














478 A CMOS % w5 3% 7t

BREHHN -1 VK, BH Vg ERABERE(0~-50°CRELN 50 mVD, TE3EM
ALK 50 mV, XEE R WA TR 5 100 mV, HIG, REW Vo EBLAZHk
LJL_F-O

PR N RET DR UER B RS
7= RE B BTG E KB . B 16,5 B, Bl—& Vm

A EARFRGEKER MOS &, VB L 898/ AN,
FRE ARG RSO X B F T HH R, B

TEMIE N T e AR e A 6% 1R Y S 7T, WL 16. 6, | -
SEER L ER TR B2 B E LT ESR R RE AN L oft

RETEER =&, T A B B R A0 R AT @, &R, ™
ARMEMFERNRET )N, NAEHEHFHERER
HERSIRIE R, X 251 VRO I, el B dix
FREL OB RO 3 - SRl ok 1 18 P M 4R 0 4 10 B, B - B8 M1 R 4B & B8 i 100~ 200
mVv,

SREBEFXNE - EHNERNESE
“MEHL2EL"(DIBL), FEH 2 EHiEk S
HEBRERS T, HEWER I, & &L
BEBEE, WE 16.7(a), BEBEHERX
BN F. ERWESEF, RE L JEERE
REf & By WEBEERAEE, & B/RABNEE #RRNDE
FLERKFIAT —A8E O HEIRE e
EZEIMABEMTF Cyo &R, HBHBE
M HLBR T  EMEEEEEENT.  E16.6 SDERRAMM KK
WARE 2. 27 il TR KA
I/v #i2R . DIBL MW B R R T, RE 16.7(b),

DIBL X i B3 9 EE R TR B BT . X —S0H7E 16.2. 5 T L 88,

B 16.5 REBEMEERKTHTT

-J.- S |Ogi'D“ x VDS
al *:-——-J-——-—~ﬁ| Vos
il T S DTt | :
- I
('-q_..._..f‘:.m._ra crj-'--.‘}‘::k:L ﬂ____J;
L LG
PENE i Vi Yoz Vas

. (b)
B 16.7 (a) FMHESEPK DIBL; (b)DIBL 348 ikt s B m

f—A i,
B YA T R
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16.2.2 TEHBEHIETHEFENL

FEARGNIR B IR T M AT A0 8] 7= A A i e A B T R BRAE SIO0, R AT FRRMR A,
AT FECE 2 A TR EER R TR, b PR ERE TEERIEELR,
IRGHIRFRIER R T RRREE ., BX AR — 1284 R

M= T4 g Vii— V) (16.19)
AW, po T BB FTEBR, 0 BUEGSE, A R0077/6,)V 171, Hin, 1, = 1004,
Wi g1Vl Y Wehm EE#EN 100 mV &, TERRSBE TR, 8,0 BE . TR
WX EEY ¢, TR, EAEARIGBEER,
BR T & f MOSFET e i MBS S 40, TR B Lt 6E MOS %6 I/V B M E &Ry
AR SWHE Y TR, W T~ B T 3 T, R L (A R
L1619 Bl RERBTET R, EX b, I,ER

1 Gy w _ 2
ID_ 2 1 9( VGS_ V’I‘H) L (VGS VTH)
(16.20)
BE 6( Vas— V)<, 5T LS 3

1 . W 2
Ir}%‘fpoﬂmz*[l*ﬁ(v(;s_ V'T‘I-[)](VGS_VIH) (16.21)

%%;:UCM%V[( Vios= Vir)? ~ (Vs — V)?]
(16.22)

EEMRE—THRIE, A E &R, RN A .
EHAGTIEMTERR QWP XEEIE 16.9 PR,

16.2.3 HEMRH

BT EBROMB T RE X BB RS . ShFET | Vm 0, F R G T,
BAVERE, B TRATEE v=pF, SHGEHRN, v 2B —MEAE, 4% 107 om/s.
B, 503 IR D AR, 10 T X A B o, ZE W R A e — 4, B F T B ik B
BERAD, TERMEHIR T, R0 T 2 K7 Wl R B B B, TRATAT LR 2
(2.2)5%

ID :ﬂvsath (1623)
= v WCol Vs — Virpr) (16.24)

D B AR o BRI KBRS0 , BT TN 9 o . i
ﬁg&!'y\ﬁﬁ{ﬁﬁﬁ%ﬁﬁmmo 'ﬁﬁ ﬁ &Em &%Mrﬁ( ﬁf@@.ﬁm.&ﬂ*ﬁ@ %&:ﬂ:



480 FE L CMOS K 5%, & 3395 7

HEE, X E S e RS LR, mH SEERKE XX, £iFE, Wi 168
R, L<1 pm SE0EHY Iny— VoSRE BN THBHEAL BN Ve~ Vml SRR E I,
BB AT S o = v WO, I, 705 U RIR | 5 5 2 A 46 R o
S AGETE,

FEHAFHRE T, MOSFET #H
R R, [/V Rl FREFFE /od

e, —AREENSLE Y Vaso+ 34V
A, B 16.9(a)Fim, Y Vil Vi Vaso+ AV

Vs — Vouf, BT B AL, &5 R fd

I,
FELK B 480 1 6 /0 T O 3 S e 550
Vis> Vs = VIR o 10E, i Voe
16.9(b) By, 3 B AN A}, V8@ i)
HE Ip HEEN, WSS OEET LY H16.8 EEHRANNERASLNES
R AT AORUE .
b o} REARLRET
ot RERBEBHN @ | 2 L eememeem=-=-- Vaso+ &V

'r‘ ’o" VGSO"' AV

ERERNA Veso

. - - oo

Voo Ves-VYm Vps Vos
{a) (h)
M 16.9 EERMARE
(a) W AR ATHOAN ; (1) B S POBBJEE
(TEYFNIX ) R B3 B o 0 1) — 1 Sl T O i 2R
o 2
In=WC, v, (Vs Vmi 2 {16.25)
V{]S_ VTF]+2 —=a=
Hoff

A, n A (16.19)821[7,8] FEE, TR BHEATIRM AT S AR ERIE, (B 16.9(a)
Vi) A

Vv — 2pe L (Vs — Vo)
DSst ™ 2 gl + Vs — Vim

K6 23) UL HHTEEMER . $— WR L R0 BBER, HFRBMUITHEX
Fo B MR E RN, A6 2P BTN 20wl /pran B pa>p, B4,
BIfE L AR/, AR G 45, I, Y v =10 om/s, L =0.25 pm, pp™
350 e’ /(Ves 1) W 20 L /pg=>1.43 V, B ER, S TILEBIRMNE W EM T, &ik

(16.26)
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B LAPROKEUE DT A . B TEIF S BRI BT a6 2 it {2

F(16.235) Al LU —ERIE B B — a5 R, (16, 19 1 LAK(16.25), FAN117

k2l
Vs — Vim)?
ID = WC—"UH'U!-HT. (ZU{“’L rH)
VGS_VT'H-i_ F:]I |:l+€( VGSF' VTH)]
(16.27)
-V 2
- WC{»gUsm (VGS TH) (1628)
2ol () 20al)
0 o GS TH
Vs — Vn)?
( G5 TH) (1629)

IS 4
_2 { ox
H(z-:zoLJra)(VGS_VT“)

ERGH16. 20288 TRAF R, ERAFW 200/ (2v. LR 6 47 B4R 288 M F2E & A 53
REHEERBI. B, B(16.20) X8 M40 B RS HE F, B, me iz
BEEMELMT, B4, mE(16.20) A HEESEER(IE 16.10),

16.2.4 AR FRR

Lim Ui [E R AR, EIWIE MOSFETs £ ARBRM AR, BREBHGN , BE T
BRI, (BB RS0 B S A W oK, BT S RE L S W K, S BT 0 18]
Ttz shat. LR T B R BT (2],

TER XL, AR T IR B R R, R, R, AFNRT
— A BT MR, B ERE . T2, A TARNE -8, e, RS
FHRREGRARE, ENWATREAME T, EEFHIHR, ~EMR R, 85T
T FE AL PO R S A T R AR T -

TEH LGRS R R, MERBI BB E R, XHRH LT HFRfM
BANIAB AL LGB IERE,

16.2.5 W-REBEEFEAWHERPEL

EFIAR—FE A REBEKE WS, RAOEE WX, SR8 LA o
AW B, EEE, o M Vel BE ViR, RS BER B, RERKRE
PR TP A — B R4 BT, S0P 16. 10 AR X ARSES A 526 1 F KR pn
HEENEMLEDMIRRET  BRKAER pn SRERRBR, 1T XK R ERET .5
RERFEELE pn 45RERI5E B,

FERFRAET 5 B,



482 #H CMOS & 2% 2858 4

‘ i -
VDS‘ Vns1+AV VDsa VD52+AV VDS

{c)

M 16.10 (&) VBN RE K B /) ;
(b) VesB KB MIE KR ()X 17V FERENE

N
m, “/q 52 (Vs = Vis.al) (16.30)

HHF Vi, mﬁ%w’rﬁﬁﬁﬂﬂﬂ%ﬁﬁﬂﬁ[ﬂo B1a0(16. 25) MK (16. 26) MY H — T ERX R
ATEZH BR8] e TR
ERWE R HE Vs — R B LRRCBENRE, SHREAER
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IR IR A, DIBL 9l &R o KR

5R(16.30) LR AL RIAIH, B4 ., 4 MIicIE A DIEL
AR AR EAE, FRESMRS S R
I 96 X TR S L B P — A AR N\ 5

TR O IR IR AR ), Sc b 1 (R T 4500
Bift. ro S AYEILEIZENE 16,11,

ro ZEMLEIT Z B9t AT Rk -
PR . b, IR A8 M S
Bl H TR AR 1k, FE TR SR8 4 60 5 s L B 16,11 W ER Vo8 65k
L HLBE 2 AL, LA T PR B Yy TR 35 ¢h &
AR, NI R B AR T L IR MR AR B B S R B TR EBIA T —
FENFT IR A B el B0 S

16.3 MOS SE41&5

A 20 42 60 FR P IEST E— MOS BRI 10], BESEE R 5 B REE /N, A
KT RE A HER T TR BRI T, M 60 AL IR 70 SR K, W TEWEE
BB T pm B MOS SRR RIS IR 2 1A — S AR AR v Tas
THRBRUIK Level 1~ Level 3 81, L2 5.7 80 TAFEE, AT& T 01 R SCH A4 1
TRIAY B M IE IGFET # B (CSIM), B0 M K 2210 %0 R0 40 B 138 T 45 9838 IGFET &)
(BSIM), SCEGERT, e AR O FHUB 3T, 78 80 4E1RR 2 00 4E 454, A TSk T
BSIM2,HSPICE level 28 #%) BSIM3 %— FFHIA

MOS S i ABTE AL P R A BB LELG T X ER VI 4 BB R RITE
A—REBRIEZEMAEETEIM0.5 pm B 0.3 pm B/ 0.25 pm) . RAVETH B EA
BRI AR, R TR S 25 TITNA, Fl R R 8, — M Ay B
JERTLAT R BE R R R f BB 7E R [ 80 A S R P B SR B0 A s B MR L A
BRI ENE., BB SEREATEXFENNAERS2Z 1],

16.3.1 Level 1 3

Level | XX & Shichman-Hodgels RB10], EHERHME 2.1 M ESR. TET
NIRIRYH

=LK 12 Vs~ Vi) Ve — VB (1 + AVie) RIEX  (16.31)

2oL,

Inz‘l Ke _—W_(VGS_ V)l (t+ AVi) Mk (16.32)
2Pl =20,

:T:tl‘f:l Kp: ,ucm., VTH: ‘f‘rﬂ_l] 1 }’(V 2¢B_ Vrﬁ_yﬂL)o i\’fiﬁ.ﬁfﬁ@m@ﬁﬁﬁﬂ@’%%ﬁ
P 4 3 SE AR



484 L CMOS 2k & & B35+

RIS 2 EHRAF AR T FHBFAFRNERN, AIBTEM—KRBIE. hTES
2 EAEMEE T, Cos MM (2/3) WLC, R REMER M (12) WLC, + WC,, (0T Cyp
B WC BER(1/2YWLC, + WC,,), X RH K ZHHEEMBERE. ETXMEA, &KX
CosT CopIRAANA

(Ves— Vg~ Vm)?

