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JEANEE Rl R RN TR DR T T2

[0017] PRk FAEEMF 6L TRk E—&milt = E A — N 2R R 5
N RZME— N FUZWN RN B F— A2 8 a2 rid s — Az 5 20—
ME—&EMLEE, ME5E S REMEE E =N R E R R TR S M E R S
FoBRXEERE, D58 el E =N RZHE S, 560 HT1E 8B xR s
TA) 5 BT 5 — e 22 R0 B8 4k 2 () S5 R T B, A R T AR SR I R ko

B 1352 FA

[0018] KL EIABAEA mKA 5E 14 TR 25 A6 I A 1 S T 5 h 7
(00191 W& 252 AE HL AT KA Jot J2 A1 <o o M A0 5 A 110 it AR 119 i B 25 o i B ol A = f
T AGNSISE

[0020] [ 32 [ 74 AR Y 5 — SE B9 P 3 ) - 3 A48 45 ) (14 102 e R ) ) T 45 A s T
(00211 IS O A i W 55— SE R i (4 - 3 A4 45 F (14 12 e R ) ) o 45 F s T

BRI
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[0022] 4T BRI , BUAT (1 HLAT KA Joit S 0 < Jm M AR 25 400 11 it A28 19 Jm B L 28K
NI SN 2 8] S AR

[0023] 23 AR I A I AR FU R » 155 2 25 11 2, AT B AT iR o= A0 < e MR 45
R R A I 5 B 2, B i) i TS 25 R B AR 3L =4 fih 4544 (Share Contact) , firid
SRS AL TIRIX 1062 R T 55— T HUE 2E 124 7 T JR MR = 103 R T 55 — 3
LA 2E 125 L RO T35 — 3 L A 2E 1 24 A0 5 — S L4 26 1 26 1T 1) 3 R S 1 2640 Bfe o

(00241 vy, Pk 55— 3 HEL 47 2E 1 24 01 55 — 3 L 47 28 1 25 75 Bl AR L AL 55— JF VAl
FEHFONERSE, IERAAENRILOE L2 L& T 58 N Bz 120 R [ 48 , fird
TR 126 07 ZHE A YIAR L2 BLR TR IR L 22 Ja i 2 T 28 . Frid 3L s i 45
R I RERON B % AT 52 R 2R LA S B AR A FLR, B 38— AT~ R T8
FLROK, B O AR TR RN A B, SR AFIERE AN R s I B T ik 55— 3 L 4 28
124058 . A L 97 28 1 25 T 1 (14 Tl ARUAR X T 58 A 5= 120 I AR D, Jm AL 2 AL
PO'6 T 2 7 3 I 5 A BUR 120 R RIESAS R, 81 A2 2 PEFE A

[0025] 2 AR WA AR I NBE— B0 70, R HH T — Bho S AREE N IR BT i, BE B TRk
TR RS A 2, I T e S B 25 F g 0, A7 R T2 AR A S A
[0026]  JA{iA 5 W1 b3 B RFAE ANOE s BE 48 S TN S 5y 18, 71 1 465 15 B P A 1]
) FAR St 7 AR A

[0027] 25—

[0028] [ 32 &I 7 A& A WY 5 — SE R i () 2 3 A4 45 F (4 102 e R ) ) T 45 A s T
[0029] 1§55 (&3, SR AP AR AT K400, Prid ~F 2444 JIR400R I B AT 55— A =401, By
HRE— N FUZ40 LN EA S R B CROR ) MSE—IF 0 CRos ), Bnd 55— JF DRI 88 —F
M2t~ AR AT IR 400, 2% 55— I D PR+ A4 IR400 4 B AT 55— 15 2K X 402, g
I DR A EE R I B A WA BUZ410, Rk S — N FUZ4 10 R MR A H— 68
WA LL, i 5 = L e AN B 2 1 LA 58 — M 5= 420, Pk 38 — M B= 420 1 A
AH & EMa2L, Frid 55— e mila 1 RS — < milt 42110 R i 5 Frid 56— Bz 401
RIFEo

