FERFEARE
CHERFEMEE | o

Wy =13 qu, =L 3 3 9 it i
H 2 = i 871'50 = = ,;_]_ qﬂb#ﬁim@%

(7#0)

cm e (g O e

1 . = || o.(r)d
Y IITXG AT
v U(r) BB AT B
1 RRTE A A
ue W, ==||0,(r)U(r)dS st dq s
LA 2fo b, AL
M. SBEMLHBRES, BI1RSHEEES,
SR ENEES TR R KT

2022/10/1

4 HAF A RIS Bl P B FL AR (RS ER)
w,=[[[ (U (r)aV =W, w12
Ur): rERBBRIRIGRMER, A p
AR
+ R RIS B PR AR
W,=2qU(n) wH1/2

U(r): RSMRIZIE R RA ¢ 4 (L Er) B
RS, R R R AN A ) S

S R T LR
Wy =Wy +Wy

1 & (1) )R i
)| X GO~ T

L& UmERRE i AR
W=y 2l e, )8y TR

T HE BRI £R 3 Ak p (ndV ¥R ouS BR Adl

+ BERTFpES G ER I BB
W=-p-E
NAS AR T HOAH EAE F RE A

& =
W=——> p.-E  =siu,
Z ; BibLa1/
ERBT i 2 SMEALBRBHRFESE i
AR AR F A= AR T L

+« FA R P B AR
1 _ _ v OBENTUSE E H BT S po(r)it R
W, =— FY(7)dV R mamsmsha=w,.
¢ 2-‘-;[-‘- ,00( )U( ) v zf(r)ﬁpn(r)iup'(r)m;tlﬂ/iﬁgo
FETRER LRI, BESLE B4 A [0, () Bl ()| R G RE TR O i B

e Al O3 [l )ar,
TBRALEE W g5, A RARACHHERITS, BeAbTh, $94HRHOAR AL At

W =W, —VK0=—%Ile'(7)U(f)dV

W, =W + Wy

5 FL BT L I L 2

+ BIE S KRR ARE S -y (0. oMEKR.

TR 4B R AE FAT R ?

+ “HEBEEER” AN RMEERTREESN,
B L RRIEAEAE FBART B

+ “IEEEER” N BAHEEREY GRS,
HRURRIEAEAE B, TN RFE AT B

L R (RESEEE NS AR EgsT
RAESL/E, ILBEARF LR 2R




§ 244 YRR
—. FFEAEEE

LPATAR B A A% 1 557 F RE 3

1

. Q=0,S=DS, U=Ed
C W =—DSEd = Lpey
2 2

KA V=Sa AR T KR RR, Bl 3% 25 6 ) AR AR

msgEeE kW 1
friRp e %= Ty

EREFHRERA:
w Ve _lp g  ukREARE £EZ
=3 =3 BEf. TN RAER

B F I e B R A TR R A

BRZARMNFAHRERT L, HERE
WE K. SEE RGBS, SRR

| P I

X SE SCR R R AR AT AR F R TE N TR
WALRE, XEEBLAA N RBLEE.

2. R RFEE AR —RIES

I P G G QLG

~ V5kpy=0
Py=V-D

1 =

RN (5)=Uv 5+ - vU
1 _ 1 =
=—|||V-(UD)dV —— ||| D-VUdV
?I{I ©o)ar =3 fjo-voar
:;égbu-d§+%j£jD-EdV

N G LT

2022/10/1

U o 1 Lrow, S—ofiiiftE
r D| =0,U],__ =0

S —00

1
D oc —
r2

S o 72

#DU'dEocl—)O
r

S—w

gt W=3[[[DEv w0

1

2
ZREAEHMENG L B W, =
H R B ) A X AN |

AR

_Yiip. B
o= Zw Dy e 2V

WA
Wg:%jgpo(f)U(f)dV

O LG, FARRFS B8R,
FINFFE, TIEOPRER S HGHKR,
RESRHHEKER; HMAREITH.

@ FEHERS AL RIBE S, A DR E R
AT s, AET—MAaK.

