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, ; CMOS
o : W B -
, l A %
N

i LA

(a) iis % (b} B4 X
B2.11 SAEmnHE

BAERMNEG LS ZHESEEEMLRT , MBE-TH/REREEHRE, — i
AR MERTEE =08 r=1. FREEXRE.BIMAEE V., RILEXE ., TE
0<V, <V (2.14)

EP A R EHERAEEE O VI Vil V, ENESERH. EEEESN T2 L EEEHE
HZHEME 1 WBREN
x=0 EHE V=0V
x =1 BgE V.=V

EPrRREAT R E TR, AR ENEN R ERRRER 0 NER ), RE 2.11(b), —i
H i,

o {IH IEX 2R E O

o S BRI NGB HEHE 1

EBEHOREMRIER | dEZENSEREREE L BARF O BAUE L. BE
Wi/~ EE AUV RE (o Y S B fE B B B T8 4 H R AR TR RS LT

e T8 - RRIMERE LRIk £ — T MOSFET B FF 64tE. HE L, —
A nFET M TR G — @ TS, W 2.12 fia, A BN AFPMHE CAZH T
B, IR A=0, 4T KB E, W oFET MEREG—THF WL, EEFLRAZER
0 2.12(a) iR, AR CAV R EE B REME, MFEWAE AL A=1, HEREF
XL, M 2. 12(b)FR . SEEFEHAL—H, XL ASETRELN

y=x-4 (2.16)

ERIEEANE A=1 BT, X—BHERER2.12(b)F.

pFET 52 EFHR , B M T RE—MERTER TR, 8 2.13(a) F Nk
FHEE AN EEME A= LT — e, X, R, - Wy ZRBAEAERER.
0 B L G H TR RSN A =0, pFET BE AR — -G RIFF 36, XEEEATAT LS Han
THRIEEXR:

(2.15)
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y=x-A (2.17)
E—REHE A=03 -Hml7, 0E 2.13(h).
.47[} A=
i 1
XT =17 X V=x
() 7T & (o) [
212 nFET FFXAFHE
=] A=

£ 2.13 pFET FFastt

MOSFET 38 {71 8B 12 F iy o 45 ) AR i A i G B B AR THE R iR . A,
FET BELPRHESHE, ARETE 2R R I B TP RSB T, REHREXEXH, T
e RRYE, TERR— 1R,

1. FET B{ERIE

FXFREENAR FET M LM R E A BEIE O B 1, HIEHEXMENEE V, &
— MR AR JF, AFRES A0 A=1 IRAHFHE X —TBHEER, ME
Wit TERg. B MOSFET #8 — M HMERERE V., el Fihe XEENH
HERE. 240 vi BEREEFIBERHEN, Ik F VLS it & XEE— S EMH-
— B &P RRER nFET 1 pFET RS{ER ERF .
nFET B S R REBRE Vo A EH, HBEREKLGAE V,=0.5V~0.7V, VL HIEX
AFIUSEE 2.14(a)PRSECR M. BAEBRRRR FEBRIE Viph—3, T 15 5 ) 8
H(0V)., EHWHERE Vo, BIE nFET B ERAISHENEES Y. B4kt W
®
Vasn SV, (2.18)
N R EOERR— AR ERE, ER SR R E R i IR HEHRAREERLE
(off). RZWMHE
Vi 2V (2.19)
W nFET B S5EEE i T EAE. — 1 FRNREEHIRE(on), X— TR
R AE (T TRERE - N/ 2. 14(b) B R R kAl RE 5 bR & A R E V, . #51R,
BATEED
Va = Vasn (2.20}



20 MAABERLRE RAAFH

. it o A=1MpOn
E sn
|
._'_‘

. o T
bl A =0 Mn Off
0 L R —

(a) Hf—H IR (b) W4 & o

Z2.14 wFET83B{EPE

XEF A=0EYT V<V, MA=1 WEKE V= Vi, RELRAE TR nFET
A s E R e R0 FE .

pFET BI17 425 oFET Etb, AEE 2. 15() oY SEE 3 F oFET, BmZEZRE Vi
T RS S, X 5 nFET EWAE R . 76 oFET #8459, 1 - WL E Ve, BEERN MR
. HBMRH, pFET MERE Vi, Bl - BHRE Ve, BR— 00, K RE 0 EE
V= —0.5VE V= —0.8V, FBEME pFETH R Vo, = — Vg, AE AT g {E
| Vo kB BRERE., EERE/HELWT R

Vg <V (2.21)

o h

" o
, Yoy
l’Sl'.ip |

L A=1Mp ofr
, 4 Uy - I, 1=
K Mp -—|
i .
A=1Mp On
i
U =mm ol |
{a} wi—tip il {b) A 3

B 2.15 pFET BYHMEHRE
W pFET &1k (off) , &I R [E — T8 X MR, — PR - sk
Vsap 2|Vl (2.22)

{# pFET %38 (on), HAT H— A S %, RTHX—TIEFESmE EHEKR, A E
I RRERTET

VA+VSGP = VDD (2.23)
]
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Va= VooV {2.24)

AL, V, HEERE Ve, X, B pFET Fi# (on). R, R Vy K0 Ve, TR
pFET B 1k (off) . P H TEH 0 fuZHE 1 MVEE, 84657EE 2.15(b) . 8, EE 0 M
ZH 1 Z B A

VUD_1VIp| (2.25)

S M T A - Sl et B IR — Bl IR

HHBZEENREMPMER FET, vV, WEH 0 IEZE | R ETEEAR. BRZX
A ARERY—Frdp R, RITERE B X HMER FET v A A= 0 bR A=1 EHEG -BFX
HER AFEHK —E XTI HAET. HEEE

(2.26)

W) %of PR e 28 (R BB AR ST
2. fEM%HE

— P ERERI R TR A AN R A XA TT SRR . RTERIRTT B B R —
BAHBERE , BRI ER BT EELER 0 A0EHE 1 prEX—HF. MOSFET 8%
EEEST LA IR, A BB T BT FE AV A e phy TR A, L TR

WERIMEKREE—F oFET 898 8%H:. B 2.16 84 T ESHEANEBERLE
HiEd TR TSR it LRSI E VipfRiE T oFET 38, K o —1m & 83
%, B 2.16()h AWM ET BB O,BEE V, =0V, EMAEARE, Wihd kR
vV, =0V, B ARENERSSER Wb, B2, 08 2. 16(b) iR, S L —1 8
HMEZH1VBARE V, = Vo R EE T . 20, ek vV, sESRDN

Vi=Vop—-Vn (2.27)
foo oo
+
Ha
t—j—l;o—b -
T L Olll [E Out
K=0V A Vo=V K=K
. s _ =0gp — )
1 L 1 I
(a) tE4miE 0 (b} {LH% 1

B 2.16 nFET {455t

TAINFHARIE Voo IXFFAEEEFEHE, ERE TR0 SR &, i - fa ke
SEA BB/ R {E
Visn = V1 (2.28)
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A 2. 16 B, 4R 48 Kirchhoff 8L EER, X EMEH Vi E 9% TIEEMRE vV, /N
B 1 Vi, B oFET RESE -1 8"EE 1, [, & T EkEL RS> 4E—1T
WdEBE V=0V, &%~ 0% 0, 82, nFET AI{EE[0, V JEEMERE, B
RERBIE V0.

pFET BEMH E MRSk, b T F 8 pFET ¥e4, # ¢ /0 MR 84 L 2% o,
B 2. 17893 S B Fh g A T AV RS . FEE 2.17(a) B, V, = Vi, IS TH AZE | phiEm,
idisE el N5

V=V (2.29)

HEHMRER 1B, it pFET BB & X8 E8E [ i, MAEAAREGEEEE
BOMEE V, =0 VH, WA 2. 17(b) 7R . SEBT Rl f& % R R REET FEFI I T 298/ MA

Vy =V (2.30)
I I
— ’ = |i':|p|
RO

In I——J ——— Jut Iﬂ+ . - Ulﬂ.
+ + -+
i =op i =k I; =0V I=to=[i,l

{a) f 5T (by 515480

& 2.17 pFET 8i&%%H%

XMEHTHEERKE MM R, AT RFE pFET 858 FFESK A IR - # i Ef/ME N
Vigp = |Vl (2.31)
RMFHEER OV, IRRE - MEEEABR! Vo, | AR Tad. B8, pFET £ —

AFHEH 0 ®E., B2, pFET & W ENEAT Vip, Vol BAREET Vi
IERNEFHLE— T LI THEMER

® nFET %5885 0 £ /5, {B{EXF8#E 1 B F

® DFET f4i55084 | 4]k B X 5EH 0 B F
W E A MOS(CMOS) L ES Rt 2 30 7 st s T a0 o) B, B E W LT BRI 1 it i
Bt

o {1 i pFET £ 4888 L B E Vi

o FHAnFET G ZEH O H V=0V
Db X R RE A B~ R AR B R E O V R Vi BB R Ry . i, 3T
S ERRENASEEESMNE Y,

® Kirchhoff fUE 2 B(KVL) X — A& MEE ERRHERN O,
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2.3 EA&ER CMOSIZEI

— % CMOS 305 B 48T H M8 & T LA I
E 2 18REMH. &M TH,a.6,c HWANL,
TSt — BB B B IIRENE f(a, b, ). ) d -
B SR — A B e, BT LB A AR R aer] ™
M0 ER 1. BFBEAEFERELIERI,  posed ® ‘
THREEE AT L, ERABERE Vi coi b |
0V 2 — {8 [y e X AR R ' swn
F=18 £=0, 2 MTHAREITA0% L I E R
B~ FF 3 SWp({H T 28 4 ) A1 SWn( 5 il I
TR B B XA RIS — )
AFFLW B R — BT B 2.18  —RRibR) CMOS ]

/ 2.19 B—MEI8 I TR T AR R F B9 TAE B0 EK 2.19(a) H, E ET R JF %
PR T M 0 FF W, S i S s i, =k /- 118, B 2.19(b) RRATEHR 1%
B, & EE T RHE, FE LA S . BT A V=0V, EBEER =0,
BRI+ AL AR DA E t CMOS B3 B R AT ARy . T e — B 3R 4
BB AZEXRITHENE R, X2 MOSFET R ERM -

1— I L |_“I oo
H —
4# T 4# i
ae— a3

%ir b ]—‘f"] Bl be— : ]—4!0
4 o

T Iy

= fge

$Wp

Flaboc i

0 Hé‘ kg

(a) F =14 {b) =04

E2.19 CMOSBHEM8 T IERH

B 3hxd

CMOS BB BEFAREY T HF LTS, — T H— pFET Fi—1
nFET 41 8¢, BT E--&, i 2.20 Fin, BAGED » FAREHZ® D FET IS
WM, &, pFET Mp i L E R R I EE Vi, M oFET Mn B H (V). B M
221 F AR ABER TE DS FET BRE, RESER LM TENL. &
B 2.21{a)F, 8 A = =0, Mp 3 il oFET Mn #k, HER& — T FHF K,
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B 2. 21(b) B, BT A o =1, pFET Mp #1LT0 Mn S8 . B MEFREPRE
Fil: 24— FET B0 B — W8 1F . X— TEMEAEESE SR oFET 5 pFET KIS
SR, XL EEF L —EES LT,

FxX)=NOT(x)=x%

T Fy,

=e—q
l —{l Ma 211 —‘ Mn B8
L Mn nFFT ! .

|

U B, (a) x=0%y A (b) x=1%5 M

=

"
%C{ MpSiE #;Mpﬁm

X={0—3»

X

A 2.20 CMOSHEHht M 2.21 F#haf ) T

B TR T CMOS Z8ITHE SSHAE AN KRS, E TRERNS T RS ZE TR
B i B e AR AL

2.3.1 dJEM{NCT [])
E(NOT)YRRA(INVERT) A ER AN A REH TLF R FT—THA o ™
R f ()
J(x} = NOT(x) = X (2.32)
Bp
Fx=0 m x =1
Fx=1 W x =0
TEXTIENRE X, EREZEGE RAEELE 2.22, U#ER-
B 2.23 B—4 CMOS 31T, BRWEBRASE 2.7 11 7 68 B e Bt B A HR#E.
ZE P T —D MOSFET B AR » FEHERBT-REE .

(2.33)

e
.E'DD

Mp —
x E i
* x ¢ ‘ y———§ X
1 0 o
T
(2) BRI (b) TL{ER L

& 2.22 FE[I(NOT () B 2.23 CMOSIEN{NOT )
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CMOS FETHMRE BB T AT A e MRS AE » 7 0, pFET Mp 58 M
nFET Mn #ik. 28 2.24(@) 0w, XERH TS 50BERE Vi EHln =1, &
ZJR =10 Mp #iETh Mn 58, ¥ TR ESFW P SMHEE, & 7 =0, X LA
A 2.24(b)AJr B IIE, B, X TR PR EREM TR T KAHRE, EULIASITNTE
W FET ZEMMNE k& £ Rme Rt

f=x1+x0 (2.34)

L L
Mn '----- Mn
J: #)l L i
= 0=
(@) x=g A (b} x=1 0 A

B 2.24 CMOS NOT (I TEHR

RF BT FE Mp TS WK 8 Mn. L4EER
f=x (2.35)
S5WAMERMHEET .

CMOS MR EBEMRFAZ—RU T I EEHEARSE - =08 =1, 5% FET SHE
IERIES SR Vi E BRI A H — M EfE L. TERIX—@ 84 7% FET
Fe X H, B FET B at 4T FE X MM e, iR WRE S 2 @E R A B8 FE X8
.