_2 Iy
Cos= 3 Mo 1™ (Vs Vi - viP | T W (16.33)
2 (VGS_ VTH)2 *
b= "% AT B + )
Cep=0 (16.35)

EATERR, R S8 THEEBREAX, WA Vs — Vg= Vg, Ces = (273) WLC,, +
WC,,,Cop= WC,. A, E—TTRRESD A TR S b S $E EE T,

Level 1 AR FHEKEDBIKL 4 pm WBLE, S H AN I/V HE,BHFHTH
LI X A LT RS AR 22

16.3.2 Level 2 8%

YUPPERBEL DT 4 um B, Level 1 SIS SRI H LB, Level 2 MR E R BFHZ
RS VA R L 1,

T3 2 BEHER 1/V T aserkn, 3
MR EE R AR EEE, G0
EFRRRABEES SN ERRTR
A, i 16. 12 BT, Bribix ik, B g
X FEWERORRERE, EANER e
BRERENGA R SHERTREY, T -

R T DX R A S TR A S 2, TR AR X -
MOUBEEENER, f£2.2.2 /P, &
PR 808 e 7S AT RS, AT (1) f16.12 REBWEEHEL

I = #Cap | (Vos= Vi)
V2
Vsm
—%y[(vm— Vs +2¢p)*% - (- VBs+2¢F)”]{ (16.36)
AR, BV V=0, Ip U35 v X MWH, M TG Vs, BN Level 1 BRI

AT BT KR Vs, B4R 0T P T BT L p . AT A Sk
FE(1].

—
Vos,m= Vs — Voo — 95+ ?’2[1 —\/ 1+ %(VGS* Voot 95F)J {16.37)
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TEIRALX, U L 3 A

Irs = fn.wm (16.38)
B Vis= Vs, VAR (16.36) 0, 0[] EXXAM Iy e
BT R TR SR — AR B, BRI B A R BRI, B E— R ) 8,
HFIASE A R XFF ISR BRI, 7 Level 2 BRI, 3 D RBHLFE, AT ET
HWRIEM S HRE RS ZEFLENER LS, W pn SRRERNH AL R, TE

_ /r :2 €4
AL N Q‘N sub

P+ (Vis— Vg, )] (16.39)

A Vis, o HRIFHED,
ERFEBRAKEEETRIRERATH S RERE X OB R R AESEA1]) H 7
R B, AL T EREAA T BE"THXRERES:

e
AL =, qf\?‘“b(v] +V/1+ v3) (16.40)

KPP V= (Vs ~ Viga) 4. XEBDERERAGER A WERHI=ALALVy). Azt
(16. 40 AUAFAE R R KBS BT P Vi N 28 4L, T A 85000 Levell MR A (&
BEIX P HFAE

Level 2 BRI B T B X % H b 3 AT B R, THRITEAR N

- (i_ U )U'
Fom BT Vis— Van— U Vig
A, Ue FAM-IERE RS, U, ARS8 IHEE 0 8 0.5 2R, 358 U.25% 0.15,
B RMERE, V, = Vi + ¢V, b g =1+ 'oalod
(gNps/Cox) + Cy/Cops Nes HERRE XL, XBE,
iR AW AT FER
Irs= I ,exp E('Z:;,—Tm (16.42)

B, 1.0 V= VTR EAR(R(16.36))
HEEIIMRRA T, BT REET, i 16.13 METRARNTHAL
£ gy 0 HE X B0 RGN, 1 AR, E 16.13, {5 B it i B4 & RE B B A0
IR

BRT LA L3R 2 4F, Level 2 BEBYR 2 8 T 28 4N S48 B - Voufl L #9731k, 3 BF
Mo X RS/ B kR 1],

SCRRL ] AP A SR 0 . X T VAR PR AN X ST 4 G R4 ( L A0, T um), Level 2 5]

(16.41)

-
Viu Vas

O Bopn AR RYEER BN, WREH S EWB K.



48k ﬁ#}x CMOS 2 B r@.ﬁé}ﬁu’r

REGSIRULGIRRY 1/V ¥EL (W RTC RO A I 1 KRSt 1X 5 1A X A9 03 Jr -2 11
BAH L ABTIRE . RS- N KO85, B A AU Y R e o

16.3.3 Level 3 BB

Level 3 BRI SCELAE Vi 2B MATF Level 2 #ER) . Level 3 #EEINT Level 2 741 4 —Bb i 37 2
TR H S A TIFE 200 3, R SRR T I E R EAS 1 pm WSS E .
AR P R R R T B AR
8.15x10° >

Vin= Vop+ Fs¥ /285 — Vg + F (25— Vi) + £ Coliy Vis  (16.43)

AL Fe B F, 2R E 0000 A HEEWD, ¢ ERIREE 2 ML .

IR RIS T EH RN BG RN, Rl
R L2 ||
'ul_1+.fiefivm (16.44)
'Umax‘[‘l
A

et = - {16.45)

Vi VIR X PR F IR AE R, fR(16.44) MR (16, 45) AT H, B 7R a1
WiARER A

W. Fgy V' ,
o= Car 2| Vs~ Vi~ (14 2 w0 v o

AP MR THREERR M Vi = Vig we Vs, wSOEEZR T 95038 ok 07 F0 58 B 0
(B 16.9), BFREXEUHER[1]), TREDHFXALKDYUT Level 2 HH | 7215 5528 g 1
4, S E AR &L,

Level 3 IRELEH Y EME RN B BRI BEWNERERN U RETRNE S, a0
BTSR[], 25308 LB, TR 1A N : Level 3 8%, 5 Level 2 #EBI—4E 2} F 515
e, EERE AXAEB KOS AR RIRE,

level 3 ﬁiﬂﬁﬁ—-ﬁ‘FEﬁt#\%,E%ﬁEﬂ% In X VeS8 AR ES, X SE M HHIT W
WRESFRARA, WHE 1614 Ji7R, % FEMESH.H Level 3 HBEH o B V078
1k, HAR I R 2 22109

T oM TA W AT, B Na, AR 6
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—

B i6.14  Lovel 3 AT S 1 o BH B9 T 50 5

rok

-
Vos

16.3.4 BSIM RAFHEA

Level 1~ 3 BBV i Bl 1f — 6 07 B 1 R B3 10 40 0, T O0 e 788 2 B 488 MBS Ry 3
T H. R, YR AT HORSS , B SR R ST I A R Y
VABEYE, BSIM RA—#MS5HARMHE: MAKENEESEORE X3, £A 5
ZHERSHRETHFERE L TR,
BSIM — BB SR — A A LR KRB FRRE SIS AR T 1R %
Fo MAIMIXERN
y_p L G Bp ,
P=p, *L;ﬁweﬁ (16.47)
A, P, EEMEHRTNHSEME (R Loty W2 0] P= Po),ap-ﬁp EBRIEGHT. #
n,ERAETTAEI N

#:#()+ﬁ+‘% (1648)

SRT, /DR & AT, (16 47) B SR 1],

BSIM FET B F TR SPGB T A HitibiEE. BSIM K4/ 50 4+ &
B AEN T Level 3 EI/E TN F 8 1].

(DZEHBREB A TR RGN, 2B 7+ KSR,

)X A GB MM IEEE T IBag s,

(3) B3 7 55 [ BY X AR S A0 X A9 e 3 20 3 38 S 80— S 8% 4

() NEARBRT SR, Ry T — 2B 0% R 2k FE R BR800 5 T R B 3 1y
VAR A K

0.7 pm TZ AL RT 1)L, FH BSIM BB & F R T 38409 1/V 50, R o
HIUKERE  HE FAMEN &S, s ae,

THABE KRBT 0.8 wm BR0F, B2 7 HIRURIEZ 4, BSIM £ o Bl — S 5 1) SR 4R A 424,
B, FEFHR — WAL, BSIM B0 Fi) MOS $hURIDCH s pR 2 8080 041 7EVRZE MK
Tt e AT IR B R 1.



488 BB CMOS K A& 2B

BSIM ARG MELE BSIM2. F L4 70185, BSIM2 MEHE Rk
A RESHFEHFOEER, b TFEAHLE THERE R MRS 2K, ERE
it TR GO OBRNT, SRT L LB AE S BSIM2 S Ak BE AU ES T T BSIM. WE A
A . BSIM2 7EZRME I A — 48 KAYiR 25, (X 3L 55 h B A " 2y ( Kink )" Bl 52
11,

BSIM 1 BSIM2 B R A ), K6 i 5 P 5 5 RAR /N BO 2 4 20 33k % 88 F 45
BATERE N ESR P T R, S8R BT, UEREFRESINE
K FEG BTN ARIERM, 2558, BSIM A F - -{CHER BSIM3, 7ER & BSIM 1 BSIM2 hiF
ZH BRI, LS TS F LEA R . ANTRMAES I BSIM3 JUR B, 48
=HEEY BSIM3 SR E 180 NS, IEEKE N 0. 250m B8R, BSIM3 4 T LYETE
T 5 S AL X 988 R A) LIRS ARG B, 0 R 90 F G R E e R AR =

16.3.5 HEHER

¥R T Level 1~3 BIBURI (L BSIM R Z 4b, ANLESEY T2 H a0 MOS R, X
YA R b | F A B9 R HSPICE Level 28, MOS9 F Enz-Krummenacher-Vitioz{ EKV )% , H
HENHRE T R MOSFETs FHEMSTT 1], BN, HSPICE Level 28 R ER THE S
SR8 R AEE, C i IR s B NSRS ERTR

ool ol ) () aew
A, Loty WA — S8 S (MENE DR SIEE RS, X8, S85ILMR
THICR MM T SHEMR TR WA RRER THM T8k 2%, BT LB E
SEERE . T H, SIS 1 TR R ) T LU TR L,

EKV #8111 VAEFE ERETFE5 83 MOSFET T/ BB L, AR R, i
RUARENFERENSE S, B, IR RS0 TRERZ (MBS . FESNE. &
SIAT T B X A X B 2 — MR R A =,

EFRXEEANBEATRTER[1].

16.3.6 HHHHEAERY

B2 EERAT BT Level T A9 MR 20818 BEFR N Meyer B ZF1ERIT 1], ERfER4C
WHSHF, FUAEFEAR . RS SPICE 447, REREMATE (), A~ 4
. PIAN,ANE 16. 15 BER, FE B — RIS B A0 88 Fl— MOSFET 4 sy 43 FE 8% i i —
BT, B TR FMES S X A AER— g ER s, ES TR, MR
A RERREA T EARE, AAET R L EX R EHTHS RS E, §riitE
MR EADRRE ZREMDHRERRT, MEXMHIEZR ML, SEERAEEE, ¥

D - TRERE, BERPRERITHH. BN Co - Cxill
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HE R B R AR X AT, T I FERR P (K 45 L B 2 (e X P T 1T S0 A o

Ci x VMI—IHI—II—L.}.

Vin °—_* Vour

¢

B 16.15 {FIFEHHEE

Meyer B, fp BY ) 53— [7] B 5 1% 32 60 T 76 R IR0 2 1R 9 43 B Ko Mleyer BLEIRE
FEBRIEK Cos= Cop=(172YWLC, + WC s TEMIFIX Coy=(2/3) WLC + WCLLAK Cop=
WO, , REBESTERESERBAERN., ATETHRMS, EEREB AR
AN, 7E BSIM H1 BSIM3 7 = Fi AR 3] i o, A7 23 B 8 (40% /60% ,50% /50% ,0% /100% ).