Bk w@=%(goé+p).5:%goy +%P-E=a}eo+a)m
e B 0 =B T HE RE T 0 WAL RE T B g

B _ 1 )
L | LY || CE —

—Ha
Wy, :ﬂjwdezgjij-EdV N




2022/10/1

(51651 MrziiReRARME, EFHHEILHHS
R (BEJg, FRAR KFHEEE.

(7] dimsfie s
R -

PE—

<7297 T 2c? ToxaneR 87;50

(51671 AT R ASBREARA S, WARBEHN 430

RWAIN BELN &, MR £ FHAHRMELT, MR
MBER BRI SN, SAATRE DU ()BEHREK
HE URZE; QHASRNHEER AR,

[#2] OHEEBHBEUARE, M,
oA, RS HARE.
5780, IR, WEZME
T SRR

i ->F

[Bl66] BFTROMANMIEE—IRFEMAN, TEAS
FBD A, BRI MRE LR R R,

7] BT REB=ENM KR HFRE

QBRI HEOARE, MREA
TR, BIEAMET), S
ST LRSS AR A I

S
d—->F

- P LB
R, SR

17

L a=0 i}, B RIRGE
WHSERFTIER < W RRARE

2 a=b B, HHEPBEIRTE -

[#68] HPFEEER B R— A, PIETAN
RE S eI R, MREFHEAED, WISEEEER
ARL, R2. EfESMEEREE, EARABEE AR T,

P FERE, (1) FRERINAHERK, RRBHER
205 (2) HABEMEREK, BAHERNED?

(2] BERAMKEH B A Ne, HMRTHRSIEER
MR (ﬁ)D-d§=Q0 D=¢¢E
5

E=§E,




2022/10/1

(1) R, BT PRI Ry 2B

USRE N B U ~RE T
_-»—

(2) AR, AR AR IR RRRK

ena = iSRRG e mRRRY

T = A =g

1. ZAETTHFEN R

W&=%H_[P-EdV f&ffkméﬁ‘ﬁ?{f%
N AR BIARALBE ;

= AREMES R I FE IR

DLEAR A BRI SN
5, HIRATEEIDIA:
I, SHBARAERTER

20

LR LA, — BN LA R
— MR FA AT .
1

BRBEE o =%.90E2+5P-E

gﬁg%ﬁﬁﬁﬁ,%ﬁﬁméﬁﬁwﬁﬂﬁm

X AL BT, FIRFTERI T N:

% wD=sE+P

EMrmge BB EAAR B
wmERAY  FBHTKRAITTT)

2. [ 7 AR




2022/10/1

3. R HIRFEN R
_[Wtﬁ.%
WAk Th - )

& PREMFRFMRI LE, T )
ERAR LA |

o EFREPER/MOBT R —— o =
BT, R E S A A
o LR -E,RIE, 2 AR o
B, B RAORAS
S LT 27 ) o B 2 P A«
L R R R,

1 &AL B (Low-K) #14)

R=pL/S C=¢C,

+ BEER R TAATEH TR CERR, SREH
BIRHE R AR 0.1pm DUTFIY, X204 E8
STREL K R AZA TR K RA P REIFERT |
B DFRARBB RN EERER.

+ HWERHEBNEBELZERAL, NAEMBNE
ERSi0,.

+ FIMFZERpE/MY cu BUR A1, FIRARE SR
(Low-kt4 BH R ARG SR I Sio R —NEEM
RIEHH .

+ %%ﬁg%ﬁ%—ﬁ, PRI B BBk L

B8R r
a‘=Cj3da‘=CfEdP /{7"

o ERERT R E RN AR . /O 2l
AT A LRI R /

a

+ XEGTNENBEREFE, SCNBERI R R
REP, TIRFEMW ARG, ENREH.