[0030]  firid 2 SR AT RA00 FI T 9 e 8 T2 AR TAEF & s Prid f SAEAT 400 Ay fek Ao
JR TR A R AL REAT R B 2 A Rk (SOT) AR L 4B G A 1 (GOT) e JIR S B e JIRBR T T T -
VIRAL B4 (B a0 EACRE SR L 355 )

[0031]  Jrik 88— Mo 5 )= 410 RN 58 — M 5= 420 IR K 9 imiKar A kL, BT idk KA ks
AR PR R A NN A N R A op N R A N oy N R A7 N R A N R AT e N R A
ERVEAA B AR B AR s TR S — e B4 1 LRSS — G B 42 1 A B A 6 B ik B
5 0 A5 R R

[0032]  Frid 88— JF OB ES T IR T 1 49 rd 8O E AT, A T5—IF
FUAH RIS, ik 55— B 2 X 40207 T A QB 55— 1 Z R [ - AR AT IR400 P9 5 ik 55— 15 7%
(X 4024F Pt i) it 48 AT DR X AT X5 e b, BT 55— I BE 6 5 58 — 0 T AHAR, H.
BB IR X A020L T AHAR S — 1 HATEE o D Z R AR I 4004 5 ib A, Frid 26—t
D ECE R ST 1B T 1, MAHAR I 3 O 2 (A1 B 5 48 %1X 403, B4 T 40
BT O ST SRS DA AR s AEAR S B, Prid S — DO A, Bk s R
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(KI5 R3S, B3NS LT FHAR.

[0033]  #E—sEjE il , BTk s — M FUZ410F1 58— & @411 Z M B A S — R 2
(Rt ), Fridk 58 — A U2 420 A58 — <S4 21 2 1) AT 58 — Dhek 8= CRos th) s ik
R BUZ R DhR BUZ AR R AR B AR L B A B BB EE VBRERRS ET
il EACERER VERER B s T 35— DheR U2 RS — Dk 4502 FH T8 9 BT TR i) e A 8 1)
BB 5 2 BT T R 0 A48 9 PMOSAE B, BT I 58 — Dh ef B2 5058 — Dh s BUZ M kL 75 2
A Tl RR B, 24 T B i AR NMOS A IS, I i 8 — oh i B2 B 58 — 2 s U2 198
K77 ARG D e 25, LA RS B R ol A4 1 B (L L

[0034]  fE S —SZi i, Frid 5 — M 52410 R85 M B2 42000 L B T A 134
2 (R, BT R4 2 RA B A SRS AL, TR S i S — A 24105 58—
& JEMALL, LS A BUZ 4205 58 & JEa 421 s il R4 2 T B 1A i AR R T R
RERE AR, 2% RS T 52 N T bR B2 B4 R M P 3 S %  BPE SR AR AR L B IR AR
Fr i i 5 J2 R0 4 JE 17 7= AR S FL 3t v B 2 2 R

[0035] PRI 8E—FF 11 5 —H 1 BB X 402F158 B R XA03M L i 1. 2R 751 3
AT JIGA00 R THT T s T FHAR 11 55 — DM AR 46 40 (R ) S8 Ol &5 4 R i) BT
A — Dy MR 25 F R0 8 — D AR 45 R R A B R 2 i SR B i N L 2E &5 — DAk
LERITE M 2 S AR A I A00 N T B BB — 45 2% [X 402, 7E A AT 58 — Oy M A 285 440 2 [) ) 2 S AR 4
JE400 4 T 58 45 %X 403 7ETE TR 3 — 15 2% IX 4021 55 48R X 4032 )5 , 7E ik
SRS IERA00 55— Dh M5 25 4 R 575 — A AR &5 ) 114 AR R0 T 350 2 T U AR B8 — A o e i s %
PSR G T2 225 i T 55— O M I 225 0 R 55— Dl Ml il 45 A 3R T ) 38— Bk, T
J8 55 5 — O AR 25 R R0 5 — O A 465 A R T 55~ BB — A BUZ 401 s FETE BT IR 5 — A i
J2401 2 J5 , BB TR 5 — Oy Ml & i AT DA BB —FF 11, 25 BT il 58 — O Mt Bl 465 44 DA TR ok
0.