HTHREEE R ER RS BRKER, BASANEE R MOS Q2 TER®
GO AR AR, KT, RN e BRSPS B A A Y ERL, A
HW, FFEEAEFSE K],

16.3.7 B

MOS BES S BHMEAE ML, BESEHENGERSENER £ KHNR
B E RS &, 1E Level |~ 3 B BSIM,BSIM2 W, F RS BRI RER
s Vg, S/D SRR RS BATSRE THRE(n) HFRER(E,)FUEBE, xEsfSRE
X FR, KEFH R AL, FMm.

7.02x10°* 72

F,=1.16- 2200y (16.50)
fﬂ
3001372
=l F ) (16.51)

f’\dﬁ‘ ,#{]:#(T:E’ﬂooﬁ)o

BSIM3 B TN SRR AL LR SRENXR, XLEHLH EFHEA T HE
B EN Vo BB, 7570 MOS 8848 fn el #4038 BE AR 4L 7 i , BSIM3 AT RIR B 2 | g
AT

16.4 TITZH

5X0R SEE AR, 25 R & & A 2 R R 7E A R Rk Z 1), MOSFETs 2308 46 1R
Ko BB ERBRESHHEL ,CMOS B B H KA AR IR R T BfMENa



490 FE A CMOS S 8%, & 245 5

BRI E LA A — T E L,

KT HE—ERE LSRRI A M EYE, T TEWNZERESFREREER NS
FEI P, SR b AT LA BB i P E T L .15 A R R R ™ IR 1 e B S S B e (RS
16.16). S, —HZMEBAFTET E BB BT A B4 M T E R ERITEMEH, T
Z LAEIRM ) F R BT AR KX A A L R B B . B0, B CMOS R+, i1 F L
AR BRI AL, R BB S BIAG S TRE A R BRSOV AR 12 f%.

E8E

ITZ&81

B 16.16 MHEHEESTZERMLE

Rt RPN E RER T
FHEEIFLL T Z A" (Process Comers) IR 25
ik 16. 17 B, AR E NMOS #l PMOS
A8 2 R I8 0770 PR PR 0 E e P R B E B TR -
Mo 33X M F 4 5 2 R NFET #14 PFET, 18 35
NFET A& PFET, $& NFET #{g PFET, 2 NFET 1 N
Fitk PFET, #i4n, 545 5 po i 4, 580 0% 680 1 oy | NFET
RIRAE B AME. NEFTERSE— 2
A AFEXT B A ERIRT , B £ NMOS #il PMOS ) B 16.17 3T NMOS Fl PMOS {8
Mt B m 1R R AT T RER , T X A B9 32 B 1% I
BRATHRINEZHRSE, B, AABEX
S EBIEIR AR A A ARSI, TESF T2 A AR R B A T X o R AT A B Rt o
R G R EE T

16.5 #FiF PPzt

PFET A
EE '

L= (=]

P T

o o

TR AL B AR AR T AR S = ML A FEH 4. B, EME 17.% 18 T, &
F8 CMOS TZER A HF RN FRETIRI UL FRIER . BRI T8 8 28 14 iy
R R, HRRIAT T 2B R AR AN RE, S, SEiHTa%e
AL SPICE (AR WA T HBRS M A R 2R, BN, S S B R ki B s
FIREAER A [ 12], VO3 S0 DR A (R T P 2k R B0 R e T S S 0 O BB A R e R B
o i E, — LR N B A IS, R A0 BB R TR R, BT R
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WADHEAFEIL TG PRIE. R — DA BRHL LR ARS8 1 20 B ASBERT B OO0 48 4%
] —A~dg A E AT E IR & T CMOS TEM—{RHITF — AR & ST R
BRI,

FEXFORET BB BRI R 12200 B FISEIEE . Fr b, B2 Bt aEngiE
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i A% ( R 18.12(c)),

= 3 e S
’_.—[ T B B : JJ
oW | Ll Mmoo
. gl e - < "—]J
STaN o o,
B R

B 18.12 M FEAE (] Ak Wt e B RS A

18.2.2 FhERM:

EEASE 13 EAA, RSP OAH RS AR AS L ERE, R T TR
Wy ME SR, RS RN TR, JELA0 R 70 50 25 AR ch A R BR M , BT e e
KGR, B L 13 B B I A A B, SRR R AT DA i
RMBR IR A, (R AR, TR 1575 0 A28 1 B L 1 PR PR 2 00 T 0 15 3 b 12
it, X—SREREITR.

PHERATMA 18, 13() IR MZESME T, WRXFS MOS TR 18. 13 (b) IRAE A [

A 18.13 (a)ZFNF; (b) M, #0 M, B MR 55 R A i e .
(c) ME—FREL MEE,; (d) WEFTHRREA



524 Bt CMOS % 23398 3

FERE , B F7EE RE A I T8 28 B ep i A RRIE NS —& e B RAX
Bl BT, E 18 13(c) M (BN REFESER 5, XFAZ R HPEEE b —F RV “HHH
B AR BOR N IRE R . N8 18,14 B, By T RGBS E BN (58 17 5) , R/ WA B T
ASTBEEEA I @ (WE R FE) R 7ER, IR Rl — BT ER
X, &R ERXEREEA —ERK, EEIHTABD, MTTEEAXBAZE, #RX
i X gz 99 B4 T AT A XTRR .,

?E’ﬁ*i\

ffffff / .K -’4' JFH ‘{.' JJII
/ f / / -' Vd
Y/ 11171
Y o 114

|\> = #i l’
HEEE_"'! :l/ l n \ /‘LL)

N BEC

B 18.14 ik Affi#hs s X

B, B EFTEMAZME 18. 13(c)F(d) K, tiE 18.15 FiR. 7EE 18.15(a) ¥,
AP UAERR (RHRERE), BARXFH N2 ASEH AR SBORMER, 7£/ 18.15(b)
BB T X R T TERR R X IR (BRI AR, BT MOS B i R —#E, X 2R, M, W
XEA#HRE M &, M HEEXAHREEGE. [, M, 7 M, Z08#uR —8, BaiE
W, M; 1 M, WREIBEHER -2, Hit, 18 15(2) FRS i E g,

B 18.15 AR
(a) A1 MOS EAHER —EHLE L (b)RMEHE XS

Bl 18. 15(b) S5H AT IEA B A X PRIE AT LAE 8 76 & R S B B A~ “ e 481" MOS & B e
LA, R i i My F M, BT B R LR I, U 18,16, fHE, EEH AR i
IR RS-SRS BRSO I R RERR R 1 1

Bl 18.16  Hhn s 1% LA R B X #R e
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525

A5 ZRIR A ST AR A W (R I R SR A0 M. A, & 18, 17 () FRE A, A
— N MOSEEFHE—FLXNEBREN, XoFEREMHRE, A M, 1 M, ZEHELE,
FERXAERT, TS - U E - £HRAKEBRLE 18.17(b) (X AEBEEET
VAR ), T i R 5 FE T [ A FRAI AR A 2%

M, M,
ES T |
S

{a)

B 18.17 (a) M; BFRAMISBEFIEMARIR; (D)7 M, B AR T BRI — R 2 B S B

MTRE AT, SRR EE
EXET o . £/ 18. 18 2 shxd
O {lE A T RS, XA S ik
FRREMEEX, HF « #iym e
BEaS|REBHAR. ATHAEE,
AR LT R R T, X 2
Py By M — BT B R B S M
HEH. WA 18.19 FFR, XHA R FE
FEM, F1 M, #2 R AE 8 Rk —
YRR, X A E B, O
SR, FERRE R RIB M, £ ¥ 55
WA 18.17(a) TR M R B A MR, L H%
ERXTHO R B AR A A B A (7 i 5 [ i
ERX . WFA—SHHRE, sl
RURES, MR ELR W fE it TR 410 Xk
S,

ERPERE B BORT, W] 15 9 18. 20 B
AR Gl — R XS
RS, XE, AN R—¥
B dn R —FHEF, M, #1 M, 7] iy #2540
B P d P 5 MR B A 1 SR
53 A AE R R (R 18.20()), AT
5 260 1) s B o 4 4 1 A 4 L (1

B 18.18 BTHEWEELZHXAER

1y, o
EM‘[ [

o L)
M :
2 | .

E18.19 FHdiRE

18.20(b))s (5 THIRERI, AR E R A B 00IR SRS B EERE ) 2 AT 20 M b OB 3

D EHFAREERERS R ERN.
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IERATRE, BH T HSHERTREEZRAMERAEUN AC, D, H# M, A1 M, FEBE, 18
4]

Tora + Tou= 5 s Cont Cont 3ACo0) (Vg — V2 (18.7)
# Mo AT My, 37, T
e+ I, = 7 i Cox # ACox + Con+ 28C00) W Vigs — Viy)? (18.8)
PRt , SRR S SR T HBERO 0, XTI 18.20(b) BFRl &, FT/8 3

1 .
Tou* T =5 #ta{ Cox + Cox + 28C00) T Vs — Vigt)? (18.9)

fop + I[Bb:.%_f“n(cox TAC, + Cop + 3ﬂcm)%( Vas— Vu)? (18.10)

Cox Cox+ AC,, Cox+2AC,, Cypt 3A Cox
(a)

Ci CoxtACoy  Cout20C,, Copt 3AC,,

(h)
B 18.20 —#&¥ XS

O Shl, CBhbSEMRERE, KRR T ZHEN.,

www . bzFxw.com



8% mELHAE ) o el

(18918 10) %, 1 18. 20(b) BT i A iR IR EMBE I E .,

BEF 0] LR, 3T R i R 2L el SRR R, S B R RE
18.20(a)} IR HEE I OB 18, 20(b) ARSI IR 22/ . (HIRR My, + My, 5 M, + M, E
AQEREEAIR], B LS AEE M, I ZE 0 F0 M, AT 0 hn e SR AT

18.2.3 SX£FENLHK

AR ARG FENPEANRE LR SRES KSERE T RE R
HEP= A28 . IXLEHHEA B (B Bl B8 ) A M BRI R T TR R,
18.21 BBl £, B Ipepth - MBS B R, M, ~ M, 15015 SR AR & & 1 7T
BIANE Mgy, HAD SR B0 . 00 RELHE Ty~ TRl e 2 A Y PCARTRLEE 420, SRS
FRITHARR AR S, 3 T EER — g E AR R, R R T 2 [ B
GokFe ] BER A HE LIS

ALw, BB B2 BB
REF : : i
I: M1 I. M2 :E Mn
Maer dH——H= e
I M hl M Hl s
pe 34k

518.21 HTHERENSLEEES %

PR LR R, ST LA I TS 2 o HO #7408, i1 18,22 Rl , o gk
RHEH RN EL NGB, 3 DR B R R, B S s R
HEHE AR EI AR LR PO, XM T BTN R AR, B R, Ien 5 Trem
I EA B Mgy 5 Mpem 2 MR BR S 3R1RE . R AMNES T, W TR HREE  BiFL
FRILT RSS2,

TEE 18.21 MEA 18.22 FIRMEEW , 7 — el B2 @R B (88, 75 18.2.2 /35
BErL, LAB 18. 21 S5, SR Mye 1 My~ M, IR FHRE , B A RS BB B 25 RUCE
TR 1.2, .., AT RUGTSUCR, RLTTR A6 K REE , B B G g
B I R B

Bl 18. 21 FiP 18.22 o e i O3 LL ) 9 At B B AP AR B SR O R ~F RS R (B
&t 18. 21490 B BRIy = 0. 5 fyer F Trp =2 Trgpee SHMW /L Yy BRI E (W /L), W/
L), W7 DI 2 PR, B FRARK Wi EY 3, S B EE H R b BT 14 /)
2Lp, Lo BTRMEEREE . Bk, b5/ 8 A E, A SRS £ R0 a1
I i e 3 R A R AR R R B R R, TR, BT L g, W, =
0.5Weerflt Wo=2Wrero [ 18.23 R T EHIEE MM 0L E, Mesr, M, R M, 2 4047 27
o BIHER, TR REENERARBR—ANEAE W, 0BBIE, BT M, A958R EH—



