EMADC £, N
CAESEERELUS . ADC Mi—MECERS, IR M= N, IS4 RIS —MEE, LR T ADC
SEVIF M = N eI AE SUER B BT 5 B TR U He e, B/ NET AR FT BB AP AR 12 1)

T
4

— S/H o % 1N fi ADC
T

—» S/H o H24N4r ADC

Vin 0 | _\" BB

™ !
$

— S5/H » M- N ADC

. B1ANfiaADC r

7T —BELNRARE

=3 | -
— s s B
Ti ) T Ti+le TosTe TM+TC'

H 10820 FHEPELFR ADC

A A TH CMOS TERENBHE ADC, ALABRB MR R N e, X T
WK CMOS L7, B/t (A 5B AR RTEF P 200~600 SRV R HE P R BRI,



F10¥ HBARHHRE 571

X8 ADC RS SRR LR, 7E 68 L2, XRIERBEEFNT B ARBERNHL FEE,
B, ERAKHFREET, THEEERD 1-2 f1,

10.9 TR AEIEIRER

FATEIFF IR B SR E A AR ADC, SA/E IR C— RS FRET R EE ADC, HIAT
ADC. B4 EEIEIREE DAC, EAVKRHN HITEH 60T RRER B BT L,

AZ ADC

FRIES RN AR ADC HERETHEFSREFEEREANER. BAEII0SREEST
FERNRF (FR) 3R, FUERANEEEER ADC, RARSEE ADC FEETIAEER, HE
HETAYR TSR BB R b, P iR IS, TR R HIAE 10~12 fi
fal

FHRIVEIHE— M ARIKRE ADC, ERERENLHCE, HEEES EREE R
HETRRERE (16 fraER ) B, W REfISAE I (noise shaping ) Mk ADC FMBIR~%
AR, AR BS—8, H/ERRR TIIMARNRER. X W, BIHERTeHK
R RHFRRAEREE ADC, MRHE ADC B2 T8RS0 18] AR B 2 I aG i ho2 & 201,
¥nZ, EFRERERST, SMIFRATHAEMAGE REMERRL, SFERERE
YBAE, TELREERRT, §MINRE TR THBNSAREES. B, ad
R ADC o7, RN HERERRELNEET R, RERESHREE LLRR
R RAEEF (over sampling ratio ), {0 M, WRFREBZEFIAE BN VLSLEAR, BRRRMURS
/R E BT A SRR, BAKRASRAEEERTFEHTH0GE. 5RK
TRASMAR A, XAFGARNEIIR AR R, SRAMSAERGE/ N, ARG LIR A
XHEAFEAR. AHUWTEATT, 1R ADC B REESEE # 7E 8~256 22 (8][29~79].

M 10.9-1 LB TS5 K ADC fIah R ADC K5GE. 3] ADC ERESHREAAHEN
HEKETR, ADC B ERE f 3R, TEE109-1 (a)d, RERSEFERNHEE. HTHIEX
SS9, fr ERTTREEE 0.5M. TEE109-1 (b)), FEEFRTDTRERE, ARE ADC
MRS ENAENER EE KBRS EN, FEET IRERESNREAR RN EER
B&; Rt SEHNESHHUREMRBIRNMNEE, FEEESTRNRERESR, JERY
W EE, RN —EEENARRURE RS NRRER, MASERESHNTIE
A aI R K31}, X TR ADC, RABARFERE., ERATELTIN SH B, BY
HATR LB A SR E T REE,

R ADC VTLLA 4 3 A EERG . HEGDRAFR |, FINAIFISERT ADC. HEN R
ADC AT X HL. RIFRARSEIEHM AT A ER DR R R RELR.,
X IR R, AR RLREI R, MEREREHNFRER, WIRE
BRI DA — M i s 280, b RSB R A BTRR . B3 F, R RRELRA R
SIS ARAE, SRERSM—FMERTIRR 0.5 1, #li, KA 1247 10 M/s B
R ADC FI—DECFHELEE, X 20 kHz BE S FTLUAE] 16 U3, Ml BE S,
HEFHERMNTERSERBE-RERFEARERE. AT RE 4 Vo HE, REELIUY
nE) 256 45 .



572 CMOS Hdin S ai & 24 3t

L
<
)
L + BRI
(4 |
0% fo 05 =053 To=ln !
o (a)
™ BT T
xe
n A
=T 0.5 T wim !

0.5f (b
B0 (a) {65 ADC, fr=086=084 (b} B8 ADC, fo= 050 <5

R M TR R B ADC B TR RO TORA TR (SRR R AT S R
SUFRG. NP R U R A AR S R SRS A R R TR P 10.9-208 7
. TEMME ADC R, BREFIER T IR . WP 1092 (b) P, (55 Ak A
SR BT . BiRS ADC A9 — TR T AR ADC AJANKI 2], FEMNRER ADC B,
SR8 AR MM TSRS b AT R R, AT MR LR
(IR IETE ADC BEAT—% G ITHEAT ADC,  BDACY fihr .

(a) o1

M1092  (a) WHERTEADC; (b)) F#MS ADC

AZi ] &

AEADC #RUHALF 1962 4(33). M EEM R ADC. SR, fEHTETATELRE)
1) 3 HRF AR ADC . ERFOLREASVEN B ADC. A ADC TEHITAENT
MRA R AT B, P ATACL s B R A T AL TSR ] A . E RS T
AP, MR W R . (R AR R,
LA T MHz #IM, TSHERRS 15 07 (34, 351, S0, HHEAT ADC B TFEEA REENY
M, T LA T A ST O AR 6381,

—4-AE ADC R W AR B ATM
BT RCERRO, S LA S T AR ADC S
WL, AR AT, AT A6 T
T AT A HTER 10,9-3 95 B9 — MR 6 A0 — AT ALK o BB
MR EHE— T B — T R R R A
e8GR R— 1t 2 LR . 2R Y — B R

16 10.9-3 —BiF AT 8 B ETHIRY

www . bzFxw.com



FLOF Siomaibng 573

B p AT — B . R T AR . M T —t 2@ R, 19 10.9-3 P ADC #1 DAC 7
ity L LR RE . AP P Y A

LG MEONTERS, N T R BAER L . BEAS M- T EN R TSI
AREREE. FIFE, SHIEM L e, SRR — eSS B A RS L
MR R TR A SR AR B, R RSB R TR B ERR
TR AN S TS o 2T, WIC Lk, BLAMR O A LAY £ O TR e R
AT A A R R0 B 10,94 Bt T WA IE REDER MR AT R TSR BN
% 09, SEMRFRL. YRARE 0.9 B, FHIEWRHELONERY, HR, SRATE-09
RHIES, L FBEA IERRRl, E2h Mk, M TETRITNEA RS, WHERTLT
I O R AT A — AR R A TR, AR S R i
U] T REEM, UM RE R LR, WA AR M R A DAY 1094
iR, WA RPN & R RS, AT S T R R AT

-

) 100 150
Tme (TOOMEZ, BRI
181094 TEIEAN - Frsagmaiew 0

9 10.9-5 R3E T — Bk PR sl M AR
SRR, B, B RinpyiR
G BT, o ELHMUBRE y SHRABBA v o
2. BUERLREN SR AT *3d
SRR, TR RERS,
5 1 A 387 O
IR, fE£AR 6] (ET 2 B RO A 1055 —BrATINS AR RN I
CEERMIFE T L 5S4 LR 130, 39T

-a
Sp=iJ’q:dq=ll—2ﬂ: (10.9-1 1
an
P 20 B A R R L O A T R (S 2 (TR, MR 24 5 5
A R PS8 3 R AR AAIT A A . 0 ) S o 5 OO0 042 (1 R
T, LML —Wrmmiee. o, RS RS- TR, CeiERe
RGN SRS AEREATFE. 11 10.9-5 5% EH I 00 A A B AR L 36 38 T 0 Py e«

FAT] = alln = 1)T,] + g[nT,] — g(tn — 1)T;] (10924



574 CMOS #3088 b 5340 i

SN A A AR B 0 — B 4. 2 (10.9:2) AU 2 Rk .
Hz)= 7'M + (1 - 270 {1093
TR, Xiz) . V) Qeps SRS A . W R - . NIRBF YR s
WAMGTE), W QEFHRAERES (VTF ). 8, £ BEFR, o E—rRER.
F— A, (= VA A ERE, ST S I
A 2 ) A e B — SR O LA —BrAT S S R S RIS,
E10.9-6 87K FLHHI A 7«

W) = 27"+ () - 2P0 (1094

afnT,

P i0g-6 AT A B L

WA PSR | - ) AR AL, AT IR AT, — MK, AN 24
HRERERA L BRI E] L s LR, M T
NTFglz) = (1 — 27"} 110951
NS L P £ L W T e
INTEAfI] = (1 = & 2=yt = (2.gin =fT,)" (1096 )
BI0.9-78 T FA FIR SRt | 10.0.6) SHFUREEZME, S ymnlE
TR O S (LY £ AT AR ) (R Y A M
AL THRGHFSE, FFREMHESMO R AT R0, TR, EAF DRy . Aot o LU 1
THAROYUR ARSI S AR, [FI0F. BRI S50 R/ R AT, ST T
BRI N . FESRRRERIR, LA — o) B R 00 ELAT b R A M
W L2 BHRREER, BRbR M —1 L (riIL3S, 401,

L
-
¥

I\

-

/———
’__,.-""

EESER-L ST ]

=~
[

=

B L2 [
P 1097 SR RO B —( -
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AR S RN RCRASER TR, A LURE R S B R i g

WEATFHSR BRI, ATRIH B THRB BT Sp (£ 1RMER 5 MBI A9TH RHi k3845
HEE R,

1So(f)|

Se(f) = INTF@(f)F——f— (109-7)
H (109-1) AR (109-6) A LRFR, 7, LIKEN, HEG @A R Y.
I o 28 % 1 A2 ]
%= f,_[,,(z AT (21_ + 1)(MTT)(E) (1058)

LRTT BB sin f T, 75 M >>1 SR LUEhn £ T, - 1BHE R ( 10.9-8), BHKIRE BRDL M 6 2041
TR 0 R P

B TAZARE R LB ERR, BRSNS R ADC PRI A R s )
JRLHER E BX e ADC KbERE, TR LAFMEMELL (SNR ). SHAWE (DR) SHMEARCRHA
RAH. (FRILESCHES TR GHMRETI R W HE, M GEARAENNERRALSE
DR GERIES 1| HEZRBAGSR2 W, AEE R E AL EER]. T
BV EIRIAR B RRS, SARERUEASEE TRAH .

N L)Z
i (2\/5 J32LAT i (1099)

) 0 O
2L+ 1A pMETT 12

F—HH, BURENIFER ADC M STHEE Y.
DR? = 3 x 271 (10.9-10)

WRAZN (dB) FRDAEHE, HE EREXTLBE 4 ADC 4333 sa s,
RAHFRLL DR HBRAHEIETEE ( DRp ) BIRY
DRgy — 1.76
YY)
M (109-9) ~& (109-11), REZBBEE MRETEENHHENE ST REEE, 5
W, M-S 16 fiIAT ADC, MR (109-10) T LB RIEEMZ AN E Y 98dB. HF
— ARSI, XERELRBEEBE LN 153, FE, SREEEES 2 T, HH 256 B
KF 153 BB/ 2 9, BrLCRAVEYEN —HriRsissa i Reem ., 2 S ENEERN
{ESHHEN 20 kHz, BH{E5H K 10.24 MHz,

M (1099) ATLIE Ha BB SRR L RN XE, Bk s
FAEEAEF AL M TF—P—BAL ADC, M SN, SBEEEM 9dB, 4HBEsn 1.5 47,
F—HE, WFIEH . =BAZ ADC, MM EE 900 15dB (2.5 7 ) # 21 dB (3.5 £ ),
M (109-9) el B, VERIBEMEN LIEBME] L+1 312803575 T B 7T R s g A
RERE. B, M=160 L 238NF] 3, SIASEEMMKA 16 dB, T2 M =256 B RIREAIRN %L
AFAER] LA 40 dB. R, EFZESHFRBERGRAT, TERMEA o LUB &R ST
TR DA LARREE . B, EEREIHRBEE, BN M ERERAHN L, B—FHE

DR? =

(10.9-11)



576 CMOS #mk A e B3t

EEMEAS ADC MR RIEFE R ST PR AE AR AR RAR, TUEHARRL
ST —fr, ZAREREMedB. T AR, R (10.9-9) WLIRAEE A 42],
Bl

2L+ 1

L
TZ

RZ

3
5 MAE2E (10.9-12)

e, B REHBAHELSFOAE.