[0036]  {EJE R 56— VRN SE —HF 1 2 i, 70 I 55— 11 F0 4055 R0 e 350 3 T e AP
S TR G 5 7 I SR o R 6 R T TR AR A B — o 1 A AR SR AR SR AL
Wt T2 LBk T TR 58— 2401 T R A o 8 FEE FT A i AR RIS, A2 58— 1 N B
S — M BUZ 410 RIS — & B4 1 1, 7558 —FF VN T S MY B2 420 A58 — 4 e
421,

[0037]  FE—SEZia s Hh , fETE SR — A S I 2 BT, IS A0S  7E AR SR 4 K400 55—
MR 25 A AN 5 Dy A0 5 ) %) A AR T30 36 T U AR BEL 34 )2 5 BT BEL 14 2 B R R A
BAMNEE AL REBR B AR, 55— BUZ M BRAS F s Brd B 44 )2 T 758 R AL 5
BUBE ' T 25 2B i T O Al 60 465 480 0 10 1) 38— A s i JIsE ), e SRR e 1 20 45 1k Ar
BRI T2 b T Ik 42 5, B AT o6, L2 R 5 — Dl 45 14
FEE O 45 4 () R T

[0038] 1 Fy—sLia sl , 7E % B il S — O MR 5 M AN 38 — DR i 2 e, TR s —
B 2R X 4022 HY , 43 FIAE BTk 55— Pl Ml 45 74 A0 58— D AR &5 A AN 1) = 5 A4 4] JEG 400 € [T
TE B AR B M5 (A4 R A RE SRR R A A B (8 — Rk 2 FP2 A

[0039]  FHELULIIMIE , i T Bk 85— i1 B2 4 10N SE A B2 42089 84K R KA o
ML TR, B 55 — A U2 4 LOFI S8 A /2420 5 2 5 AR 4 IS 400 2 T8 1 5 T AS TG

11

Page 11 of 41



CN 103915384 B w Bg B 6/11 Tt

B, R 75 A5 58— F DRSS o O N TR B R i, SR RS T2 iR 85—
FF RIS B - AR A 400 R B AR Z (R ) , DL S BT iR 55— M
R ZAL0FEE M BUZE 4205 2 SRR 400 , AT 98020 I HEL U » A 8 11 1 BB ARUE
[0040] iESHEA, i 7 Frid 6 — & @421, JE s = 0 CGRos i), iR 56— 4
JE 421 B IO R AR T Ak 25— 4 Jm A4 L L T R 10 5 2 FTid 58 = O N T R = A i
2409, FTiR 5 =/ JUZ 409 R 5 5 — &R L L TR R I 557, BT % =/ iZ
A09FHXS T 88— U240 L H A 211 ik $ 1k

[0041]  Ryi R AN A Tk 75 2K, JE Bl FE A — B AR, 75 B ZIid AF Bk 55 — & JE
A21 TR TR T B — & @M AL L AR IA 5 — & B2 T R K T % — & Eit411
J& » TEFTR 88 — & @M 2 1 FR T RS = A 2409, BR ATk 25 — & @421 5 JR 820F Ak
(o — el Z PR S .

[0042] Pk = DM T2 AZI T2, B 2 & m S TEZM T 2 Kk
HF () SRR, A e 2 i 2 S — G A LB %0 3B RE AR AT Tk 2 T &2
BT IEFTRSE — & B A LR M R Y 2 s AL TR R L 22 5, LR FridR =

[0043]  FEELULIHM 2 , FEA K R ) At S 4ol L 2 88 — & Jm M4 21 FEE — Mk i /2420
Z NS B 5E  R EZ I, BT D ek 070 7 B 0 h, AR AN FEROA

[0044]  HH TR E—BAZ N F R ERE — S B4 AE—BRIX402, HL, 78
B E RS E B R XA — & B4R, BrR 5E = A BUZ 40988 %5 Frid 58
— R E L RS TR 5 e 421 s BhAh  BRIR S = A BUZ 409 R I T BT BT IR 5 D iR
B FE S JmA21 R0, A B BE B AR