2.3.2 OMOS EIEIT(NOR 1)

BEAR T4 T RA IR, BT LAY X — 0%, AR R ER R — ARk
Is] o ﬁ?ﬁ%:

® XA H—1 nFET/pFET B 4b3f

o BN ST pFET S8 VipiBE

o BEUL Y S8 oFET S5HfE

o B AR EfE LS R EREEE

X —H B E B LA ShE T — 8 At RN E TR 2 R e
NOR2 (TH BB S AR LE 2.25%. MG ATRY » Fly B, NOR2 B 1A

“NOR2"H K 2 AR,
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Iy

_—00
— T — O

_—

(a) @R (by EfLE

B 2.25 NORZ#[]

gix, y) = x+y (2.36)
XV, T —TRARLE g=0, BESMALS (x,y) =(0,0)B A=H g=1 HE
%:}
EEZEFWITER E5E NOR2 S1Ef— N FEEER 40 MUX, B 2.26(a)FiRx. B
R AN (o, y) %, BEESEM L 280 pt . MUX BB RER AR

glx,y) =% - 1+x-y-0+x-§-0+x-y-0 (2.37)
7R A DeMorgan s8] w b ae A A =L
glx,y) = x+y (2.38)

R EACE T AR S B, R R LA 2.26 (b). B, &5 V., V, 43I
TR x Al y, XEREHE CMOS NOR2 @ B4t T 30

4:1 4]
34 0
Y - wts of3

g{-t.}‘hm —* bou
1"e— 1) | Bt bppe— 0
“0" | —
o | ml
e 3 nvlj 4
(a) 34 ki (b} Hi PR Hh M

2,26 B4 BHEEFESIA NORBE

WEBHE M —FE R ER AR 2.27 Fisf£i#%E (Kamaugh map) . B1F CMOS (12
PLAE[ L B8 R ER Y T ENE B P4 RE2E., TRELE FHREN —BaEE
B0 F0 1 SRR, BREFERETCBRTHN 0 —HMEE. A REETREELEET
pyiE R

gx,y)=x gy 1+x-0+y O (2.39)

BET kR R, RENTREANE—FEERL M FET R, 5—T0H £
F) 1B Vip), 3 BB A TR R S R BL (AND)RER . B B=0AE
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s OCEM) ZEP &M A nFET 882, XEHRESE—ENEREER 2.28 48
CMOS —& ABAF J(NOR2 BB AR T HREH SH BN ——X WX REE2TaH BN,

Mpy Mpy l.x ¥
13153 | '
N o/ ,
JC T L
—’—_r : * Efx, ¥ =x+y
Mmy
i 0 o || 1 +
Mnn 0-x

x 0 = e bt

B 2.27 NOR2HFiER Bl 2.28 CMOS NOR2 7]

AT BIEZBEERRE LG FM B + 5 My M Mm Mmy | &
TORE, MTLISUME 2.20 Bim g, EEEE T o o,
/|\ FET :L':E 4 Wﬂﬁﬁﬂ‘]ﬁA‘%ﬁ—F%ﬁﬁ (‘I?Fiﬁ : a4 1 on oft off on 1]
HEL). BEGHTRNRHEREESE ’; O A G A B
Bl —FF i SR R, | T

NOR2 TR &5t =B 8 FET st
FHEREY, FEBHA pFET Mpx #l Mpy
BB, HWE il AR SuEA & M VipBIHi @72, B—FE,nFET Mnx fl
Mny 2B, I EME— oFET SEBPRI {E i b B, WP 88 - XS EEEE B
X -EE L R LT E A E R MEET,

tE— 1 EF, AT NOR2 HEEF A AIES  WE— 1 3 W AHKIE(NOR3) T,
R EBAN ., vy Flz, B0 A%EZE nFET/FET H MM . %1628 8 %
o

5 2.29 NOR2 [M# LA 5 i

f-xvy+z (2.40)

XERR, MR- HEERA N1, KB R AHE F=0. BT#HEANO0RZA nFET EH
B, 3% = nFET AT B 21 E M RIShRE. RN ABEK - FREHRFEH, B4 =1 pFET ¥
MEMEE, E2.30 U A RAHARNZERE, HEER5E 228 $1 NOR2 @8 £ #4f
W, BT LA, Bl NOR3 BE B IR TERFM BT A 1, W% B8 3
F=0;M—BEME A =1 BTSRRI AN 0 Xk {E 28 4> pFET #5048, [mad
B EFF T BB B oFET,

BiEX—ZHM B —MEER FET XA BESH MUX 7. B2.30F&T—F
HEE T =4 pFET fOBBEA A, 7 Fom ol

1-x-y 2 (2.41)



28 BIXARER RS A& F#

J'E!DT )
P N A J_’_
T 7T
L [ __L ﬂL 0 x -
j)“* | T e |

T

|
oo

+

—

|
(

B 2.30 CMOS NOR3 (]

XE BINESABRERE Vet T 28 1. =% oFET XEFRAESEBHANFET H)),
s FeH . i Tt B 0, aDELX ME A OR E—i, 58— 28 b FER .

f=1xy z+0.-x+0-y+0 z (2.42)

EEN oFET HBET L 2— 1T REE M AN | ZHBHNEHEER 0V, NBEAE
E=M¥RoE, K EARETR

f=1Xxy- z=x+y+z (2.43)

FANERIL EXBET DeMorgan 2%, XM FIHH, ZBEEHIEH T NORI #E.
MWIEE b, o] FIRAEATF M E CMOS £8 AS3ET, I NOR4 BY NOR6., X—H A
BARRXHBEEEIIGER, AWML VLISI AT, 2EaERAEREARERTRES

SMEE, RS R, I R R U RAERS R LIRS, AERNES Tl
W AR TR T R R I RERY (AR, B S R0 TR IR E LUF M E R,

2.3.3 CMOS 53EIT(NAND 11}

iERATEE T e E CMOS — i A SIEIT(NAND? ) & B UL BB HB | AT S F T,
RE2.31. IR S RERIEF MR AN 1, BN HSE A 1. RENEHEETEHA
2.32(aY 411 MUX RSEBBX 1, K R4

hRix,y)=xg-1+x-y-1+x-g-1+x-y-0 (2.44)

xXe—

s

) THF T b HEL

B 2.31 NAND2 ZH(]



£ 2F MOSKFE| F 4% it

29

TRE2.32()HEEFRERUERILERET .

1 1.1
xe—— 00 10 o e— 1 a
f— L’{i boe— | G{?
e Ri{X, V)= x-1 — 1o

1"e~—1 1 | 4t oo i
n]'r l ! 1
.‘]"- z z
40" e— 3
0 ) ov

(ar EiH (b} MR L DL

B 2.32 Hi4:1 SRR NAND2 #1E

5 NOR [T—#, FE— T NAND2 i RREH FEEMBAE M, H2.33 32 FERL K

A FAER L =1 BIEMPE 1 HHS . FRAXPHNEL, AT E R .
hix,y)=x-1+y-1+x-y-0

R PREMEEL R FETASHHE 2.24 1Y

CMOS #1%. TILH T NAND2 shig. 33 vl it B

2.35 RIGATHEIE &) T/ AR RAE. NAND2 [19

— N EEFERERA® A pFET H B, i nFET 0 L 1
MR B, X5 NOR2 [R5 HAHEE .
FAREERMER T B L Y — =R AS R .
eI TINANDS) . ‘BEERA “HT R BH 57 A i |
FERTE A SRS, 4 nFET BEW pFET 53K 205 H s
B 2.36 Bt ], o7 RITe s aThee, E BRI re
SAALTERR | AREMEST SHE 2 R T8, 0
BEE(BEZRAN 0, WL nFET #1E, X

2,33 NANDZ Ei#E

(2.45)

Sitdn A FRBRZENRY pFET AMEFSHE— IS B TR, TR st — B | MERE Vin.

Vo —+ _
| x
Mpx
1
R
~ +
Mpy _FF
— E— - - * 4 VI=X ¥
_I‘(Tl: 1¥
' +
I A I I B
M My U xy
= \ £
X ¥

A 2.34 CMOSNANL? Z#EH R
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‘ x ¥ | Mpx  Mpy  Mnox  Mny I h |
a 0 on on off off 1 [
0o on off off on |
1 0 off on on off 1
Pl off oft o1 of [ 0 ’

B 2.35 NAND? A T ER %S
I —

— -
T 'I_J

T | O 1z
Yeo— ry: ——:L'_r—<—* Xy
Ze—

I.

Il

6 .
v

B 2.36 CMOS i NAND3 7257

AT LA T OCB B ar# , BT X B E LR — T B I ¥R 5% . TEIXBEF T 806 nFET
BRIk HBEAETRN
0-x-y-z (2.46)
A pFET EE s — T E B HM, AN 0 RS MG/ X. BAZER OR
BBV R

O-x-y-z+1l-x+1l-y+l-z (2.47)
iH 2% 0 i3 HiZ B DeMogan 1L 1818 2§ tH s %50
X Yy z (2.48)

B4 NAND3 Zhig. 3x—HBORFTLUE ¥R EA B B8 AR CMOS 536/ THEE.

2.4 CMOS E&8Z5H[]

I CMOS #5348 B BRI SR IR 82—, RABH AL B4~ e B SC BLJL T e 2 4 (52 BB A
(3. 5. 80044, ERIEBHET, ENERIEEINESZE. H5EHRTE VLS
Fegpidtst+afm .

FTRAE BT EERE, BT RHERFREX

F{a,b,c) = a-(b+c¢) (2.49)




# 2% MOSFET ##H#&4 31

HERA R TN EERBROERBEFERA AR, 5T —T%T. W
B 2.37(a) B A LR — 2R A SRR, ST R E R AR 2.37(0) FiR§)
HEE, AEHET B R TR, I A R ER R —— X R A B
FRE—TEFEERER, H-FFLIRE2.37(@RSFE =AM, TE 2.37(b)
HIIRBERAWA, ERENAF . X—TEREAER  EERR LI E &L,

] b
€ ¢ F ¢ F
“ g
{a) {b)

237 BEIESEH

VLSL iR B L, REEERSAF ESEER, 81028 I BEAREE,
BTF— VISR BN HERES ST T FFUEE FREEERERNBHEI
BESL R/ TA(EDFET B AME A, EHMMMHE T B S TR IsEM R
MRE Sve s rsd=l: R

IE RN EFAHFR — T R F, X% B 4062 F DeMogan B 152

F=a - (b+r)
- a+{B1 0 (2.50)

BRiE—F HEEERE2E 1 #H5(AND). BHFHER
F=a-1+(b-¢) 1 (2.51)
FRUELERTIT LI E—INE 2.38 iR L'DDT

A pFET FFREE IS . B & | —T0, v ik ' Lbc
Hutpitg, B—WER—A pFET ERERR : T
L

(Vo) BB A o BHEHLZE, 255 5_¢

NOR2 I FiBEH MR E 22—, EERHT

BB pFET(HER RN o MOLRBTEE T

i ?
& pFET AR B UME ST F g B3 SSUhEQSHME F 6 prET Fsk

GOER FHL R, BRI A nFET BEFILATETR B fEfl F =0, HE(2.49)HRPKIELEER

X F=0 %%

% a=1AND (b+c)= 18
EERTHLRERL
0-(la (b+0)] (2.52)
3t AT B R E 2.39 1 nFET REF. B 5 Flc FHAFFEK nFET KB OR #:1E.
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X—HBEAEXSHAN o 11— nFET RBE4 AND #1E., HEZBEIEIE 2.40 Fix
F-RiEE 0 WHE SR LRI, Z AR %A N o B84 nFET X/, EEIEEIER

o W T R S R T O

Qb+c)

— ol 1] / ) |
OR AND .| | ! F-abtac
4 jr()ut f { J
T T 0(a (B+c1] ! 1 i 0 (] n
= & g a a/_ a b
A 2.39 SEH FMoFETBEDM F2.40 nFET M FHEBEMNHE L
- TR CMOS #5812 nFET M pFET HEE—&,
pe TERLRE 2.41 BRI lE . % FET KT RS 907, I V&
jb‘” RRRMOLHE . XERHANE CMOS BEERITIT,
AT R REEMIBRE FET 8 0 AR, aEaZ8mEaT
ce—q FHEAEETEIMEBES TR EHRERBKILERE
‘—r—-—.F i.—l.Eo
| XAE TR, — A E R ET RN g 4 CMOS B H
BRI, CREBETHREIRENBEFINEE, E4F
, BITHEME VLSI TP UBE . X2H FeM &k

Iﬁﬂ“ T E RIS . CMOS H A& SR A — 145 21,

L4 BRI A LR R ok (08 AR A T kiRt

241 BESHRNoMos 2 CEENR. XEMTINKEAZE, EERE—THSAF E
g AEE THS AILEENEHE.

2.4.1 GMLERRIT
B EERIIRgReRIr LA TSR ———Fop

HHmERNREE. CMOS BFRITAR FERAMN,. X
BERED BREE -1 SH ATRRLHENERE
A 2. 42 R A RO AR B Tax — 1 SR skiR . iR
A o £EH 1,0 oFET S i1 pFET 81k, nFET
WiBE () R EE LN, TRERESEN . X
— 5 7 S 3R A ek s B P L RE R B

CMOS 2B i JE X P A A i 3R 4118 LIz
S 5 AOL HI OAl BB EXXBFHNEE
B, AOIBEINEERIE RS " (AND)E 2" (OR)

f=0

g =] tr————y

B A L__{
1 nFETS I

RN =0

g

B 2.42 CMOS 1RSSR T
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S IE"(NOT Bl R A7) BIMUFHITEE. i,
gla,b,c,d)y=a b+c-d {2.53)
BERE T N EN Y . ity
(@ AND 5)F1(c AND &)
RIGHITE(OR)BME , KB E RN
g =NOT[(a AND #YOR{c AND d}]
F—AHF RAE I CMOS M8 R
fla,b,cy=a-{b+rc)=a-b+a-c (2.54)

ERFEMETUEIRE /1 A-OT FRFERF. &, AOL B4 HadF (SOPp,
sum-of-products} . OAI{OR-AND-INVERT) B4 57 f0° ol " A E I i — T . HJE
WLAT B+

hix, Y.z, w) = (X+Y)-(2+w) (2.55)
EREREEFLTE
(x OR y)#l{w OR z)
RGiTE
h=NOT[ (x OR yJAND{w OR z)]
BORR A BfE . —1 OAl BERXFRE T —1-HBIB(POS) R M FAKL,