£ 10.9-1 AT ADC WIESHRESREZ T RXR

R—4~ 16 SrEhRAE ADC BB/ SRR M, TR (1) L SRR IR, (2) 242
BB ZHTE; (3) 3 {UREEM_HEFTE.
i
M3E (109-11) FTLAEH 1647 ADC MRHSIAERELAN 98 dB. (a) #= (10.9-12) B M
H:

s pRE L \MOLED
B (§2L+ 1 2***1)

WA REEE 79433, WA ERBHB/NTRER M =48.03, % R RSN 64 (b)
F1 (o) HOE/NT BRI, M = 32.53 5 96.48, X REAIRDRAREFAHI N 32 #1128,

H i IR A1

A R W —A L BTEY | AIAST RS, B R TR A E R
(109-8) &, XEREEHA R BEERAAKFUT . FiE R A EAEE10.9-6 TR R iRlH 2R
RSTRSE F A ESHRA SRR RAER, Kb, ATEH B2 ARERRERY
B, TRES IR AR A BN MBI, 1098 (o) PENARIRR A ST ARE X
H B SRR E SR, FRRBANR, REREMAT RS, RETER
BT L, R RACRAER, SRR AR B RE%42]. P g S
2 A, BABMIHRARRTESEARREM].

o
X aiz 1l gy faoz! a3z ] agz T JE e ¥
0_?41-2'1?114’{?‘1-?1?‘]-9:4 AD
1 fir
{2) DIA
it}

X o] Jfwz| ezl Jeazl] 4 TR X
\ 1-z-1 1-z- 1T T 1z 1-z-1 AD
=+ =+
1 fi
DIA

(b)
B 109-8  (a) MEMMERE BRI, (b) MEANXETRERSR



F£10F B aRs 577

A, ®H (L>2) BB | ASTE RS AT LGB — 4 E R PR R Ak i g,
AT B R B S AN R X B . EF BRI IR 5 AR MM S & LA — B AN
FERERER S, ARENTEREXE. ERSHFRMEHREAETEEEMN4], BHAF
HEREAERS . EHBAEEHARTRASSEE L (109-9) MK, HAHEE
HRREHERE. BT AR TR E b AR R0 k14348, 59), JLAPIREEEY: 28 L K iRk
DT, AR ZHNRMARZERE 10.9-8 (b) BRI BREI%E (DFB ) (44,
49~-521f13 KR BHAMI AR ( DFF) [53~58], {HE#A A RAERBER, MnslbNas
PRTENTA IR . 7ESCHR L B A B RN T B - L AZIHFIR[56]) (SSTEAR 18
dB ) Fpi T X BRIF A H-AGIER54], HFEED 2001,

FA— MR B ATIRSI R A R JLAMEEA R S TR, §— R — KRk
W L FERER RIS (A BERD MASH RERAH ) F, SRNEHEA—MRFAUBEE,
XHERTBE RS, FERNBLRSEHSINE, BT RN LR AR SRRy
(1 - 7Y BORE B AT RS TE RN, X L BB AT 2R 30]. —Rb i AR B2
F2 i =B 8 ] BE R B TR AR ES91. B 10.9-9 B 7R BO7E i il 28 A0 JS TR AR K — W VR AR B8 0 Bk
HER. BEXNHS TR MR, TR IEEE N ERER60~64], EHEDE
2% ATt B B P 2R R B T AR [65~671, LT tH— D Hrim sl 8% /5 BB - —Wris il 2 R 15 3
[34, 68, 691, JTR X HH T —FA= AR S RBEIN SRR R70], REEHHREENE
AHIEE, BB AEEYSTRARE, WA ETREER THRERL . SalkaE
M — AR AEHE AR R, W EAHRNE AN, XERETEEERRNTF
HhERER[30].

41
X + a 1| + a7 t#\
°—'@'l_z1_(?‘ljﬂ X

30 0 TR R AR

#1099 TEAHSS—BIREERASE

55— R AT A FAZ ST ADC #1 DAC, AL RS EARMRIBRENRL, &
B —fr BALRAT R/ 6 dB, AUk, BAAZTARIREHXT R —AE R SR ERUE . IRBIR
MEBK, TRUEHEA - ) RERE AR E ARG AR40]. EiE-BH, ALIER
B 2oL A1 o) 8 o o TR P 400 o B ) SEOR AR B BRI R — (L MR BEAR , AR T LASE IR
BABA(71], BAATREBEARRBESHSER. BABRERNEL. ETEATHEH
B ADC B SR REER FIERE ., BHENA, RETERKEA SRR EH
SRR R FEEE, (RIRNA. SNASEBHSRMMAZFUAR, BEAIERE -1
Stk AR EREE . STRIREETH DAC &?*E‘J%Lﬂﬁ}¥ﬁ$%%wﬂ RLFEA—E

BULRMERE . CREN R DAC BHEHES RS AR B BT ST ERARE. £
BT E&ET, R RRERT LTI E B MR DAC 8, Bit, Stk i 7 &R DAC



578 CMOS ABEHLE & & B4% 3

REEFERBAY B . BT EARERT A2, 73), BT, ETRNESNE R
ACEAR(74, 751, IPhFH076]. Bl P HI[77), BFEImALERI3S, 7810 B A& LR AL 55 179].
AR BF

Ehk, RUERAZ ADC BEBIRNAZHHSCLLITRT ., X —H5 50 T E R B4,
BROROFRERIB A% BR, ATFBIBRABIERNE TR, TR 8 & A4 B &
BUHITHFELS0), {RRBEE T LA SR B ERREE, B H55M HO T BURIHAE HOE IR 40 45
FlR MR R,

HPRESE S SIS — MR A — N 4 RHESS (downsampler ). T AITHEER ML
EREARE, IRERAGSOHR, WA OAERESRRBES, B THEE, SAs2y
REGIFERWERE. B TH/MES SRR RRE, o5 AR MR R LR R
(30, 31, 801, AHBSFAZHIAR IR B R SRR B8 B AR ASE . Ry, 7Ehbeabor ey
KHTE, JEZE R RREE R ATEF2S (FIR ) [81), 7E FIR B8, WP ioma
HIZER, SRR REANRIE L TRAEE £ A EER L2 31, 421, BR, SMTE0ASHE S
ST IR A7 — ROV R AT, MR RITTREAR I 2. SR SR B IR i 200 v vl
PN — R £, AT BRI R RYOE b, BRI T R 5 2 e FIThEE .

B 10.9-10 {5 T — AT 455 BAT ADC AR LR o 22 . X TS B8 B
R - T BASTRIERR, RDRBERORYE 28 B R R SR A S — AR (301, Hilk
SRS TR A E W E 4 RS S R HLA A A5 e il P U SR i — sk 4% FIR
ECRR Bkrvmsz (TR ) BBBEAR3CH. RIT ADC MBS ER, THBE - NRZERTE (droop
correction ) JEE A%, HARMEEBARMEI RS, BUE S DR f RN ESSH NS
BE., #HMESSRUEDSENREM S S E R 2 TS S, M E
FLLfo BORFERE, 7 £ MR A RSB IB A SR, W, h T,
FERRRE RSN I B IR INE . FRTE £ 5 £ f, 50 P R 4 B B 3|
K HTASHWGTSWME, FUEES NS f AR BRI

é*hllmu”Q 2w, N l [ £y

La La
BRERE BB _

P 109-10 SRR
HOR BB AR 7T LT BRGRE D MG ARSI FEIEHE (running average ), H]:

1 D-i

al =4 % n — i] (10.9-13 )

X8, DEMEET (BLF ), HEK 2 RRERXN.

11~z"?

— ] (10.9-14}
D1-—z

D
Hy(z) = Z, 27t =

Sz=e" 5B Hp @S BISERR Y .



FI0F  BbLRNEE

579
_ A sinwfDY, e (10815 )
Hglfy= I sinwfT, LR
o, TOGEAREEIN. GERL, Ha(f)RUHIREAER AR MR IR B NS R BT
TR 40 oA LA AR o 00 R . O TAABIREBAORENE, @R AL MRk 6y
SR, FTLLEM, TR SRR - N0 LR, W L PRI EAR0). X
i RO WA

1 sin =fDT Y

Hall = D sin=xfT, )
b, KRN 10910 8T BIBWAE K =1 2, IREAOMN. HEiRE RS BT
AL SR AR MFRN RLITI42, 801, 10912851 T —BPAR T2 | 109414 ) (g AR vk 2% 0%

SRS . TR R R, TR e A AU RE AL T A B
WL (=D ) RN, WS, S L4 TR

(108161

| e il g

B 10911 MR IBOE BasRMRIRT, k=1, 2.3

TR, PER109-1270, BURRREERHE FATI LR, R MR HMBETTLAR
AR 2 M SRR L AT oy L+ 1T R B — - D R R

10912 Ak ik B0l

D8 B RR RO BT S BRI TAE ADC 89RH. 4 f it Bl tent, mpras
AG09 R MDA ULE TG, 2000, AR I FIR SEDENS . @A, TR
BN TE RS HF AR R B — L4 00 WO TT LA A T A . FIR ek BB 301.



580 CMOS AR5 i & 2143

BRI, SRR IRER AR A R BEE L R B A R .
AT BF RIS EL

BETASRE SRARERRALE S A RATTRER ., 2ENEHEESEEE K.
BATEEMM 6 dB. TH, EEHELREMNKESBIESHNIEEES, BIFEEANAR
BEAME . FVT LR R 23S SRR IR I SRR e A ST B Bl L LU R
RC H, g,~C REMBPIVHEAE, FH10.9-13 (a) # (b) BB HE T R —BASiE H
w BHITRBAFLATR, BB RANENR 05, MBHHIM T BE L, iR HE
A REEER STHR A4S, MBS T HUKBRME. X8 TRIKES, BIRIA Sk
REESH B BFAEATER — s RIS S B R RIRIRE, XFMEREORT BB E MR, A

M3 T E R MTIFE.
WS4 0
A 1-z1 N 1-z1
VREF VRE[- T 2¢ VREF REF |_—|— 2C ®
YB & _l(—_ H l
B—QF(/ ¢1>—£§F% ™~
2] ) __I/> _|-
mjyz \or I iY\ 1§
2C

V&EFL tl.WliEF’i" 2C VREF REF =
{b)

& 109-13 (a) “HrATEHIZERE: (b) B (a) WEEAF LR AT

EASEHIBRALA S, REEWERERE—MENE. B MR BRRRNRRE .
BerE MRS AR EREEN BRI B 7 EHEN A X0 B EIM SR
) BB ARSI ASERHURAS . AT A D 8 LRSS BA TR RO T EOR .
ROSEFARME AL E IR R IR B AR I AR A T . R, — AR EUARRT BOCAR S TR RN SRR T
B AR ARG SR . 8.5 WATR RS LM B & XM N HEes . —BRiET
P ERHIIER, RIENGE RICACE SRR AT AR AR T . 5, ERMENAY, -2
Uit A R RE , TIHAT 8580 B 2 E i I ACEORIRE.

AZDAC

B, ATEIHAIUNESTAZ ADC, fEAL DAC KSEBIH, i AN T FUR 18 2)
PRI, 5 ADC 50, BTN TR A IR EA R, AZDAC AR ERRFEEHN
DAC HE & TENEMRIA . AZ DAC KB BEET AN, BEE S AN BFELIZHER.
AT DAC SIERERAM AR EE/D, {HifH LR AT ADC P HAI R A RIE PR R 5.
GEREALDAC F, HBaBREEHE A EENFEEREFEREE RPR.

& 10.9-14 25 T —AZ DAC M ALAEE31], —i i N A4 R #E R f B RS
BL M % fy BB R — N IR R R R . MRS RN M AT ZIHEA 0, R)5
T — BT B R AT HR

1§ lw
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[ 10,914 AE DAC 4 T {145 I

18 10.9-15 18 10.9-14 BEEAMIMERE. BEAT DAC {0 AL IR G 46 4 Aty
FEZ2 ) U e ARG 5, RS £ RO ATL  TRG RE  , 72k  S 01
A A DAC YIRS T RE 25 L A i 2K DT A 0 AR DNV S IVL
TCPEMAT, BRPFIEERYE . e E R R A

BeEHA fop  So rem i M5B sik)
min [NEY T
fn - L) Vi ML
Js Vierg Lt paaR
fs=Mfy HTBIR BAC
0+ =ilfs
A0 =g

9 109:15  AZDAC Wylpamest

110.9-15 Pty DAC AT L2 Fakele A BB b F 01 A0 b FE L AU 1A
MOFTH TN M5B AOSI . P 109416 (a ) TR 10916 (b ) SHIBEH 718 109415 b DAC
A L AR oy gy B RN £, IR T

_m .“ L e ﬂ*l’g) i ] M
U-Hxﬂﬁiﬂ‘-"
EIBM iR
I Jm I*
: !nur@ o

BII0816 () A TMGEMERE SO WM DAC; (b ) 8 LSRN 05 ER W) DAC

P 10.9-17 ) - ATRTOREEL B 11 T AN 5 RO OIS 17 S il I 0t S —
AL BN R RS R 1 O, TR RO A | R ) ey a e
WS, IS, R DAC IR S AN A BRI S B, DAC 5W—SILER
R AT 10918 FFR0YIF SRt S ot B AP M AR, PR (g, MR ©, 78 poritt
TIREE, MISTES MEEILEE R R G SUNMIREIIES. TP R RS 5 i
SEMITEEAE R, IR R AT A S 1 10,907 8 F i RERS T LS
SHAMH ORI . HF G EAAT RGO HAT IR i R T, SRR

thi



£82 CMOS B SR a2 3597+

RN BAHEEMNEEE RS ARKERLERA b, B, XBEAENEHFASRHS. 5
AT ADC 2641, A DAC Hff FRHak LI RIMEHS 1 frsi L B 38139, 82, 831,

YANA'R

F
05ty of 05t fw (M-1yy My 3%

TV

05w 0| 0.5 A MIEE
AT
L-hd
T T (r I B
05 0  0.5fy e My B3
AR
P /_ HERE R R M
T T [ |I' >
05y ¢ O5fy < My %

A 10.9-17 AZX DAC Rl b ao

Bl
R

Bl 109-18 FFXHZE DAC KMLA AR

ASHURE R BRI LLER

ATHCEREH A R K AA B A S, CARRBEENE I FELITE. AL
BN LPREL TS FAFERESRLIIRMAS ADC BHABIRRFRR : 7 2.5 MHz #1%%
W R T E 15 SHEREBS], SR E 20 AEHEIS6]; FEfla ARSI T AT
B, =4 15V, L.0mW KS5ASIES 28 B4 98 dB MIBiAHE 4], EAIESE, TAFRE 09IV,
ML I HEIN 40 pA. 16 kKilz HPFENTISETL 77 dB SIATEEIROIH8S]. PRERIRIMAM M)
By IRS6 AL B E H 2R 80 2-2-2 REE[TOIEB LI BIFIS6], KEHEIEREAS DAC HER T EHM
4. RFJLAEZAAT DAC OF LAk 110 dB AIBIASTEEI82, 831,
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10.10 /&

FEAHT CMOS BRI RSE H A R RRIT A5 . AP AR, DAC 5 ADC TEMM 37 A8
H L RER AR ERER—E0. WX—AEE, eS8 F s s aH e
HE. DAC M ADC M TR RS SERMNIEE. EV— Ik BRH—85, A8
EoRR/ N NEEEEERN,

REMNYF DAC SHAHTRSBITRE. R REEERS, HER/N B L,
DAC B4 B3 Al LU R A DAC FRAHE WA KR EHRKIES . XA R AR TR
ZEE, —FRHE DAC FRAMBEME Y (BEEFE), B—ME%H DAC FREMNSE
{8 CFRIEE ), AN T B KB/ NEATEE, SR T LR R e . FlAt i
BT DAC FREMURMARERGRTE (BE, BREREH ), BESHNLEISTBTRET
FRFRAE T B DAC RV RBNZE M. —8Ok#, DAC H ADC B SR
BT HAR , DAC BSHEREM R A IR H S R TT 00 LG A 2, TahS ek AR 5
B A ASET AR R ER A% . —BRM, ZEHH DAC FE88) 20~400 JK B BR
TARREREAT] 12~14 £, ALDAC WK E S H AR S .