[0045]  FIrik 55 = A 240908 RN EAL I TE B T 208 AE TR 2 56 — & B Mt421 2
G, FEFTR B =F O N L 240 LS — & @4 1 L R TR S8 = A R s R
AR T2 5Bk R T 5 — - BUZ40 LR I 58 = BT, 76 Pk 55— & @421 5%
I RS = A U2 409,

[0046] iEZEES, LIRS & BMALL B =N FRZ409ME— N FRE401 R 078 5 5
T RJZA06 , BT 5 A BUZ 406804 T 88 = A 2409 5 R ik Bk s 7E TR B A R
JE406 R H T AR /2407 , B id #2407 2 85 tH 2 D — N EE— B R X402/ 5 — & @t
AL BT R EE A i JZ 406K 1 -

[0047] PPk 85 — A i )2 406 UM R A2 AL T FIARK A AR} oh i) — Fib, Bk 55 — A 52
40611 T il T 20 RUTAR T80 BRI 2 SRR T2 H TRk 38 =N /2406 T2 il T
B BRI, GEERT 8 A FZ406 N 15— A2 T HERS — &R
411,

[0048] Pk HEfitd 2407 A 27 tH /b — A E— B R X 40281 85— & R4 1 10 R E /Y
F A RERE I EASF 440, AT 144058 X T TGS B0 F — Bt 20947 B . ik
FEREZA0T I M RN e 2, FIE R T 208 7R Bk 58— A 2406 3R [ SR g ik 1 2T Ak
% H VR FEE 5 XoF T3 e % o v P R AT O R DAL, 5Bk 5 SE— & R LR — 15 %
(X 402457 B 0f B G2 I , T2 R s S 407

[0049]  FEARSZHEMIH , TR FEE 2407 R H— B — & B & — 1B RIX
40209 0 AL B A8 f5 2 DA BT IR HE I 2 40T AT i 5 N Re 2B — 15— &8
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ML —NEE— 45 2R X 40200 RAA7 B, W BT Birdt 38— 1 9 9 55 — 42l J2 R A3 ik
L BRI — 15 2% X 4028 342 , M T A8 BRI i 45 44

[0050] 75 UL A A A , ASZ BRI FE IR 2407187 L2 2 55 &m0 147 &
X RLFE S A FUZ 406K 1 , TR 5 2 407 2 88 H 1 X I AR K, BRAR T 5 TR %1 L 2 A
JEEOR s HT PR 58 — & Bt 421 3R 10 HA 5 =N BUZ409, TR 5 = BUZ 4090 T 58
ZARZ406 2 RN g BV 1 BT 58 4 TR A 2 1 AN B AT UG s 78 S5 SRR TR R
TH O, BTA S = A BUZ 409 RS B S R 40 5 4 SR A2 1R B8 A B2 4204832 4%
s NG T % T & B m S —S BN, BT L2 E st 2E HE B
A1) ] R, 3 1T ARAIE T A B B8 1R 1 RE RS2

[0051] 7 5 —SLifil b , Frid # s 2 FIn 55 85 tH Frik 55— & @ ilta 11, R E—5
X402 %f REAT ' 5 214 DA TR i 2 A4 i, 2 T 58— A U240 LRI 5E A 2406 2 )5
PR 35— D e e B R TR 5 — & B4 11 S M 58— 2 X 402K 1 s {1 /5
IR T A S NN — A28 5 A — & B LM A — B2
[X 402 [H] if HE 3452

[0052]  7E At S o) 4 , M Pk S —FH D= K T 1R, Frdk HE i 2 Re 8 22 88 T — 58
— B3 X VAR AL T TR 55— 15 2 X P 58 — 4 SR A o REAr L, {3 S5 R BT T R 56—
FefZRRUE [R5 ik AT — 5 — 1B 20 X L R H PR 38— & Jm e 7 422

[0053] Pk Hifisd J2 409 B 5 B th IV X S8R S b B R 8 R AR BT 75 T2 U 88 — #5212
W T2 RMBFAT A R A RN TR 2 .

