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5 0.105 1 0.029 7 —0.010 5 0.032 0 0.504 9

T A2 BT LA [RPRE AR JURE 28 XU £ FL i FRL v 5 i 194 o L ARE SR R 4
FA2 EVURETRBEFNBEE/LMARRNEHTUNS, (d) HHE

f,(d
d

—5 —4 —3 —2 —1 0 1 2 3 4 5
23 0 0 0 0. 000 4{0.125 3(0.763 1/0.096 3|0.000 2 0 0 0
30 0 0 0 0.001 7]0.157 9]0. 702 8]0.120 7]0.001 O 0 0 0
41 0 0 0 0.005 9]0.198 2]0.628 80.150 9]0.003 4 0 0 0
50 0 0 0 0.011 4]0.222 9]0.581 4]0.169 6]0.006 6 0 0 0
70 0 0 0. 000 5{0.028 0]0.257 9/0.503 2/0.196 5/0. 015 8|0. 000 2 0 0
100 0 0.000 1]0.003 7|0.056 1]0.279 3]0.425 9]0.213 8]0.031 7]0.001 7 0 0
200 0. 000 5]0.005 3]0.034 1]0.121 1]0.264 1{0.299 1(0.204 3(0.071 9/0.015 3/0.001 8|0.000 1

A2 BRI RO e R BB T 22 A H e ) IURE 2 B, B
LI A2 S DEMC (BEA X BHEeir fige) AT BIFRAR(E 100 nm AY B B

VA SRR il D B U T 22 v A SO 0 SR R T i
A. 2.1

TR KA. 3% DEMC BB ERE N U, (743.4 V, X kifed, =

99.8 nm), FFRGRE)F. H CPC ll& DEMC H O MW E, i hCy(d,). H
2 A2 A]45, 100 nm A9 B4 IR SRR B 42 NUR o7 FEL B EE R ORI 28 A DEMC 43 9 )5

TRIERWHEN 1, 2. 3 D IEALAF A9 ORI . PRI

CN(CZ1>:77(7><|:C1 (U1)+C2(U1)+C3(U1):|
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X

Cnld i) — DEMC HEBEN U, J5. CPC I 15 #) §50k: 4 %
W, A~/cm?;

7e —CPC Wy UKL TF BOkoR . Jo i 49 b,y A ik 55
25

C,(U). C,(UpD. C;(U,)—DEMC HERENU,JG, 4ilid 1. 2. 34 IE
FL A 9 R ) B MR B, A/ em”
A.2.2 % DEMC H BN 2U, R RifEd, =146 nm) ., fFRGR A, H CPC
I G 1AL R ) B R . BN C(dy) o KRG GB/T 44552—2024, i HAFEAE
FE I A B — HLfr UKL, PR
Cx(dy)

Ci(d,)= r (A. 1)
BARX (Ao WARARX (A5 JFAlHEARC,U).,
CﬂUJCﬂdﬂCﬂdﬂX?ﬁi; (A.5)
A (AL FIas (ALs) Hr.
Cx(dy) ——DEMC HLE#E N 2U, 5. CPC il 15 (i WoRi o B e g, 4
/em?®
ne —CPC PR T E80CR, Tt

KiA% R 146 nm. KA 4B 1, 2 A 1E B A A9 550 B
JEEHE b 0 R ) B YR L. A/ em®

Kt R 146 nm., FIHHA 1A, 2 A 1E Hfaf UKL 4 47 FLABER
AHARX (A D iHEBRE, TEHNE,

A.2.3 f DEMC [JH EBEN 3U, N RifEd, =195 nm)., fFREGRE)R. H CPC
I HE A (R ORI N Ca(d ) o HRHE GB/T 44552—2024, IYI HA77E
TR AT B — HLaf (R ROURE . R

Cildy). Cy(dy)

fi1lds) . f2(dy)

Cn(ds)

Ci(dy)= e (A. 6)
BAX (A 6) WARARX (A7 JFA[HHEBRC, WU,
CAUQZCAdQZCﬂdﬁxiijg (A. D
A (AL6) FIa (AL H.
Cn(dy) —DEMC HLE & E N 3U, Ji. CPC 45 /) B0k 4 %5 e vk i (H
A /em?’ ;
7c —CPC W ERTH R, TR WE, MRHEIERSA

PAE R 195 nm. M4 H AR 1 ASF 3 AN 1E H far B9 50 B0S
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Vs S RE i A R ) B R A, S/ em?
Fi(d) . fi(d, FifE R 146 nm., REWAH 14, 3 AN 9 POk 0%, 7]
HARX (A.D AR (A3 HEAR, LENE.
A 2.4 BITEMAFINC, WU, C,UD RAARK (A3 H, IEREC, WUD . KEE
A (A8 FIHFEAR R p A~ IF L far 19 90RE 534
L C,wWn
rCad ) /e

X 100% (A.8)

K
®, — A p DN IEHAT BRI ENE (EHORFIT p=1, 2, 3);
Cx(d)) —DEMC HE#E N U, J5. CPC MK BRI EME, 1/ cm’;
C,(WU,) —DEMC L& E N U J5. 2 l#EH p A~ 1E L far (%) 50K 49 850 Wk 2 1A
A/em?;

7e ——CPC b8, Ta, mREIERSH .