— AR e B AR RS YRR . MSB BAONE BRI OKT LSB REVEIE /N, XBEE
BAAAZH, INEROREESER. BRNE, EEEASEERSEHEETE, MR
BB MSB B LSB 53 BISEAY, HARE— MR, SRR AT R 4.

REMF ADC 20 =25, BT, BB EGE, R ADC RIEHRINR. BAFikst. &
BAMNEN. AT ADC BAUETREE, FURE M SHIES B, 85, ADC H#
KRAERER A ViR B IR AR AOTHRE . SRABETT DUE I AR AR 1 g B sk B b 45 3 A He e RS SRS TR, 72
ADC 7, @S H0E S TR S A L OIS BB UIHE %, ShAERE S A s el R R s B ML RERT
Ko WA ADC BATRFLUSERES ., XWBU/NT B st AN 3R ASE M . SRS ADC B HRIN
M B/NEX ADC. BRI, HEBR, A, YRR R EEEE T
MY F RN, L 1 W, TEREEATFHRALT.

AL ADC fE B BRI PR Z BT T AR, — I BAKAS ADC BF 12~16 frsr¥,
RS R 20 kHz~5 MHz, —FA RSB HEJAT ADC R4#5EAS ADC., X ADC M T4
WASEY PR BIEE A B . TRBERN T ADC BRI RZE, BRF LIRS
RESEHR, W, #5EAS ADC BT L3RR BBUL+ Ik #%.

F 10.10-1 #8547 1997 FEE 1999 £EfH] CMOS ADC RIREAKF, Bin T RFEZEEE CMOS
ADC WS R SHBEEZRMER, TR, AL ADC SHBRER, MHRADRIENER ADC
BEEH. WiEHAS ADC LI ZERA 80 MHz B R T ARG F 11 MIM4E%R,

B 10.10-2 55 T 10.10-1 PR SR (I8 TR RAE SR, Mt SR REHXE,
RS RN S A REMTHE. FikR ., BN ADC WHREMNTIFEER K,
HWREWIA ADC, AX ADC FISIFER/N . INBERBEBTHESE, BIiDER ADC FIHER/Y.
EHREENRE, MERUEN, A ADC B TRRERHNITF. @5, AS ADC HIESHREF
S RIE K.

DAC #1 ADC W R BEHEUEAR T EE . AHENTREZ BETIrF, — 1 BrEH
BRERENNAERETH T, HE DAC 1 ADC BAB KRR —T4F, TIIMtEEE



584

CMOS B35 & & %153

MMARETROAFERTER. ERKMIFEEE, DAC fl ADC 522N IC &R

AN E A PRA M R BT ST IR
25 TN —T T
20
i 1
e [ 9 R
i
52 15 w r—p
K u v
L { A
| o thAA & NNV vy !1
Lt ¢ WK
| =¥ A a -
10 1 : gmm - v -t v ]
: z f;m A b v -
L & st o ;
L| O #ifar o J
5 el L A ]
1 102 104 106 108 L1010
HBERE (EAAR)

B 10.10-1 BEA Y ADC ZE R RS E 0y HEER

E [0 tmst & 3
- | Bt 4 v\ -
|| @ mogss a d y
100 AL
E‘ﬁilwmﬁi a a ?
' [ O #fiax 1
- ‘s -
v
— 10
z E E|
g E 3
g | ]
BolE —
- A ;
[ A ]
0.1
a
0.01
[ 100 10* 104 10 109
il (FEERAP)

3] &R

B 10.10-2 FAB ADC TETHHERFEEERE TR L

10.1-1 ZH—4 3 fif DAC BRI Y B AdER, CRATILSB MM RIEEEREILSB 8Y
AR, Bk—MEEREEINEIEE.



F210F EBRPOEMURE 585

10.1-22 BB IR YR 53 5 41 5SLSB fI20.5LSB, TXH M 10.1-1.

10.1-3  RITHREEE R RIS H 040,50 fi+1.5LSB, &H > 10.1-1.

10.1-4  H P10.14 4514 7T BB FIZERRE 4 17 DAC MRS . SReINL F1+DNL, Fi LSB %71,
AR R B R

EE o o 98

(BMFEWS | T)

16/16

15/16].

14/16

1316

DA 5 o H"“«L

12/16

t1f16

10416

916

¥ ¥ ¥ L] L] F

816

e[

e/16

siel

4716

yi6 |-

r16F

1me6

sk

bl

75
soo

—
S—
———
[N . P
—_— e —
et £ bk
O = —
et £ s bt
D ——
R ' I S T IR P A A ' ' 1

0
|
|
1

Y
Q-0
P =T=T=T

FRAR

& P10.1-4

10.1-5 {L—PEHERE Veer 5 5 V IVEIE 10 DAC I ASRIN L -ME-E{EH K 1 VWIERFS,
REA DR S R KA SNR,

10.1-6  #E—4~ 14 3 DAC &=, FAEEIEN 1 Vi, SROBAEESFRESSSRER?
£ 0~100CRIBEFIRA, XA DAC KR IR R B 2 JU 2 4007

10.1-7 #FH—4 ADC HBRILHETRA, ERHBLBEHFRESAVI2 .

10.2-1 X THE P10.2-1 HHRHEEE, H L. . L1 LER yre

1022 P10.22 5 T — P 2w MR B H LB E DAC, b2
B, by BN (a) M TFEIRMBETR, REA
3 N fuRHE INL #f£40.5LSB fEANEZE, RIER A4 HE
7, BIREFA R A AR AR (b) ST E R R

W, B ARRREAEREERSD (RIEREIHIR) 7 Rl P10.2-1

& P10.2-2

10.2-3 B P10.2-3 BT —4 4 S —@w A e b4
DAC. (a) s R,=7R/8, R,=2R, R;=4R, R;=8R,
Ry=16R, V=0V, FHERBFEPERMERE,
(b) R R=R, Ri=2R, R,=4R, R:=8R, R,=16R,
V,.=0.0645Vyer, BT HBIFEHMEE, (c) R
# Ry=R, Ri=2R, Ry=16R /3, Ry=32R /5, Ry=16R,



586 CMOS #EHUE &% & B8 7T

10.2-3

10.2-6

10.2-7
10.2-8

Vos=0V, TERIE S 2R B 148 B
R MLRE . TEXFERT DNL #1INL 2%
7 I DAC BRI

1024 E P10.2-4 P4 H TRAE Pi0.2-3 1 DACH
4 i DAC FHEHIZR. (a) RILHEEMARA DNL
5 INL, (b} KB AR & &E

% P10.2-3 _
RWIE, FIRy#EX.

16/16

516} DA“%H

14/16 [ "

1316 L -
#onel ]
g Hsf -
H‘: o6k ]
—~ Y16 ]
PEI T ]
= ek ]
4k [ ]
3 16
W sie6f ]
A [ x| ]
Iﬁl‘ 4;’]6_ \“w 1
= ane

216 |- - s 1

- P EE 4| DAC ]

1/16 ‘gﬁ.ﬁﬂ#

016 N

BIO O OO O0O 00 L L 1L 11 1 11

P20 0 00 1 1 1 1 0000 1 1 1 1

B30 0 1 ! 00 1 L OO 1T 1 00 1 1

B4 10 10 10 {0101 010l

i AN
& P10.2-4

A P10.2-3 A DAC, %31 R E R ELISE]—4> 4 (FFAEHERE, B ReFR. ¥
Vaep i 1TIE—fk, E XA ASRABIE V,, 23 80EE MR EBERHN BB RSN,

1 il

A =
vd(s) s+ 100

TR A B ARRSE -, BE B RANERE R FERER KSR BRRBSHTE
BERFET ERFESHFIAE,
B P10.2-6 8B T —4 8 UL DAC. BHIZHERA 1V, (2) HR=1kQ, KBHRI.
(b) R DAC BRT BB AR AR HEA, MREBH RN RN
SRR oy g B 5 B BTSN 10°, SROERINTEIR 095 A0 B2 2 ps YLK Hz NI AY
BT GB. (o) NRIEBREE AR TEIRS RN, BERRASERT
AR A AW B, SRIBB AR AR B/ i FEAE HLUR SR (1L Vins 8
i), (EAEEIRTER T RIFEBA RN 2 us,
B EIER L HISEH DAC B4 8 usriis, REERFIH QM L EHAEE.
HERE P10.2-3 PE T HRIISHIFFL b 78 r= 0 BTG, SREHZRRARE (~Veer/2)
SRFRETIE], RIRULE R RHLBRET R R 4 65, BREERSHEHEREEEN.



FOF HAEPEEHERE 587

& P10.2-6

10.2-9 EH—TBFFHRELHAGEN DAC BikD 11 MAHE, BAPSNHETEEEFERTE?

10.2-10 XE 10.2-10 PR BFR L FGH DAC, MRS HRERBEHFBRNMBEE C HER.
(a) A C. Cp. Vaep FIBUFAL b, TR voure (b)) LA TEMBEIRZ? (¢) RASE
It DAC HE]ARER C, /C BIFKAE.

10.2-11 YT b, BAEFEREREFRRE P10.2-11 hEY DAC 7L, BHHIMHL . MBEEHK
SIKIRBEN v,,, RAFEREHEERIR, BERARKEES RIFHRE

y
e
2N2C 2N IC ZNC
_I %—1’—0“'0[‘”
ﬂﬂfﬂf T
L
) )@ - ED
) " <
Ty My gl il
+
_VREF
B P10.2-11

10.2-12 mE 10.2-10 S HE 10.2-11 BEERHRE.
10.2-13 fTNEAE P10.2-13 PR 8 il —HFIAEFEFIH M B FREERH0.5%, KL LSB R
WA TR DNL, DREEREESF2ERE,

B A A A A J_FD_%T
/o 128 -
b () b oy 2oy fen b () bs b7 (:9) T__I_i
; ; ; <; <; t; t; Q:? —=VREF

_ ? I

& P10.2-13
10.2-14 H P10.2-14 i T— M FIR BB RN DAC. FERUBEAREYTTAG, AT RIS



588 CMOS BEa 5 o & B8 31

AR BHRAY 1, WHAS Ve HHE;

C
| g ovour  FHEAN O MBEEM., (a) BE Cr, 18
2C X
—:/o._“_'-—) I'—' Vour = (b{} + ?_l et bNN )VREF
. 2 4 2
1o 2”'|‘i _ (b) RFGHF b RHEITFR, i =0 MR
VREF i_"‘s B, i=N-1 MRBEAL. (c) AEMRKE
== = KFMHELEL? (d) % DAC RAHAY
 P10.2-14 RS IHAT (e) I DAC FIBEH

BUAERRG? (f) IR AEITACN 0.2% (&
EERBARRT), BETHEMERNEREL D

10.2-15 F P10.2-15 FiHEBEEH T — 1 DAC. BRBARMEMB IS A, (5)H:

A (S) _ Avd(o)wa _ (€7,
vd s+ w, 5+ w, t0 C

(a) R e, BB T HITRER Awls) =~ Au(0),

SRR 8 1 DAC P4+ 0.5LSBHBAI Au(©)  viggr (
RIB/AMER D >
(b))% A (ONERT (a) PRIMME, R :

GB = | MHz it} 8 fif DAC %44 0.5LSB $5iR
A ) B/ N A [ R
10:2-16 H P10.2-16 # i T —ARH C-2C B H B SC IRy B B LU B4R L DAC. 12y BBRIARA
AT Y G
(a) M DAC IEB THE, C-RIELGIRED?
(b) F b, MEHERTE Vigs 2275 ¢, BIEIETH H HEIE vouro
(c) 5HAME DAC HE, EDFIEZ DAC BIBMME S AR

)

L P

O Vour

H r10.2-15

M_{ﬁc@c /612C /oy C*‘l ___/‘;i__‘:_%m
f‘r AR

A P10.2-16

103-1 [ 103-1 iR DACH M =2, K=2. WBRE(EIRK% 2, A LSB FRHINL fItDNL, 3
Wi DAC B2EEE, FHREAEH 6 12

10.3-2 HRERECN 36, HE M 103,

1033 MERBETHN (74), BFEA DAC TELRN Ve N 0.75Veer, BN DAC TRS
B Vigr B 1.25Veer, EXEIH 103-1,

10.3-4 3K 10.3-1 Fi/R DAC M x EERIFER THEE (£ %), ERMM=3, k=3, BRET
DAC 87 BR¥/M AR IEE



F10¥F BEAEEHRE 589

103-5 B 10328 DACH, M=3, K=3,
(a) 24 Vg OB x BORBRELH AR
(b) R¥E®, 1LSB DNL 8K x 14;
{¢) K& 2LSB DNL H8/h x 4.

10.3-6  FIBH 10.3-2 B4R, WEHE INL B DNL N FHT+0.5LSB.

10.3-7 EP103-7 AH T— 4 £ DAC, EFHAN 1, MK ROKR ST CEEDBEROEHR
AN, T, FEB. BES bo. br. by, by——RIRIRIIFR, B bHH iV,
B by BB, by ARAEAL. REME DAC FIHE HHREN R AH.