+ IXER R AR IR T HARRIRE R, BN IR
+ RPN PRE RS,
+ RSB FARAE

+ Low-K AR 5 e foc o o b B 160 o FELSRE
RESIO, resmmnsy
K=¢ > Biefmeaigi

§ 2.3.4 & EEHA R B E B

fERTIH K MBS &
ﬁ%%%ﬁklﬂkﬁﬂi Si0, (K=4)fER4r Bkt

> K>4, High-k 1%}
> K=4, SiO,
> K<4, Low-k #1%}

C=¢C,=KC,
{5 Low-K #48}
VY =! =
jmE——— L
W KRR, BR L
NREERG A=K P
<22
AR B SRR B B AR T s K AR EESR
R nm g MEEHKE,)
250 Sio, 3.9
130-180 FASIO,(FSG) 3.6
90 CVD low-K 2.9~2.7
65 CVD low-K 2925
45 A FLiEKlow-K <22

R, BR K ()8




Low-K#1 K — Z LM
D P
p=—i
AV
+ BANAS TR, R ERE, SO R
A TE B n R, FTRKFLA B He,
+ PRy T 2 B PR A 3R B3840 T #%
i) 2
+ TEMEAH G NI NEIR R B EERR,
+ N FALBEMEE B EER MR, — ARHER
HRKEE, B—HEESMR(eK=1). XFEER
FZ AN, EAARAERESERE TARE.

-up, P=¢,(¢ -1)E

2022/10/1

3.04 ITRS 2002
25

204
154
1.0

Maximum k

OF 3208 ]

A J

+ + + + +
0 20 40 60 8 100
(%)

BK K, 535 5 R A2 AR AR A
B, nANTLE, WBIAAREBR AR
LK B T R,

K-1_ K-l ( (K, -1

K,+2_77K1+2 _U’K2+2
ju%gﬁl}ﬁyggéiv mqul, %:Jﬁ%?g,
n K-1_ K-l

K +2 77K1+2

IMRERA ZE L K=4, FBETAEXA
BHEN K=2, IR T EE50%.

EZIPI S

» Low-K: 2<K<4
() RBKERDIE 5 Ultra Low-K : 1<K<2

> PRl r<2 nm
> L r=2~50 nm

" > SiEZIANMR
(3) IMBERM R 2% > CREANG

2 LR 1) %

FERAARE AR TAYIR (CVD) T,
BRI R G B T 2T R -

(2) MFFLBRAATE

(2) B HUE B(High-K, K>4) #18}

R ELN TR AR R ER RO T
Si0, R4t HATEHRIZ AR o

B R KPR R YRR, AR FRE
WA= MR, SEEA. Bl.

BB WE T K
Si0, Uik 3.9
Si;N, VRSV 6~7
Zno VBT - e  BR AT SR AN 8~12

Ta, 05 SRBIMFESATRE 25~50
HfO, SRFHIS RS 21
Zro, HBERRE 25
BST SREIFTHIRER S THRIER 180
PZTE AR | SRAHLFETHIBRERS THRIGER | 400~800




2022/10/1

+ &R-ENY- LSRN RAEHHFEMOSRIEE,
HW AR E AL RS, L REWABARENIERE
BASE—BEMMLEEN RSO, XA
T ) TR A B A R MOS S B TAE LR

+ MEMENEF GRS, BACEK, BHRETLY
MR A AL RS

+ EMEEBE, SMHEFITEE BK(E=U/M),
ENEBREZWHT.

+ IERA R EBNFEARISINO, (k=6~7\Si0,(K=4)
AL R R — A RE A H.

i Err Tl
= =aw

& @Metal
@ o
[ . E D 4 ﬂﬁ@ﬁisen;iconductor
=y L7 M B E(MOSEIEE) .,

1. 2K AR HIAR AL AR

+« BRBETLUF, 2kb
AR B B R AR,
SR A T R L B

+ BRBATTUABES R
RIATRF;

+ EXZRGBHERT, 8B
7 HL [ £ o

& (E)=1+2" =1+

dP(E)
dE

&P (E)

@ —

o dE SRR A R 2

» B

BARE : TEPEm i

[ * -

HT WD T A, BB
RERRERARRE.