[0054] 1S HE6, RN 2407 IR, 2 i BTk 58 — A 2406 FIEE— A i /2401, B
BRBENE D —ANE—BIRXA02ME— S EMAL LRI A L, TR RSV 11441

[0055] Bk %1 ity Fir ik 585 — A1 5T 2 406 R 5 — A B /2 40 11 T 2B AR S &1l S PR ) i
Zh T 20 T FTR S A BUZ406 A KLS Brik 55— 4 @Mt 4 1L R REAN ] 5 DRI 220 ok B
R A FUZ40611) T A5 Frid 55— & Jm 4 L LRI, i T Fridk 55— & @ a4 1 LR
F L EMM21 2 B S — A 2401 4k a4 %1 1k ;s 7221 BT IR 55— A FUZ40 1, BT 1%
RS 55— 4 SR M A L URT 28— 4 Ja A 21 F) 00 B 3 T B 32 15455 5 DRI I, SRS BEAT — RO 4
AZ ot T Z R AT e F] i 2 88 5B — B 2% X402 85— & B4 L LIK S DU HF 101441 5 1 Ji5 452
AT R — R ORI e 12 B A TR A Rl I e i 4 5 — B 4 X 402 R0 55— & SR M4 1 1R 26
— M Z BT U S — e il 2 BB A AR N L R A S 1 L i BT IR B — 2 B T R T 2R
B BRME BRI L2 A, HAR 20800 ifi 5L, Brid 8 DY 11441 5 005 RS 30K, A TE Ak
TR 5 I (1441 R S8 — el 2 Y IO i RS 30K, Ja R o T2 LR T 5
A BE406 R T K 4 BRI, % Tk 55 = A B 2406 (K 5 50N, T T B 250 Pk R
[0056] Pk 8 4 @Mb421 1 R H A B = FUZ 409012 57, IR BT R A 56 19 - 1
AN R HITRE & Emifa21, G T BriR SV 1441 4 1 88— 5l 2 5 prid
5 EMM2 UE TR 5 = A U2 409 B 5 735 ZEULI K FE TR Z ik T2, BT
RS =N 40924 6, BRI, Brid 88 = A B2 4090 J5 2 75 B4 Bk %1 v 1
2T , MFALE g 55 = A 512 409 1 B 25 4% 4 .

[0057]  fE—SZjfsld , 2 Frid 55— A BUZ 4015 2 AR R R 400 55—/ B4 10 AN S —
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4202 (8 A RRLEZR , FEZ BT IR S — N BUZ4018, 5 55— M B4 100 5 M
42045 R P14 2 AR B L BR g 1t — B AR TP BB — & SR A L LRSS — & SR A2 1 1) (T B £ 21y
TERAZI s A T3V D441 EE B Z/E LR — N 24012 Ja i £
[0058] 7 55— SEH i, > B 4 J 2 (R of 22 i tH Bir ik B8 — & JE A 1L, R ) 56—
15 2 X 40214055 BLAL BN, % Tt B T s i S5 VU F 11 Rt 2 8 tH Pk 85— & Jm 411, L
MRS — 45 X 402K 1, f7 BT B 85— el )= e e (Rl ) i o 42 B A 5 — & J@ 4 11
Je LM S — 152X 402,

[0059] 7R HAthsiE ], TR E—H O MEERT L, HRZER B RE T —F B
X402 A B AL T Frdk 55— 45 22 X 402 MU 55— JEMIEA L LI X B2 A7 B A 5 Z1 Tl - s 1 26 VY
F O R [FInT 25 25 TR S8 — 15 2 X 402, S I 55— & @411, {8 f5 B2 e s &8
— A2 R R SFTIA S — 15 241X 402 UL AT T Frid 55— 15 7% X 40 259 M) 55 — & SR At
A1 HL R

[0060] iESHKET, Frid VU H 11441 (A6 B ) IR 7830 42 @, T2 R 38 — 4 i /=442, Py
HREE— e Z 44200 R E 5 FTA E A FUZ406 0 TR w557, HTid E—hZ4425
2o AF SRR E DA E B R X 4020 E