) ) b 3 R vout
_:/ RET * 42:: 4§-R 4151R

& P10.3-7

103-8 fEIR7EME P10.3-8 1, R =Rs=2R, R;=Re=4R, Ry=R;=8R, Ry=Rs=16R, IBHB KA
P ikl
(a) xR 8 i DAC, R Ry, Rl (HRFER )
(b)) R{H INL < 10.5LSB &) Ro¥iFE, FI R &R, R Ry RIERY;
(¢) RAFMIBEMPEN R MWEE, HRBR. BER R ABEL,

Rs R Ry R

_b5/ Yy m m A Vout
_b(,/ R _{:!1/ R
o >
_bg/ Rs T _b3/ Ry i
Rio R by, Rj

& P103-8

1039 BH—AELITE 1034 69 10 AR ILAEK DAC, RARKA 5 RIS HM—
A TR AR, BT B/ ¢ RRITH R REE.
10.3-10 & P10.3-10 3 i T — P AL r i L BI4R I DAC.
(a) B2 C, 0008 (BRI C &7 ), MSH- 4> 6 (PG fiE (LB DAC:
(b) & CARENAC., K vour #iFEixx, G AG. b H VRer 7 3
(c) # (b) FH vour BRERWT :
8AC, 28

Veer mc,){ 3 - ( ) 8 b, }
_ Yeee (| 178G o2 +
vour = g (1 100C, P R R T 273
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MFERIT O FASTIRIRES C ABEEES D7
Cy

T I 1.1 o
I

4

3

1 - i L

+
Vege TR iR 17, Wl bRTTE0A XIS Vier;
- MR R 0", M.

H P10.3-10
10.3-11 %M P10.3-11 B BAHEE M KB AT N 10°, FBAA 100 Hz &b, M40
REDIERME (ENOB) HT 747 BB FMHLADEEN ., RARKER
P, B LSB F1 MSB %A ] i 7 g sk 18 B R LA TE)

C}‘S\l

{4 c :! o e CI! P
| 33 é 0 | )y é
% crzm_m — o | ‘}I‘—"‘°
1~ il 2 “’5 o e | *
jbs | ¥ a2 o
L e Tty
+ _
v = j 1 Veer = al &5 11 =
REF—_‘% CI8 (_ +--q{ c;s!(_
L cbz 1 L i ]
L5B B MSB g5

& P10.3-11
10.3-12 & P10.3-12 iy 4 fif DAC EHBETHFA 2 fi2 DAC HAHN, H Veer. bo. b1\ b2, by
FER 0 BIRIBY vour. TE@, BAE], MRIZAN | WA XA E, HOMITH. Hi=2,
s INL 1 DNL WFix= (BlE LSB #Em), M RFET A,
10.3-13 —4~ N i DAC p3—A M S 3% HL S48 i DAC Fi—A4> K R e firs Lb B4R DAC 4%
(N=M+K), MBI DAC M +ARR, A7 DAC PR ZHEHIR B B E
HACIC. AR pi INL 1 DNL AT T
INL= { T80 ) x (B ARmsET)

DNL= ( e RO EE ) x (AR ASIIBUE + )

Hep, i fhmitETR 2L
(a) 2 MSB %M M {8 E DAC, LSBuRA K fiidifif DAC, I M. N, K. ACIC#

ARIR N {si DAC & INL ¥ DNL,,
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(b) # MSB SR H K (1855 DAC, LSB (R M {2585 DAC, FIM. N. K. ACIC FI
ARIR #i N v DAC 7 INL #1 DNL.

Ci2
Vorr
REro-{bi ba—'l_/‘r’z gl 0 VouT

Veer . -
& ] qb]b-;-
Cl4 =
o) o] b3
-+ L
& P10.3-12

10.3-14 & P10.3.14 534 T 2§ DAC B9 MSB RE#| HI LSB REF] oA v FE st e S 77 R INL ) DNL
MIFRIRK, N=M+ K, M I MSB FFIRIIEK, K S LSB BEFIIAI8, N BO018 . ZARIR
= 1%, AC/IC = 0.1%, G\W INL #1 DNL ¥R \WLSB. KN, M. KHI{H, HEdus
B DAC ( #1FE MSB FaL s LSB s Faf MSB L [E LSB ).

®P103.14
DAC HEFY INL{LSB) DNL{L5B)
M, oM
5B H ) o% (AR | AC 2R v o)8E
LS8 WK 1i7) R ¢ ) ‘
MSB W1 1) AR L AC B v-niE
LSB s (K fir) R ¢ ! :

10.3-15 & P10.3-15 FIoR EUBR— IS DAC, %o AT, F Vi, Vol Ve 37 e
#A=1, B=0, C=1, D=1, Y Vo= 0.8Veer BY LB HH BT RIE7

10.3-16 [ P10.3-16 % T —4~ 4 fi ADC., 4NN E B R — DR TSR, 6. 6
TR T e R E R IR E RN (Bl R 0~T72, ¢ R T72-T), TEI Rt af 48
MIESER?

104-1 & 104-1 o, FHRGTFIFHASTFRE: Sin S5, 810 S0 S1. Say Sy So 81, SREBIB vero

1042 MR C,=1.05C,, EEIH104-1.

104-3 7EH 104-1 BI8B1T DAC 1, 8K S, T8 ¢, EAIHER/N 10%, B Vg =1 V, 7
BERT, % DAC B L/ MiA L&A=y S0 ¢, FAEE.

10.4-4  EI8 10.4-3 HEIRITHIKI DACH, & Vege=1 V, SANEIHE N 10100110, RIEAR
P BE, R EREFH 0.5 8K 055, B—U SN IR ZIHA T A0S §
REL?



592 CMOS Bt f %383t

VRer mm?_ﬁz 'ﬁ
n V,
c — A
s D
|~ = ¢
" — D l_ of
C,__(ﬁ | S vOUT
|~

P P10.3-15

Voo ¢ C
REF 5 Viaalog - l_
b

A

& -
- C

|| viHH

A
c £i>
— & =

R
4
R Ve oo —
: w8
R ¢ ABCD o1
— LSH
13 me g4 4
R P mxEnwEs v %
4 EfapE -« 11NN
= | The
B P10.3-16
104-5 #H—ARADFEBE AT LHBEIE 10.4-3 HHAR DAC TR B TEMNSRE,
Fr O BB HO (B B P A8

104-6 B P10.4-6 GHT—AMHAKRDAC, MP k=3, k=3, k=3, Ab(i=0,1,2)M
Veer P75 voure HEAM LSRR, PR PARTIROCMEINL FEDNL, X DAC &
F.Y= <R
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+] YoUT
kU —

& P10.4-6

104-7 B P10.4-7 S T—A 3K ADC, 3 528 | WIFFRHE Vigr, BN, WM 8250
0.5 FORAFT AN, FRLHBIMNET HISRIS L, 50X T XIS
HEZE AT INL #1 DNL, INL §1 DNL N 272885 FE .

+5 += +;-5— +L

5
! | I 7t 2?—‘VOUT
+] +1 +1
by b B

& P10.4-7

104-8 HHMAR (104-1) #HEHRA (104-2) BESER. FRFEE 104-4 S50 P REBE 1
AR AR F R SR S B Y

104-9 {RIZE 10.4-4 REBOCIRHELE N 0.5, HAIREHAA. KM 1042 PRET|RELRER
AIERAA

10.4-10 WHFFR AN 10101, FHEH 104-2,

10.4-11 {RIZFE 10.4-4 PEZEISEY: DAC X 11001 F75EHK, 0R 0.5 BRI EH 054
K07, M—{iFma a7

10.4-12 #HAEH: DAC WA P10.4-12 fiiR . BIRFHERAOBETFIL N 10011, F Vegr = 0.9Vegr.
Viers = — 0.8Vigr, TSt Bo@-— 2457

Vi o—"
e Tk = oSl 0 VOUT
VREF? % ﬁ/— 2t

B PLO4-12

1051 £E—4 3% ADC MBS ERIERHIZELILSB LI, IR pmTeemR A E, mitHE
fefpidh sk, XA T B TR N7

10.5-2 —4 3 {¢ ADC M3t h2E 2l P10.5-2 BiaR,
(a) 2Ri% ADC Wit INL #1+ DNL;
(b) % ADC B HH?
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CMOS &40 2% 0 384% it

HEHNE

NEEREEERRE T
s St Ao uiis et it b
L SRR R ' !
MOp-——4——— - =m - — =~ - —-———
; i : ' : i
ELY R A Tttt
| | 1 1 I
N e et A
1 I -— 3 {i o i
{]“]_____j__ I___Jlﬁ__ﬁlléqf—fji—ﬂ_?:%__.:_____
B 1 1 1 ] ] 1
W=7 % 4+ 3 & 12
8 8 8 8 g & 5 E
AL E
A P10.5-2

10.5-3 @&¥¢%#&%%%mm&wmﬁmmm=wa—émﬁ,w%ﬁA%ﬁﬁ%wﬁﬁ,
BW B R R TE, X 2nMrad/s, BRAEEIE R 1 MHz, REIRER T % RAE
P FRRE IR B R AT L

10.5-4

WAEE, RiZ ADC RE A%

10.6-1
10.6-2

HAfE, FADAHS.

10.7-
10.7-2
HYF&:

R —A ADC KAt shEEiRElEh R 200 ps, HIAGES RN 1 MHz, 1868 Veer 891E

ANRE 10.6-2 FIHIA Y 0.25Veer B HRI RN /07 25 0% = 0.7 Ve BRI L7
B — A EHRS SR LR EELATE. BAGSSEERREAF L L X2 5

B 8 BUGEER ADC FRHRIIA AR 0.7Veer, R HFFF,
B P10.7-2 5 T —4 4 (B EIER ADC, BEERERN SV, HAREY 3V E

R ByB1B:B,

N DoD1 D205

Vout

tEH AR

FREY) DoD1D2Da

PR A

 AfBUHTE
(31 | )

I T T

2
HYGBILA 2%
CERREEE =1, RN,
EHRBML =0, MBE)

2o IDi 1D 1Ds

VRER
-

4 ff DAC

Vin e

R
LH{REE

& P10.7-2

Vour I:D WA
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10.7-3

10.7-4
10.7-5
10.7-6
10.7-7

10.7-8

10.7-9

XA 1077 FORBYGEE ADC, % RHHEBEA Y 0.6Vee, R Cilve) Ml Cove) B
TG - I S 1 Sy FE— M RINNIAS, S, 78 F— M RESIELIA 2 )R Rtk
— AR TSR L, TR

TR 10.7-1 REYHA R 0.8Veer, 3R 6 (B4 HED

TR 10.7-1 PEIHAN 0.3215Vegr, 3K 8 AOBCFA D,

ATRB) 10.7-1 HEPERBOARE RS TIREI 2.1, BEH] 10.7-1 2 8 Sedbytam
B 10.7-9 FAHARELE ADC #9v5, = 07 Vg o 1B T B — %04 2 R L AR L R
2(1 + &), FHHBIHAR M,

(2) R LBARNRREE V, 3% 0, RERERIE e 14,

(b) 8, BURLERMAREMHSER L 0, We X0, RitMiB LR/ Voso
kX ADC B3 AN L5 V., 3 ADC ZHMAY, Ve =5 V. KM EEHEHES A%
HEd. & Veer=52V, APRR L5V, B—frdmgs.

— T A BTK A ADC BEAR vh = 0.1 Vi, RETHH . BEE B0
0.1 VIE? iR Vrgr=5 V.

10.7-10 SRERARH 10.7-3 B8 10 frfind, REMERIE R,
10.7-11 JRB 10.7-3 A0 2 BOBCRSRYSEERE 2SN 2.1, EHH 10.7-3,
10.7-12 B ADC 40 P10.7-12 Bis, ¢, ¢ HIEESHE. &, 0 M o, BEZHER AV

10.8-1

10.8-2
10.8-3

BRI AR . SRR BT — MM B, TFER. B ESEM G, B %]
18 B4 A

{a) vii=03 Ve BT Y 8 s bR 47

(b) BB BT8R R S i R g /b

(c) RALFIE (a) MR AN B RA TR E Vs,

¥

e
p: e
o] Yn é2 /' )

—etri]
v SH J:,::Qf_ ¥
ca= /¢ ~ - ikt

i _

%1e oo woale
/qby EVREF G HVC=0dr=1 . dy=dn

& P10.7-12

A A— MR ADC HEE 2V - 1 s A E 10.8-1 FEE F % B
AR RGEIEHE .,

LA VL K 0.6 Verr BTE 10.8-1 SR B ADC BB SN R £ 407 8 F B F RIS,
[ P10.8-3 HZEEREH 2 fiHAR ADC WA R (B FRBEAREEEY ), A8 2
AP, REEGLINEM 2 MRNARESERIBEN ¢, G G, ACER.
BRI T CMOS BB, MM IE ., B F . SRl L m
T BEIMERE.
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Vin  Vier
Vrer 4 ? o ?2 &
Vin _)(_

bX o

AN :]i;f;i?;%{}fqF:i;j::;;1°
| o
] oL
i -
RN .._[_,__/JQ”—ED

ADC =

1

>

+ | \Y/+

L, -2,
[l

# P10.8-3

10.8-4 [ P10.8-4 251 TR 2 At NfER ADC MBI AR, THE Ry, R F R LM
FESRTEMB TR, B RS,

VREF Vin ~VREF ::;'m
21

O by

.Ib[

=
AN
+
AEMEONZm

AR
ADC

& P10.8-4

. 10.8-5 & P10.8-5 Fr—1 6 IR ADC H—&5. R
VRERy T B AN 10° radss, EIRHAEN 10°, e ARk
I B3 Vius, ZHHHSHEER 1V 0V, Bk
R i 52 SR ARSI M E IR AL B B AR —F
a B ARTIE] . B Veep =35V, & ADC MR R HRME
y é < REL7 BREHREHEEER.