T RARBETHA M, 7L AT AR B
FHFFA R IRV C= g C,

2. [ AR [T R 2N

+ 18804FE L E BH2A2 5K E B 36
CGh%: FIB/R-BE, B8 R
TR BRI BN

+ JRIR-EEMRANF18985F—
FEZ ARIT £M(Po)MiE(Ra)
WRH LR, KRBT 190355
% TUR BRI,

+ JEERA19114E X FH ks
J5 TR I R RAR i TR 22,

ERAE- S Vs & KR B
(1867—1934)

§ 2.3.5 Bk AR5 HRL AR

LH— AR, WARRI(BaTIO;) BalioO
EKTREB(SITIO,) EAMMM

(NaKC,H,0,4H,0)%, ikl Y W
MR ER, FEEEIS, X I > ®

A A AR 4
LRI R SRR tt .
2%, Ekamnmnze— i R gt
TERE, WERREREER AT, :

WAKERAN I B BLIE B N 120°C,

+ BERTEERAN, PREKSEME,
+ BESTREERN, SRammig s mkmmaE.

+ 18944F, MEILRE (W. Voigt) B FE#iiss i
mEEHEEBRENRR, MRANFHEE
(class) BA F AL r—

TR gy
~F 2 Z ] 0
BEE At
o RN WA
W, TR 5] )
T SBRLIR, TN
ey

JE R B >R AT — B




2022/10/1

+ EHBSOER RN, B
EREIN ERgE, Biks R ENNRA,
KRS -

¢ BEEMNBATZENA, W, AR
Hfb R, EXERZNERT,
AU 5| R ER3h A A KB,
RRMIES R BB TR ZEHN

pPi+p,+p;=0 P+ Py + Py 20 gmfﬂ%ﬁiﬁﬁﬁﬁ(ﬁ$jﬂ=zxmmz&m‘%i&)
THFJiRF(a), B ISR D) (), °
ERNARERE T AEREZ AR, BB 5 S HE R

R0, RETARER R HBURA B

& BR19864F 5 TR S I HE RS B
BSTMH, FLkBFLK100-
1000A, & LA SERLN; .

eeees LAMEBEERT, BTAERER,
FRRRARALE, BERERE
, HREESRR.

& T BRI U8 T4
86606 fﬁqeeeeek_ SRR BT, LT LLAT
LR K PODOD R REUE R R .
Y « STMA E BT S TEMR R
o ]
by R B3N N L -
AP U | o B BT AR (TR

TR

+ ZakFEN R Rk, BAEEMN;

+ RO IR (I P R — RE R Bk LA
WRERERSIO)RERA, HARKER.

+ FRRHIERMNS BEN R TSEE K.

RFERASIO,)




3.7K FLAA BREEAR A4 AR

4 19224 HAWEAARIT OO BRI Rtk

+ SRR AR, IR L, IR .

WA, AEERERARE, ESAER
g@ﬁﬁ&%%ﬁaﬁwﬁﬁmﬁwﬂﬁﬁﬁwﬁ
+ BER A BRI RRFARAL Ff BRI h
TRFR .
+ HERAEES RN ER OE&L, D—BRENP
ﬁ%ﬁﬁﬁmuﬁ?wﬁﬁ%%ﬁﬁ

EREE

2022/10/1

> SIS NATFIF S 80051k, Rt AT

%977 S 8 H B R T B A
> BRMAEEERT R, HERERATS,
X PR B HL R BRI R A I=GU 5t 3X

> 1988EERT LM BE E B AEBOLRI: LK
REMBET, ZHRTS BRI R
Befuh 0 i SR P 2e/n N BAT B TALE;

> RUNBT R, HER—NHESET

B GRETREMAKHS,

JIEEARBR R B

G=G,N 2¢?
N =123,

G, == =1 75x107°Q"

§ 2-5 S WLAE R I B2
o PURG RRIEN TRUREUREL FIR
G, FERA G NG ER .

+ YEB XL, Rﬁ%ﬁﬁﬁ?&ﬁ%ﬁwﬁ?
RGERENTH

+ﬁ&§ﬁ%%£ﬁﬁ:£%ﬁ7&ﬂﬁﬁ¢%ﬁ
Hh 2L B FAE AR T IR

+ NAMPHE: KRB NIEND G+ ET
T RS AT,

+ ENWRE L, —si e 5 R R R
KR RKEAR,

=)

G(2e2/h)

o N B o3

=2

R S R
MBE (V)

=1

BETHREMAGER T RSNETH, XIE
RET )1 SRR

§ 251 ETFHHRBET SEM

BT REA: WARKSHEXIEZE, b
FARW AR TI 2R Bk A, A O DX ) 5
BEANBIHE AR (nm~pm B 2R) HEfl, SbAT
ST LR S RN

+ ERINESCHERSH6FEE, WED
19874F, 74 #F B PN < 0 57 & o T4
B RSG L, BEENE S KR CHER

4 TR 201 ZA80E A PT R BRI AR L

§ 2.5.2 FEOPHEME B TRE

+ FOHEMSE R R19515 GoeterE AN
BLEHHREEFE TT AR LRORE

SEANAT TR H

Gio

EERWERRL —.