[0061] 5 HEULH K52 , 7E i S DU FF 11441 Y 3R T8 3 4B 2 B, ik 25 B 3 s 2407 (fnnE]
BFT7R) o

[0062]  Fipidk 55 —Hefil 244200 TE D BN R DU T 28 4% T 2 H A B4 & 8 s 70
Frid S5 VU HF 0441 N A TSI 42 8 2 5, K B SN 1 2 LBk & T 58 A 2406 K 11
48

[0063] PR T BT ik S VU FF 1 441 ) TH0 RSB0k, A R T B 78 AR ER S 4 &, 3 BT TR 1 i) 38
— R Z 4420 R R U, TR B 88 R MERE AR UE o i HL, Brid s WLt T2 25k & T
5 FUZA06 R 42 SR, 0 BT IR 55 1 512 406 16 2% [ B A% 9800 » A RT3 &1 B e Ak
(1) B A Tk

[0064]  7E—SLJfolh , fEIA 78 T LA RLZ BT, 75 Frdt 85— A FUZE 406K 1 A & 58 P F 1
A4 LR ATEE G R R 8 s 1k 2 CRIEV ), Brid 58 — B2l 244208 i T Frid 42 1R 23R 1
Frid 452 1k 2 B AR R AL BR B s B 457 1 J2 5w ST A WL e i 45 e 47 L 244
HRFAMEILEZ G, H#AT — 2 R o, DL R HEE A RUZ 406K 1

[0065]  YEASZHEHIH , ik 55—l 244288 55— & @M e b— N E— B R X
402 3z , TE AL Ml 5 0 s 70 7 — S b, BT iR 58 DY M e g (Rl i 22 25 R BT iR 5 —
& JEMALL, BRI S — 15 2 X 4023 I , {3 Fridt 55— 4l /2 44288 08 [ i L 2 422 i i 58
—EMALL, KM S5 2R X 402,

[0066] 7 Ath S o) , Frid 88— D8R KT 1, S 1 Re e R 22 25 BT iR 58
—B X402, R HFMIM E— & @M1, B i) S — a2 g W Rt 5 ik 55 —15 2
[X 402 LA B 7 F BTk 55 — 45 2% X 40205 (1) 55 — 4 JE A4 1 1 e ¥ 2

[0067] RSt , ZI 0 ATk 5 — & @A IO, A ik 55 — & BMHMIE T 5 — & MK
TR, AR S & REMEREIERE =N FZ, TR E =N FEMESTE N2
DA S5 G2 T8 B 56 — A U2 B B Z o B TR FERTIR S8 = A Z R — N UEW
e R 2 DB BRI MDA — G m M SV I I, Bk 58 =4 5= 6e
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AR TR S & B IR, I G SR T TR SN N B —EMESE 4 E
M B s TR S — 2R B RN 5 2 D — AN E B R NE DN E— e B %
e, W58 S B b S, BE R — 1B R X — & R S A 54 s Hk
BT i S5 VY FF A7 R — R % ik T2 RIR T i, 1 LS 820K — ke & Jm i) T2 RIT
TEREE — M2, Rt ML T 2

[0068]  AHNLIK , AR S R S A — Fh2f FARGE M, B Gk 25 6, 45 : - T4 4T iR400,
FTIA 2 SR 400 R H B A F— A FUZ40 1, Tk 85— A FUR40 L BB 2T M AT 5 —
FEET BA B T AHAR 58 FF 1, Bk 5 —FF LURI S8 —JF 11 8 58 HH 1 SR 4 400, % 55—
FE O 2 S A4 JRA00 P 43 7 LA 58— 15 % X 402 5 47 T il 85— JF 115 R B R 1
(5 — M 2410, 67 F Frk 55— M R Z410 R IR 55— & @M L L, Pk 55— & @ M
AR5 PR 85— A BUZ 40 LR 55 5 BTk 85— FF 11 R R R0 BE R 1H 1) 55 — M
2420, 07 F iR 5 A BUZ420 R HE 56 S @421, Frik 55 — & @421 (0 T ER 2 1
KT TR — 4 @M L LR TR R I s 47 T Pk 58 = & Jm M4 2 L R [ 58 =/ 2409, BTk
F = RZA09 R S5 58— & mM AL LR TR [ 557, HLATR 88 =N BUZ 4094840 T 58
— R0 A G X MIE R B TR — S EMALL B =N 2409 E — N iz
401K TH Y 58 A FUZ406, BTk 58 — A FUZ 406 56T 28 = A U2 409 B %I vl 57k 5 47
THTRSE A 2406 155 — A 2401 N I BB DY 1, TR SB VU 1 B g B b — AR —
BIR X402 E D —ANE— 4 B LRI s AL T B S8 00 O I 55— el 2 442, firid
55— A2 44200 R 5 AR 55 A FUZ 406 [ TR I 557, Bk 55— #2442 5 &
S AN E B IXA02F DA E S B T ESE .