A3 o, MIBSHEASHR & BE o3 By

A.30 1 REHETT VR T ik K N AR Y
HAR (AL, 230 (A5 AN (AL ATLIAERIAR (A 9).

cN<dp>Xf¢<dp> Cn(d )

= 0/ —. 0
€ Culd ) fl(dp)><1ooA m><CN(dl)><1ooA (A. 9
Evb L
o — %A p LA ABURL R, R g

Cn(d,) —DEMC HE#EE R U, J5, CPC AR BRI EEIEE, 1~/cm®;
Cx(d,) —DEMC HEEE N p XU, Ji, CPC MMM BRI RIRE, ©/cm®;
m —f,d )/ f1(d,) W, TENE,
A. 3.2 AHRE BERIE B o B
A (AL TR FEa] LIE H . #5707 p 4> A7 0 FIURL 20 80K HE 9 AN 1 5 8 R
VR ETALEE . PR CPC D 45 R A0 If E B, BRI b HEAS 1 B LA X (AL 10) .
e (@,) = Jula Cn(d ) ]+ uiy [ Cx(d)) ] (A.10)
JrH CPC M E R AE T, 10 YR & 0 AR AR WA 25 hs. . Btu .o (e, ATHIZY
X (A1 5B,

Sr 2 Sr 2
(o= ( )+( ) (A1)
S /m /10
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Bff 5% B
AL T B R R E B A8 E B W E 5
B 1 BEHETT 1 Bl ok J ) s

2K HER FCAE XF 3 — 5 2830 PN AN 70 nm 59 J0RL 1 B30 5 k47 A of
7.3 AT FORH OGRS E , #2030 (B 1 315 PNOREIN A iy ok R

nm—iTXq@KEJWpoﬁKmm/ (B. D
A
nex —— BEAS PN RIS B UKL T EOHOR
Con — BiAE PN RIS 10 WRIIHEZ5 SEE M, A/ om® s
Cy  —FCAE f 10 Wl i 25 5 F (. A/ em? s
e —FCAE WPURIHE R, TENE, HKRAEIERBST;
o, — B BBRL R p A HL ORI S0 ER, Te R A
p R B, TENE (ERRBIF. p=1, 2, 3),

B. 2 N B R IR LA A

A (B D ATLUE s 520 i 25 RO 6 B R R F 8 A . PN R IO &
50 . FCAE M 255 . FCAE MTHERCR . L far B0k 40 B0l £ . Ao B2 T35 XmT
ma (B S,

(/ N >< . 3 2
u’ (ppn) _(77>< Z SOPP) u ((/PN>+(P,777>< E SOPP) u’

(/F r=1 *(/r p=1
O ¢ z
ww+«5iX;%%ﬂ w(p) + (B2
EP\I
(CF )ZEpXu(%ﬂ

K u(7]PN)77[‘?&%&%5@/5\&%‘{@]:5%7\5&’

u(Cpx) P PN I 2 SR C, B AR, A em®

u(Cp) —— FCAE M 45 5 Cr 3l AARTERE . 4>/ em®;

u(p) — FCAE I8 s SIAMAHIE R, Toit 9 h

ulCep,) — A p (=1, 2, 3) A far PORL 3 By I BN B E . o &
MW,

B.3 FIrUEASHEERIEE
B.3.1 4 PN KIALC, 51 BB A1 5 i

RS 7.3, BA PN R AL A 25 5y 2 20 5 il & A~ 24ME . Rtk B8R
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We2E (AKX (B.3)] 43 BaEs 2 A &g RAbslEm2Es . 2R RAARK
(B. 4) GIFHEAIRHEME ., HHRERILEDB 1.