CMOS FFF 205 H 530 3R AOL FI OAl MR MR LRLETRAKM T E. X
AR B FERER LR —F 875 Xz oFET # pFET, XFPE S ZETERITERBE=
AHELEHERRIEFES A — 128 TH, %58 oFET BRZE NGRS, ASIEN
(NAND) B4 BB A F B, B nFET £t 5 — "848, I 2.43(a) ; e, sk 36 /)
SR, AT oFET A el — 3R 8 4E, A 2.43 (b) ik, XLLE5i0 T IR FH TS
A S, P, MAN a.b.c,.d BB nFET #7574

a-b-c-d (2.56)

MH-BEH FET #7450 - FH#AF
a+b+c+d (2.57)
MOX— AP AT AL B AT UG SR M B nFET A4 REFHESEE]. B2.48E
PR — T, XS R B PEA FET 4L, 8 M E & E W BB nFET. MK
—HREETE S R (e b), A B — R EE T E S BE (4 ERPFHRE
RCBBRAE T R A o 7O R AT R I RERTRIA N
X =(a by+{c-dj (2.58)

R AOLRER, BB E A A BB R RS RCUEE, R RREER
— A AL EDUM R X) . 5 R BRI nFET $R4E, T8 SR R I A
REMA . BRI UREGE ST Ry Al (A LURF B AT R BRI H AR,
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KRR nFET AR5 4 A
0-[(a-b)+(c-d)] (2.59)
tX5 X fFERAER,

,—*(a-—b)
o e—
o —— -
@ b
j b
b E

{a) S8 nFET

aﬁé—ﬂ;b ;D“ﬁ‘

(b) }'BE wFET
A 2.43 HoFETHNZE

- =‘X'
7 —
ba
X
o

e

B 2.44 nFET AOL B34

2,45 —MEBGTRER. SE2. 3 EERTUER, UM T —FEHE. HELHE
BB SR A D BUR o Fie ) EHAEE, BB AN b FIF BIF-T nFET WHIK, XM
SHIFBEERSE R B, BT (0 + )F(H + HFT. EHNMNBBEE 5 8E, BT A
ot rh sl Sl

Y =(a+e)-(b+ [f) (2.60)
EXROAIER, ATHIEX—ER, RAFXEZITES N

O-[{a+e)-(b+ )] {2.61)
EEHEQ.60)F Y BREXFM. ~

BIZERE— T, CMOS B | M nFET M & %5 0, 8 pFET 52258 1. AT pFET
5 nFET E4h, T LA M eI LB R S, IE 2.46 Fik. B 2.46(a) F3FEEEY pFET
M TERFEESR

1-(x+y) = 1-(x-y) (2.62)
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E 2.45 nFET QAT H #

LEEACE - ARRIET .  T AR - IR, W A HR R pFET, 801 2.46(b) Fi
o X, IR B SRR

1. g=1-(x+y) (2.63)
ZRRIF T L8Rk, '
_T.._‘ I)'DD
e e
' (x-y)
(a) H ¥ pFET

]

x
: d . [X+¥)
¥ L s
(e

(b) B pFET

@ 2.46 & pFET 2%

WHAIFE—T AEBATERS B 244 nFET B AOL TiRE, B

X=(a-b+(c d) (2.64)
FF&REM pFET B3, F A pFET SNSRI N 2.47() Frm AU B . 28{ L0, OAT T AE
Y =(at+e) (b+f) (2.65)

= Tl 2.47(b)FTRE) pFET PR3,
YA BT HEFRY , nFET # pFET AT Y THEF A B nFET P4E 8 - &
i, M3FEE pFET MBS - L7 8IEMUF ; 28 nFET 585 — 9E7, T 5 pFET W &5
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g -9, RIEXEERBAIAALIUR, EEMRAWAE oFET M pFET £58 EH XA,
fa> R —H nFET =4 FHThg:

g=a-(b+o (2.66)
B o ] "
il e dl
S
Al e ] [
* .y Lu——v—Jv——---——-f
(a) pFET A1 4% (b} pFE1 QALY B

B 2.47 A AOLF OAL A pFET B 7
W46 80— pFET BEP 25 H BB EE
G=a+(b-¢) (2.67)

B CSTREMEREN T Ve, X— oFET-pFET BENABRS ST I HE &
CMOS it

XL B R 2 AT LLET S EATE MR A — 5 BB CMOS B BER 3, inE
2.48 Fin. HEHEE 2.48(a) 80 AOT BIE. % AN a Mp § nFET BEK, WA N K pFET
FEK. MATEN c Md 8 FET RN, &5 AN (e, 6)B—H nFET 5% AN
(c, d)BQ—H IR, ITLAN R B9 pFET 2B EEM . X2 nFET-pFET BEHI &R — HEEH ) L
—AMEF . P 2.48(b) A OAL BRI RHERIRR S, IXBT, B AN a fe B9 nFET DL R
AR b f B nFET#63F8, M AN « Me UURBA D M F 10 pFET MHERBH. T,
nFET(q,e )5 (h, A BE, BTSN A oFET R H B . 5] FR7E CMOS B #E1E
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N R
IR i 4,
] e el i
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|
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[(A2.1] HEEWNTESME
X=a+b-(c+d) (2.68)

EH oFET @83 UT MR

B AN c Ad 89 nFET 38,

FH WAK b B nPFET 55— H B,

BoH AR o 69— nFET 5“4 - 35 74" MR B IEBE,

B 2.49 PR REMB AR T LIRS H ., pFET RARHBEHERE, 4 pFET &
B R AR —E oFET X5, B

B 2.49 2.1 A0 18K
4. 8AN ¢ #d 8 pFET HBEX;
B 8 AN b B—1 pFET 58 —4 pFET 3FE;
B AN e M—1 pFET 5% —4 - F 4" pFET H$EK.,
SEMBSHMTEELE 2.50, A ANSHEBERERTUEL, RITRHA
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#®zh AN Ea R *

B & CMOS ;BB M — MR, ] LB — PR T 2EEN R, STH
P2 DeMorgan B AT pFET MR XR A8 2.46 Brs,. B3 —F ,pFET AILAH AR
— KRR CEER, B, AliC pFET AE R EA KL FEHSANSE]. TER
FE 2.51 rcfek iEaE s R, € 2.51(a) % KA DeMorgan MR 7] B B,

1 (x-yy=1-(x+1 (2.69)
BTRIFFEEE] pFET 8] LLE B — 1~ B A B a6 (BB i AR R (OR) 84, LR T,

2.51(b) B pFET 4L BF L e FIE AR 5 (AND) 34E , X W L A F ARG
B 563F

l(x+y) =1 (% u) (2.70)
— Yo
s jbay , '9’_)4 & 3
e (X )
(a) JFHEpFET
T%p

(b) B % pFET
B 2.51 oFET AR dsa

A HRAE AT LA B 2.52 BRMBRIERFE R . FILUR B, /B E R SR E AR
AT A R R R AR X AR
CMOS 8 T & & f B IR v S S LT 2R

o FEAR AOL B OAl MM EEEE . i OAOL il ACAI KREHRERE.

o [ 2.43 FREIHBHEI S oFET B0 R, il SH 2 B R oFET B E .

e 3 THEB pFET BEF M+ S SEM E RSB BE LS, 2 B8 DeMorgan 30K N
BB M A A . SRR ERREE SN AT B NE . FEE 2.51 ) B AT 45 3
TN S VpZ B8 pFET A

YERE,nFET 1 pFET BPE S 8, R A S E F MR (OR) 816, AR FET RS
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HS—TWAN « ¥ oFET #E, AYESERENE 0" —E. % oFET B# Pk
[TEdE(NOT) ¥R FE R B shse i .

2.5 @3 EFe Aol ERE

HTHBpFETHS, TLLMMES S4FFms B EHE. W — 4 EHmbENEE S
—A AL R AR S, R 2. 54 (a) BT R b R . HEEE ] N
WS E 2. 54(b) SR TR ). A RWE pFET BRI RS i

e HMANa #Hb K pFET HEC
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(b) ey ¥ -

B 2.5 B3/NEEE pFET RER| B H2.55 83 EMATHRESURE

2.4.2 BH|T(XOR)FMFKIEI] (XNOR)

Z AOl S — AN BEEF TREE YR (XOR) #“ R IE" (XNOR) B &, X&EH
MITRLESZEWRA. E2.50 ARKITHHERTENER &, EHBEPHEAEH1
RIS BB R SOP(ERA M) 72

a®b=a-b+a-b (2.71)

‘. a [ a=h

a® b

—— oo
cu
O ==z

B 2.56 FBXORINHFSSRMER

AR AOT . MRiEEE AR 0 FMT, B BR SR (XNOR) HRER A
a®b=a-b+a-5 (2.72)

FR XORAFERE

a®b=(a®b)=a b+a-b (2.73)

X2 AOL G54y, & FIE 2.48(2) L BRI F3 3] 1 2. 57(a) FTR A ACI REEHE. H
?ﬁtﬁl“lﬁﬁﬁﬁ/\ﬁﬁ(a,b)ﬁ%ﬁﬁi&%iﬁwﬂ‘ﬁ*ﬁ%&ﬂéﬁﬁtﬂi\4$ﬁ/k(a,b,2£,EJ?HO
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HTHRE BB, ARERRH SOP FEMNK , 157

a®b=a-b+a-b (2.74)

AR RRETE o fla BHGFIA 2.57(b) MR RIENT. Hik o Mo TEOATLBEBEREK
&R,

j o j \ b
S ijw 7 =
E'—d_ jb_"f’ B - p—-b

l * aDb g 4,_ aidh

| e
S e
N 1 C
B '}“"“"’ B e— b

L + L

{a) F e (XOR) _(b] Rk (X_NOR)

& 2.57 AOl XOR #H XNOR [

2.4.3 —#{LH AOI F0 OAI IZ 58I

FAEE BT 28 [ FH— LR 25 AOI M1 QAT SBH 1Mtk 33 F AT sE i1t
WEIR S BE YRR ASIC BRI RN, B 2.58 BX &AM AEAN— 8
DNHMg. E2.58()FHEBE—PMATFHTHASITA AO R, ERHILFRA AOI22
I, R, B 2.58(b)FRIEME RN ACIRL ], R 1" E#TRE - MRASS 51 5EE
2088 £ B 2.58(c)FFBEMLER N OAR21 ], RAR - HERLE/ NBEHEEILER
Bt MR A CMOS B ER .

- Sl

(a) ADI221 ) (b AQI3211] (<) DAIZ21T]

Pt ofe

H2.58 —MREEE ik

— AL E S B AR TR AR AP E R ra R ER—1
BRRBIT, E R 2.59(a) P A AOR22 ], B4 BRI N
AOQI22(a,.b,c,d) =a b+c-d (2.75)
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A TS Rl m R, vl LA 2.59(b)?ﬁ#%>‘(ﬁ])\, Be] Ll 5 W
a@&b = AOQI22(a, b, a, b) (2.76)

s
B
AQI22 (ab.cd) a®b
ce ™
o a—

(a) --/LAT AOI2217] th) XOR

o T k=~ 1

M 2.59 F—MIT5E8 AOIR2 ITH9 T
F#, R ek ol T AKE
a®b = AQI22(a, b, a, b) (2.77)
X 28 B ol 5 A — B 48 ] BT REMLIE R

2.5 £H1(TG) B}

CMOS 8 =@ ¥ — 7 oFET M pFET FBE XM MA, A 2.60 iR, Hd
nFET Mn H{E%8 s &ilil, M pFET Mp B 555 s f&ihl. HLUXRN b RSN, X—3 8 1
Y K AR R dar A RS B AR B B« Fy Z B M — T EREE RS T L,

n
jL :
Mp
x 3 X ¥
Mn I J
5
s
(a} dn T B (b) o5

H2.60 FHITTTG)

XA FLAERTLUES s R ESREE. & 5=0, 0 nFET Bt B s=1,F7L
pFET 2L, TEES)(TG) BE AR — Wi R, LATE » My ZEBHXR. A
.4 s=1,5=0 W, B4 FET #4117 « fy ZEER - RIFHTERT. 28
kX EH— nFET 93 R, BT LU LU Oy

y=x-s Hf s=1 (2.78)

XEE 2 HBA,y MRE. R, TCRTREFLER, H2.60(b)FH TCHEHHH
Fi—%E, ERETHTYH Rk RBEIERA ST F s, £d s B ER.
NERWS pFET KOMHER .

EHNEEER, BRETREES (REM) EF2LERNBE, Vpl. XEH
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TR W ER, TH P W oFET £25, T pFET MRS X WBEBE V. EH{L VL-
SI g AERT N EESRSET ENERAD FET M— M WIRRN AR s X
Hsa

& i 1t

EF¥ 75 CMOSEH B FAGMIINEERT. FRREFERERERXEST
B A E, AN 2N A RER T 2EWE 8. IFE ASIC S ERa #3184, Al
{EA5 X AT AR .