‘% _>—o 1086 — AR ADC RAEEHARMEN LB SEHH

L

F RS IE+5 VO ML, BRI ER R
| 0 B+5 V, B AT FHTEEN 14V (V=3 V):
. EERASEEEMN, REWHBEERTRN:

Ve = 1000 (viy + Vo) + Ay v

A P10.8-5
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HA, v REBRMARE, A, BERECBORABINS, v EIERARE, V, 28

BRI E TR,

(a) & Am=1VIV, V,,=0V, HATCHNBBH, FERINEL T RS aE 0k p0 5
KT ERE -

(b)# Am=0 VIV, V=40 mV, HATLHHEE, ERINENH T 25 Rl
PRI BR AR LA

108-7 A= ADC I 10.8-3 BR, BEINELSVTREELE Vage 5502 9 8 B2 155
FREE . BX 8 BB R AT RSN

108-8 {RIRME 10.8-6 1 8 MLEABAB AR BT, RBBHKIE AL AN RS 8 B
i A S FEAE XoF GEAT

1089 —AIrBNIER ADC KHEALAIEN N1=3, Sikfilicy m=4, REFBHHRE .
— A 7 AR ADC BEL /4B

10.8-10 B H—~Humid e 1-3 V Z et @ n A, W1 VIFRBNI VEE, s ket 2 v,

10.8-11 & P10.8-11 #5i T — K ADC., 2158 Vegrr = 0.75Veer, Vrerr= Viers Veers = 0.75Vier,
Vrera= 1.25Veer, A = 4, EHHEEH-SAMEMLL . FH2LSB #iR INL #1 DNL, H#iE
PR RS,

a l . vin(2)
nn(1) 2.4 » 24 \q 24 > 2 {u Vour(2)
apcl L Ipac \— » apcll Ipacf™®
i Vour(1) l
o] 1 Q

Vrer1 70 &1 VRem Vrer3 2 £1 VRpps

# P10.8-11

10.8-12 Wik Vipri = Veerm = 0.75Veer, HRFIHEEE, BE I 10.8-11.

10.8-13 4042 (a) A=2, (b) A=6, ADC HAMEHHAA, RHEJT 108-11,

10.8-14 & 10.8-17 HIKT, ADC &1, 552 DAC S9N E N Vigr + AVier. QISEH AT,
RE/IAVRer, 18 INL:
(a) fEH0.5LSB 2 18]
(b) FEILSB 2.(8].

10.8-15 & P10.8-11 Hhig#ikX ADC &, B2 7 ADC M1 2 {1 DAC 3, H V=1V, K
KA IEME R A =4 KA STE 47 ADC P4 85R M A B EFE/ME( it %3RoR ).

10.8-16 & P10.8-16 F KR ADC KA T HFAIEE 2 fif ADC R B—1 4 i ADC, &
W by, by 7ES 2 & ADC "B R . BRSBTS ARERE, HLLSB
# INL #1 DNL, HHREBEEFESETHAN,

vin(2)
V{i:n(l) _ 2 {5 s B 174 + 2 f b3 2 it Vour(2)
ADC | L DAC [XZ apc, IL | pac [
' VoulD) l
T T A
VRer By by Vier Veerfd 2 bx Vi

B P10.8-16
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10.9-1

10.9-2

10.9-3

10.9-4

10.9-5

10.9-6

B P10.9-1 8 T——MrAZTEHIES . R Vie(2)= 0 I B AR LM RS AR, SR SRRESR
£i=10MHz, k=1, K 107 ADC B9%#®. Hik=05EE4AME,

v.n(z)o_i@ﬁ_.

A P10.9-1

—A 16 AIRERAE ADC, R 100 kHz, RAFRHAN 10 MHz,

(a) f0E 10.9-6 FIRATEHRS, RA 1 BLEE (A= Veer2 ). KB RXEEHHIIF
BERNEE .

(b) f0RIEHERE BB, KRR KRR M.

B E P10.9-3 FRASHEIFIZRF LTI AR AR A XA FLA T E. BiR 1 L DACH

S Rt 0.5Veer, SREHFFEMAMNE (¢ Mgy ).

A
A - g
12y e

+
+

=

—0 Vnut{Z]

&
I

pmmm == R
: 7! 4 +
X :_ + : _ wn)
! |
' e
: L - L
i DAC !
e a
A P10.9-3

BB 1 AT IS AR R A SR E R A
= i g‘iinz wr
ol = a7 sn(%)

Heh, AR | R BAREES R, REHES = (Un) = 10 MHz. IR ZEH M T
18 it Rkt ADC, RIEBHR fr. BINEHHEIMRE.
—A LBt Rk ADCTEESHE (0, f) RGBT,

A grL ~ <2f8)L+ﬂ.5

YR VaL TN
Hob, £ TR, A= 25 | BRRHLAO R, KA TR MLRAER OSR
= (fif2fs)-

(a) 1{V#{6eE, 3 BP3RBE, 16 il RH ADC;
(b) 2 fuEfbad, 3M3EE, 16 A R#E ADC;
(c) 3 fuRibas, 2 Bh3RRg. 16 fitkA: ADC.
B P10.9-6 41 T —4 2 Bl SR A2 .

{(a) SRERF & RE Y2 Q();

(b) R 1 AT SRR A SR B N .
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2Veer E-zﬁi)

N = vz Vi
Hip, RHM% =10 MHz. ZZEHBEAT 16 SR ADC, RBXRESHRE 6.
X2 0@

Y(z)

& P10.9-6

1097 —AZRATHEHFIFME P10.9-7 B, AEA X, EHBAER 0 O.FERENL
Y(2). ZHIAHESRHR R LD

Z_l Z_l

-1 + .
¢ i I-: Ya(z2)
Y2}

& P1019-7

10.9-8 BN —ErASEEI ST LIS, fiE P10.9-8 FiR ., AZ, fE¢, R ZIMES 1 (iBfL2E, AT,
TE BTZIES 1| AP REER, ¢ Mo, IARERER B, — 1 2E L MBACEHRIRS AR T .

A 71_.L (sz)L*O.S
SRV RV TR

lm
Q1

s
¥

Vin T Bkhin A
{PCM

AX2 Q2

Tm
& P10.9-8

(a) BiFENBIL BB LB T HA = 0.5Vege, IEMRZEY 100 MHz, Bf5—% ADC £
W 1 MHz, SREIEFEENED (BN R dAB) 2
(b) HRALIE A 24, BEWENELS (BAHIB) 7
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109-9 & P10.99 B—A—Fr | (I EASIREIRS . RiISHBEIIERE V), MERSHR(AR)
PR IR A R RO A AT, FIAS S KRR T M B R AR IR 1, (f),
M=£/2f), MRFREER f,= 10 MHz, REFILFEHITN 14 42 ADCH) fz.

O =7
X(zJo—t% 22| ¥(z)
-+
1
1+2~2

fB (“fﬂ H J‘:\'= Zﬂl
=f,-035 =f+ 0.5
h={ \‘fs f‘z( f 5 .

} 1 .flo le fs

& P10.9-9

109-10 [ P10.9-10 & ——B 1 fFBATIHI% . REHRSEHIEEE N, HERTFR
(o FOVINT MR P IR AT T35 A SRR F M RRE RN HREE n,0),
M=1£/2f). MERBEIES f,= 100 MHz, R{E AR 9 12 62 ADC K fa. BELS=

4 £, fo<<foo
Orz) = J(‘%
+
X{z) ] > Yo
+ -
| 7-1
z—]

Tf. =fi— (I)-SIf;B/fz =f, +05g lfﬁ ~<~<ff f
(']_ fifoﬁ Fo= Ao "

8 P10.9-10
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SE3BERNE T EMRRE MOS BHA, EAE—EMmU (S, G, D, B) ZUEEINGERE
iR MOS ErtERE. TeRAM LA RR Y, RS AHTF THREMTAENGR
FEEERA A B2, EHEAGRET, SOERMRRGEBGENEREE S, Bt
RIRREM AR IR LB RIS RRN SR, REENBFAITIERNE . RIS ENSH.
TR ET S . WA T A BRI AR I T HEREIE . AR A ARS8
BE— {4 REENES. e IRRESRRMAE.

TR A, W R AT SR EBER SR, W BRI e LR 5 Rl RE
MEIEEE. —BEANEREHT BEEIEE, ENH- ST RERE L 5 IR
“E%. B, DABHTHRENE M EAR N TTIEA BT WS RS

B.1l & RESEERHY
HiR MOS B7ERR B A SERARARCE AN, A THEERAEXBER G .

Wesr
ip = K'(zL:;)(VGs - V(1 + hvpg) (B.1-1)
W, 7
in = K’(Lc:)]:(\’cs — Vpvps — % (B.1-2)
Hp:
Vr = Vm+7[\/2|¢F| + vgp — \/§-|¢f| ] {B.1-3)

RITEOHEESER V(Ve =0), K. YA, AVEESBERESESHM L L. 756
B, BOEEFESH K M FRAXANERAXEARL . B, RERFR SR R .
W THEEUARERE, XM FS, RIVP G BREMX, K, RRFEENK, RAXTE
g, & (Ba-1) i (B.1-2) ATLAS AL

W,

i;) = K;* (2L i:r)(\’cg — VT)2 {1 + )\VDS) (B.1-4 )
W, ¥

i.D = K,L (L :—)]:(VGS - V‘r} Vs — _;Ejl (B1-5)

AR Vns%ﬁﬁﬁﬁ {B.1-4) '#JE{JKVD_SI‘EJ’]‘:F 1, A Vssy‘]%, Hit Vr=Vp-  (B.1-4) A
LARIME A «

W, 7
fID = K_;‘ (Efj:f) (VGS - V‘_ru)‘ ( Bi'6)



614 CMOS At ddk &, o %23t

EzouR. $2 LTI R

KJ' W 1/2 (K!’ W )”2
a2 _ B Werr _ [ Bs Wenr (B.1-7)
= | — —_— V.
o ( 2Ly ) NPT

y=mx+b (B.1-8)

BEBE RN —HEFE,HY m WEERORER, b O y B LB 3 E( B.1-7 ) B.1-8)
AT EARE

y =iy (B.19)
X = Vg {B.1-10)
v 142
m = (__K;:ff) (B.1-11)
ff
] 172
b= _(_%) Vro (B.1-12)
i

BT ER LB, RT3 B ves BARETR, H AREETE AR NAER, £RIE Wa
L DAMER T, TRESMERK . R, i’ =08, » BWEY Vo, EB.I-1 (a)
P T REHYE, EEFSETHEEM, EEAN Wi LIERES, XU Wl L
FHER VT BN T, (IS AE3RAN KS RS R S AN .

pait %31 LA

Vs

(12
o

El

Vos

(b)
BBl (a) & My MR, FTFRE Vo Mk (b) ipfllves MXRME, ATREK



W#EB CMOS Z##4E 615

SRR UK R BUE T B AT LIBURE] BL1-1 (a) WREETE M7 B MBI E RS B0, 7o
ABAET SN, BESTE—SRE, B30, HIHI07E vos = Vo MEFES R REH, 7
vas AR EBRBARER IR BRAEMAMERNR, UREHIB Vo M K RREER,
i, AESREEHIE NS TR R R,

BIBA-1 Vo §1 K5 (W) BTN
BRI B.1-1 IR, KHERARET FENARAE Vo H KWL,

¥y =mx + b
_ 2y — (ZxZy)n
Sxi - (3x)In
b=7%=mx (B.1-14)
FB.1-1 PROBEERBEAE T i’ Mg MER,

*£B11 fIB.1-1 M%dR

{B.1-13)

vas(V) io(uA) Vip (uA)'2 Vsal(V)
1.000 0.700 0.837 0.000
1.200 2.00 1414 0.000
1.500 8.00 2.828 0.000
1700 13.95 3.735 0.000
1.900 22.1 4701 0.000

A
AR AR, DARERENAIERE ., BRI RN EL MRS LEENR

B, @RUTAK.

%$=m=&y=VID2_VID]
Q.I VG_Q - VGS]
i
1414 — 0.837 2.828 — 1414
= ——— =1, = — = 4713
m 0 2.B85 ms 03
3.735 - 2.828 4701 — 3.735
= —_— =, = = 4,
m; 02 535 my 02 4.830

S SRR — N AR v BV LR L4 B BE A T A0 T8 R AU S
LT B ORI MR ., R R, ML TR
Vip = 0.898 V
K.Sr‘ Weff

= 21.92 wA/V?
2L gt #

TR, TRERNTHERSH K KRR, X (B.1-5) TUEHREK:



616 CMOS g & & %43t

W, W,
SR ip F v I X FHIZR DR B.1-1 (b) FfR, MIRTLAE DS,
Al Wi
= a:; =K (L:) Yps (B.1-16)

HOE T #%, WLRERH#E K, K-

)
Ki=m —— |l — (B.1-17
t m(chr Yps )

MR Werr, Leo (REEX A R AMTTRT LIRS R T8 54N BB ) F1 vps B0, T4
FHRBEIBESHp, FEMETHR (3.1-13) 8 K B8, FT—9gAHTemmu, 8.
Zh, v BARM. EAMAERENTE, X (B.1-3) TEER&RER, Kb,

y="Vr (B.1-18)
2= V2gsl + g ~ V2{a,] (B.1-19)
"=y (B.1-20)
b=V (B.1-21)

2 RAHN, HEELE0.6~07V MEES, —B vy ¥itEmsk, BMamR (3.14) 6L
B Mo, AR (3.1-5) FTRIFEH 214, FREAR (B.1-18), & (B.1-19), =& (B.1-20).
A (B.-21) BEATRARAE v MOBUE . a5 AAERTT LU AR BT RAE T B 21ed Ml v PA(E . B4k,
9 LET LA H S ABE KSR

‘AaLE L VoA (B.1-19) dhx FREML, nJLREHREMAMANER, FHduxied
WRE S y . ik, WEBENNTBRAFERETR v T Ve, B B2 Bi8 TiX g
B, EHREYAES Vi ELHE veXth. GRME B.1-3 iR, B ELR M H A8 m
BRS%¥ -y .

Mea =0V v =1V v,=2¥

vy =3V
P L2
3
/ / / /
’ , ’ I
’ ’ ’ ’
s ’ ’ r

¥ro V) Vi £

Ves

B B.1-2 KR vy BHEFRARIAT ib 2 7 vas HIX R, RATHRE Y



MFEB CMOS B#H4 617

(Vs * 2|¢F|)1rz_ 2 |¢r I)m

B B.1-3 Vel fvsp e RiER, FITHE v

HB1-2 MY
B FIH B.1-1 MR T BSOS, BREMEERNTERITE v MBE. B 2¢d
}06V,
8.
FB.1-2 HFIH T v = L V #Mvgg = 2 VETSAERMEE . EidFh Rt are e
BRI ip M ves HERHRR, TR TREENA .