L _R_ R (B. 3)
YT C T 2.33 '
(n,— 1) Xsi+(n,—1) Xs3 4 X 5344 X535
§,= = (B. D
n1—|—n2*/€ 8
RB.1 BHRITHINEER
. PR PN A A% FCAE
I 45 5 .
A/ cm? A~ /em®
1 9 376 9 438
2 9 432 9 492
3 9 318 9 378
4 9 358 9 456
5 9 383 9 431
=
6 9 401 9 490
7 9 353 9 473
8 9 319 9 440
9 9 402 9 391
10 9 374 9 485
S AE 9 371. 6 9 447. 4
AT 5 WK &5 AR E R 25 s | 48.93 48.93
Ji 5 R EE FARUE 25, 35. 62 42. 49
B IR UE R 225, 42.79 45. 82
42.79 A~ /em®

PRI, ke PN S 0 S0k 285 51 50 A B4 RS 2 JE R (C ) = Wit

13.6 4~/cm?’,
B. 3.2 FCAE 45 8.C 5 A B 52 B

FCAE MMl 45 Ry 2 40 5 il w3 E. Bk, Rk EE [WARX
(B. )] /5t EaEs 2 Hill &SR Nn R ZEs, . ZERHARX (B .4 GIFFEARRTE
W2z, IHAEZRIEB 1,

_ A~ 3
B, FCAE W Bt 45 5 51 A §0 68 M K 0 2 BEH u (Co) 4583%/““

14.5 41 /cem?

B. 3.3 FCAE MIHERCE s 71 ARSI & B
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Bt FCAE 7 (5 000~60 000) >/ cm® i il i UKL THH B8R 95 4 98. 506, AR
HEE R 2% (h=2)., Wik, 2% FCAE I8 R s 3l AR EE u () =
0.985%.

B. 3.4 far FL UKL 43 5000 Bt 5 1A A o

HIR A2 AIA3, 70 nm B9 R4 B0V SRR il 28 UK A Fi, 3 v, o R R 5 DEMC 43
GJE, FATERMIEN 1. 2. 3 D IEHE M A9 WORIY), s K S A o7k, 1HRE
Moy, o,y @230 95.3% ., 4.1%., 0.6%.,

JFH CPC WY & PE A HE T, 10 YR 5 09 A X b5 s 2528 1,306, IR, HRHE 2
XL AD RSN (p,) Fule,), GRS IEB. 2,

B2 HHEBHSBUBERRAWMERE

p 1 2 3

®, 95.3% 4.1% 0.6%
ua(p,) 0.58% 0.58% 0.58%
ulp,) 0.55% 0.023% 0.004%

B. 4 A bR HEAS T E
HIRR AT TIEEY

D g, p =0.953 X 1+0.041 X 2+0.006 X 3=1.053
p=1

Fraf Rl AR (B2 . TSRS B bs A 5 E
9.871.60. 985 053)2><
—9 447. 4 '

9 371.6
9 447. 4

1

u?xo55%2+2%xao%w&+32xoxm4%2ﬁ“

u(n,)= [(mm 053) X13. 6%+

9371.6
9 447.4

2 2
14.52—0—( ><1.053) XO.985%2+( ><98.5%> X

~1.2%
B.5 ¥ RAHEE
Bk=2, PAITEEBCRNY RATEE U=2.4%,
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Fi sk C
KEIERER
PN A IS A M S 4 i %
e e H SRR IC S T UE A5 g 55
& TR il T
LA G ZIe A
Z 6 LA Hb hiE
R C AH X I %
T AR Al
1S VHE b,
PR A i W4 | A=
ERE A Y oS
e bR Ay % AR &
S B 28
B
e HE 45
—. &
RS (EN FH{E
. mENEIRZE
CPC it &% E R FHME N E IR 2
Wk s 42 e DN 2 A FEME £ k(d;)
30 nm
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x (8D

WURLRL AR

e JEE ) (L

P

fd)

k(d;)

50 nm

100 nm

18I TR A A

WL | AR

I (.

T

i
M

PIEA
i 5 JEE
(k=2)

N

T

AL

P 1

B

T

N

P 1

AL

T

B

T i
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FCAE 11505 9p =
. PR B
WURL 1A% I E - E Atk

N
i i
BAL
P i
AL
i
N
i i
BAL
P i
AL
i

7N WURLTTECE S 1

A A
WURL KL AR R ) F-H{H 0
C,
30 nm
C.
NS T N [E]
Lo C, 0.9C, 1 At
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Mt % D

BREIES (AR) %X
D. 1 HMEUEE 2 ke

EFE . X XX X-X X XX

FEHERLA B2 A5 A

R BT AR A B AR SO (RS A%

R HE IR A5 S i
i JEE - C o
LERURITYiAR % HoAb. ¥R3h. B#ETH0. BOLEMSE

A A P A 32 A vl / 2 AN

AN E S/
ELiN I3 MR 25 2%/ UEA3 9~ RS U ES
R FLVF iR 22
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D.2 FHEIERS 3 ke

TEF LS, X XX X=X X X X

S

ML H LS

LIRS PR A A PR AAR | BRI ECECR | PR E

nm A /em? A~ /em? % k=2

R ATE S CVES

UKL K ek

WO H 8 A 1

TR e J3E S ok 3% K

P TR 22 B

M J37 P ]
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