528 ML CMOS e A & B30

B 18.22 fitsrmsh TR EERw

PR (HTRAEE)N, BT M 1 Mr 28 5 T HERE, X—H3 4 LD
B ) R

o dinb
I reFs / 1 %Mz 12

AT T A TJ*

P 18.23 iy et S Y ) DL BC T4 25 A9 88 4 RT i

18.2.4 LiEHR4

FEFEF CMOS TH 4, RES AL — HEGEF ST, $— CMOS TENI#
FAIRE, RIRME NMOS Fi PMOS 844, R0 M E BL KA PSR S E BT E
YRR, FNAATERER G A SR RERME T b, WRERIIFTRMN,
BT EERE BT IEAARE. AKX —ABREE, BYFHEST—RANES
CMOS TZ LB AMA, WE 18.24, BHR R~/ BRI HUY RAE

T o= + 24 ISR AT M T 2% % NARTLES B R IFH T ES
# EAEENMRIR L, TE N+ I RIZFAEEERBNOERES, HER IR THA T
L1 2. % B8, BT X S LR S ¢ R e B RAE 3 B i, T M i RS NA R T
2L MAERARERBNE N+ 1T, B, KFalksa R ERBARYE M TS
L RBE—AEH FSRFEREERE R, SR X A S, RIE K
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o ENAK(ER)
- #hR =L,
~ YEEDE, ABRREEERE

« ENH s TN+

- BhRT =Ly ~ BNRT =L,/2

- BRRnRTREY ~ ARRAERATRES
| | _
t ty+2 &F t

F18.24 ¥CESHEM OMOS THEHEBERE

ICHIERFRH I AR R A S RN TEH LR, Fih R B E it a8 R
IPFrtE, M A S —LERE R ARE T2, R B TR SRS E Rt T IR M,
ST E RIS

B IRITAT R LIS S8,

Y

E FIRE AR P50 2 S L LA SR M B 5 R .
MR MR A SRR LRI R T |
FRHED ), ELAE R P o A s PO, >_J
18.25 FERBIF &, UM A M LR R, AT Vi, = — Il

< Voul

LRy, BT AR B 6 R RS G T B T Ry 09251,
SHER -, BHEEEMCEE R KR TR 55 05 J 15 B B84 el 377 5 g

Blm, - KS um B3 um BRI, BB KERBRE Y e B

0.2% £ MOS 2% {fF YRR 3 I K S 00 R 5

TeLBo A, 4 B8 Lb B g 2 S R BRLOAZR e+ (] 4 7 o BEL 368 58 £P B B PR M B ( LA 4

Rl R) ) o

#18.2

EBA 18.26 AR B A, WE R, IR, 1Y
B, V. JREREATIHERE LA SEE,
)3
BH Vo= Vs + Vi (Ro/R ) lnn, RN B4 H3E
W 2, R, R, H, B (R,/R)Inn=~17.2 (5 11
B)o Wi » =31, 84 Ry /R =5, 1FH R E W
18.27(a) i, R R, BILLE IR, LA 4 fE M
193-S
HARBREIIK »=25,91% R,/R, =5.34, X
MEHBAE R AR TSR A S8 R, B R, R
HEW, EHENRFER B R/R, BIEE R 1673,
T R BRI A 18. 27(b) .
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W 18.27 R R, I R, KIEE
{a} R3/R1=5; {(b)R,/R;=5.34%=16/3

{a) ]
A 18.28 (a) KREARE; (bHEESR

M REHE AR B, 38 R A e A PR, AT B R R —i, A 18.28(a),
MICFRAATEF MM, IMHSH L M (E 182800 BE, S EFEB ALK
2N ER

ZEHOHWEZEEE RoEMAE N LML, AT HEEHE XML, BE
AUME R T BRI AEE I HOMEE - TEPHHTIE. & p B n'
2Bt RE RN +0.1% /CA-0.1% /C., BT
2B BN EE /DT £20% -

TERFH AP R SR EEN TS, smbEa i
TR : n BF R/ p* B o™ A8 BEL B R
HANL2ER  HEfM RoEbEXMRFR . nBig
R HMEEBERAN 1 kO, BRSTEEWMAALL : : -
BEAC, BIE1 £ 40% ., T1H,iX Ro(EE s F a6, b 5 o
HA£R 0Pl 18.29 Bk . KB, R KUK n (m)
HEXEASEMT B SREERX. B, RoFE n BHH B
RAREML RS, P 2k, A

E18.20 nBfMERESHEREMER
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LigRE ELE A, Flin, 7EE 18.30 &5, H Tl Rs THMNFERKILI Ry #% B,
XFEABEN REFEERKHER, MEY V. B4k, Ry WEZaEBHE2 NT, x5
SHHESM, nBEHMBERB TC A+0.2% ~+0.5% /T,

V

T DD
3”0

YT__"ovout
Vlnc’—ll:.. IM1

T

p BUNTE REX

B 18.30 n PR pEfER B BILR B RS

#18.3

A 18.31,— M AD HHEBUET — T BERBERE, Tl 128 T n
BEBRLLR, AR RIS EMNBEBE, MER I HESERE o
PR R Vi=+1 VM Vo= +2 Vil ® Rin/R, fE, inm
;4

nHPERRKMEER FTRARE 2= 2e,($s+ V) (gN ), X H

+— VaEerF128

xR
N 38 n BFEAWE, Ve BRERE. BT HESETH o B .—Lﬂl’nenz?
BT ¢, T UER] .
2851' ! 253: |
Ry _ _\/;;we (54 Vi) Y N we ¢B _ Ry
s (18.11)
1 26.“ 2€q|
fo +\/ N ($g+ V3) +\/_ _?53 vy
\/Ti{’f‘(l 1+_) B 18.31 A/D ¥
{18.12) 2 b Y F

] 2 2= “ 451 - 1+— B i L

TE P i
R R, BEA leﬁq{ﬁfﬁ§$k,ﬂ“(18. 12)B9 T 5B RIRR L £, U
ERRIEN K

R A f_cEy 1 +
R [IJrﬁ(N gN iﬂB[ AT

well

(18.13)



332 B CMOS £ 8 & 55 5t

_ 255| ,u 1Vl

0, AR £p=2 pm, N = 10%em ™, 3 $5=0.7 V,H4 Rl R, Z AW KRB KA N
60% o

o Hl ot WUE X WEEIE N, AT ENNEZREMN 3~ 5000, #iE wE N
BAE/AEE, BRI ZMEATEET&E 0% .. ME, S KZAEM pn &&7=4
YA A, XEFELSEHEEFXT,

B ERFENERERMEAE 3~30 A, TURENME, B
REBBEREMITENBEELS o B p" BHEHH A, BEEWN 5T
THX HTAEEEX 60% 2 70% . B, £SeEd ELEESSE
B SHEER R E N HE, MR 18. 31 FiRaEEERE, £5
REEFHARERBE +0.2%/CH +0.4% /CZ/H,

TEPHERERAE/NGEE. B, ZEEE AD i
B, 18. 31 BiRES BRI Mgk ol AR S Pl B S ek 4 8
FHRL, A 18.32 i, HEXRE, WRERARE /D, K&
PLPE. XRAMS , HEMRERBEAAZ0.3% /C.

HE |
W17 BV, BEERERAROFET LLRR U TER Y1
EREREVrEK, SAERELARESBEE L &, 110k K181 Famsimn
HEAROF MR, HEETIZAERKEEWELE. D TR £ 6 LA
ST BEHENRARERER REENEEE L TR, X B £

MEWELSSEE TP NAE RS ST RE.

WRAH LER =R, Rk b AR ZRH R T AN S EW R = EE 5.
RIE— A NREE R TP, B2 MR A 18. 33 BREEMAR. EBMRSHRE T EwH
THERIE

(1) B4R & RIE B

Q)EEBRRFLRE C, MRREBE C MKEC,/C.

FAMTZP HEEREZANEENE 18. 33(d)PHRMN Cp,...,C T 35~
40aF ! BH ,TIER | SERZFMBEAEKAE 60 oF um?. FEuk, B 18.33(d) iR & W
RMRAEE 18.33(a) KMWMFEL L, B—J7E, AE 18.33(a) 8 18.33(d), C, Bk A.
R, 18.33(a) B b) IR G5 C,/C AT T By/ME, 72 0.2 B[ 0.25 28], WA 18.33(d) FiR
H=IAEMEE C,/CE 0.5 A,

EBRTILP, BREFEIHERTER B 18. 33 ey 2505 T 2 AL 0978 B &k
20% . MR MERARIRE RITERTE 5% LN, BB, E 18, 33(d) Lt b A g
HEI AR £ 432 T2 28 (B 0f B/ iR TR A A R B 22 I8 B e A BB HL S (LS T b A1 HRH

V5

I Vaeri2s

—— VRer1z7

L VRer12s

VREF1

D o BHERKIEREE RS, B0 o B AR SUE, X FBE T n BESHE 2 6 46 R R R,
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£ ][ 1R

ﬁl!iit ﬁﬁs

2
S 2 2E2
Cs Cs
SK 1 EM 1 -
Ca
Co= BERE @3_@—
| o
] 2 HiE

B 18.33 RATRASHEZHEEREH

%?ﬁo
Zik, EARAR T HEBE, mE 18, 34

B, SR AL 2 1 o 5 28 6 T 2 1 T / ;Q
1l

EEEEE, -

N

FETHRMALHERF R, B AT B E
FINEZH A, DEB AR AR (17 11)i#47

-
-l

-
-l
-t

W A L T2t R R b NIE
7,

M 17 PR, IR —4 MOS Rk
EREE AENEEEEBE N RER H18.34 mAENNRIR

734 MOS BRERT LA SR — A AAEs . 1002 i 28 X L R UMK B PR i) T X A #ig o4 A
FN B SRR B LB, P B RO AR TR U4 B X R A el BELTT 4 o RO SR )



534 A CMOS 4 & & 35 1

W, T AL ACR A R A AR ATE X AL A A B AU B R AR

#18.4
4nEE 18.35(a) B e B, TR RFR I8 85 C,/C, =8, C, M C; MBI ER T fE R UEH 45
WI¥ERE?

Cy
|
i = H
c, L o]
clu H | i j
Vino— ;Dq_o Vout § w-] .TI"" Cy
: B
BRI T ]
Lovmend

(a) {b}

B 18.35

i

RN 8 A PR ARE C, BB C, M%, #HH NEM AR RIEFBHH LR
18.35(b))o HH:(1) Co BN C, WIBRAL A B IFEE, XARTEAK F-FISE B 7 M SR T —
et R ; (2)FRGE RN AR, B — B R B s 2 C, PR 007 o 2 T B R B
ﬂ] C2 Eg_‘ﬁo

XA AR, TR AR A 18. 20 FIFE 18.26 B
RIS, BE5REEAQBEARMNE, BX
LR, T BN EABAEZ B S
2. BIEFER 18.35(b)BIm iR i, A A
FeH i eR 25 1 S BUET B b BRAR A SR T AR 3,
RIREMER . LIE 18.36 MIEE NPT, 51 LR a8
RUMFE C,/C, AP E— iR,

—nE

FEFRAER) CMOS T2 P, A LU R B fh 25 8 1 pn
G —FPRME p FIES, B—MBE BB H, WLE
18.37, HUELMFRRFRIARE, B, 5P F R Bt
JoRE L AL AL S8R (RIS e A B8R, B, AR
BRER P

BUE n Bt ZREEIE Mt L AW S A, ES 11 2750, 0 BP9 p* K, n
BEAI p ¥R T — M OURE prp @RS, AR R, B, 2 o e pn £51E
T MARKE RN p* AT, BANSH, Ha XM AU BB R Fikee

18.36 HHELHHEREE
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H——— ———
e S i 1
e UF ] VPl o) T
' _:}_ nb

B 18.37 CMOSITZEHH_RE

HH _kE. REML, MR o BEA pn 2R, B ER R R A .
IE X A7 LA b B, 5548 CMOS s B8 AR 20 (i F IF ) B A9 — 4R .