1. ZREAFERR(MUX)

e I BAR SC R TE A S M A B L B A E A B 2,61 9211 MUX 32
— T . EREBITABIMET RS, HiLERET =08, TGO F& W TGL Wi, B7 1A
Po X EmM . MR s =1, 10EFMHR, TGO Wit TGL HH ,iX8f F= P, #iXesg
REE—RBE

F=P, s+P, s {2.79)
&5
;K TG0
2
e s | 10 ta1 | F
5 t—F| o W ek Fo
! & ] A

i I

261 EFTTGCH2: 1 BHEHEE

LA ERB TR, FE.EH TG X" & T i 7 = (8 BwT RN, B E— %
WEMNF R -—-MMERESSE G, X 2:1 WEU LSRR AR (5 se) ¥ BH 411
B MUX, H1 (s s BIE 0 01,00 13,1 0)FI(L 1) BHRBALK(P,, P\, P, PEE L
AFA TG, B Hbei i A

F=Py-5 -Sg+P, -8 $5+P, 8, -85+ Ps 5, 5 (2.80)

Fitn 7 Py BR42 EBUFA TG TE(s, so) = (0 OFIASE . ©HREMBIRIT A EEIENES,
2:1 MUX &t sk, AT = A Hb A AW zhee. B 2.62(a) BEH 22—, FI LI TG K
BIAH e, BHER « FATER TG, T8 s MIENRESHTER TG, X =0, LHEK
TG, % o XTEFH ;M o= 1 WA E TEKN TG, H o« B, TEHE
a-b+a-b=a®b (2.81)

BliZ Il T BE(XOR) T8k, ZFEXRTTA 2:1 MUX M RERIE, IEdH » fis &
£, Bl B3 —4 R dE (XNOR) ThEE
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a®b=a-b+a-b (2.82)
#5301 X — R R B FTrig B A e B8 W 2.62(b}.

b ol

(a) XOR i {0 XNOR 18 #

B2.62 BEFTGHREBEMSFHIE8E

2. & {OR17)

¥ T TR s ] LA R — MR SR AR e B, 0B 2,63 BT, XAERA M, AN
b CMOS [RGB AR e, MRBRET TAETE M T LA % 2 o 3 A0 wEAE,
R o =0,pFET #H1k (B R o = 1 FHEELL), T TG MAEAR—TMHEHITE, TERL 7=
bo MR a=1,0 pFET ¥, f=a=180 a =1 BiEXF M. Eir, BitBMNMa AN 1.5
iR =1, XMER TERBE. £ HZEFEESR TG pFET, ER
f= a-(_ﬁ_)+ﬁ' b
=a+da- b (2.83)
=a+h

VAL, RS — 5 B R BN AR 2], X BIE T e Ry A BN i 5
3. Z—fRN/Radkm

BIEER T H B —#F 18 TG I FET AR I AL HIF £ AR ER BRI iZIt. &
TR (XOR) &R a1k (XNOR Y THETC NG s Hke 5 NS H pk D B B X R T iF 2
BEBSE TR

X —E BB — N TEE 2.64 PRRRIEERE. THRBAM, O ERESIT.
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1885 1, R o =0, BB AR, e TG #ik.a HEEF Mp/Mn E3E T H
WE. B1F »=0%% nFET Mn 93,5 =1 %2 pFET B ETE—%),(5,5)=1(0, Vip) X
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E| I
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2.8 &

[2.1] & Vip= 5V, V=07V, XL TFHABREESFREE P21 nFET 895
HEBEE V(@) V,=2 V(b V, =45 V;{(c) V,=3.5V;(d) V,,=0.7V

"2.2] ZEE P2.2 94 pFET BBE. BEHREN Von=3.3 V,nFET #YE{ERE
WV, =0.55V, K V. ETHEMBEERARNEHBEE Vip:(2) Vi,=2.9V; (b)) V,,=
3.0V;(c) V= 1.4V (d)V,,=3.1V

[2.3] 0 2.3 B, — 1 nFET A4 & F 348 30 55— 1 nFET 898, & Vip=3.3V,
Vi, =0.6 V, RYH AR BN FASEN R HBEE Vae:la) V=33V, V,= 3.3V:(b)
V,=0.5V,V,=3.0Vi{c) V,=2.0V,V,=2.5V ;(d) V,=3.3V,V,=1.8V

[2.4] F— 811 MUX &it—" =8 A F3FT(NAND3) ,

[2.5] LU 8:1 MUX W#ERl, it —1 =5 AZIET(NORS),

(2.6] ZEFHIARM(XOR)IEE oD

(a) B—1 4 1IMUX it — -3 1(XOR)
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1 r 1 al 1 I
P21 P22 B P2.3

(b) B (a) PRI BR S B] — 1 Bt AR EIET T(XNOR) .
(¢) —PT2INEBRMAN o, b Fe I HTE B FY
s=abhPec {2.85)
FAREITRIL MUX REREAIT], it — BA e p e B .
[2.7] RRDEESSEEHIT—E/ TFAEESN CMOS B

f=a-b+a-c+b-d (2.86)
(2.8] MABRISEHEHEEERLIT OAl FXFAEITT— CMOS HBE
h=(a+b)-(a+c) (b+d) (2.87)
12.9] WEABA PN CMOS 28]
g=x(y+rz)+y (2.88)

M EAR R SRRE ) nFET ABR IR SRS A /N HER 4 1 pFET M2 7R .
(2.10] FIRI=B — IBLEE, BT — 15 T FThEER CMOS 2817

F=a+hbh-c+a-b-c (2.89)

A RAENE AR,

[2.11] ZEEP2.4 ERFEBRXER, LA F HTRIH CMOS 528 ]-
(a) FAZEEEWE nFET BEF.

(b) FA/PBEHER RS T pFET B8, RS MM pFET B3,

[2.12] HE P2.5 45— AQAl BE[]

(a) Al HZEEWE nFET B3,

(b) FF/NEHEREBE oFET 248 R H pFET MNEZ B pFET 5.
[2.13] [ 2.6 3— pFET BERS, FIF oFET B AEE N EEE. SRS oFET H.

boo

. o
- i ol o o 11
Sa—"

- [ o
IS |_ _ i
alibs s =

€ h

% P2.4 B P2.5 H .6
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[2.14] H TG HXFITRESIZIFE(2.80)INAERY 411 ZEELEERTERE.

[2.15] F—4> AO122 [T it—4~ 2:1 MUX, it fif F R AEEE

[2.16] H=A~2:1 TG BEEHERIH—14:1 MUX.

[2.17] EH—7-CPUBSh ¢ fI50ZEH 2.1 GHz, KA T,

[2.18] # TG MEIFHEN £190= 120 ms, FHIE 2,67 BiRBITA, feas F sk #H
B R B R PR R o
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F A I T MR, LR Fr e 2 R M2, ERE T &R RN,
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BiEspREfReR

BN ] 2 )il 5 s 2 MY Sl e . R R X — (Rl
23 TS R P PG ) i N £ 0 S ke o L LT SE A A . ORI B R . W AP
FLI R i, L0 ol A A e R e T S e L B A P O B LR
A e 5 1 i i gy 8 T 0] 0 H R ALY R, L iRy R E A

ST RO BTE MY & MEC i EALE VOREEA V) Rl TORE D A) . RIERCEE iR, 3
F— i WX FE AW S i, o B S i G R N

V=IR (3.13

A R HLEFEE, FEvER, HEARGIEE. FRSRES P,
T O Fa, EREARA RS AR, BWERRERTER _'_"'iﬁ'llﬁh""{
TP FR R AR 2T, RIS 3.4 WRIN N
SR ORI N SRR S AR TRE S e E 3 REaERE
Lk Y-SR e B 28

WAE [P — P42 CMOS g p SR I v i V, T3, i v 1 ol B 7 iy
e P amEdE 1L, | EEARETEERaB R, UHM - SE 0. R,.HX
| RS A TR 0 E . - O A R R WA (R R S Y R L. R MR T
{5 E sl TR IR EF R, 0 (8 ik aF

W F— &, Kb Ry o Ee] M 3.5 PR Le R, SRS
{ R R ). R AT o R o RN BO%EH

A= un (3.2)

EfRRE « REEMRHHAEYE, RERRAEL[O-om] ', #m R 5 il i #
BE o (A HRER T RS . & WA S K, MR e S FEMRD Bl
BRI C ey, 7 XS, ik FHEE ek ol h F A E
! .
- (3.3)
FARAT B A—THEXER. BEMR SRR f fER, SRR A mEH.

B 3.5 PERN LT

FLAREE o Aol SeAe g E i, 1D
{3.4)
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o BIELLE [ Qo] LB SEAEBE R L L. R A AR, S T
R,. = pﬁ (3.5)

A VLSI & A BER R ¢ 0 o (0, (B S 000 o o 7 B P U AT TE B e Ak,
# b5 BT i ATE A = R

1% {1
Rijpe = [5](;] {3.6)
BRESTEHCHSIHEST F—E. HEWRUE LRrgEail R, X,
R===F (3.7)

ar -t
RESWIE R, A8y 0. AR EABEEYER. ARG THRTER. |-, g9l

TR h WHEME , MR o 6l MEE. W, MERER NN T RA = w )8,
Hoekm .

R,. = RE(E] - R, (3.8)

HAER. R, E T EEEOE N wx o) FERERAER . BFLEUR B 8 07k R
FR R, U0 e B oo e T L T S — e e e L 00 TR 1 i

EHE el MTEE, B iml T, R L, N s R 5
LY R, 50T A0 et i — ek, T LS R S P 3 (bR, EiTR
el W — ) R — e R, TRV E RS R B R, B L, — 8 el B E
FF— o a8, O RS Tt mmaf. nREE o T

Ryn. = RN (3.9}

b 5 LY T, F R
(b S ki s LR rtd B LRI

B 3.6 — P R TOL FRL I
e

o o (3,100
i

RN, - BEE R — WA, e AR, BT RUR SR




3% CMOS R kI8 v # 0 0k 4 35S

40 4 4

E— SR T RN TR, TS B T R R A !*
ST B (7 /e ) T — B4 0 TR A T 0 (5 O £ 0 16 10 1 i 2 {_lT,
R MR EE MR, RN, Feip il 09 e s h 0 0 5 i it i | i '|‘-
B LIS T e T A

R R AL A RS, B R AR pE . T BT WEE
A PR B TR M LB L 3T, Sy TVERTY
WHEE B ES AW Q %

Q=CVv (3.11)

APV A E R R SRR - Q BT . bR R (] ERE
LR EEARY. TR E L AR HatE A FE = (dQde ) KR R B
-V HE:

dv
I=C o (3.12)

REFAFE ISR TR EH Mo b, TR, g8 EEgil—
SRR R SRR . R TR LA IR, EEE 3.8 halil
B, TR PR SR e 2 S, R K (o). WSS SR F 0]
LR TiE e on .

vl s + =

B 3.8 BT e g Lo PR
&gy UN

Cine = =
TR R, R o BT LR B MM TR, BE o’ B8, RS
SE L Z YW B B Frem e, B S BB T W (L S a0 AL 51

HFE M A S W E RO STSE. Bl TR EER R B Ry 0]
M H Cu [ FIRLES 7. #H_HHERm

T = Rimg Ciine (3.14)

(3.13)

shef ¢ WU EN ] BROEdE R R A ESC T B, R LA S S S EEEE o R,
EROEEEAMEREE. B39 - TR 3900 E E, 3 BHE TR
RS o B BRI EEBEHT . CESENEERER ole). WHE 3 9b)
Wi, AT Ry 00 Cp, M3t e SRR, P10 L B o, o (o ) IR FEER M S R
. AR TR R E o () RN 0 T | T P e TR AT, W oo )t 2 LA TR
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AR 1T, (EUR, o el RS B N — T (] R o R TS o T G TS e A SRR Y -

VLS T 20 & 0 WA A il Ry B O Pt B 35 i o AL SR B R
Frty P o BB g g i 1 AR AT A T OGRS . A WAU BT R T E R S
WPEYE A, S R R A Seay ol B A VIS SR i rh R E R R Y
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e —— .

(h & ERil &Y
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3.2 MOSFET

W — A9 HEME T Bl MOSFET FF S0 2T ik, BIErR batin iy, Bk
BETHWHEWEE R E MOSFET 24 8T, B E A #E 8 TUFL mp i i8]

— A B Y MOGFET S il 841 3 o B B 2 0/ BT B A i B N S e — @ i PR A
BRI R, ATRERMBRERESA8F, ol LIEE— TR 3.100a) BR i nFET #
HBRFF S, B SRS oFET R AR AR B0a R T s A &
EE AR EBAT AL A", S C RO LR TR AR AN . hE—
BG4 BT P, AR A PE R — T O, e A B T T FF R ITH] . HlRcg
ATE A 8 0t Fh i CEIR S 1 R 0 A L

BLTEAYT 9 B F AR B0 B T 2 R RLETE 1 RESH R . [ 3.10 (L) S W R
#m oFET, BERLEEE, CESA B4k SupBgs iR mRE. L
1T A T SO A Ep i L TR
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i) nFETTHS by nFET T &1
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AR T LI A R T B s
WS G M £, RITBISS oFET 8f7%. W# 6= | I
0, T 52 R T, 0 3. 11 () B, T T e

EZETHE FERBEATAERBENERE, XHEE @ amkrx (0) (75 FF
s PATER S RS X ERE A B ZMEE X

F.OMBE MENANMESN G=1,0 onFET $:H%&

— PG TR, TRE S EER < EAE, IE 3. 11(b) B /R . T B — A~ i 3 5] B
R E B2 T B R RAL,

F3.11 nFETHELTEE

B=A (3.15)
BizwSRER 2L AX—{THRIMUER MMES G e rERESEREZEE
ERESHI,

B b, X R MOSFET @ {58 . M EMFMNEBIE v, AX8r— &S @, M
BRI E R SR 2 M.

BNELEFNERLIKRER I Bk MOSFET &, BALHRITE Eam g &
EHHIBEW, B3. 12 BER—1T—B FEI MFENTER. HRXAER ERER A+
FIEE,BAAYTEILDFHAFENFIE, BESERERRVTE—ZE, SEkEEdF—&
BER L L MR B K[ om] Bioh FETHEEKE. BESEEMRE W R hEEE,
HpER KA. FET MEKEECH(W/L), ER VLISIEHELXENBEEZSH. WHE
Sk A 2 6 - EAkEE (D) g 2 . B ey E L E BT R RS &2 83T
HETHIR .