4+ A RERMAKNEEASIGORERN,
. BRI ELR .

+ BT WAMET RS 5 S\ R BHORLIN (AR 9K
SRESS), BEES SRR RRCHRA
BEAHERR)N

w=e/2C

uf WARREN, BICR/N, WK

+ EOIEER: R MRTE-MRTRES
7R,

+ MR —BEABTFREEANT SRMA, |
TEAHERBER, BREILEEREZA
T BN — S B

+ WREEFE - NRTEAELHUE, &
S BN RT AR A RN

¢§%%¥$%§W%ﬁ,ﬁﬁﬁ—¢ﬁ¢%

4 BRI/ ME R B RhE R T IR AT ROV
BRHZERR.

2022/10/1

%ﬁﬁ%&%%xﬂ%ﬁm,w%dnAW%
215 e i ’
0>5

"
o
i —

RABBFIBEEU, T ol
H U. )&’

_g o M._u«
U=Z  Q=Clul>e/2 '

Bp Ll
Us- orU<-X //fJ/
2C N
X R R AR &4 !!¥“ “

0>04F, HTFBE Q>£(WU>JL
FRERFKA: 2 2C

o<, WTH e e
wRAENEE:. 25 5 X US55

2w € = _c €
k=] 2<Q<2(W 2C<U<2C
| F AR R AR (R T ) |

BECRKETHEFSFITRUBEMIAR, B
MBRBEFEKRENT 10nm, BEEEF10F
W, LR FRCRIE AT LA =R TR

o

TR, MABNEEN L ’
W, =0%/2C }‘\ "

' e g

Eoo0, —ABTASHRE ol

FELH, BRI RN wﬁ
w,=(Q-e)/2C

K5 Rl B RE R A

{o-5)
AW =W, ~, =

-D<e2) +Q=e/2)
}: I
-

freaa I

RERRAET
FiE, BARLE
RNV
LR 2
e

F I3

RBKAEAREFRZ, ABKIE KA —H—W 1 Tk

10



2022/10/1

§ 2,53 HHL TS

+ BBRMRRTBIEORREN, BT RSN
BTN AR AERBER, Fik, T
AEMER AT MK BTSN ey
H— M EG TR AR T BEE (SET) .

+ BT RAEREE TAESNREENA
HERSYy . AR SHEREER TERRE
TR D By BT R AT ASE K«

+ RRTEATRGE—EER ERe TET
Bl & REMER IR, FTILERRREMR
REE EHIZ BTSN R R.

AR RE, A E
BT A B, BTN -
¢m%ﬁ%ﬂ&ﬁ%%

0,=C,( 'Ii 5

0, CV

2
BRI W=£i+££
et A0 G B 26, 20,

E Bl 2% B L TR AT R R =28 /)
SRR BHBREARRE SR

BT R
- GEER
o LR

W) Bl (RETH : H=REHLAEGE
BUNERERE SBRAR, SEE— L
S BIBR PRS2 598 I DA

Q) BHEBL. BABRENASEAR, BTH
HIRE & B B AL SRR S MR
X H S SRR IR B S 44522
E%ﬁ%ﬂumﬁﬁﬁﬁ%mﬁﬁ%ﬁﬁmﬁ

Q) HRX. HRENLLZE BEn2 Bno
SRR A SRR [
@) WELE: HLHHRE
KB AL SR A E AR
G) . R MR HEER

BREFEMR, 55N
E#.

1. High-K 5Fl]L0w,_—LA':'_ 7
2. RN IR
3. Bk R N A

11