18.2.5 &L

B CMOS TEWHRETESREL, H2IBRBYIX AR 7 15 57, CMOS #
RE—BERER. REMM, 5 HERERN /2 E R E N, DAL RS E 5%
P05

QIR (I TR A 2 0 TR
RGBS T/ERERE, F, %
—MEEEERE T (W, HET LT %
AR B S mE ek mg  [H] Y S
REDISME, NTTSE T MY A s%R 8 —Il% ﬁ%

A, FEEMR, RAMARIH T EE MR .
SHT.

B 18.38 T — 55 T BHKNHE
Fo BEF, —A TR R AI— A 3R]
BERTRIE , SAETIME A Va Rl Vp Bit

CK Vi,

° Va.g

X

THREES v, T, H%4E CK 5 Vv, F
1THCE, SR A4 G 5 3000 o B i o A
HoxR, XTRETHEBEREEHY

—II.‘]-M,

Bl 18.38 WAGE LMARELXFHHEES

BERAORIRIE VB v, BEE, HERS
RAEDN ES AR RN YH B, XREFES Va, Vy, Vapfl CK 808 E2iE
R $II,E VBl V 2R BAIEEH50 aF, NV, BIH57E B4 5 255 50 F, I
4 Vi £3VEERESIRE V. 2L 3 mV,

FBRAREATLB/ME S B, F—-MERABEEFHESHEXLRAREREILET
Po Hlan, HHTHE 18.38 ST HLBEBUE 18.39 FR 045, IR C, = ¢, B = ¢, 5k 4
Va® V3§ V"l V., MBS ARETFE23RE, EE XK EE 10% H5E, 23
TIEAFNLE 18,38 BN —TRER. MZEBEERE PN T —RELNES L
HIREFE CK MV,  ZEER N5 CK fV, 2R ERS0E B2, 54 2550895,
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o
)
-
1 3
'j-Ltl
b
Lid ]
A &
Yy

o Vy.8
VAQ I
Voo J
g 02 cfz L [ o o] DutO—ﬂ
— =
[ 1
T My M, l‘l

|||—@-

B 18.39 @t Eah (RS a0 0 AR/ R AR E

B ARRERET R HEES . B 18.40(a), R F L REBRESEE D
AL — AR AR AR IR AR TR M 0 KB R AR A L THAR M AN SRR F 52k,
B, XA AR S S TR R B B B E A (LIS 1R.40(b)) . {ER, X FP
REATHE N R R EME R RS & Sk Z M ET R,

{a

Vﬁ. t“'||'y VB
{b)

 18.40  (2) BLESFATHKHE R RERBIRMESER: (b) RAET R MZSES

A-FHREACAME 18.41 frm, X8, BRESKRLHE ETHESRELFFOE, H
SR T AR GR. T HE RS RN AER, TARB T2 48, AT
EHMESHMEEEFERT .,

O MEHEE MR A SRS RO A 18,4 Hidis s g M.
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HELBHBE RER. ERRASRA .
R A 40~ 80mO /IR IIE T RES s | _ em2
PR SRR . TR, Sl Sa Lt
FrEREME, #an, — 0.3 pmx0.3 pm
K& RS RS Rk F e SRR

AS5~100. ME-RERIB_EERIF g5 0 Ey b TRRARFFRESHESA(E
FEEFLEEE N 5Q. ®_EER)

#18.5

TER 18.42 Fin iR E 1, 1 100pm #15B 002 & BEE T — R PLEFL AR 5 — 1 RidE
MR R, BT R GBSl R Tl A RS

&= 2

S| TS EME

2um ol 4 b : '
"mim

&M3 S|

P 18.42
L

BEENEESEY Ro=40 mQ/],EILEHEY S O, FMABHEY 100, FRAE R, =2+
2.5+2.5+2.5+5=14.5Q, MLFEZTETFTHREFBEZLT 0.49 nV//Hz,

KFEN S HEEMNSHEASINEGESHER S “RE" (dispersion) . A 18,43, #iE
B KAZTF

- i —i--
- Tp - t
M i8.43 KEZKPESHERSHE

1

Tp= 5 R,C,L? (18.15)

HF R, M C, R B A KBRS, L B MRRNMEE . 614, 2R anE 18. 4455
TR, —ARBERENRES CK HEHTELNRAGS VETRH, MR CK AV,
MER LB/ IERBEAHE, R C, ..., C, FIRHMEERESHEN, XRSH
TRBEIEHRR. HERFIMESAREMNHAREE —H, CK fl VWIS KRTE,
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KRR A E BB TEE TR
RIE IR BB SR R o o L N\

BEE IR, MRS RE v, —— g
RS, A RETRSHIAG  \ As, ls, | s,
]'01 lcz
I" 1

. 7/ 18. 44 BB FH . MERERX
S, KRBT AR T A B AT BRET M 2
HERERZBREMLEL/EE[4]. J7E
CK A FF 2 BT 0 — A AR 5 A B 18.4¢ —ERMEA-BAGRREEB
fEoTSRE—& HANE KAV, Z
ERIEREMAMEREKXRT .

WM7ESE 17 BHRFM, Sh LRESLMBR TR ERRFERE, A8 IC+,
Ve IR B2 B EL I BB A o e T RE 2R K, B AT S0 7] — L VRS AR L o O L BRI
L, MA, yRUEEEHKATRE IR ERBESREGRIRE, W40
CMOS TZHAZEEE, AIRBUFKRZEUE £ 2 B M7 35 K8/ S L B R ZF fueg i
BIORE 0 THEEREE B EEROPE, BT

-

R N
UZEPEHK=ZE SR AR /N—F . B YO - ®
ﬂt;flﬂ%ﬂﬁ—‘}%ﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬂmﬁ,%%% _hl KR
M ELEE SRR AL R BEET. -

RO — R SR Al BRI 4 B B O A /N AR X i
R ST AR A RN — B A — IR m 18,45 R BT SET hE
e R A B A R . 0 18. 45 B,
GEAE R e RIFERE R, U LERBGX Rk

18.2.6 & 5#hE B AEP

BN AFEASMRIEZ AN OB R ZEEWE, T P52k (bond wire) S 4
ARSI R B MR8 (pad ) , HEH 55 H B o AR R 485 s A B, LI 18.46)

BERTSEWREB P EAERN: TEE U R AAHRESIBFORER L NRR,
HABIAMERMELR 25pm—~ 50pm i, B/ ME&R 7 70pam X T0pm 3| 100pm X 100pm 2




#18F MEL4TE 339

). AOLBPT A0 8 2 ) B B T R Y 25pm.
MEE BRI 00 F B S, 4R SR R # )
&, TRA SRR TT LA sl /D HE 30 3 IS rRL %, O
B EE M.

RARER TN LR FZE2 BB
HIETTBEH R, HEXMEWFERESHAES
AN TR B . FE b, 88— R ER
B FAAFEZEBER, 5 HEi12 &
TR 2B FLAEEE, LI 18. 47, 3F
B XGRS AN IRNBRE{UE AR
TEEEERMHEEK,

#l18.6

HEARENESBURKN RS RE AL AENESRBAE - 24 RaE S s
7, BIBRR T  75um X< 75um, TN B A S5 UE 18.48 Fir.

B 18.47 HBKNBSBELEH

5 aF/um

Z

B 18.48
iR
bapayiil Jui=grys il
Con=75*X6+75x4%35 (18.16)
=38.25 {F (18.17)
MERTHENESBENE R 4£BESR,
Car =752 XG+75%4% (174 15) (18.18)
=62.22 F (18.19}

ER, X - RERABNR SRS ARG, 35 R D,

IC SHM R R i 8 1 B R B 0 (ESD : electrostatic discharge) 8, 24— 25
BB oA B B S5 (B, e A B B L Sk 4 A g g A e
FARAN, BT VA ESD P=4 i 6B TRAR K, T BRSRAR 154 B4



540 4 COMOS £ A % E&ﬂﬁ

S5 ESD AN — A% RSN TECRRAN T 000, ARTEH N
AU ET R IE B B e — A L RRR AL . ARABBRES AT, A PR S 45RO BT A ML
HRELTAE EFF QIR A RSO R RIS, R IR AR EBT ., HEE, ED{,%AHS?E?!T
BLESAEINH ESD L Ak X R I A TE ML ST, B AN FIE S AT
BRI AT G A S B R R A

(AR B AR, B AR BSD th2 %7k o BB B F SRS | R Fhig
F AT RS B A AR AR, A, FEPRR ST AR iR B T AR T Ab Y
HE 4 AL FERSTE

MOS {418 5% £ ESD 85k ATE T E WA F—H,
LR IR AR BT 107 Vo em 81 (IR, 100A JE i 404E,
EXRLEI A 10 V), B E R S b 5, 3 5% & S50
EYAE A PR S5 R R AR M N A

G R IERE R RAR, AR SR (AR S A
B T4 W 0 8 B0 X B A I B A T B 2k

AT FSD WS, CMOS BB A ESD (R84,

AP 18,49 FIFr KM S PHE 51 BT R 7 B, Vi, o (40 P ESD R
TRR A T IS g B R RBE R, R TR BE A, TT L A 2 A S BB L e, g e ke A
Dy 8¢ Dy,

R ESD RPEBA S~ S RS, S— ESD R TESS S A Vo]
SINAR YA R ML W IC T LA R el By A v D PR PC G . [ 8 18, 49 o
D, #1 D, IBEEI RS0 , 2577 RS A A BE B0 K 66 R B B9 ESD) e 185 [ I T £ e 2
ARBLA . B4R, (RS U ATEERE .

= ESD B AL A SN Vi |- 0918 A4 S0 BRI A TR T ix S
AT 18. 4 WHIL B X AERE,

B MR RS 7o B T T (B 7R e B ), R A e hlr e
% ESD 45407 k2 S5 CMOS B IASE0UE . B, T2 RS a0 T 24
P AR ESD S M4 1M B Rt ) LR S0 B0 ool B A 24 D,

FIBR

18.3 #WEHES

REBHCCMOS TLRMW BRI p* WD &AL IR HERE. HE,
FHIRRMEHEEAR (0. 1 Q- om BEMR) A BB ARG 2 ME 7 4 EEE, AT S B8
BES. BB IERA W R A R R AR A Y SR ES ICH— '
(2],

HERX R, BT S5 5 B — 1 CMOS K088 5 AR (25 A0 21 I8 by FoBe

TR BB A TR 12 AR IR RS WA ESD RATAEE sk AR RS AR 5 e B A AT
EEE Ry A
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TSR E, WH 18.50(a), HEHREET —AATI R SHMERN, MXBRANEHYT
— T AER) R L. EEITHE 18 S0(b)EEA, BIRTLUEER, I M, MR SRR
BAH, ZaET LS REAOSHERGEAR L, BT L, WEEAR, RS THHIE
HUE

B 18.50 (a)@EHKMEBALERSH S BB (0 BEORER; (O SFES WL



542 #ﬁa}u CMOS % Bl Bgit

M2 4 M R RN M, YR HE EAR SV RE S AR M, REER
TEREA R AR, R My BRI IRR T Vi - Vg, Vi — Vi BI RS
TV, EER Vi B, XELRERX M. BAEE, 08 18.50(c) iR, CK BB —KIR
TRARTAM T LT

PaE MR AT RE B A0 ARG ST E R E . - HAGEYRER AT
FHN TS E IR EARAE , P EN PBEER R RA S gL ARtz T
S AN T AREFT BB (TR RUT IR B, 2R3 P R RO ST AP O 2 e 35 K 3 e 1
AR, TR A — A E AR, _