SR ik T

—

=1 514

E3.12 B MOSFETHETIER

B 3.13 28R EEIN CHEHE, 3.13() ERNMKIE MR E, X8, -5k
HERENG4 IRES SREEACHEVTMXMET . BPEEEeicl THEER
BE L. TR 3.13 (b) 57EE 3.10 (b)th i@ FET HRAMER —&. EEx T RMMELKX#H
WEEE AR, H—a T X PR R B R 8 T LR RS E R, TR R R

nFET # pFET A E S5 E 3.13 FrE S AR, B0 XKL T 2Rk
K5EE N LEROER. SNSREMEEER,. (B oFET ZRAMHE S MBS
F,Ti pFET B3R — 12 A B8 E MIER R . LRI THR-— T HEIHR, B X
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Jet S ] #ES B
ﬁ"‘n | i:-.:..--],r = TR
i
a] E#eE [bj .'?.l‘-i'"“
M313 MOSFET S
3.2.1 EMEHEE

HEGS AR EE R A B . BRSO E RS A, L E R
“RAEETI R RSN ETE BN No= 5« 1070 B /om’, (L Foh FAT TR Y
M THERE S, G Sbe TR ol T R ) RO I A T N S I A RE LT . — T
EERORE o SRR . B T R M R ] B R TR TS B B EE
BRI T R A MR, MR, o SRR FRET
s, ERTF(T=27C =300K)F il FaEm s

n,= 1.45x10"" em™ (3.16)

BRI S AR — A TAEAE SR . o, 00 O B A L AT I . B O T R AR
B L ERS &M A b e SR AR

SR AT BN R EE AU A RS b, A S, S e T e T A [ e IR T G L
g A P 115 IR M A0 R A o R e s B el T S T AT TR A i
wEHERE, YR FRIFEERTPAEG R, ESMET T— 2 r e i=x,
R 314, STl BT, E T AN SR F AR T . R e — T
L — o BT LSS SRR — A + g BE RS, T BT LLE e AT L AR D EE S A 7T 3.
X e T LR BT E BT i, (B (19 A a0 R T TR

il Sk
o Il 4
a - - 4
! & [ TR
L] .o =1 ] ™ O -4
o

B304 FEREPREEM A5 R

@ W N RO g - 1602 < 10 EEE
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—FPH R FERAE R T HATA M A A B s e T a0 B o ERAISIAR A
IR —(F B RE., RAITEXL » HEITERP B HBTMHRE, p IEIFERDE
HERKRE : ZEFRRANR om ™ E—PERHESS R AW E—PERE
—MTRFNERE PR, HETR, 5 TRITAREEWRE .

n=p=n, (3.17)

H _H ARG
np = n’ (3.18)

X REERERN—FRAT A EHE TERERRFERNEILT B 752 /X33
: 4

AR EERE R AR A ETEDH BN A S &8 R EF (B 08 RM) ke m
R . HERRRME TS ORE LU M A R atE, @& IARM (As) B
B(P)REFAI LI S i TR R, BRI S o BHE, FHAESELRKHFRE
AR T VBRI, B MBEAGE Y RS RM A T, BT LI Ry R T, 30 FF
BE. S FERFMARENEREANS N, &7, HEREMTERAHN 10°~10m™, 8
MEERT R AN EHE T AR T AR FEE

n,=Ng cm™3 (3.19)
A, FS n, RAE—T n BERFBFHEE. o BERPEXHNEEATS . B0 R
BREERERA

2

n; 3
= — Com {3.20)
Py N,

7€ n Witk , B FER R EF Moy 2 F X2 A T e TR E AR,

[$43.1) ©ETBRERR N;=2%x10" cn’. WHTFHE Y

n,=Ny = 2x10"7 em (3.21)
ETLAIG -
2 10,2
py~ i o (1:25X00 ) (3.22)
Ny 2x10
H A
pn=1x10° cm™ (3.23)

BRIEESD n>p00
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5 n BB S A I p BIADRL, R ) dA (AR AR (B) R F R ARY . p Bt
B EB AT S /O E TH AR, MABRENF MR bERP R
B—AEHEZE. BF-MEAAMER - F SRR EBRAN. BT EXT
MARNZEHRBRAFS N, T, ZEWHLESEERREREE (24925 104 ~10% am *) 8
HAEFIEFR 25 MAMSIEN p RESEPZRNWIKRE p,. BRITA TR RE T
FE

In
np B E;
Bath T po> n,, BITRE XN E TR, BT H P FHE. p, 71 2, BB em ™3,
MR FEER 2 Mp MEFEXBHEIE N
O = g+ U4,p) (3.25)

A, g, Ty, ARIFNE FRIZAEERE, B R o’ /(Vos) WERAE, THRRE
B— T W I E M. o BN RBRCF S WA, o EXUREESET el Z
PR IEREREB RN

ty = 1360 cm2/(V-5) g, = 480 cm2/(V-s) (3.26)
FRUEMARRENY 0= 4.27x107 5[0 cm] "HMERBEEN 0=2.43%10°[Qrem]. K [H#
FIHss AR R &k 4 BRI o 2024 10°[Q ]

T —MEEMR 0 B o2 p,, WER AT LEUR SRS HR
o=qiLn, {3.27)

2
4

ppﬁNa (3.24)

&, p MR M REEETALMAITR

C=qHp Pp (3.28)
sk Bttt BEENEEIDE, E n MR UH AR M E T E,NE p MR K2
oA IE B AR,

[$63.2] R TEBEEEN 0% an 8 p HRBARE, KL THHRENZE
KEEA

p, = 10°° em™ (3.29)
WA FRENE FEE D
0,2
npg@%‘.’_l_ = 2.2x10° em™ (3.30)
10

B AR TR RN 4, = 1350 an® /(V+s), g, = 450 em® /(V-s) . HEL RN

o = (1.6x10")[(1350)(2.2x10°) + (450)(10°%)]

A {3.31)
= 0,072 [Q-cm]
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EHENTARESH

-1 . ,
P = 508 = 18:910Q-cm] (3.32)

HRRE—T U LEE A AR BRI, 10> panpe —BORB, RS BRI
BHH(1~10) Qrem.

X—FIFRABRKTRERE n BE p UHB SRNREERE. BREEHWASHE™
FELSRTRNF XHENTIEAE. AMABNAREFRERELSFOAGRINS
2 MR ENI8Es, X nEES, AT LLE S I8E « SEMBEEENBELR
F AR

by —

1+[ N ) (3.33)

ref

H= fy+

A 0, Nl « AEE HTHTRR ZRTFAEINERAL =R o AV s), =
1380 ar? /{V+s) \Ny=1.3%10" an ?, 2 =0.91, BHHBTEN 1, =47.7 a? /(V+s), py =
495 e /(V+8), Ny = 6.3 10% cm ™3, ¢ =0.76, iTFEZRBEE S 2~ Hu0E I i B8 165 , i ol S0 52 7 8%
IR E R . RAATEE AT I B 2 2 T BT L 1B X R T R R B R
%, BERERIMEN T —THENBHRATE N,

Ho> By (3.34)

ﬁﬁ%ﬁ%?thé?ﬁéﬁ%@iﬂc MY Bk, RERRA FREERE L AL, T
22 O R R AT DURAR — R

PESHRE TRAPTRAERE Ny AFZE N, 74, HEE CMOS T, KE
¥PEXERFEEEENZE, HREREG S REMHFEREN. FEER B, R/E
Ng>N, Bl e ® hEp2E . SR Fr8EdJRT R

2
n,

n,=Ng-N, pn=(Nd_Na) (3.35)
XA R E G R, T p BER, BIOIFTE N >N URBRRFBER
2
p,=N,-N; n L (3.36)

P (N,-Ng}
XN p, BEBBR T TRF », HOBRAF- MHTHETHER AFEOGIDPR
FAENBATE N=N,+ N, 88RNTATATE

o= qlun+p.p} (3.37)
B R EEMAETE ., —MEFR Ny=N,. BEEBRNE TR TFHE TR EMFX
SrWM,ERRELES n=p= a0 WAESE -3, R AEIME. EELN G TSR
HEET, EHTHRE ) TAEE.
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3.2.2 nFET # pFET

TERA® n R H p WEMESE, 7T EUE X oFET W pFET MRESH T . 327 (1 %81
B — FET R (n 2 p) R RERBE A m,. SRR YE Sant, m
LN REEMNEHSRERMEEAREHE, oFET £ 0 38R EHEE. &
pFET M B p R R EMTE. S0 MnEl 3 60a 80 B, B b g o
LRE B ] e P K ol B (O I R

ERITE EEER oFET. BEMBEMES n+ "EHEN LRSS, T EREKE
IS A N, AR, — R AR N = 10" e MR TR RN p
BEFEH—-TWMBREE NLETEENSHEETLEN,=10%m ™, 8, mER
TEn+ Ef p BEZE. EMTER 305 0H308 S0 A S d E N S 8
B n+ B2 B HE A8 . v

i &) nFET #h i [ ik pFET W[
M 3.16 oFET §l (FET £

pFET BR¥f W oFET [FIEAVES g, (MR, SR ANEENRE - 9°B"R
hftip+ BB4F T 0 RME A LB T p HEEMA LE,. EX—8FPBRT L, pn &5, 8
R P BEL o o A HISR I 2 ] MY E SR AY . 5 )2 8 R, B O CMOS i 1) e AT 3 7E )
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{a) A———— ]

oo
A
Gnd
Fip

e
Gnd '

B 3.38 NANDZ - NOR2 BRRE LE

(el

Fol | ‘ﬁLj
rtt— == T = =1
L | I
) [x X | T SRR E3
SN P N A Syl iy Iy it i il o
1 Out : ;
2l i el
3 I AN S IR E X U ]_I(
z b=l oy 2N b @ -b <
Gud [ ] Gnd [ ]
{2} NOR2 iby NAND3

M3.39 =8 ATIAEE

3.4.2 MEEE
HABH0EE AT R RN TR RER. FEAE 3.40(2) PHSEEE, LA
53
f=a+b-c (3.68)
WH— A ERARIE. BRERE—1 oFET 5—4RA 1R BH oFET 38K,
oFET Bl A HEM—HBE FARE S B —1THRE8K, B 3.40(b)Y PR E 5 IE
HAER A MASH— T ERMERE ., ¥, FSaERUT 2483 ER 28N
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Ry

ahq Lf_:__j;_ji_ !
o e
!J U

i .f

EIHI& 3
J— I -

S S

1—.

2

Y

Gned
{2) 6174 by W

P 3.40 eI AT 218 488

RN —THBNETEAL ST ETNE. RiESBENEREIZESERRN—%
KFFE, T2 IRE W E 3.41(a) B8, BREX A EEES M 3.41(b) T 405 5
A, FJVEDHEBIHNREN

g=a- (b+c (3.69)

EALEN fEENE. X -XRASAEHFIMEE - 53FT(NOR- NANDY I X £ £
—HH, BiRATF S BRI SRR ERE X —F .

AR, AR TR MR L E S H P AR, FEREREELENES,
I BT RE2 P&k 2 X MO B BR 78 BUBUE BR . % B AOL B — 855

F=xy+z w (3.70)
r'DD
[ .—# - ;I #—Qﬂ'
I’r':nL ___________ _1J ]
' [ e — ! |
I R LR b*#
o - _'.- - '_"-:7 “_IOul .— e NTY PP
T P
fad NPT 09 1 AT B IEAIN P -
Y s 2 G — -
SR = he - I
{nd r
{a) &4 (b; EBE

B 3.41 WSXHBEE



78 MEAMER A RIEH LR TE

ZIVRETT LM 3.42(a) PRI R EN . HERASTHASHEES RN RAR
B, Rl UK ESWMERUR Vil Gnd &, HEEHRE/D, FEFXHA o+ Mp+ Ko H
nFET BRSNS, ©lRHAE FAR, B4 & S MW nFET, LA 3.42(b)iRE. XBEAHH
KERTERE, AAEBRVINRHTFRFENEREREN, —BHEH T nFET,pFET 52
AR R A ELR IE B4 . MM, BB AR A pFET R — T EWMNER. &
BFERHEF, : Mw pFETH SHFEEE MEREFERE « My 5 V. Z&#
X VppHiith F 2 RO e IR, BT LU R AP B R .

Yoo

z.—#'_ ] —ew
i e
x._q ey R
: pFF.Tr.liZ—Z : j(]
[ S W S T
IS Tl
o .. I b
j [ nFETs%’;L % Ef%
y._{ - Cnd =t .
1 [ S5 F
{a) 1 % (b {2 el
B 3.42 —p—REm 48 A AOTTT]
3.4.3 —MtEihe

BT T T & (TR — SRR R AFESRER S, U REE
ZiEldEE o+ p+r KETTEEA, ERA TEEMARNE 200 HXFRERWTE, K5
By RpEN ., FEERART &M E FET AR %, ERLLHTIHE.

TR CMOS S35 R A B A A s — B, 25 3HT , BLI &Y BB Ao 3] o] L5 2
EERERE MENENSHER RS, —BORE, 8MEENHERETSHE( V)
Fd( V) U  FERAVIOM T o, B BRACE H & R&, — AL X E .
SRR IR T M 3.43 PRIERHER, ITE KN FETHREER T EEHE (Ve Gnd) Z
. B e S r R SRS, A E—EE L RERIHR BX . F—
AT E BT R IR, IR S RS ke, ARRBAR T M LB SCF
FTFaFL. RRETEETHEE, B pFET BHETE Vo MHER) n B, T oFET MFEITHEL.

7 i ] o L e A AR B O M R, B AR R BB R AR LZEZ
2 A B I 3 LR I A AOREI . 1 3 44 RAREBEM—MRRETF. AT THE
R R LA A 43 o4 s R T RE (R B, T B S Y, AR RMHIE A2k 4 (I SE R LB A B4R ) 2R
RESTZE. BERBEEEIMMAETEE. BHAHTEMNLZRERFHNEE.
1A
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® ZaEEE () .48

¢ Bnt /pt (FiRR) . &6

® n B HEAEOTL AHEAMEE)
e R 1R

* &8 2. KE(TUAHEMEA)
¢ it BENLS(X)

!