¥EB.1-2 #B.1-2 HME

vse(V) ves(V) iofpA)
1.000 1.400 1.431
1.000 1.600 4.55
1.000 1.800 9.44
1.000 2.000 15.95
2.000 1.700 3.15
2.000 1.900 743
2.000 2.10 13.41
2.000 ) 2.30 212

S 515 B.1-1 ME A TR, ATUBBITRIE: Vo=0898V (HH#B.1-143H), Vr=
1143 V(v =1 V), Vp= 1322 V(v =2V ) R B3 B TEZA vep (T, Ve 5IQ1¢A +vsn)™
— Qg VR, A T RNE, SHFRTE Vo AIQeA + ve)” — (i) 1A REREE
i, & (B.-13) BIEIESEC.

¥B.1-3 I B.1-2 (KR

vss(V) Vi(\) [\/2|¢u'l + Vg \/2|¢F|]
0.000 0.898 0.000
1.000 1.143 0.450

2.000 1.322 0.838




618 CMOS BERUE & & 3313t

Ixy; = 1.668
2x2y; = 4.466
Sx) = 0.9423
(Zx) = 1.764
HIEARH m=0506=" .

RERHPR N EESROCEPOTEHR, BTREMROERRBAAN= S50, AL A
AW, BrATREBEIRM O B AWM K B SO B, WRAEIL, & (B.14) AJUE
BERL:

ip=lpAvps + i (B.1-22)
BHERNBEHRIERX, Hob.

y=1ip [K(B.1-4)] (B.1-23)

X = Vps (B.1-24)

m = Nip (B.1-25)

b=i [R(B.I14), \=0] (B.1-26)

BT ip~vos BIZETT LIS BRI BB RO BE, 3 ELBR LIRS y ST LISHE A . B.14
T T EAETF AR LR,

AR
K T =~
iy 4 ‘M
pp--cm T m=Ni,

Yos

E B.1-4 I'Dﬁ vml‘ﬁ%ﬁﬁiﬁ, Fﬁ:.’:ﬁﬁ A

fIB1-3 WEL
RBIAG{ET ip M vps R, BiESIO.

%ZB.14 #B.1-3 5%\

Io{pA) Vog(V)
39.2 0.500
68.2 1.000

86.8 1.500




BREB CMOS Z4H4 619

(HEx)
io(uA) vos(V)
94.2 2,000
957 2.50
97.2 3.00
98.8 3.50
1033 4.00

%
B, & B.1-4 MEURE R THRARAEEAK ., SR BRI vps =2.0 VO AH
WA, BT HESHA, ROIBERA vos KFET 25V RASHE. S8y,

Sxv; = 1277.85
ZIxZy; = 5096.00
3x} =435
Cx;)* = 169.0
BOZLEEAT LI E N m=A7 =308 M b=ip =88, RBA=0035V",

BHRAPREEEEN, BEAND, FEEFHMEDBROREAHR (UBRSE),
A= SERQMEE AR RN, MBLBIXER, RABINKRERSBASAT

HAINLE, EBERNT B, L W DR E THEERRE. ZHUERX
HRE, RRPRERTHRATRRE, ENSEABENRTER B8 (ETFYH. Sie
M, RRESFE ). UTAHHREFRR T S5RERY ZaWARE.

ELEFIARIRE : EFAMRGEE, BRRKERSE, THREFMRK, v H%Z, BiZs
HENREERK, Hit W= Wy, XMFSEBTIERY.

' 2
ip = Ki Wen [(Vss — Vrglvps — (@)] (B.1-27)
Lent 2
_‘1’.2_ _ _ Ki weﬁ')
dvas = &m = ( Lur Vbs (B.1-28)
P B AR (WL .
W,
129
L +AL (B.1-29)
W
L, + AL (B.1-30)

730 (B.1-29 ) B (B.1-30) 1, BHERAREBE AL B, i (B.1-28), &£ (B.1-29)
ik (B.1-30), ATLIEH.
_ Kw
§mi = ¥ AL

(B.1-31)



620 CMOS B8l % R & 3831031

KW
B2 = ALY
Heb, W =Wo=W (B ERRE ). WX (B.1-31) #1X, (B.1-32) 7 —Htm, a7
RS2,

(B.1-32)

Em| LZ + AL
= {B.1-33
Bm T Em2 L2 - L] )
i s 2l I R
L .
LQ+AL=Leﬁ=(——2——L—')-gl' (B.1.34)
Bmi — &m2

L LNBER A, 3 EMFSEREBE g T g LB IR, BTLL L (ERAL) ATLAT
BAH, B ITTLTE Y W, HERTRBZR:

(W, — Wa)gm
m1 — &m2
R (B.1-35) EFAGIEE RAMFE K EESR EENAR-
TEHEAL (ERAW) BIEHE, b TRAABHIEE T RREARMRMRE, BIOSH T
PUREH B (B 3EEE ) EATERNER, 3 B EE B8/ NAERT SR T LUE T R i .
TERSFE RN AT HEAL,

W, + AW = W = (B.1-35)

$iB.1-4 HMAL
HEWAREAFREERARKENREE, BELTEEITE Le AL,
Wy/L, = 20 pm/10 pum (EE R )
WilL, = 20 pm/20 wm (B E R )
8 = 6.65 uS{vps =01V ip=6.5pA)
gmz = 299 S (vps = 0.1V | ip = 2.75 pA)

iR
AR, (B.1-40), Ly LITHEMT .

Los = Ly + AL = (20 — 10)(6.65)/(6.65 — 2.99) = 18.17 pm
B, AL=-1.83 pm. BIXER, WLGERRT B (LD) A
LD = |AL|#2 = 0915 pm

AR T U5 SR AR RMEE Vo, Kb Kb o v . 2104 A, ALFIAW. R Ny
o, 21¢ﬁfl&£ﬁai£*ftﬁ%% (N5 Ngyp KH, A Ny AT HoAth A Wi &, A imike B ), 1A
A, B RSt BTA. ALFIAW, HASBSRERX.

B2 1FIEE
TEVFERI Y, SUrayRrEtEtes TR R BNEREANEE, Bk, RSRE TR



% B CMOS Z4-H4E 621

AR ATIE . AU (3.2-12) @ XM MOS By RS i B T -
2 _ [kagm (1L+9)  (KF)p
" 3 fCou 2
FPARFSS 3.2 WIRFF—8L. HEFSERELT, R (B2-1) PHHEREEBIEM, MEMRRFIL
T, APME MR EREM. BTFRASSREARASE, R RGN RS
ENERSY. A (B2-2) IR T RSRE AR RS i -

] Af (AD (B.2-1)

a2 (KF)ID} ) )
in [fCDxLz AF (&) (B2-2)

XA 77 WA e AR B AR /M SR A oy SRR R R ] AT R, AR .21 R, B
FEEERARMAREM L RS R, MAMASHRHF AR (B2-2) g, B3

(KF)I
&= [gi c‘,,i 2} Af (VP (B2-3)

]
2

Lol B

.2
i
Cos =1 — L é Fas J

5
EB.2-1 AFWREBTAM MOS B/MESHEA
ERAX, g, WRBEFTMARK (B.2-3):

g2n = V2K (WD) (B.2-4)
A LATG B A e R
2 _ KF 2 ]
n = [ZK_’S‘WLfCOX]Af (V) (B.ZS)

HTHEEMOEE, BIEREFEESE | e WRASTUE, Wy mET 1. & (B2-5) AL
HEW:

- kF ] ‘
logle,] = IOE[ZKE WLCOJ logf 1 (B2-6)
{EEFE R loglAF log [2] KX R IFMEHEE, HEST:
. [ KF ]
8| KT WLC,,

MRS KF .

B.3 Hitt BRI EEEEIA
RITLA R AT MM TS ST T ik, AT IR CMOS TR AT



622 CMOS 405k &, % 81 T

ik .

% CMOS Wit E B Y EENAFEREr — R RS R AEE (BIT) (R 254 ) BITH
EHEE S CMOS T80 RARE. Hlin, # CMOS TERIAMZ p T, A n KR
SEHUEE, p BEER, p B ot R RS, WK BIT HEBURAGEL TR E: B2
3RS, E% BIT I g. [EEL MOS B g, BEK, H BIT WL CER R Ug,) BB/ B
— RABREEE E EXEA R, RITBRIGERE B ERERS [ ARBREE J5. &
TTRIREST By 45 & SR ELR AR R IR . I T A BFTR, SRR E R YT
tE, T vee>>kTig BB

Vag = Eln( as ) {B.3-1)

q

B4 = E_ (B.3-2)
ig

Hoh, ApH BIT BEEMEEBER. B TRSKb., & (B3-2) WIEHA (B3-3) BB, H
IR i F0 i IR R

ig = ig{Bac + 1) (B.3-3)
L i B X R LR, BRI A LSS . —Ef B, K (B3-1) AILE
FEHR:

kT irBac kT kr . kT
Vg = ?1“(__"1 'i’?’.;dc) ~ o InUsAg) =~ Inlode) — 7 In(/sAr) (B.34)
B Inligfal(1 + Boc)] W6 veer BALEUINER, HoF.
m:,@s@:E (B.3-5)
q

WpaHREREm, JTLE#ESE.

g‘] B.3-1 m%ﬁdcﬂ JS
WA — TR R AE, RASXEB 1000 p’, LUTRAHEE

le(pA) Ia(pA) Ve (V)
100 0.90 0.540
136 1.26 0.547
144 1.29 0.548
200 1.82 0.558
233 211 0.560
F) Fa o 38, BE B M o

W
(i FIR AR T X AT 158 L AL BB A R e RN
m= 110 = 84



MFB CMOS Z4#8 623

B B, WX (B.3-4) MTLIBRIRIFRMBEE, dTUHE J FRIAM T AR
E{J{E‘.o

Vae(V) n{iefae / (1+ac)]
0.540 -9.20
0.547 - 8.89
(1548 —R.84
0.558 ~ 851
0.560 —-8.36

BUXSHIR, RIEAREAITESRRY.
m=0.025V = kTlq
b= 0.769 = ~(kTig)lin(JsAg))
LA LU 3] JoAp B 43.8 fA. REFTEEELY 1000 pm?, Js =4.38x1077A/ pm?,

B.4 sHEAEYE

BIHACYLE, EA4E T T CMOS BB AR E R 30T R  E E AT AR, A8
HALBLGRETNF LSS, HhaEaB, BaEmEs,

BEERTRABNNE. BRERESHBEERIE, HEEEENLARTTUASE
HANGR, XMFENRARRE: (1) FHaEERREETFTREARN; (2) 25 (bend)
BRIFHAIARAER; (3) SRS AR, B, BERER YR B RN, R8RS
2 R 2 o 005 A A 7 e e L PR B

& B.4-1 Fraf—Fol A ToE BB LA A (R2) NINGSH, SEadid A
FIARH, A FE, MR BOV,)H DE(V)HBIER, BE R, AR, JURENT.

R,=—2 (B.4-1)
I
R, = % (B.4-2)
Fri AT
(w,, — ﬁ%)
Rs=R,|———— (B.4-3)
Lﬂ
Rs =R, (M%) (B.44)
Lw
He

R, = ZEMIBRRBHE (Q)
R,= FHEMANBEE (Q)
Ry = MM [ ZEEE, PEtaM, 50D



624 CMOS B 55 a8 W 2448 4t

L,= WP B AR P
L,= AT RERERE
W, = METEBHARE
W, = KR R B A
Wiz = WA SRS KRS R

R, | ‘I
F Y

| }7 L
IER R l==1
B C D
Bl B.4-1 e BEFIRE: A
KEEA (B4-3) Hi (B4-4) 5.

iz = W”I “_ky . (B.4-5)
Hoh,
k= R, L, (B.4-6)
R,L,
F |
W, — RE . — T
Rs =R, (-—L@——) - R, (%) (BA47)

EATTEERER 7R B AR, XA EA R AR R B p S R ERE . T
R 4B T X R R A

#iB.4-1 i+W Rs#mE (BIAS)
%R B.4-1 MgEH, HH&RRISHNT .
W,=10 pm L, =40 pm
W, =50 pum L, =200 pm
EHRAT S ARWBIEA 1mA, 0 FEH, 208, 8L TaE.
V.= 1333 mV
V, = 1225 mV

HIE R, 0 R, HMER -



H&EB CMOS M4 625

WA5E BB R, FIf 2,
2.
FIR (B4-6) T8 k (HE.
_ R, 122540)

k= R.L, 1333Q200) 0.184
MR (B4-5) AitEHE & BT LB R .
RE = w = 0,98 um

1 — 0.184
WHREMZ LS, MM (B.4-7) ATLIgE B

10 — 0,98
40

R, = 133.3( ) = 30.06 (VO

AT LA — 0 R e BB A B B, T LR R I . 2R 1E B.4-2 Bty
WAL B ER, XP AR (R BEARTR) ),

RA = R] + 2Rc; Rl = N]RS (B.4-8)
#
Ra = Rz + 2Rc; RZ = NzR_g (B.4-9)
R L R § - —
R,=2200
e — 20T HB —
Rp=420 0

B B4-2 FITHE Ry R R PEAS

HF . N ROITHRAE, RO R, DIQONEAR, R FEMEHE, FEREXHN
AR .