AL R E R AR I e S R R B 2 Ja) A BS BT, AT AT N I AR & P
(BXPr L, X F e ST RS TAE . WRBARMLTRA, A0 AR A B B AR A
T BT AE T IREAE AR RS A DB EZERIM TR RS —R3]. TA.F
WERGHESREP RN SR TR E KR HIRNTE — &, R KR p e i — -4
F. Bl 18.51 S/ T — 1 A/D BB HEFR- /DEESr, R LBy, R 28, S3kT | & SRS
FR(ROMME R, HEA a8 B A, B o B () (B AR B 7 et TR M e, L8 i {8 P B ]
BB R B IS B AR, XA RS TR

CK

B 18.51 A/D¥ERIFERN R0

Hw et R A R, R A, B—, A8 R ERE S B, AR
AT B R X IR R BB . 0 BE A S SR L M A, MR AT B
FHREWR A, B REESERA LR, LS S R A A B A 5, B iR B b
LG AT B R CERE T B, # SHRMEEN AL R/ 18.4 1),
[BJAF: , 7652 B B P B TR PMOS 23 A L X B8 PMOS 22300 B 2 R B AT LIE B &
IR AR, WD T R M A AR,

M FIERBZAE R ey, ol B R 55 S B 5 T o R A T e e 7
TR . (RIPEAT LU R — SR 0 B R A B i A R R PR B SR , € e
AR AR EIMR . BT n B ARIR, B E T LLE T BH L MR o, 37 7 25 i P
FRAI BB RIEE, I 18,52 s,

TER LR & 15 5 5 B e B A, A< O 3B 50 b /7 76 M X T 50 30 3 109 3 e el JE “ 5 57
(bounce ) , 3 & O FL5at 45 OF 49 K 19 BR 171 o JE A0 54 ECHR 7B AN S IR AT IR MBI S 3. 18
B BATPAREL B A SHIRR RS —BL A E BE SR AL BT RE . g
18.53 FT/R, iX P RHIL BIRE |, 1R 5708 B N ARROZE E — R A [ — S B TSN,
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B 18.52 TR H R PSR R

e[ [

F AU B
Ly M -
LB sz i SR

18.53 HERBERH

(R 505 H o P S B T L, 45—
TR MW 5" (ground bounce), NP 18. 54 /R SRS e
B84 FHA, REREFSEBRELE 1
T C Mt s Do Ny 0
A TR R TR THE, Ak EIZSH GND, GNDp
AHBEERT BT SRS AN T :
MR P WS Ly, ZE GND, b= 7 i
18, 5S(a) R s I B ST M 2, I A His.54 B SHER
2 2 GNDp .k 0K 0 W 7 g = 5 T 41 (/8
18, 55(b) o 2R , GND,, 7 GNDy T 1L RIBHEBIR L, (8 GND, ¥ GNDp 2 FlA i
BT (i R3] T L0 5 e M5 FF A B 14, /

7EE 18. 55(a) M(b) R HEARFr 2 £ 07 30, BB T P S A1 3 0 43 M P L SR A R 2 ol
KALAR Lo # Lp B9KA . REHHEILTAMRAE 18. 55(a)iimEity, X & N 2wl LA

IEESI AR RS PR R EREEL, 08 18.56(a) Fim, MBEB S HEREEER— -

FLBAM, HiRBRE I BSFRERFAN T, B—HHE, 728 18.56(b) i m ey Bgd,
I ZBAEE TSN, —RFE T, EFRENE N TR (OEH ) TSR A

B, REWOE A — R B A R A N —



344 A CMOS £ 5%k 348 3t

B 8T®S |anp, Lo
La GNDAI—
L ey @
HIRETR
PEHIE )
(a)
La anp,| =8
p BEFE

(h)

B 18.55 (a)dtIR SHN AT B (b) AR 587 i B

(a) (b}

B 18.56 ()#HREASRUMERFEANIEH R EE;
(b3 -SRI B MR 7 IR B R

TR S5t A b PR R B — B8 — B R A (S B 0B B, I 18.57(a)
B, 24 B A 125 BORRLA B U SO b R E SRS B E R, SR
18. 57(b) Fim 12 BhAk MY , 15 52BN BO R RE /Nt & , (5L S 7 5 9 JE 5 0 o , s B P 1
ot R e 2 S MR 7 e — 0 437 PR 2 R
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A 18.57 (o) srhRMEH B SBUR A S T,
(b ERMEZESHFEE T E SRR TR/

I, "
V,rl m
18.4

6 e B e i SIS SR B

Trefe, HEBELSRFPHESEEL
ARNFESH PR TAT MBS
) S R R R @ i £
PRI

IR AT B A B B R B
(DIP), WPH 18.58{a), E W, B iNWE%E
ER A, il R G85 k&
FEREATE R, XEESTR LM
= EHEEWNHEN LR (trace) B9 5
—dig, RMEHEHTMTHEEH.A
T8 AR, SR 8RR ST R AT b e
I Tl RN AN 8 S E e ]
MEZ. Rk, WA 18.58(b)FTHI, &R/
AL SN R R R R,

BT E B B 3 5 85 1 IR M 48
BB ENEESHESEERS. A
JEB R FITERR, 55 B B 7 I8 26 1k R A
A%a, A Resh. X RIE N

.........

......

uH Hw

*y%%

M 18.58 (WP HiENEEE; (bRt R




546 F 4 CMOS # % 235387

R A S REEAFER LN, BN, WS RN ER, BRE MR IR S REE L RN
R (PCB) L KITELR 0 75 BE R BEAS R th JUMREE 77 . B BC R 5) PR A | 3 AL X 2 TRk FL BRL (A
BRSO FH YR, X 20 B, B R 4NAE 5 TFERA RS ERNEED
SRBTANERE., Fip, 506 —HREERHEE IC ek HTtEEE.

it U B e R A B R PR BRI R SR B R A A A RO A, AT IR BT E
B, Hi e A EAE G BA R RE R R R R A ST S AR S £
TR o A 0/ N2 B B R L

B FIF SR IBA R SRR, FLGE R d ICHRIAR B & E M
MEAF AL RTT R, B 18,50 Sth TA X ARMEBA =M —RIFH. BEEXR[6]
A, % FE 18, 59(a) i T B AT E E B &R, sy

(a) (b)

()

B 18.59 ST ERAJLITERE

L==0.2 1n3:—‘ nH/mm (18.20)
MFHBYFIER, HEKXAN 1 cH/mm, T8 18, 59(b) iR Emi P rHEAE LR
2k, H sy

L~ g oy nH/mm (18.21)
EH K, REAZR T, RESE M6 BTN ES, K, TLLUEMSE T 0.72(d/W) + 1,
[ElRE X B fF 1 AR R B R R MK TR N(6]

2
Lm=0.1[n[1+(2d—h) }nﬂfmm (18.22)

PR IRD 9 3 A FL AT O] AR AR 9 AR (Rl A0 A sl (17, 1) R 74
THEMNTREHRBHHETESRHIRE, RITEEH HIIRIREL - ARS8
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28 A AL BN R A B SR B IRIE R K .

B &

BIRNGIE AN AL - - ER AR, KR RAEE2 nH~-20nH 28], B ¥

ERRFEMKENSAELA, Y rBRAREANBEMAREERE WA I, 8
WE—BSESHMDE MR g 350 ABRR K 5h— I~ P& /(A0 0.5 pF)RIF
FRa & WK 18,60, HEER PG AT AT 0.5 ns, A, BEMNET K
CAV/Ar=3 mA, EAMBIRTEO.5 ns BHAIBLET Vi f1 GNDy BT LIEE & .7 Ly
Lo FREEER LAL/At=6 X 10°L . D, MR L= Lo=35 nH, RS s/ - 895
AR 30 mV, BORMEUR B RR OV R R AL A R R BT B AT S SR
EZFE B4, IR IER ST LA BEM /NI AT) , R R A Z SR A — S .

Lp Il"I‘.‘lDi Vm _/__\___

18.60 HhAFHEA CMOS KBS

30 mV B4 e IR (LU FT LA B S, 0 R r P — e IR (1 e AR O B R P 2 2 3h B
ifo B, ERAWREFES 1ICH, B LT MBENES R SHER T %, Ak 5
AR AR SR LR SRR A . B, KB RERER S RS R
TR AR T2, Bk, 5 T MR A R R E

SR TR A B A R0 3 A 1 AT
IR
I

B R S R M, AR 25 B CopdtiTH8E,
HEM, BESTH Voo B—FE, METEXH
iy AT S BRI BB R, IR B T RV BR S B T
RK R TR . AR ER S =R
HLRER , BT MR P AR/ T e TR R |

H TR R AR R4 B0, TR E RN B 18.61 MRASMRRLER 3R
BIFR AR/, B 18 62 B4 T R E I, T LRSS Gk

VDD
R LR BT AR, RERFRE, N vy, b ok
GND

BEARA ., BN, BIF—REE B oy R 55 i et
Cap
M,
Vin“’_r%“ Vout
[

R, WA 18.61. FRA, X EATSSAY B I
H

@ Bt B4R, 6 8 b B e 4 R 0 (T B T 1) R T R



AL CMOS £ a8 b 8333t

348

AR — - FriGE F P R b 2 ] R R 9 PMOS
HSN R — & 50 O {hH i & SR TE AR

[2], B M, MESSTEM Voplds B 540 5T M,
PRTE , BT LA YR DR AR B AR B AT VR A S

MR K.

A, & —REINEF LOATIL 0B
AR B R VFE (B, R B 18. 60 WA 18. 61 B 18,62 eh IR P A A B
B SRR, A R EAE T RR .2
ANGIERMS TR B, AT T 8008, 1A 18. 63,

Yoo

Voo

50

Von O—fdﬁﬂ\—[p Hﬁﬁ‘—‘ Vo

integrated
Clrcuit

GND «—F—L1 [] C}—Jth-—e GND

GND

B 18.63 RALFRFIRER NEHF EBRE

1 18.7

FE—EE A 600 MHz, ¥R 2 V H CMOS B3I & 04 1 500 B P ath, sl
F S ns NEEM 25 A[5] o S0SR AR A8 205 0 cp IR AL T 200 RN B4 M iR,

B
i
B G — RN G| R RIS R SN SRRy 5 nH, T8
v =L &l (18.23)
5x10°*
=—X§{-ﬁ—-5x2%_g (18.24)
=125mV (18.25)

RO T , R IR 52 51 b4k i 1 S R0 R M T L B BRI, 7o A o MR 5
250 mV R, HARFRBIRALIERY 10% 38K, & TH—SMEIX MRS JE5 8 2 FafE—4
! pF IFNES MOS BUR 3%, IF-EL 160 %t F AL I RIHG ) 1 5 | 2R 48 AT 8k 1 e As8e 1151,




EF1RBF mELHE 349

FrR Ry A, DA e AT H A AC G B 7 L A

SR R R LA /N RS R Lp Voo
R, T fE s T, aT L — Ak F b M'W
FARHERR S Vo S 2 el B A R R, WP 18, 64

ijf_«r%s JIIEE‘E%,%) ﬂﬁ%}'ﬁ.ﬁ Cl E"Bj(s mlj V]‘jf)]_ E‘j CT !ﬂ%%
GNDy BH FE R G2 — B0/ WAl ATiR, 0 R% A
AREHITE, £ ONDy LBARA pwmgT  Le

AT GND,

BRI LS LR, Bk,

HAEHLA AR E, FNEANESHERR— H18.64 REK LRFRBRAIARESH
FETES T B (o ot b 57 2R e R U, IR ) L IRIE e e
FRAEETR, AT IR SR, RO, %48 i% 0 2 SR LA e R (B B R MOS
FRYRCT A H o B AEM IR (5] o BMEAFIEIR, B 758 R e ot
AR FESEMERE . ik, B TR S8 % R BIER AN MOS BE SR (S
L8017 7. 2 /D TRETE, B HFSD MOS S HBETTAR ) , X BT REL M B 10 72
AR, T EZEEREEA, ERAER R ER i B T SRR E AR fia
LA, B, TR R LR R RE BT .