L
g

Gnd [ 1

A 3.43 FHRMEEAN—ALTETE

Wt — A , B S R B I L T W R B BB L T
J 5 0 M P A 0 B T B

o IHEBRBEATA P RKE

o K UIER ARG EAZ 1% pFET & TfE # AHER & nFET &

o TR EARRE

o TR 6 BRARKES

o REFLEEAE RARES

o NEOIRALFINER K EMIL

o o IR G U AL

o [ LT B LTI R RIS

RIS R RN AR B A SRR . A B OD AR G B R R AR R i
AT R P T 5 B AR P R TR ST ok i B 2 4R L

Voo l | —— B R

|

T :l' | — Eda(f1}

L | — sEIGD

- — — n-HrA )
T —_— R0

x  HEEGETL

I
—

Gnd

B 3.44 BARFRERERE



80 BMAAMER LSS A Ed

— T ERNERRBARRERIENH T SEEREAEH IREMPE, B3.45 2L
LR FET R BT AR RIS, RXF 7, BEERAER S » iy MY TiE
BEHT AR, REEERFRBEER, EXNN TESEREE. Tf—7 CMOS § A
AEE AL — 1 B TR 20 R A
B (Euler ) B d R B AR /R XA F B FROB BB MAL, 8 7 @7 —TECE
B, SEM CMOS & BB PO — MR THA (40 . BIEBAYIE , Z ST I et B 1 HTE,
i f34 R AEB i — IR, HREIXH, nFET/pFET SEE 3t n+ p+ K. IHESEXMET LIEE
FRACEE ST i K SR

- fl}l ‘I‘sll\

X
X
Hl
— }__l :> -——if
¥ LR -
FET EPRY

& 3.45 EiEW FET MERADS

B 3.46 A MIRN—NFF, W8 3.46¢a) FTR T AR Py ik, BEREE
FRARE— TR ST LTS AR — K, T e L TRHME. 5 THE
XRERIPAZ T AR AR 3.34(b) HRGBR AL, B A A3 &7 pFET B #1 nFET & #4
. pFET B VeS8 o M3, HEZAM L A OUT, B AT BERICE - .
nFET Bl 58 —4& pFET 13— K, B8 £ B 2RI % nFET % . 38, nFET # pFET &
A RETAING , BT PT LA 2 B — PR RS TR AT LI — 1 n+ /p+ Ko 4 7R ERN E AR
SRR ATTRT LV & RS BRI P A B R B 3k FET, A Fi A EmAE 3.47 Bim.
FET HEBEDE LMEFSE, —4 pFET 87— &, KR EAF pFET o R4
REA R AR R, BRE L RITBUEA n+ RRE R nFET, FFERN KK nFET B3 H 4.
SRIGHG HA 1 o0 B iy A ‘

g_&
1’

a J_I o
- 5
End LI ouT
l’.,
av— ‘}___Jw l:: ouT
b
Ll—_] ——pFEIs
— Ko atETs
{a) HLik B S (b} fi4x A

3,46 BRI R
AL R SRR AR BLIA R R FET & # i, WHEEMIRELFHNERE



FI¥E CMOSE£A S RepEeyy &1

A HRAUERERARL, — a5t TR R, 7655 7 m 18 33 1R B it
BEXRNHEHT AT EFERLRIRARITE . FEREYEZFHRAEAERZARY E
BUHHRT &, - H BB G0 0 A AR AR B 15 BB i

b a

: ¢
anil e pindi
| pFEIs : J' * :)"
II | | : —OUT
,L nFETS : | (I
T ke —x |
3.4.4 I\ 1 3.47  FEC e EE R E

B AT T T FET BHEBRERIEF ERNERRDH. AZMENE LHEENE
%18 2 LU — 4R AERY MOSFET fE A fRS, A A BB el . I Z I, A
R R E A E R S ER TR AT RS, B EMERE BT T, WE—IK
B —MERIIREIE A AR . BRE BB O R T S BT B A AR 2

FiE VLSRR R — R R T A et e all B SR MR 1R A FROCHABE . T30 Bk
& IFITEG S R R R R TSR ] F0F A e P e B R R T EIR AR X I3
AF) VLS E MR TR . AR T HE 8 — 1 BE TEAVREE, B MU IEA

CMOS A= TZH R EX B SN AR ETIEHAENEEERAIRITZ
Bge D) —F. TEILFERGIARESHIRAY EAEKMAZ. TE,CMOSBHAE. R
B SEEMARRITZERXERBERT.
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3.6 3&F

[3.1] #BE P3.1 PHEEREE. KBOTH R 180, 2EH R,=250, R
y e 6 BrEAT AR EERE T RBEK 0.625, Kkt A 3
T t B f S,
H (3.2] EEKTARISIZE2THEE 1. MR
KRMEZRZ, HEZEER 250, XN EEXRNEEN
23 0.5 pm MKEWN 27.5 . BAHUEEER HHERH
RHO.08Q.2BEF 0.8 pm, IRERBAEE A 32. 4pm,
HHE L RWFFE R T REBE Ry, 3 Hi%AEHEE
. I—A . IR HEHEE R EES HaHEmAE
T S
B P31 [3.3] HraEsdgEHEY 0=4 pfl-cm gz e
/ B ZRIBREN 1200 A1 A=10"% cm), ®H0.6 um,
(a) HELWHBHEME R,
(b) REHH 125 wm FTATELEBH.,
[3.4] ZEEEANEESH ¢ (04K (3.14), Ehg AR M B AN MKS #
BECK — F5 ~ #5) Sk FmFrLE B8 © BORANER.
[3.5] FAEESRNETE—TEEN 10000 AREEELE L. K05 um, 21540 pm,
EHEEHRMEN 25 Q.
(a) KEEBM Ry
{(b) REBHWE Cioe FHe,=3.453%x10" " F/om, BRiHESERA CERF)ER(HF=
107 BF),
() SRZLATT R B HY «, AR (ps), 1ps =107
[3.6] —BAHMKEES, No= 4x107 em ™,
(a) RETEBREE.
(b) ROFHREFE,
(c) THEEFMES /GERE, RERIDERBRFE,
[3.7] —EEEXFEREERNN. BB ERN Ny= 2x10% em ™, T MIBREE R
N,=6x10"® ecm ™3, BEEERARE (0 & p), FRBERTEE.
(3.8] —BHMETORMES, HSFHEH N, -4x10% em™,
(a) REFFLFEE.
(b) KA ABIHE o,

¥




F3F CMOS E AT 33650 = e 83

(o) BEEAIFPHN 2 pm X 0.5 pm X 100 pm, RZER DI QRS AR H.
3.9] AFABIEREH
g =qlu.n+u,p (3.71)

B np=nd, MBHERFEZ N,

() FIFIFRBERAESHERAES p WAEH L.

(b) HE R (de/dp)FHAHR 0, R NF ¢ BREDBISTIRE.

() R 0> pp, FERBBRABHEFEMARE(0 B p B)? REBRALRBAE
FlERBEERN B RBRTEE.

[3.10] —~ n 38 MOSFET fUiEBEE N o, = 560cm?/(V-s) MEEE R 1, =9 nm,
EHMBE Ve=2.5V,BEHREX0.65V,

(a) TH& C,JH, B0 N F/em?,

(b} RTLZHER k"0

(c) 3R FET K E K 0.25 pm, TR 2 pm B EISRFE S 8.,

3.1] FIAK R, ARG SHRBETEBEE o, B8EM, BFTH 2,=500 f A Ves),
(Vo— V) =(3.3~0.7)V,

(a) KYE W=10pm,L =0.5 pm, t,, = 10 um B} nFET &Y.

(b) SREMWEREIEINA W =22 pom TIIE KB AR R, #IE.

[3.32] —4~pFET B#Y £, =220 em® A V-+5), (Vo — V) = (3.3-0.8) V, W=14 ;m,
L=0.5pm,£,=11.5 nm. RiX —8F pFET B8 R,.

[3.13] TZHWEMLERE ¢,=9.5m, BHRTEBEN £,=590 ar®/(Ves) B p, =
220 em® A V+s), filili— nFET 81— pFET, ¥ W =12 pm, L =0.35 um, Wi E V=
3.3V, MEEBE V,=0.65V il Vo,=-0.74V,

(a) RGP FEEN R, A R,

(YRR RRF nFET R AWM pFET M5, 8 R, =0.8 R,,RATERA pFET 19
BE.

[3.14] WH—1BE THITHEER CMOS B4,

Out = x-(y-z+2 w) (3.72)
A I e B R A AR
[3.15] #®it—1EITFHEER) CMOS (B BE AR .
F=a b-c+a-d (3.73)

BEOR (A& B M R B — N BB,
[3.16] #HHE OAI EHIIfE
g={(a+b) (c+d) e (3.74)
Wi — CMOS 23873 iz i i — A AR A AR A .
[3.17] #HARGB.74)DHEAEY ¢ BIFR AOLER, KRG HIT CMOS 3B # A % AR
Cl
13.18) BEEI MFRER. XEFR - TEENEAERE]. WRE HEHR
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{if: o 2 e e £
3.19] HETIERTRE
g=a-b-c+d (3.75)
()i —P-He {0t |- if il fy CMOS SF5 ]
(BB 5 i e AR mEfE. SN ENHHERR—EER . @t
fiE , iz 148 3| — ®phE PE EAE
e .__________ m —
Iillllﬂ!.l!ﬁl.li!
o :

ot - B |
e

EEEEEEEEEEEE
™

e
W

F r - - -
-.'...._..-lg..-_-...-.‘!li

|
¥
m |
]
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|
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B
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B4 CMOS 4B i g i il s

ER R HETERE —EERRARGARLEH B, 2 240 82 FR R LR B A
REREURAS EHEE, BEATENS  BAORFERTRABENT 0.12 um, X ik
AR A LA BRI R, SR & 12U LRSS B (FET) IEAE I X E
UERFF AHIE Mk E RS TRENEREE#THILT o, FL LRI N2 E X
RS REFRTIER!

BESR THE ¥ CMOS Sl B a5 M, IRTE U W LAt — R T R BN P 2 e 0
IR, WIS RIS Bl VISUIIH 2 E R — B,

4.1 BEIZHE®

4 A L B 2 1E R 4 I wafor) B 5 U2 e -
W TR, [ REAR— RN 100~ 300 mm, B

290.4~0.7 mm, — - SRR A I R B i K £ i
1 e BULZE—AM B A EATILGI0E 1595 2 2 X B
B, — A3 RE B o B T 7E A9 (0 BRR N A
(site) , — B FosH S50 A0 B BT S48

MR R TS EAR A EEROHER, B

41 Ed A RE L E A A,

B (flat) M — BB B % T, & 15

S Rrh R R A LRy, RS H RS T
AT — BT AT S B (A Bal A B EG

EE R EsEES B A EHEEE RS ELS LT3R, EX—FHFP
Boh BREEMNLSERARER CMOS £HETRENHHER AR, RAAKFHER
B3 % (cleaning and rinsing) BlFT - AR HE MEEEBEEASENBAENRMY
¥ R, W RS EPE £ HN R A AL REY L, BAESHEATITA, —
B A 25184 T2 TR ILA AR,

AR HARAE F WS TEBEREHRELN— T RERN B, XRAHE
PeLR e Rl fE R A M B B R RN, TR R LR T T AR E R A TREEAM
L RNBIALEFT B RE Y B8, B
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Ng
Y = —x100% (4.1)
N,

AP N BN IEFRE)LSHE VAN E . I N BERMAAEH. ST Y=85%
JEIE B5% B0 A BT LAREOR K0 TAEM S S /. B RAEE S a9 L6 8 LR B R
NAGHRRE. AMEESRMNEFEE—TEFERMNE, EREN TR HTH L KA
RIS FI 25
BB T ER ERE — A T EmAR LR, EF EemEEE T £ 2EB8MrE
el XA-GIEM THEA RE R EE, 24— ERiTafEEeEs Y HE, EnEad
MEEXREEN—EEELRFMNER Ay BEREN d W—TEA RIS A%
B Nt w4
(d-d,.)
1A g
A d, N FHRERAE A3 REREWE A EAAR BRI, 2K 405 £ 5 EH
FKEH A R ESRN, X TUAUTHENATRESR:
Y = e—ﬁﬁ (4.3)
KPP ARCHFHNEH, 28D RRBEE LU on £ F 8F 5 EXNFHE
a3 D RASERA FEHEATIENRE, XREETEIEAER BB
FIREELAI A 2. ST TFERIZ, D= 1on *REGEFEE NS,
Heeg B A S RN AR £ B a0 58 16t , B& AT
AT AHE:

NT=‘E (4-2)

Y =[1-Ad“’D)C (4.4)

C

AF o HERAHSEE NSRS, X—FEREFHUT - MAHEK:
]
(1 +Adie 9)2 (4.5)
C

B—HE, IRE A — D EKER Ay b RE UM SREE 84 80 FiH B DT FRIAK
eaftl

Y= (i-gre e’ (4.6)
A

(4.7)

S kBt A B TR o B L Awafer BYELE

B AL SRAM 2 VLST H5E A AE S sk — W 1 E, X MIsm T A B R A R A9
| R S B SR TR AR P ENERAIR FEERES
g R B H AN AR AN RER S, MRS B AR S EE, —MEEEEHE
WAGE L B AT HEAAY . SRS T T AR S (R ) B TE 3 HL R B 0 i,
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Bt EBIRE K,
BRFFELES

AHS VLS B EITT SEANHERAL T EEEFRNRLRERN. & Coph
WE— TSR RS, CalHE . TRENSHRFN:

T = Cy - Cch1p (4.8}

HEFF— SR A IR OG0 JE
HHEH >0 (4.9}

AR FREWFALNE, B VLS #i+H LA RI, it Copib B Caf A RMA
BTER. SR REERA AR, AR TR HE )W TR RGBT (8
B8 OKH BLKSE) . RS ERA RI R E BT 8 A, R R A R A T A A T 4
B, XHRARREMFZRERSEME Caipo

EHMAH VLS 1, #— P REEr S RE LT fRARAR 1042 ~30 2ET2
B, XAt S H RERGHR A EEMRA et ., RERACTELT K
AR ET& .