Rs = Bs ~ R, (B.4-10)
N — N,
M
2R.._. = RA - N]R_g = RB - NZRS (B.4‘ll )

B R UK ST R R



626 CMOS B35 i, 8 B3R 3

fB.4-2 itHEEMBEEMARERR

%[ 8 4-2 F OHLIESE
2.
TR BT AR
RA = ZRC + IORS
£l
RB = 2R[_ + ZORS
Ry A R FOMIER{E 24 220 QA1 420 Q, FHA (B.4-8) fIx (B49), AR MR N:
Rs_Nz—N. T 20-10 =000
2R, = Ry — N R¢ = 220 — 10020) = 20 0)
R. =100
TERRB BRI p BHER n B Rk B
R:-YJ-;-E% Voins= 2 ;Vl 2% ( pinched resistor ) #ERERT, R74 B SR PTA 4
"= AR JEB R ( backbias ) B0 ( B HLBB 28R ELA RG]
ARAAS YL 22 AU B ), S, R fT B A ek L (I o
s A v R R R, G B.4-3 FiR . B
(:) \ REFE, SRATTTT L e BB R Yo 5 s T A R L,
AR A N, S JFET fE B AR A
Ves AR AR R B2 T MOSFET . BB 4-4 %8 T
‘ p B pE 5 RRBIER .
B B.4-3 RBIRREHE o B AR A B R R T B

RHIGAEHF, B B4-5 M TRMEAN], CHBRARRR (SRR ) Efa
— R E R, XSRS RRNEBRL-6 Fin., BHEY, FRAMEE 1 RREE 2,
BB 3 RS 4 MMEBE, IR ESH R HCE R A .

270 L
265

26.0

BB (kL)

255

250

10 20 W 40 50 60 70 B8O
B (V)

B B.4-4 {EANMERERM n BHME



MAEB CMOS B4-bk 627

EB4-5 Hhbeb IS

ot ]

E B4-6 EB45 KNG

B.5 HEAIFMH

# CMOS TZPHEFBRABEHRE. BITAIDILEN R MOS BEMEREHE,
MOS BERUIEFEBE, M Cos. Cop M Cop. BRBIMEBNAIE Cpp 1 Cop. WINEH W E
HAMEERARTERE, BN Cooytid. Crouttois T Cosalpoiyo Tell 1A EXIX AL A MR
WHRTENSHEER S (It SPICE B{h R ), Eattk ¥ty aiEanagh®Zs. AT



628 CMOS i & & & 353%

SPICE AR E AP M ASHERR R CGSO., CGDO Hl CGBO ( 4 V= Vep= 0 ), BE R
T, SPICE FAIRIREA, 4 (FER) AN O (BREBEM) iHTE Cop# Cp. RIMNFHMERS
P& MI FIMISW, ENATHRERERES, X—HARHSWHREENRE, Wb, LHE
EEFHITHE, XM RS, HEEAHEY, ,

FRAEEFLEER CGSO. CGDO Ml CGBO. RiMA~ (CGSO M CGDO ) 7E SPICE #&IH
R RERIRE, MHA CGBO MRS KE{H, 7 SPICE 4, =#A#LL Fm N
By, BARRAEOIHE. BREBHAESD, BMEKREEERBNTEENE, Lk,
R TWONESLTE, "TLEMBEARANRHET, XRERE, NE—-IRENEFH Co. B
RHERBLUETFHERE, AILEE CGSO(FHRMRER ). A B5-11214 % T— M8 CosH Cps
AYSC ARSI T, XS T 2R RAEUE TR, ERRRHRRNER
2 SMEFT, SRS SF, UBU/MEREISEAEZ. B B.5-2 R & TUEEEIRE
MPRB AN SEREE., WENHER.

Crren, = Wn}CGSO + CGDO) (B.5-1)

Hip.
Croeas = SRR

= — KR SR
n= ik H.EH
fRiZ CGSO A CGDO M&, T iEid= (B.5-1) filE A% d18E .

N ¥ M K K|
R X ¥ X X
N ¥ X R X

I

RS

HBS51 HTHE CGSJﬁJ Cep BIEEE)

% |

=4
—t % B ZEHF
T3
b
~

FEl B.S5-2 WE Coo Ml Cop MIERBEE



MEB CMOS B4-MH4k 629

M TEFENGERE, HTREENRUNEHHEMA R, AR EEH LS
ARRAER . AT HRAESR AR CGSO M1 CGDO, FTLIEMAAM TR B.5-1 ML SRR e
RS, XEERSIINE B.S-3 iR, HEFERANAR SR (B.5-1) AR,

—

NN X
M{M|X

[
|
i
|

Pl B.5-3 MR Cos Cop WIS, MT LEB/MIET. AT HERN

B CGBO EmE FHHEM —5587% (overhang ) TEHENEZ F=41 (B R.F2.6-1 K
3D $RAI), WP B.5-4 B, XA A BEERE Cuoyau T (R BTHELSHHS, B
WA FREEMTHAE ), HiL, 3 CGBO HAESES — S RELNES - £ AR (%
BERES BRSO E—3) WEBELUBE Cuynu WE, HHIEL FHERERRERLLL
BT,

4 i
__/ Coly-Reld

B BS54 WMEFEHEREMNESRE-HEAZEERUN

Cinew
Crolysficla = ‘Eﬁ (Fim?) (B.5-2)

Heb:
Cras = Z R B A HIMEE
Lp= ZEEEH L&A E
We= ZREFRITE CHEERSMFRE)

BB Cpaysaa FIMER, CGBO ALY (A 3.2-6 )



630 CMOS B85 a3 3

CGBO = 2 (Cyoty-nela@overtang) = 2Cs  (F/m) (B.5-3)
Her.
doverrany = Bt THEARE LR (3 2.6-1 Hi) 3D $101) )

BEIXR, BBERE Copfl Caso IEMR (3.2-5) FIR (3.26) FFHOREOITHE, Ui AR
JERRFE T AE R, A ERER, RSB FERANSESBRERE.,

CIVy=A4- CJ(O)(I + ﬁ)_w + P CISW (0 (1 + ﬁ)_wsw (B.5-4)
! PB O\ 58

He,
V= SRR MWE R E
CI(Vy)y = V, RIS AR
CISW(V,) = V, 4b M R sh i e 2
A= AR IR
P= WAERNEK
PB = #}JEAIZS R
¥ CT Fo MI T LGE R I — KRBT s A G B B, SRR R e A BB A O R
BRER/N3). ST XHEMLEH, CIV)FTERN .

7N (B5-5)

HTETFHFREENTE, RITELRFHE R
log[CIV))] = (_Ms)log(l + :—é) + loglA - CI(0)] (B.5-6)

BEWERFEREZESTH CIVE, H4H oglCHV)IH logl1+V, /PBIFX B2k, RATATL
FE AR ORI R -MT 1 ¥ RAOEREE loglA - CIO)] (Hd ¥ BAGIN—T0 ), HiEHEASNEEUS,
IS AT D E T,

FB51 HECIFIMY

FHEAHEHEE (100 pm x 100 pm SK/D ) FERFSEHRE B &G FRUUTRE. i
P A LB, TR MI ARISHEE CI0). H PB HBIERLY 0.7,

VAV) Gineas(10"%F)
3.10
1.95
1.57
1.35
1.20
1.10

LS I T ]




HMEB CMOS Z444 631

ﬂ:
PLEBHE R 8, (B.5-6) FrERMFR, SBWMF.
logl1+V./PB] logICJ/(V )i
0.000 - 11.51
0.3853 -11.71
0.5863 - 1180
0.7231 —-11.87
0.8270 -11.92
(.9108 -11.96

HEARSMR AT ERATARE, LIS M F1 CIO) R ELME Y .
CX0) =31 X 107 (Fm®

MJ = 0.49

BE PR K JR TR A My P ST R TIAE (L9 AL AN E TT LA IAG B CISW 0 MISW., XA T4

MESRENRNEEd A RTIAREERRE.

HH Cooyteis KT ERBERT I FH B Cortots T Conmprparys BABE R LIABI RS A A

LATr SR R AOMRES ., — HRRS TR, X8 (G5 ) AR T L ARSI E i A,

ZiSh— B HR e B B AR R R SURLS, SIF R T R B TFRBINER, RITRMGEZ

. H B T B 5% AR T6~8].
BE 30K

1

2.

. C. Alcom, D. Dworak, N. Haddad, W, Henley, and P. Nixon, “Kerf Test Structure Designs for Process and Device

Characterization,” Solid State Technol., Vol. 28, No. 5, pp. 229-235, May 1985.

F. Vitanov, U). Schwabe, and I. Eisele, “Electrical Characterization of Feature Sizes and Parasitic Capacitances Using a

Single Test Structure,” fEEE Trans. Electron Devices, Vol. ED-31, No. 1, pp. 96-100, Jan. 1984,

- A, Vladimirescu and $. Liu, “The Simulation of MOS Integrated Circuits Using SPICE2” Memorandum No.
UCHB/ERL MB80/7, October 1980, Electronics Research Laboratory, College of Engineering, University of California,
Berkeley, CA 94720,

. H.Iwaij and 8. Kohyama, “On-Chip Capacitance Measurement Circuits in VLSI Structures,” IEEE Trans. Electron
Devices, Vol. ED-29, No. 10, pp. 1622-1626, Oct. 1982,

- M. J. Thoma and C. R. Westgate, “A New AC Measurement Techmique to Accurately Determine MOSFET Constants,”
{EEE Trans. Electron Devices, Vol ED-31, No. 9, pp. 1113-1116, Sept. 1934,

- Y. R. Ma and K. L. Wang, “A New Method to Electrically Determine Effective MOSFET Channel Width,” JEEE Trans.
Electron Devices, Vol. ED-29, No. 12, pp. 1825-1827, Dec. 1982,

- F. H. De La Moneda and H. N. Kotecha, “Measurement of MOSFET Constants,” JEEE Electron Device Lett.,

Vol EDL-3, No. 1 pp. 10-12, Jan. 1982,

. D. Takacs, W. Muller, and U. Schwabe, “Electrical Measurement of Feature Sizes in MOS Si2-Gate VLSI Technology,”

{EEE Trans. Electron Devices, Vol. ED-27, No. 8, pp. 1368-1373, Aug. 1980.



fifsk C Bt &R SRS G &

A AERHRENSR Y, AFZRERESER BRGNS ERFER. H5.
BEZHNARERESERETAILLEM A M RE, IVMNLREARBEMERES
B — A HETT R, 5—NERERX R R ARVFRAHE L 2 AR B OR TSR R

C.1 SR A%
AR, — B SRR R SR I R R AN

_Va® . Agg Aowd

Als) = == ==
® Vi) 58 + 2w+l TS+ (/O + o)

(C.1-1)

ot
Ao = Vos) Vil ) BTG 22
wo=w,= UK RRITRSIE
F=HREEF (120
Q=% Q =128}
K (C1-1) RME C.1-1 B

Juo
¥------ - g/ 20402 - )V = oo, S (G102 - 1112
gpre
y2 s
_Eﬂ_ = — L
g e ;
= aly
* ______

Ecl1 —R_BRERRANE
SR IR RE AT i (C.1-1) Rib:

ol = Aot (C.1-2)
4G Viw? — o) + 45 7%w5”

R, R (C.12) H, LU A TR TS —1k, 3F B Be. EAMRATA—AR.




WHERC HrARAAGEEPHELR 633

| A jooke,)| _ 1
Ag VH = (w1 + 4t3wlw,)

B C.1-2/R/HH T H dB ZmHI, (C.1-3) B logw /o, WARIFR , Hoboel 120 @RS, K
R (C.13) Holo, AFEFSHI 0, B3 AGw/oyAd BIEERE .

(C.1-3)

M,=—— (C.1-4)

He <0707

20 -

0 4

ACiwien )
T" dB

0.1 1.0 10.0

B C.1-2 AR CERE BHEE R LA 2
#(C1-1) H-HEETTUERSEFEERN SN PEDR. HEE C.1-3 FirfaRR sl
HEE., PR AOITRRN:

Vols}) _ «af
Viis) 1+ aB

AGs) = (C.1-5)

B

VA5) e—t  af —@7 a
+

B C.1-3 HRIRIBHER

Vyis}




634 CMOS BE#15 a0 B3 3T

BoMBRER, Ha FHKSEHHRTN:

i (C.1-6)
(s + o)z + w3)

Het, a0 BB E T BT o Mo, BHFHTHR L. HX (C16) HAK (C1-5) 6

a(s) =

Qo W2

A(s) = (af) (o - o) + ool + af) (C.1-7)
HERX (C.1.7) A1 (C1-1) BHTESX:
Ao = a agBK1 + aof) (C.1-8)
wn = wp = Vil + agh) (C.19)
@ T @ (C.1-10)

2= 10 =
Vi wy (1 + agB)

AT EEER T oM ERRERE, HERNSFBBINEME, RtRiI Ak
THERETES . Mo BEAIRERE R, HEMTEBENNE 4.

C.2 HiEheg—HriKiERSE

BHEAYR, TR TR AN, Eit, ARRIEEXNEIREERRAEX
A1, FE#ETSRES. X (C1-1) BRAKTERmRL Y .

vo(t) = Ao[l - \/11——?2 e " sin(VI1 = Pog+ ¢>)} (C2-1)
Hrp.
/1 _ #2
¢ = tan™! (*%) (C2-2)

FFAE— LB EE R f SR A BRI RE L ELC.2-1, X RCRE RSB E ML, BAERE—LI. o
o, FUTEEREEEE (Mo, fREEE), M Bk, REEFREREZN. M
SRR, SXRMES RAL IR, BN AR s AR R Y LA BT i B AR A BB A B

IERANEE —BRERRER, Bi< 1. ¥TREREL, Sfeds, RE 22, g
CE-=w:F

Wil R4 ( ¢ )
D = = {C.2-3
M Py T\VI- ¢ :
6/ C22 vh, WK R AR 1,
= (C24)

MV

B, SRR (R 120), B TXEERM o, E, RITATUHMAR (C24)
Hm,. Eilhe< 1 SR Sensma i ol L s B ERwI R £, Fd MRl B S5 RHE
BFREELBEA, B <l XML TRAR . BN AT (C2-1) LF



MEC ZHAZAOFEEBX AR 635
B3
1 evw,,r(r—\/;z—l} —wt(F+ViE-1)
vel) = Ag s 1 — - c25
) RENPYV/~ il PSR/ s S/ B (€25)

1.6 4
0.2
14 03
04
1.2 05
Q.
L 08
1.0
veltVAg i
08 X
.0
06
04 1
0.2
o
i} 2 4 6 8 10 L2 14
@1 (8)
C2-1 RFEIS T8 B iGE 2 559 b e R
i
Y B NG
i
L3 SR —— :. ________ ’:7_&’?_ = 7- -—
0.8 d T : 8]
volit) :
0.6 1|
I
6.4 1 '
'
1
.2 :
:
0 L -
Ip
B 8]

BC22 afrpfie,



636 CMOS B 5L a8 & 5898 3

RN BRI F D BE, HIRERE Mo, SEMR, RS> 1 85,
RE> 1, WA C.2-1 PEBERTRR— BT HRIGR NG R 5 v (Eag=45),
FFHERSME, BB vWo)EX—8 L 5RREBE—S, a8 E 8 .