SHRAELORBNL AR, 0 18. 3 R, h TR m A IR AR A B BA 7L R
TEMEIOE R ERSRD. WE 18.65 fim, ~ oA i da s BiEhs
BROTESETFHNEEEEIREE L. XESRS LM ST RHME. BT
M E SRR A A E RIS B AR A A 81, MHE R e mE R AR T
TN THIRATRSE, ARAERNHED SR ERNEEM, TR EE S
R R BAR B SRR , M A T B L RS A B, AR 8 B B s R A AT LT
THE"ZELT EEE LB/ NSRRI T A |

ATHRE

A 18.65 FEHEFFM- B SR T REES

WEAMEERESEQBHNEN, XaBRSERaFME RN ARR—EER T4
B IEHRR , (R SRS S, Tl B (RE DS B P &7 R IR RS, &
AL EE 12, 3. 3 75 AP A AR A A LB o L 2 e U B A, 2 o T s
ESiRERA .,

AR A TR BN AR UM R BN R MR R A0 B SR (L 7E AVD
W D/AFMAR ) EAEAE SN L~ SRES, NREARAX LSO ETARS



550 i CMOS £ & 20

RIS 7o | B3 B o el I e PR B AR E P
) 18.8

EZEnteE AETERT R, WE 18,66 T,
A R M, B M, 508, 7 = o2
A5 B B UG 34 15 6 — 32 3% 130 BA 7 ol 0 e vyo—if M,
AR X A RA T2, R AR T
s BRI AR A X R, AR

PR 5 1 Bl S 4 {4t 0

"

FIBES 4 ol 4, BN THEEFERE, Modk
EHER|V, - VI BFBIL2 (Ve - T
Vi J (Vs = Vi RIEFRE A It g 1g 66 gar 1 pmemm it
=B )M AT M, B3 3BshdE. FBI1H Ve

FAEHM TAEFFREEE P WEEH Ve SRS 3t TELEREME SN P
M, FEik,H

Ve =V, —V2(Ves—~ Vg (18.26)
TE - ER 2A5ad,
Vat+ V.
Vm:‘%‘(vt;s_ V) o (18.27)

Bi% Vo- Vi =y2( V- Ve B V=V, —J2( Ve — Vg, TEWE
szvz"(l"'%)(vcs*vm)m (18.28)

FREA, Vip bt Vo R T (1=V22)( Vis — Vi) X #, TERE B B Ve TR T, &
E VP H{J?E{‘tﬁl‘j: M3 H{Jﬁﬂﬁﬁﬁ}:ﬁg C{Iﬁﬂﬁgu%ﬁ X:%Dﬁ] IL’B &Mﬁﬁ%ﬂﬁliu Imtlg:e IcutZO

MRERX BT WWEEMTFA, N X 2RO THARLE, AT EELS X Fig
[ E— LA, L 18.67 . AT, LA S M, RI/ME S RSB S X MR

VoV

= ch 0 =

B 18.67 FEGH RN —MSEREm 2RI B R X YRR
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AN AE 4 , i A AERRE SRR . TR, Cy RO MR R A I X 4 S A 1
AWM ERAZ RO 100~1 000 5. OFLAKKBEEI/MEN, A LFEFESH
SHRERN, WA 18. 68, EH, Bty
R B B M B, (el ﬁ\/'_\vf-
Can Cap

B ) (1B S O BT th ﬁj s
e P x
M iSO B Ol A R L B L IR T -
MRAE—-MESESEBP T EXENE [l 18.68 353 25 (S RE

B
B SRIT A IR 53 LI AR 5 0 043 AT LA B/ MELID F R b R LR (7 A e B S 3
BIEFSAII4 W RS BIHEE S b, ME 18.69 B, Bl A IS A £ 5 25
R IR B LA B o 2 o VRS B B B O, 4 SRR B R R HER , B R

RREF AL X AT HES B MR E R
AT BT
PR 7E T AR, fL R 4R I B Hh P FE T 58

S A, AT RS0 H S b T (B0 AT MBS0 K, 3 o B O BT I

B AR B 52 2 R IR W , B B R PR T L i B . PR, B
F BT AP B , S ARE A R B B R

A 18.69 FIEZRIMEESEARSE

ATHA—RAIIE RGBT URAE
RASILOFR L, RO FSI RA2 8 |

BT A 1870 BR. M TRBRREEAT ™~ ‘
ROHEHBBE(L+ M)2, AR L2, 29
M REFIR AR AN E .

TR 7 2T LB/ LR 2 4 T AR

B RS RN R, IRE :
BEOSAMEARREN TS, LA 18.71(a), 5 BI18.70 SRGEIIKZALIES
RO B R A N 2 R A TR E Y

AR IRER B 18 71(h) o WF 18. T1(c) B, B A H R WS 4 E, §REUT
2R/ BT EA 2B B




552 A CMOS & A8 280k it

AN e

B 18.71 W/ EiEMEa M
() FINFETE; (I AHE, (HEHRFE S

TR R A RS AR, SR

EAIM AR, 8 18.72 5%, MR QMG R RMAY ""”
17 AT RS T 2 Lo~ M TR 2L g, HEEE] O
K — SR A A R .

BEEMESER

BMEIRMMTE B R EERTESRARBNE B8 WaERTAEEY
ATHRHEHME—RG AR, FEENE, XBES5AT] 161 46 B i R B 3] 8
2 ShT1 2R R BO BRH E — R RIS R AT R, X B R AT L 2 18] FL IR IR

B BRI B BRS M RTE R . B TSRS &
R BEUN, FICH SRR (QMRA, X &3 RB A IR, AT MR T®A, 4
TIERZ I A 2 BRI IR A X L ST B

FEE T, RS IR, AT R BRI 2. AT A EER RN R

Vp=3 V. B REFRE SRS H T IEERARE,

18.1 7eA 18.3 ¥, BREAEIZ R Y 300/ 0= £ Y2, E— 24 B 2w
A 80mQ/ ], B2k FR bR A B B R 2 1L R &0

18.2 —MTHKHNR WL =100 pm/0.5 pm 8 MOS SRS TR 8K 15,
AR AR S B R B AR 2

18.3 — RS HRHBA ST AT OR KA WL =100 pmA.5 ym, WEZE
sREERHE R DY 5 /00, ol R vFi R MR Y 10 Q, BERFRE LB AR, KB
IR R ‘

18.4 TEW 18.7 FimEMIKERT , YiEE A~ As PE—BHHHNE %2 0B 4 (5 S

18.5  —~Z RS 23 A TR ELE 18, 19 BT R, T84 % 5 80 Sk 8 (&
12M 3 XA SRS AR, BAXBEREDEEILE R

18.6  AUMLSE B ek s b AT REAF e Y KRB M. KB IEA T E 18.21 #1E
18,22 iR &M RE,

18.7 MR THAHHSEENE W2 E Y 60 Q/01, KX Ry F 6 o A 4
100 aF /pern® . [F)4E , B n BEAHRE R4 %024 2 KQTAI 1 600 aF/um?, HNSRH I A
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A SR B RAR/NREN 3 pm, n BrEYE/MSER 6 pm, BT A #—1 500 Q 1)
HLRH , B ZOR R AR AR BRI GR.

18.8  FJHFE (7.1 Fregditls iHEE 18. 33 FF 1 MK C MC, B, F M@ C,/C
Bob. HEBHBHT,
18.9 —Z&14 1000 ¢gm 1 pm HIENE S8 FLEE—1 500 Q MERIES), FRE 17.1 8
BB BRI A 40 mQ/0, 3K RERIER SR SEHR S S 0 A4
e 15 B A4 S (8] F B AT g
1810 HefE 18. 9 PHIFLREREME 2 om, BEFHTES 18.9.
18.11 WEPFE—F 1000 m KMEL, FTHE 171 WEETFREE-FE-24BY
T2 WL A 80 mO /1T 46 PUE & R BV HUBE 2 40 mQ/C 1, M BHE— 2 & B aT L)
B &N IERS 7
18.12 FHEFHTZMHFMEREIER, XEANTHBERAREN . EFHRES
HEEL T EHiTES 18,11,
18.13 7EI8 18.50(a)MEEH , (W/L), = 100/0.5 H Iy =1 mA. IMEHEEERS vV, isisE
@A 50 mV, XS M, BRIk af A
18.14 BIRBEASILEEH S mm, BHEETREPGEE N | mm.
(a) WREBHRFLENEEN 4 mm, ENHREREL
(b)Y AR~ R T2 W ALMEE Y | mA B3 100 MHz B9 EZ &5, 15— &34
Mot YR NS o 2
18.15  FEJ7H 18. 14(b)H , IR AL Z MG BT e AR/ B IRAB Y 174, B4R S18 0 hu JA1 BE Y
AR %0
18.16 T W/ EHNSI R, — Rt R AT 4 DRSS 4 MR RA. BiEL
P52 B8R 4 nH HABSREANS RN ERN 2 nH, ZEEIER4ES14 18 0 TR,
HET EPAEE T e IR R 2R 25 3w
(a) ACRAHTH P BRIREERITFEHES , SR IG5 R L2 0 B 43 5
(b) BHEHIRAZ S HEmE.
18.17 EEERAMAGRHTEZNTIREEMNEAA ARG, ZEHMEN,
(a) AFERERR 50 pm HORER TR 100 pm x 100 frm;
(b) RFIEEEN 25 pm HFRR K 50 pm X 50 pmo WA R S FAE, -5
1L 7
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3 AL Xt R

abstraction levels( SR H])

active current mirrors{ 43 ¥ BT 58 )

active devices( & R4 )

amplification mode{ R )

amplifiers( B AEE ) : auxiliary ~ (S EII K28 ); cascade of ~ (LI ALMH K 28); continuous-
time feedback ~ (FELERT ] ST A AR ) s differential ~ (Z ENH K28 )5 frequency response of
~ (BK BB RN ) s noise in single-stage~ (B B 28 K MR ET ) noninverting - ( [7] 48
A #% ) s nonlinear~ (LRI K48 )5 one-pole feedforward ~ ( B4R & BT I K28 ) ; opera-
tional~ (B K E5); output port ~ (i Hh B B K 8%): single-stage ~ ( B4R Ji 0 88),
transconductance~ (B B KRR ) ; transimpedance ~ (B RH 7 A 58)

amplitude{ ¥&{H ) : ~ distribution( 8{E 477 ) s ~ limiting (#5 {4 R # )

analog design(BEHIEBEE 5 1) . —octagon( ~ /) ; robust— (BHE—)

analog layout techniques(BEHA R BEIR B AR ) : passive devices~ ( TLIR RS {4 ~)

analog-to-digital converter (ADC) (fE%(H H48)

antenna effect{ K3 )

auxiliary amplifiers( 3Bk A88)

back-end processing(J5¥5 T 2.)

bandgap references(7 B B, Hi B S8

bandwidth{(7F# % ) : ~modification( #F %M #E ) ; noise~ (BATFE)
Barkhausen’s Criteria( [ 77 2 # 3#8)

Bode plots( 5 )

body effect(R 57 , B AN , AR )

bonding pads( & 18 &)

bootstrapping( %)

bottom-plate sampling ( F A FEE)

bounce( 55 )

BSIMs(Berkeley Short-channel IGFET Model « /f 525 45 ¥ 38 26 S5 300 St i i 1)
bulk (#/15 )

bypass capacitors( 35 B A58 )
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cancellation (JHEE ) : offset —  J< B 1 EE )

capacitance{ B 28 ) : fringe ~ (148 ~ ) ; murual ~ (B — ); parallel — (B -~ ) ; parasitic— ( BFE
~)

capacitor nonlinearity (#2883 M H7ME)

capacitors{ L 288 ) accelerometer ~ (HI#E T ~ ) ; monolithic~ (8 5 ~)

cascode current mirrors{ MM HES

cascode differential pair( 3L I M £ 2 %)

cascode operational amplifiers( ALHATEM 2 B R KX E8)

cascode stage{ FIEIAME ) : gain boosting in~ ( ~E25 A BT ) i shielding property of — ( ~ /B
BoFEE)

cascodes(FEIFEFM) : triple— (Z 8 ~)

center frequency in voltage-controlled oseillators { VOOs) (B3 k% 28 1 .08 %)

channel charge injection{ #HEBAIEA ) : — cancellation( JA3E B FE A BIRSES)

channel-length modulation( 3B F#H )

chanmeling ( Y838 % N7 )

charge-pump phase-locked loops (CPPLLs) (B4 ¥R ) ; phase/frequency detector( % #1/%
MiER)

chemical vapor deposition (CVD) (B2 AHIEM)

circuits(FB B }: guard rings for ~ ( — MR 31 ; precision multiply-by-two ~ O8I 2 ~);
switched-capacitor~ { 73 78 ~ )

clamp transistors( #{ A4 )

clock( B BF) : amplification and offset cancellation modes controlled by~ (853X 54 iR
)5 ~feedthrough{ ~ 19 )