B REE LA aE g BRI NA, SORAEEERE RN Co
MEBFBEIABME, MR- mAOTRERK A Co BT HRRE, H it
X—BIT S EBARAREA . TEEXREET SR (LA RGEH BT Uiay ™ &) W IR 2 TR
REMEREE  HAXNTENERN—TEFRRERL RETHH#ERZHT . B-F
o, EHE— e AN TR S R AR AR ERHER, L ERANTHE R EX T
EBT.BAT MARERER, W3RN <0,

F—MERELE Cofarm THE TR, E2&HR 1OFHHLEEREESTRE
e, RERELERARE, X LR—IKEE. FRMA VLSLER RMERTT, W Ef¥ME
HIERMK ., —TERKEH KRR

Cchlp —=C qaerals (4.10)

A ComereB R, MR BERERE, IR SHMAMN, N5 LH (GaAs) ML
o B —RAE AR LEETT LUK & ERIIRR

X—EE A RN TR A RAA VLS BT EEE LR AR, £ —
ZA- BB A T — " com” R E H 24 £ . BERM B EMRE, REBHEA
Sofr, QSR TR TA, MR RAREME. dTREIEEAAEFENI T PRIERHE
SRR, B E A SRR AR v BT S TRRANLF—H R ETSES RN
Harhaitie.

EESE
—ARSE T UER—AMREROMRE, M bER R EIE R AT, T S
S B R AT R (RICE) , BNl R R AEL LB BRI,
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EAED, HEEEAR I ZHHFENREEAMEZ  GFELE BROVEBERURE
BIZ. W8 LR b2 R0 8 B U R X e i L 2 LR b R I R EER . ARG, i
— R~ THHEEEZR LN HRE R FEEFERSEAREE MFTENERAR
Ste XPILLEE THRHEE —T2EF CMOS BRI RN,

X—NHANFBEEMETHREEFRVAEURENS VLS BB RITHXE, FF
AAEREFDRTRMACHETZEZRABREANE, HUR —MgErEA i EdE
=i,

4.2 HMPEEKEER

— PR BT IR AR AR R R T A I B BT LR . TR AR A B SRR
BRARZENILTIER, 3 TRES B R AR RERR.

AREBMPEHEE N, RaiZE T — TRz W R EE . &§3kE
S AR, ENFA BRI TEE M7 b BE ARE, AT BT R ERIR . AT T
FEIEM VLSI TZH R AN B AN TZER,

4.2.1 —@iwE
“HAESONRTZPRmEENME, BHR

& CR—FIRIF AR ik
o CHERIFHMEEKEHMR L
o TRIA KRR tiEfEa B L

TAALRE(SIO ) —MFR D A R, SRR I, BT IS HABRM A B
i HI MOSFET HIMHE .
EVLSI BB P EFE _HAEER, B8 E5E TR RMIRAE . ARLERSLL
T RATE B # .
51 + Oy — Si0, (4.11)

EHBREMEERN, ARLEMREZAA T ERRMBEENRE(SHR AR A5, o
B 4.2(a) iR, 5 F O BB A RERE RN, IWELREAK BRE LERNHE
4.2 Fm. BFRANELZEER &7, ERRTHERE  BERmUARE KR H
FE A RENEETS SRR, B BN 2B LA,

xg =0.46 x (4.12)

—A & AR A (L RBRE RS RERENE R E B SHH".
REGE/SHERBNEWLE (X —IERANEE. RAXVERHK (L0 R
T R AT LA PR A K
51 + 2H,0 — Si0y + 2Hg (4.13)

EFHBEML . EEEFRAE O, MASKHRAY, I RAENBRETENE R L
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).

BEEEERALE bR R ERE— T H SRR TR, R —1
PREE (A e b, BE S TR e A B A . RN O] LB . GESL{ERY
360 — A Y RS0 ~ 11007 AL N

L a sl 15! l
Frr s, S
I it '|' T
I G EE Bk 5 Iy
RS ) G TEEA

4.2 BREEREER

VIS HEBPRERRLECE TR Rz b FHiiaeie Al 7otk £l
FEIIE A, AT LRI R B A — R A T R S E T SR R B e L % i e
B, B—dBinel 4.3 9. £HSH, ¥R nT .

SiH, (= #k) + 204 (1] —= 5104 E#) + 2H20 () (4.14)

ELRRERM A EFEE SO 08T, 8 —HAR S ESSREBRICVD), 18T 4 R ¥
ERERG CVD SR, 10 a0 R 5 S R e e e Y. R AR
TR, B LTOUIRE Sy ). 35, A SEmalt 748 A i A AP bR . Aoy
ATEAF=S " p RS RUERR " R — R R R AT W e A A A AL,

10 ol

¥ in ]
R

BE4.3 fe¥FHEERICVDIRETY

4.2.2 Sis
B Fe R R B SN, BT T i R e By M. LT R
W TR A — B A

JSIH M &) + ANHz[*{ ) — SigN, (&) + 12Ha 09 %) (4.15)

FALRE@MF e R EW K E e BT o LER AR ER, REEF YRR N ERE Y
FUAR R R by S R T T TN e T LA A e S i e B B i iy
EErLEE. fEbE RS, BRSBTS i) THERSA




90 RAABRER LS R k-5

BREITBHE en = 7. 8¢, AL BIEF ZRELSH, I DRAM(BI BN IUGF 3% )
T AMSCE R B AR R ON(R LS - BibE)#g 1R .

4.2.3 ZmiE

MBEESR SO, B LEEHERT Bt HPRAR SN T L2 B
SR RG], BTSN BRI, BB DR S A/ KR, BORE A BB B MR O 2 R R Tk
FEE, RER SR, LR ANESNE R, R A R T AR EA N
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BRI & A TR RN 500 C ~600 T E4FER e BAE SHILAHKER (DRAM) %
R RN, L REFEABR T ER SR . SEWER 13 FM 13.3 FhHs.

4.2.4 =R

EANRBREHNERARERLSRE, CUBLERZEPMARR, P ROAERS
WAk EERE . SHRFORBMISHEARRESBREEER, N ERGEEERL
AR

EHREEREAY o= 2.65 plran, —HRFEER 0.1 pm (48 T EL TR WELY .
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S [

BEBHAE—ABoy TR S, R EREE
BL LSBT M— R AR — B8, W&
A AN, BRI ETH R
BB g, i 4.4 Fron, ADEMESINE
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BEA. LM IR BB, (F )
MENAL 3.5 e om, FEZ B ARG R LRI AN

EPmE R, B S HET EA PR
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R W ¢ RIS H o B R EER B R
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B AR P T LLR R T AT — B AL

,1{i;’?_v]2
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R ETE A RA] LR Pearson 2888 IV 899375 B BB

BEABFHNEBEEHEANE D, #x, HE L.
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BECMOS TEES M BIEFE L —FER LA EFL". CMOS £ JLT-R M
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E'L A AR e a Y B e Sl

[E Ve g ok F ARd:af UE ot i

| =

[B] TEp—3 4 LI e RERY m-E31

i \“ [ _,l'l

CC P WA

dy B rlin

L B

F B PN Fl*? a @

i Rl 2R Efe!/ viem

B 4. 16 CMOS B 28R Se ILiE T F

M4.06 (WERTF—THEREAERSREEN o B EE. EWE pFET B0 H
—HEM 8 — T F (nFET 8 pFET) (e h BE e T ERE B, #7000 i #e i A
R E R, TEEEAYARE AR T R B, 1 2 Ak W] e B e 3 R A L
. a6 (O WEEEAGHAYE. ANENEddERSAKEAN—Fr. &7
AR RNV F ey g S8 B o Rae ik, B e e e il Tk




Fad CMOS R Rk s L

I, = HEemEER S EE . mE 406 (d) R, FCBMmES sk EEEE
WL 416 (e) TR, ERREZAMEHNRRE R MHE, HIEElEANERRE v
2 FOX. —H4E T FOX, Bkt - S 2 LR aEm. TREOME 4,16 (DE#E
jit] [ Al s it B e, AT B T8 0 & i o

FETHEREAEHARIE. SR 84 A AERS. BEEEEYEF AR
RS HERE o+ BE p+ W 0. BESESEWE, 0E 417 s, Ex—FRPEE s
FA R ¢ RS TEE 6B H Rt B U R A T AR . TR ER AP 417 L) e
WgrEEFWe R, VTEAETF.REEMN FERBAEMMEMER. pFET
A9 B A i pSelect ([ 7645 p % )48 860 18 58 3 IR FiF A B4, 170 BT, 3% FR p A0 R B

F77) {7 1 777
777 e
| - .
PN,

fd o o o A e R

idl nselect Hedbe bk o

M 4.17 oFET # pFET B8




LY A A AR kg My F e

B T LAt i L L BUREE LS E nFET (5 LAY 8 T iAW L iF 8 T 8 A pFET Kl
S ERERG ERESHEF M E R B EZE. A SR e & B k.
nFET i ELZE A . — T nSelect #ESEFI R n BIM T A pFET K, BT+ R 21
il nFET EEVER n+ B, 0B 4.07(d) BT, B, AT FECTER. &l
L TE 2 SRR o A R T R B A E . TR AR PRI
He R TS O PSR 2

WL E R W P 418 B B A —EeM. £RA OO kMG
P 4. 18(a) Ara . Gl n+ §0 g+ DOSBEAY SR 400 AR FL 2 i 50 8 I M T W0 1 S i
Fane LI ey . YERFLICHLE | L P 0 AL L e T RE A B N (W) RIS A EN Y
WP 4. 8(b) R, MEEME—EeM AR Mewl | M ECEMESE. Xl T
R T — A — 2 W TR, [ 4. 18 (e) BT R TN — 12 TR ol P RS £
HmE . TTRIFRAFENAETEZNEEE. S0 CEEOHE 5 2 5 Be Y4 R 5
J2& CEATT (6] ey S Tl i ) L) 0 9 8 ety i 2

) OV WLAR L 0 30 e B L2

CvD H‘
Wikl
- - 1

T T A % 7
""-._n. h . l."‘_

ﬁ‘]

ek &0 F oas)s B W Tk

Ma. g W-REeRKEER




A FE UMOS 8k 2k d] i [

ERTHMEREZERZGE, 80 ML S a s L R feni e AR g . Eiba R
Bk R SR O R A L AT AR RN T R EE S e R
SEOTHRAT . BT R, B L SR bR UL, S0 ) e P e i, TR — R
Bk T D R O A MR i A SR A R S AR e i, B i e AR R R S B
LAY R e e Lot S SR, a9 Ba TR s
e B 4019 (a ) THUNE RS SRR T i R AR (A ) FIR A E e L sk ). HedRER AR BRi
RETR A TERE T E bR AR FEARER S 100 pm = 100 pern [ 42019 (L)AOMMEE 5 o5 AR EE
EBEEY . —THRTFE IR SR EENS E IS EESRHETEE
WEMGE Lk

o 15 4118 ST EalE
% Akl
. AW
—— - "
F
| £
L EEE LU :
i S i i A 1R L
] b .
b s roca S, R
A4l
v
Eik i
(mh [1TE Y Al A

Ma. 19 EREBER

TEuit

R CMOS TS0 L v 80008 A SR EST 197 20 05 o 0% o 386 3 A 0 65 88 (b 2 400
B ST P T TR D R 0 AR (0 ] T, B B R . RV R AT R et R,
MEETNE & AEMES R e EME(LDD)FET LA R . 4, NS L iEa
2 e R R

i A RIE MOSFET Bi%it iR il a6, aX Bl 08 o (RSN
KRR ERS o+ K. TEERE L o] eI i o oY i 0 0m BE, M, i 8 0 97 1 A9 o 4%
P D LDD & A8 AT LA TG A, R TR SR F R A AR

Bl 4.20 B LDD FET MESE. ENREERER 4200, HTEM T n il
A MOSFET, Fr et £ BRI SR aE M o (BRI MRENRE. T4, mH
4. 200b) AT R RE RS2, S N T R (R = B )
ZEMEE TR S M. YW THAR L, 005 (R e T R A e WS R
s kRl TSR siclewall spacer), SNEH 4. 200 c)Bras . D0 SE RS o e HD % ELEY
4.20 (d)PErRA MRS o+ W ASEE A A T R4 B O I A 7 O e T L e

@ iE FER LDD FET M T 8830 B o0 i Ml 786




102 MARBEL LB Y 255

Ik OK ) SRR E [ n-RISATIEMRE

(b fE s Bk

M) 25 B 20 sk

PNy

(0} #lid e

P TR T ey T it

B Na

(DY WA

A4.20 BRESBERK nFET LY

B 4.21(a) B MSERR I 1LDD nFET HIKHE , BB X AAT . ERaTLIERTR
RALER, Y R EEENS -5 CMOS BARRENAR S, MIEEEERLNE
SR, HEERBERE KL 25 QR FE R NMREF T E/ENEEMBORMA., X T ERXN
), BT DA R S, ks B e AR S aeaE b E 4 21(0) TR, ARTE RAEE
B EEES2NEREH, TASEZN MOS MM m S5 B2 REEh B
BB Ro= 10 mQ BIBES b, MRASEMENE REM K - 7 n+ B8 T IR
EAEE, T A AYESFE ISP EERRE. RMNTEERN, CREHLES ¥
IR EHAEAE NS L SEMUEREIRY MOS &), 2B B ENHAES
TEAHEEEESBMNET, TTRS EE.