C3 Hfe HBEBRMLBENZRGE

HERIEAITIR RIS T T ABHEE BRIV R RE ¢ Moy, RIEIHE AT e, 54
AR, IR H e, . B C3-1iEHT ¢, Mo HSE.

lag]
Ay

e

Arg (-]

B C31 ZRIEMEMER

HTHRBEBBERCRZXTERENL, RS Mo L. KX (C1-5) TLIHFH:

1/ox
— (C3-1)
B = VA — (e

R (C1-1) AT (C3-1) BHFRERREN N .
Agwlia Ao

= = C3-2)
b (s° + 2fw,s + w?) — (Ag whlo) (i)2+2§_(_¢r_)+1_(ﬂg) ¢
Wy, @y o
% g fl=10f, Mo =a, HHEL (C32) R,
laf| Ade (C3-3)

" VAL - Ade — (@ T + 2ol
BH¥apl=1, BITTHRL (C3-3) #BoN
w, = w, [ V282 — (1 = Aga)® — (1 — 2Agla) — 202 + (1 — Adfo)]"? (C.3-4)

HET Ao e, W, RATAT IR B RAEMBINE RERHART, a=4,, BHA(C34)
o

w, = w, (VarT + 1 - 2527 (C3-3)
M C.3-2 5T iX—F AR EE.



HMEC ZBAKHTEFREL A 637

wlwy

1.0

0.8

0.6

0.4

02

‘D j L | !
o 05 10 15 20 ¢

EC3-2 RN E&KPole STHEEE
af FARHZ AT LI (C3-2 ) 3R {HRIRATIIN F4nll R C.1-3 hims: R s, Hik.

b, = -:an‘i(- 28wcfn ) (C.3-6)
" (1 — Agfa) — (w fw,)

Wk Ap=a, BATAFLIHR (C3-6) BN

¢,,,=tan_'( Ly ) (C3-7)

W,

#BR (C3-5) FRAK (C3-7) 8.

_ 2
., = tan ! {C3-8)
¢ ((wr“ +1- 2r2)‘“)

A (C3-8) HEHTERN.

ém = cos”' (Var* + 1 - 2¢7) (C3-9)

BC33BHTR (C3-8), R (C39) KER (C2-3) Fiig, SEHERE I Z RN RECEE
¥. Bk, AEEENRSERHEERHEEITETLUED (C3-9) ®RE C3-3 FMAETTHEABEY
8, #lin, Rl 10%, BAE C.3-3 FRBE TR AR R AR 58°.,



638

CMOS Atk i & B4% it

W3 RF 2

70°

mﬂ

50°

°

2°

1°

| I | J | I | | |
et =cos' (Vi 27 0

ﬂ?*=exp[\,]'_’_'"?]

0.8

0.6
0.5
0.4

L1l

03

0.15

0.1
0.08
Eiilg iy 0.06
0.05

L1 1l

{
i
%

0.03

0.02
[ 0.015

i

am
G.008

L1l

0.006
0.005

0.004

!

- 0.003

— ¢.002

— 0.0015

i I i ! | ! | l ¢:001

0 0.1 02 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
2=
B C3-3 “BrRGHRAR TN vh SRR R B BB F

iy



AD, ADC (H3k, BfRe)

A%

£4; 109
MR 109

H17: 108

Wi 105

M, 109

BB 10.7

$17; 106

B, 10.6

% 107

TFHE; 105, 109

B; 108

FRA; 107

B {E) AT LA ; 10.8

e, 108

WE#E, 10.6

ks 105

ZH; 104, 107

$#idk; 108

BB 107

FEE; 108
AS (JHRER); 32, 36
BIT ( RARERIEE )

HIE; 25, 45

B, 7.5

B, 71
BSIM; 3.4
CAD; 2.1
CBD ( BREX-BERA ) 36
CBS (BIRBEHE-BEHA ) 36
CCCS (B ifE ) 1.2, 56
CCVS (LR EME R ) 1.2, 5.6

51

CGBO (MR- BBHE ) 3.2

CGDO (MB-FASRBZ ) 32, 3.6, 4.1

CGSO (#-FZEBELE ); 3.2, 3.6, 4.1
CVD (ALESHTUH ) 2.1
D/A, DAC (BiE, BOBIREHRES )
R-2R #FE M ; 10.2
AZ; 109
7 102
HITHE AL 104
AT AR 102, 103
iR, 10.2, 103
L FEHE L B4R AT 10.2, 10.3
FXiE; 10.3
DAC #lif; 101
DAC tHRERES; 104
ENOB ( B&fu#); 10.1, 10.5
ESD ( BB iRy ) 2.5
ETA; 34
FC; 3.2
FFT ( tRBMEr A ); 105
FOX (%4 ); 2.1
FSR (HZIEHE ); 101

GB (HZE#E ), 6.1, 6.2, 63, 7.2, 74

HSPICE { HSPICE %kf4 ); 3.4
ICMR (S AJLHEFER ) 5.2, 7.6

Iy (159 ﬁrﬂ{ﬂﬁ%ﬁi ); 22, 235, EI-' “pn

LR A
LD (HEad#): 3.2, 34, B X@
LDD ( RBARE ) 21
LEVEL 1 #&; p58, 3.1
LEVEL 3 ##); p58, 3.4
LOCOS ( BEF) RFREE ) 2.1
ny (RIEERTHEE); 31



840 CMOS #HLE R &35t
PB; 3.2, 34 #MZ; 6.2
PD (WEREK ) 36 KEhshee: 6.2
pn%i; 2.1, 22 BFRAME: 6.2
HAELFE; 2.2 RHEERHE; 105
FERI 22 KRR 105
PS (W ) 3.2, 36 HHE

Sah HH; 2.3, 3.1

Sallen-Key JEH 2% 9.7

SCR ( [¥SHEBHEE ) 2.5
SNR ( {5t ); 10.1, 105

TOX ( ELYRE ); 3.4

VCCS (RS HEFRE ); 1.2, 56
VCVS (EEEREER); 1.2, 5.6
V,, (BAKRIRE ) 5.2, 8.1
zHi; 9.1

B (MOS 355 ); 3.1

A (HEREWEE ) 31

¥ ; 3.1, 36

0; 3.4

A; 34

QO CBREgIAH ) 2.6

EAFER AL 9.7

. 61, 63, 8.1, 82

FRIE; 2.6, 6.3

FREFR ;R

e E; 3.1

ELEsss. 8.1, 8.2, 83, 8.4, 8.5, 8.6, 8.7

$fr; 83

B4E; 85

AT 8.2

AEIRE; 84
HFEE; 26
*E

Bfi; 3.1

THFR; 3.1
FEEH; 23
HEF B ELMEE; 9.1
BORESEE 22, 31, 32
HWELR: 21

BIT ( SURBI KT ); 45
Ve (BR{EHRE ); 4.5
WK, 46
fEHIE; 76
B bEeas; W “Lbiess. Ha
HEE; 45
Mim; 3.2
i 2.1
WIS 109
HRJFRCIT G A B S ; 9.1
BRI CH ZEHEE; 9.1
fESEE; 8.1, 8.2
TRk, 94
FREREY:
W R 5.1
HPE; 3.1
WP E: 4.6
BIEM; 101, 105
B ILEEEE; 2.6, 63
PAIEETREN: 6.2
HAikeE; 2.1
e s
AR 76
WeE; 76
ERE R 97
BBk 9.2
BLfriE: 4.1
BATEA 4.1
HLHiE; 44
BRI 4.4
KIS 7.6
RERT.
WHiE; 4.4



% Al 641
WEKERES; 44 Wi A3brs 5.1
BSME; 44 KRR
RikH; 44 OTA (ZEERH AL ) pl98
EHTERE: 4.3 FEBORER: 52
BEA; 24 CMRR ( &ML ) 5.2
MOM ( £ B-E Y-S RE, ERE-ALY HER M 5.2
-EREEAE ) 21 AL 52
&k 26 Mher. 52
flidg; 3.2 R 5.2
Tihh: 24 AMEEAT, 5.2
MR 2.4 BESRE: 52
HIERE: 24 M Z R R 75
Tith; 2.4 B 9.2
LAE-EY-EHEE; 24 HIB IR 5.3
&R AYEE; 24 ZFEr; 7.1, 72
EZ&R; 26 FXBE; 92
R, 2.2, 32 #He; 55
H4E: 24 WIEEEE R 74
Z&; 32, 4.1 BHMAR: HeR
#%; 32 TR 72
FH#; 2.6 g 62
RESHRE: 26 EiEIH; 73
R HRA fEBE; 76
HEEL: MRA EMRFS; 7.5
HIRER; MFEA P LIt 6.5, 7.2, 73
B IRME L : 6.5 EREN; 75
W B 9.1 R EAERSRL; 3.2
HAME; 101, 105 WA, 9.1
ShETEEEER LH: 9.6 @M 101
iR 21 BREELH; 34
EEE; 21 5=
HinEEEM; 24 HBE; 12
—HE EBFEP; 1.2

MOS ( £BALYHTH); 4.2
pn {pn¥); 2.2

B RE; BRC

ZE AR 21

RARER _
BRER B RAEE; 5.1

frEezImE; WA, F”
Bl R eR: 7.2

FMHEH; 2.1

THER¥; 2.3

TZE; 2.1

WAIEHEE, 6.1, 6.5, I “ICMR”



642 CMOS BB A 8584831
i, 43 FiESoER: 2.1
FIFILH TRt WxEA
BB 43 ;2.1
HMBEEEE: 43 BIEK; 3.1, 32
THRK: 3.1 rEEH; 3.1
BIEX; 3.1 BrEKmIRE; 6.6, KiFC
FeZkE K 101, 105
ik 2.1 mE; 21
Et; 2.1 Bit; 2.1
JEHERE; 2.1 FERHLEE
i3 —FKi; 96
BLRE: 2.1 BoRES
ZEE; 21 Xt A5 AN A IR AR 9.2
T#; 29 Xt AR A U AT R 9.2
A—fkwE: 9.7 LS HIHLEE; 9.6
REEE; 9.1 & Q{E; 9.6
SRR 109  Qf{E; 555
gk 6.6, HiFC PR IETEE; 97, 10.5, 109
e SRR SAE; B “BIT, W@E” Zith; 2.1
TR, 6.7 BH; 92
B/E; 97, 105 FEG 21
HERE; 2.2 PR 22
FaEE; 2.2 BFiEA; 2.1
RHIEE; 22 B
AR &4 109
EEGERYE]; 9.3 2 101
P, 03 RAEE; 45
EHEHR; 4.5 Wig; 1.2, 23
EERHRERE,; 25 RXEH; 36
LA, 9.7 b
HHEHRE; 24 ‘ Sallen-Key; 9.7
R (MkBE); 55, 7.1, 73 i 1.4
Rz (HKEHB); 55, 71, 72 Hike; 109

et 105
B RHE]; 6.1, 10.5
ot 21

A 3.2, 41, I LD (Bmbar )y

AFHAHF (SPICE ); 3.6
EaisLkE; BB

o, FFXHEF; 9.5
248, FREHE; 9.5
—pft; 9.5

B
WL 97
WA 9.7



3l 643

AWK 9.7 DEHF X FHEHELE; 9.1

i 9.7 WA 85

FHHE: 9.7 Bt (SPICE ); 3.6

FHAF 25/ 9.7 PER; 8BS
KBTAE YA EE; 8.5

fiifk; MFA BN 9.7
el &k 1.2; 23

REBIERFES: L1 i 32
R R, 2.3

S8 3.1 EEBRH; 63

KES; 32 W

/MES; 33 SARRE M 109

mAX; 3.1, 33 S 109
AR, 33 FBE; 9.7, 109

EEIREERE; 105, 109 EARBAAR: 9.2
g 21 FREL; 2.6
TChD; 2.6 RAFLE; 2.2
REMKM; H#B Bk; 21
FARE; 22 SMEZE; 2.1
FraaEes; 22 REAHT; MR A
T, 23, 34 BRE; 44

iBik; 3.4, HiEB RERK
RiRFhME; 6.2 THETH; 24
MEREE; 2.3 5o
WL E R EESEL; 9.7 Ay (#4y3ektE, DNL); 1011, 102, 1035,
#; 25 10.7
BEM; 5.1, 74 4y (B4THELME, INL); 10.1, 10.2, 105, 106
iR 2.3 BEES,; M#EB
SHBRTFRE; 22 SHBSY: A, By
AR 2.7 MR 6.2
HEIRE, 101, 105, 10.7 HAE; 55
BHAE, JEEAE; 9.4 BHRL; 5.3
BE % 9.1, 9.7 HHEE; 55
i A

FEH: 9.1 ESEHTE]; pd02
mHbEE; 4.1, 9.2, 93 BLRAESEE . 11
W, 22 BIFE: 4.1
g 2.5 TR, 20

T UL LB 9.6 TR ; 3.5, 5.1, 74, W “BEA"



644 CMOS #E 5L % ¥, 783% 3F

e 2.1 MRS RS 109
£z 14 BRAEEL; 3.2
#; 21, W oTox” #8109
BB 5.5 WFIRE; 101, 105, 107
FRWEKE; 3.1, 32 HrEtEM; 6.1, 65
BHERKE; 2.1 #E: 21
FRABTAE; 5.1 ERR: 8.5
BEHE; 2.3, 3.1 HAFERMR; 105
TR ERAEES; 5.5 B4 ( SPICE); 16
W e BERRB; 3.5
HE: 97 FYGRIE AD; R “AD, BB
Bk 101 RELE; 97
HRRIRTE, 25 REFE; 9.7
[NERWERS , 1 2.5, 32, 75 BEEF: 84

AHBEHERE, 93 BigHcHE; 55, 101