Colpitts oscillators( R/ B 25 iR 588 )

common-centroid layout (A 5370 K5 &)

common-gate {CG) stage(ILH}ZR)

common mode (CM)H:AE

common-mode feedback (CMFB){(IBELH ) : ~modifying (o4 57 15 1 ESBUBGH) ; ~ topology
(HBE PR BS54

commeon-mode level(3EEI# ) . ~ sensing and controlling ( ~ F&# 53]

common-mode noise rejection{ LR A HIE] )

common-source (C8) stage(IYFLK ) : ~with current-source load (47 HL 7 P By ~ ) ; ~with
triode load( At H TAEZEERMER N TR ~ ) ; ~ using n-well resistors( {8 n B BH AT~ )

contact spiking (FEHLEER])

contact windows{Bflfl)

corner frequency (%6 I 3)

cross-coupled oscillators(ZE X B S HEHER)
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curvature correction{ i 38 1)
CVN. M chemical vapor deposition
Crochralski method(¥] 5 378 2 R R 1435)

D

DAC (digital-to-analog convener ) { SIS 2%)

dangling bonds( B HH#)

dead zone in phase-locked loops (PLLs) (B AHFFRIFEX)

deep triode region (R X , I =485 X ) : MOSFETs operating in~ { TfEfE ~ f MOS &) . &
I triode region

degeneration( i FLAR )+ resistive~ (B FH 7 o))

delay-locked loops {DLLs ) { ZEIR 8140 )

delay variation{ ZEBF ) : ~ by interpolation( 38 1 78 {H B LAt )

deposition( TE#)

design rules(TEH AL )

DIBL. W, drain-induced barrier lowering

differential amplifiers{ ZZNFL K% ) ; ~ common-mode response( ~ By A HE 5T )

differential pairs(FZ &%) : ~ lemma( ~ BT EH ) ; - with MOS loads(# MOS #2189 ~ )
noise in~ ( ~ FHIMEF ) ; - with offset (#F 2L ~ )3 ~ used in tuning ring oscillators ( i
THEEFEREGEN ~)

differential realization( Z32L I ) : ~ in noninverting amplifier( [F] 85 A 2865 ~ )

differential sampling circuits({ 23 FeiEt 81 %)

differential signals( Z&ME S ) : ~ versus single-ended( ~ fEXT HIHFEE)

digital-to-analog convener (DAC) (¥iiss#88)

dicde-connected device{ - #H B £ )

dicde-connected load ( ZH B KA 2L ) : CS stage with— (# ~BIILHEE)

DIP. R dual-in-line package

discrete-time ( B BT [E] ) ; ~ integrators( ~ A7 2% )

disk drive electronics{ B ML T4)

dispersion( B8 , ¥R EL)

drain({®#% )

drain-induced barrier lowering (IDIBL) (5| 32 A& 2 &%)

drain-source voltage( @ ¥ 8 [ } : output impedance variation with~ ( ~ 5 {LB[ R A% 1 HER TR
)

DSP (digital signal processor) (¥ {5 S 4h 1 )

dual-in-line package (DIP) (XX L HER)

dummy switches( L %)

dummy transistors{ L& #E)
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electromigration{ B 7T 58 )

electrostatic discharge (ESD) (&%, 5 H, )

enclosure( 7 35 )

ESD. R electrostatic discharge

Etching(Zjil)

even-order distortion({B¥K K H )

excess phase( FFHNE) : ~ in phase-locked loops (PLLs) (8FHFF B #) ~)
extension{ #hZE )

F

fabrication(#il1 ) : active devices~- (% W ##{F#i1E ) ; interconnects~ ( .3 ~ )3 ~ of CMOS de-
vices~ (CMOS 284 ~ ) ; passive devices~ (LIRS} F ~)

feedback (R 1) : shunt ~ ( 3B ~ ) ; switched-capacitor common-mode ~ { FF2E i 3048 ), —
system{ ~ R4 ) ; — topologies{ ~ &)

feedforward (R )

flicker noise{ N2k )

flipflops( B A 2% )

folded cascode operational amplifiers( 378 2834 IFIE M 5 B A 88

four-level datal PR FHHE)

four-stage ring oscillators( R IFE IR G 2%)

frequency($17 ) ; center{ H.L> ~ } ; ~ synthesis({ ~ & &%)

frequency compensation{ 5 # #}4£) ; Miller compensation( % 81 #M)

fringe capacitance(1 28,25 )

G models(G 1)

gain(3 28 ) : ~ crossover point{ M 2E35 5 ) ; ~ desensitization( ~ R & B AT )
gate(H ) ; ~ resistance{ ~ R )}; —shadowing( —{H&)

Gilbert cell( 75 R A% HT)

ground bounce{ # [ 5 )

guard rings{fRIFR)

headroom (B ) : voltage — (BLE4FF)
hot carrier effects( FAER I T3 N7
hybrid models(JE & Hif)
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1

inductance{ B8 : mutval ~ (BE); self-~ ( B REK)
inductors( #L %38 ) : monolithic~ (LK ~)
injection(FEA}: channel charge~ (AEW M~ )

jon implantation{ B FiEA)

J

jitter($}3l): ~in phase-locked loops (PLLs) (HifAE pIE s M%)
junction capacitances (PN %5 %4fH 7% )

KT/C noise{ KT/C BEF5 }

latch-up (=83 R )

layout( K ) : common-centroid~ (3t RRE )3 ~ design rules( AR BT 2L 0] ) ; differential
pairs~ (22 X R E )

minimum enclosure (F/DNE 3 ) ; minimum extension( F/NEH ) ; minimum spacing (/)

[BJFE) ; minimum width(&/NEE ) ;

LC oscillators( LC #&3%3) : cross-conpled~ (ZZEEEG ~ )

lemma($EBhE )

level shifters( B,3F-F8107 ) : source followers as~ { T~ BT REEEE)

linear settling( ZEET2E)

lithography sequence (£ Z[ AT )

lock acquisition{ BiXE 1 #E) : ~in charge-pump phase-locked loops (CPPLLs) (B SifHH M1
HiE R )

long-channel devices( ¥ {H8H%)

mask (FERL)

mathematical model (${2ZF /Y )

metal-oxide-silicon field-effect transistors( B E LY S A5 0 A E)
Miller effect (35 &% A7)

mistnatch( K BL, FILEL)

mobility degradation with vertical field( 35 3 FTEH S 17T 8,)
monolithic(# b ): ~ capacitors{ ~ & £8}; ~ inductors( ~ k)
MOSFETs. R metal-oxide-silicon field-effect transistars

multifinger transistors{ X 5 f{& %)

multiply-by-two circuits (3 2 BHI§)
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negative feedback{ 11 fZ 1)

negative-TC {temperature coefficient) voltage( AIRE RSB E)
nodes( %5 4)

noise( M7 )

noninverting amplifiers( B 5L A E%)

Norton equivalent (#7025 %%)

offset (%R #) . DC~ (E#H ~)

olunic sections( KX X, )

one-dimensional cross-coupling( —#E 3¢ L H#E-4)
one-stage operational amplifiers{ F KB H )
op amps(iZH). . operational amplifiers
optical receivers{ G ES)

OR gates(BE[ ])

oscillators( ¥R T 2% )

output signal purity{HiH {5 5-85EF)

output spectrum theorem (3 1% 5% B 1)
oxidation( 4k T#)

oxide spacers( f L2 BB 5% )

packaging (${3£)

pads(f8#%). ~ bonding{ 85 )

passive current mirrors( JoIR B 45 )

PDs. . phase detectors

PFDs. L phase/requency detectors
phase crossover point(FH{3 32 &)

phase detectors (PDDs) (#5H2%)
phase/frequency detectors (54 /X4T 2% )
phase-locked loops (PLLs) (8i#H#)
phase margin ({7 35 5 )
photolithography( ¥%1)

photoresists({ Y2 s )

pinch-off behavior( 3 Bt )

PLLs. W phase-locked loops

poles(B% ) : association of ~ with nodes (# f-5%5 SBY3EHE) ; dominant~ FH# )5 nondom-
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inant~ (FE £ )
power spectral density (PSD) ( ThESEE)
power supply rejection( B AR &) )
PSRROBIFFIEEL) . A power supply rejection
process caners{ _\- 2. )
processing( 174 ) : back-end ~ (G L#)
PTAT (proportional to absolute temperature) {548 % B R IF )

R

receivers (AR ) : optical ~ (JEFBIEER); wireless~ (FLEHEIEEE)
resistance {E#PH ) : negative~ (A ) ; sheet~ (EREHEH)

ringing (¢ 1R TR %)

ripple (4L )

scaling (ZF L BYEHD
second-order effects( 2R 34 M )
shadowing( fA )

sheet resistance( /2 FH )
shielding( FE &%)

silicide(BE{47 )

skew(E#})
slew rate( B # ) . operational amplifiers~ (& ¥ RIFE IR )

spacers{ FRBI IS ) : oxide~ (E LB EIE)
spectral shaping{ S HI5)
spiking. W. contact spiking

start-up{ 3 5l )
statistical characteristics of noise{ BAFT IS THEM)
step response( [ ERIR 7 )
T :
tail current{ B2 f)

tanks (¥ %) : LC~(LCIEHER)

telescopic cascode operational amplifiers{ FE {8 2L RIS B A 2)
thermal noise (FRR P )

Thevenin equivalent{ &2 8 5%%)

three-stage ring oscillators{ = FIEIRTE2E)

threshold voltage( [ {H H E)

time-domain response( B} 380 i )
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topologies( &) , i t4 )

transconductance( #§ 5 )

transfer function{ &3 & ¥%)

transients in locked condition( i€ &R/ T HIBFLE L)
transimpedance amplifiers( A E8)

transistors{ AT ) : dummy— (AL SRR )

transit frequency (AT % )

triode load( TAETELE M X Y & B9 1 TR

triode region{ “HRE K 2B X ) : deep~ (IRERHR . F=HEX)
triple cascode operational amplifiers( = B L IRIEMHA F)
tuned stages( i )

two-port network models{ 3 I P45 1Y)

U
uncorrelated sources of nowse (I 37 B EE )
unity-gain buffer( BE{73E 25 2% /A% )
unity-gain sampler (5071825 KEF28)

L%

varactors{ B & ~HE)

variable-gain amplifiers { VGAs) (0] 25 #3538 )

VGAs. W variable-gain amplifiers

vias(iBF.)

voltage-controlled oscillators (VOOs) (FE¥ER S8 ). ~ center frequency( ~ H.0 5% ); ~ com-
mon-mode rejection{ ~ B3] ) 5 eliminating skew in~ (GHEE ~ BEIESD) ;jitter in~
(~HR (5283

wafer(§ A, &) :introducing dopants into~ (J& F#%%); ~ processing{ ~ T.2); ~ foundry
(~RI)

waveforms (T )

white noise( H B2 ) .

Y models(Y #i%)

Z models(Z ¥A)

Zero( & 1) : ~ calculation in common-source stage( 3% ~ +8) ; ~in right half plane({ ¥4
FPEFSL)

zero-offset switches{ FRIFHRK)