EXBENRE - T ENHERSHEASE A EEEMHE. — 12N ELEH
FRE PR o= 1.67 pQ-cm, EXA BN —%. HHREHTELBN, B EZaH
KANBEHREEMELN—E. AW A-ERESIASTZAR L, ETERAFEN




Foa¥ OMOSES e e 103

G LT A 0 0 e TS I P 38 L A 2 SR R 9 LS S A R el 30 R e ] i e A e e
47 P T O ol R R T PR R AR . R i — TR G
(JRETE MR . WEHETT 1T B0 50 A B ML M G IR o B R ) e AR R U B iR R
Ao HE HEERTLETXSMHEREIE OMOS TL8L, VLS i AN H 2. 5
—4fthis A A B — B — R Power PC STUERESR

"
L9

Pl

(2] LD FETHAH () & EES I SR

M 4.21  Sfrekfesnit e sile LDD oFET

iR AR AT R e B B R A e b B W09, AR A T AR, BE Al-
Co & Hreb i - B a9 do TR e MUES B 6 i B 38 T 0 s 1 (P, 3R A K 5 £ 3 ( Dama-
scene) il L2, EAET UL &l M B@eh LM TR, I—TZMEFRE
i A A Sy R T A 5 T IR ARSI R . TR LA WA
AB| b uk A 085S 0 e B i e ) B bk - W RTE R 422080 0
(k). F 7 BEGRRF 210, 4 0 b F PN A (CMP) X — 2 R i P W e H &
B A WAL N R e JE LR 422 (o) BT A A

Lia
A Al e T ) LR 2

- “u
08, %

M Ay

TR R thi By

Y

Ik

e Tl &G

E4.22 FRAXLFWRLZEDLRES

L4 FF % Rk B 36 ( Dual-Disrnascene ) W T 20 185 6 0 00 8 L - M8 A2 B WAL PP L — ¥R Y
FUR R TR ik S hh 00, R ALIPE 4.23 At —RESS R . 09 LA 4 He i s
e FEL, o L B 0 T b b HE L AEE - WA e R R L,




104 MEAEE B E 5 Fib
oY
/
s

B 4.23  TE2 USRS AL DOA B L B et S 1

FAMWEN EEMHHAE—TENERE, FEH L eV BEARR X RETEH-EH
R R 2 R 8 R B TSR BR AT . HETE 02 BORE B R, BT RALTE S 8 R 1t — R BE Y
B LIZAXNEE . B2 SHRASEMN, ElNERCREEXRT, KT8 W
($5),Ti(4k) , TiN, Ta, TaN fl TaNx (X B v AEMT D70 HERAERESEWEELN
REENFEEOE, FUSEETZTENSEEE, TRERBL BB TR T £ i
BT AR5 -

KRG RARERNE, KPR TZRME&E. £2 - T RAMNEERESEE
W — AT B LERSTR A RIS E R4 S L. B THEAS R R
R ERAGARF EEF RSB LS §E LR, REENRIRER EREFRRAMN,
B 264 T B [ER d B B KRG

4.5 igiTHm

PR aOME R R — R TR LR R B . B & Rz REIE CAD TR¥R5
B, B ENER LEEEE ENE 201, SERERARPSEN/SMIETERE
X4, BEEE—TS%0EHE E £8 M S Z S E - e E. Bil—
ARG EMEAEERRUTH - EEEE— kR LEFE . BT, TLOE KN
HAEREE— B0 UBHE R K. & ICHE LEPRANSHHHRERA ARG,
— G R EBEIE R 0.25 um WHAPEFEERF 018 m M RE. W TFHMERREEN
W, FERE U b AR B o SR T P R e R R T e T A RT AR T A 3R -

TN R (DR) B SR B i A L R —EJME . —HIRIHELNHLE
TRART ZEES LR )T AHAE, SN ERES A TEANRRNERN. SHHE
ST, DU IEE B 60t A EEEH S, B 4.24 Biah— R PRI
BT, BRI AT 0 sk 2k . X AR NS5

w, = B AR RTR DR
sp-p= EZRREE S B TR R BN A
XA BRI AR A ) T TS G R BT RUE T B R BRI R M. =T EPE
—BER P RN R, XENRRER:
w = MBNFERIE
s = B/hRIEE
d = A — A& 8 NER
HHTHEEFAHENE, FAD



F4¥ CMOSRERLHB M4 105

W = BBEE H{metal 1) IER/DFE
Sl o = FEF RSB metal | 27 MR /DMEEE
%— 1R B b A2 B B AR A AR BT 1 op BT AT R AT B AN, EEfnt , BREH%S
T L G B 45 T — 1 5% B S M PR IRAT -
FiA B9 I S8BT 40 w0 0 FPE AR BEEA, W e (B WREHFGY, #in—
T AER/NEEARMESR N
wy = 0.25 pm, s, = 0.425 pm

HULIA & AR EE RYRRAE R <. 72 CAD R4 iR B 90l 7 s g, LAMRIUE B 0 7 B
2, RUERELFASTE LA XS, AT ZAEm AR, —@AmibRit
AT EEFRE 100 7185 £ S0aY SO BAR, R R M SR MBI E T, X 22407 T
il EL A B R P BB SR IR B BRI R AT B

Ill’l s 0 T R L I I S
TR T e e |
'f

# 4,24 FEREHAMETTEN

BRI BE T 29025 i 0% A R ATFEA B A FRFEH AN, EXE,
H BT S48 ) MOSIS S EU AR/ AR ILE P4 IR %5 ¢ 1R & W LUE L www . mosis. org
HAMOSIS Mk, EEBRF MBS TR RAZEMN. TEAX G RITAHEN A
T ERRR— .

T EAL VLSI A 188, M AT MS. —MEI fREXTHRER
FEHHIETERS . MR OEENT, —L& 17 TSMC AiF2 AN AR HARERA
AR LSS H TR Y — T ARt ERTR MBI Z MR, dTRM
EART T A& AR, RS T 88 fevpise — 4 B i st s A iy it )X e L W]
DURE S HgE L, LB W A RRI T2, R NIFR o &8 i,

MZTHRNRE— B EE BB AR, BT WTEE R MRS R T
K-

i =mA (4.21)
£ m BHEAEHET. IR ELE FHNENRIEMEREN w =24 #s=31, w M e
HRH, 5P A AR IE, WR A=0.15 um, IRASHX RIHHLEREENR R
w = 2(0.15) = 0.30 pm
s = 3(0.15) = 0.45 pm

T MOSIS % MOS Impiementation Service.,
@ TSMC RREAREFEMERF-



10 CEE RS FAF LR S

NS R AT A MR, DA R e R R T A A AR, i FE T
SESEAE . P AT AL ) B o S AE P BRSO e T A 30 00 ) SRR

B T L L, 4 S R O D, PR PR ELE L B . TIE
S5 48 T ) EE R I BE R BT . 25— I PR S AR R Y R e S R
VL g S 0 PR AL R — A, R ALty L A R R AR
— i AR — -2 H A R Z A

e 1 A R S R . B 4. 250a) iR WAL
R R Rl R AL M E R S A N o E b MR AY B R R
4.25(b) . TEF MR (n o+ ) Ty 00 0 A A0 0] i) PR Y s, - 0 BT 5 R, LLIRETE L
30 0 i B2 o PR A o 3 L

niLl IR
I | &
T T 1
7 I
;ﬂﬁﬁmmwﬂ ﬁj o
4 7 |
1‘\;.‘; e I'H_
g m
.
L ’
| e
(m] e 1N O AU $aReali 1|

o425 R R R A

FEAGH 4N o o 0 ) B, R g A R A T R o TR S N P 4
R, ERFCR T AEPEESR Fay L uEm R, i AR L
ML EREES TR, YR RS e 2, &g A—HERNEid. 25N
Lo 0 A T R R o T b B L R

B .26 8540 8 4 hh AT e B (), R R T A A R - LA
RS 4.260a) W m, CETEAAEmFL 3 m A S 0 52 55, AP 4. 260 k)t Bl 460 i B T 1oL 9 307
Ham - HEZ s, SR SREER T,

o W
EACE: 4
L
", ot 1
b -

- B i

NEE _ | m
N — | PR |

I ST

(x) [A3LMH (B & A= i e R

P 426 S ad AES IR hY R




£4F CMOSEARLBAHE 107

B8 Sk R LB AR Y B FAREM HER IR, 1B R — 0 F F B R — 1 B X
M nFET. Z@MARED n EFEANBRMNNER, EREREMEX, £E 4.27(a)
th IR MR J (EREL) URIEThEE E#IRT FET £#8. A AR AEES, 4
HAMENZRERRSEHE 4.27(0)FABHEE. EX—FET,. FMLERETETE
THBR FURFEARER TR —RAIERE.

]

5 -'- q n+ n+
/ - —
R 20 B /
1 B —
(ay WS AR (by F AT ) R

P 4.27 FEsk(HE4) B AMAR

4.5.1 BHEKR

R JU AL R K F ety % BB, i TN R i e BT LR B B R ai AR B
Ho

— P EEIFAERBRRENKTRG . SHIOLREFEE AR R TR
MARA . EXR—TRBRGT, BAREK A ROLRAS RN E A E/AF 2 R
ERT. ZELCRAMEISE(UV)REH EARBEE FRIDCHERRATFALRTER
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— M EEEEERITTRETHCNEFE B SBEBI IR (layout versus schematic)
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5.2 EFLHIBIMNE

IERATMRE G A P EN RIS R FESE 4 EhNBH p FE (0 BE)

IT#.0 TR Y.

. M p BHEIEH R

n BE(nWell)

HIFX (Active)

£ (Poly)

p & (pSelect)

n 3£ (nSelect)
HIEX M (Active contact)
iR (Poly contact)
£’ 1 (Metal 1)

. EL (Via)

10. & 2 (Metal 2)

1. WETRS {Overglass)
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2R~ iR FET X — SRR EE.

RATFHEN RE BB S /LMIER, AT E AR ARE SOCHER., EANERAER
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5.2.4 MOSFET
BYH—FERME T M ne 8 p+ KERT, S0 TS O ) MOSFET 854, Lk
B SRR T A MR R 0 EL TS0 £ R LB ok e ARE . B FET
FERMESRERZ FAYEN0RE . O 5 5P A A ) B
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sp-p= B anE £ dh 0 E]EE
WA E SR w5 FET A9k 0 fim)
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pFET = [ pSelect ) m ( Active ) 1 { Poly] n { nWell) £5.7)
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5.0 pFET S

MOSFET Mt R /A

MOSFET #26HER FRWIE L MR w. EWS el ey, L2 2 50 o i
AT, WAL — R RS R WO R S R RE R i —
FEME L TRARS P ATAREPAM T . IF WA §— S R B0y, ST AN R TR
Mt , ERAER R T RAFET R WS R L RRE A ot TR R AR
Fat T e A b | ST R T A T R AR R

iFFR{ESRE 5. 11(a) IRAY FET MBLFAHEAR G2 - — B A9 B FSE ST ofET #
pFET. EESmBrrmmic, EdmEmn L R £ MR, MRS EM Tt
BRI R TN L, T AGE ok DR R e 48 A PR [ g o ke, (el
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Ly = L-2L, (5.9)
g TEMmEME. — T8 -SHEAR
L. = L-aAL (5.10)

Fovh AL i T T T o 5 (e Y B
4 e SR LS | R 8 e b 9 3 R g TR AL R K SR en-
croachment) . EEH W AHE D
W = W-aAW (5.11)

step WORH, T AW Ry T Y R T Y ) R R I R R ) M
A B e SRR O T S R AT A

W
e (5.12)
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"’l.n.-l:. '|.'=*'|I=||.'.I1= P (3.13)
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—EEE(SIO,) , EREM S R ZEEAZENER, TRBARVERNRILEEEN
£

(LS

Cox = t_ox (62)
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Horm(temEss)  FHEWNEF X SARAWRERHEE. ZRATRENFEN FHF
£ 1. I Lorentz B0

F = Qpanicte £ {(6.5)
R, Qo B F IR HERT R E YW E. FEBRMNTANAE 1+ ¢ WEF,WHE
BABARN
F) = +gE (6.6)
ERMUEREZH -1 SRERAETFRM NS, R2Z , BTHHF—TRET - ¢, FUENZ3
oAb

')

F,=-qE (6.7)
B ASRFETFRB-SEHF MRS . WE 6.5 R, REHRSG Es BT M

LB A R BT R A B RS ERE . XA T 0 i 5 5 1 94 eh
AT, B Qs RSB~

LT A 0O R F A e BB A /b, 1B +ig>0
Vo 0 FF MM Bl — B/ EE, b Vi = !
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Qs = Cox Vi {6.9)

B 6.6 B8 T kARSI, EE PR ASHIR B Rox. MESRE B R i 2 RHE RS
M#ERK., EXREHA"T 8 BB FRZ I S AR E I, a7 gdEaREF" ]
W, HRXKEE v, BN EARINEEI., 7 MOS £E PREMHERE O BET
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@By FREERE W KVL &, Vo= Vi, ER
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B FER Qp AR (6.8)HI(6.9)8 3]
1
VTn = C_J2q351Na(2|¢'F|)+2|¢F| (616)
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Ipn = %{VGSn“Vln)z (6.20)
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®
K, = 155 pA/v? (6.27)
MR ALEEFREY 1 =8 ,MITZES Y
k, = 233 pa/v>2 (6.28)
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kRIS HAERY 053
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Ip, = %(VGSn — VY IE+ AV psa = V)] (6.34)

A BT EERE AAHEKERNSYE, £ VL, EFTHEEFT RSN, sEH

R GARBRE A= GEFETLUEES M A ArEm3 Edh B ESiEflp L, —
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KA V= (Vi — V) R TH-FREE. AR, REMESE, 5T RR R
@.ﬁﬁ. I[hﬁgﬁc

[H6.2] #iE—PEAF TN n%H MOSFET:
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