[0069]  ARSZHEHI - TG, F—EMESE AN E-BEXNE LN FE—4&
JEM R, 5 SR 5 = A R R (RN IR S M, FLATA 5 — i
JE I 5 R TR B, A R T2 AR 2R I B o

[0070] &5 —sLjitafs]

[0071] 5K B I 5 — SR AN IR, A9 R W 40 58 SRt v, BB 4 () A T e B — e i /2
S 2, BTk 55— R d 2R R I A 45 0, 1 BT 58 R )2 R R 1 e T R A
o

[0072]  E B Rl 55 — S e 9 1) B 4 T s S5 A K B2 il |, 1B S 5 B8, TEFTIA 56 = v i 2
409 5 — & JEMALLRE— A FUZ40 LR T R A 2406, Tk 5 A J 240648 4T
BTk 58 = A 2409 H A7 2% P 5 70 BTk 85 — A1 2 406K [T AR Z 407 , Frid i
JF40TH BAH EAH O CRRH) B O R, frid EAHFOZB R E5Eb—1F
— &AM L LT BT RS A 406 R M, FTid LA N 2B 52 b—AF B RK
A03 R A LK B8 A i1/ 406 R 11 5 LA BT IR 2 407 A, 20 ok 58 — A i 2404
MIEE— A FUZ401, £ 5 A7 BUZA04 M8 — N B2 401 N B S IYJF 11441 128 LR 11451,
Frik V9 441 B tH 2D — AN E— S mM L LR, Frid 88 1 451 % g 20 —4
F O PBIX 403K,

[0073]  FIrik 28 — A 2406 FIHE I Z 407 I MR B 1 1 2 56— se i Bl Frid i 28 — A
JRJEFIHERR AR IEAERCA

[0074] Pk HEME JZ407/E B Be tH 5 2/ — AN — & B4 1 LA B XS RE R, Brik 55-E
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M2 5 B DA 35 2 X403/ A7 BRI 58 A 51 2 406:3K 11 5 [F] i %1 d 85 — A
R ZA06 F5E — A i 2401, BEW I it 25 tH 20— A8 — & @M1 LR SV A D441, BA R
BHBEHED—ANE B X A0 FE T (1451 1 , 5 42 B8 0% [5 IN 2E S5 VU FF 11441 N T 1%
b AR B VAL T BB il 2, AT A0 S S8 AR R TR il 1 20— 20
s Forb, BT 58 i J2 o B R R A 2 A, 1 B — 4 A 2 R L R A A

[0075] Bk )2 407 NI S5 -EHF 1 8 X7 fa 75 B0 s il = 0 A B B, fi
ik sE 28 5 2/ 0— N B RXA03HER B T % & B2 RH YL RE
F=AFUZ409, H ik 85 = BUZ 409400 T35 =41 BUZ406 F1 55— B /=401 B A 21 i v
PRI, R ES A Bz 40611 T 2% 1L T Brid 5 =/ FUZ409K 1, miAr THHARSE & )8
W21 Z [ 55— U240 1 4R S %10t , IF B 8 AR 3B R X403 IF 4L TR T A 55 — 4%
TR XA03ZR I 1) 55 — Rl )2 BE w830 ik B =4 2409 5 55 & Bt 42 8 b 5 . A, T
RE T OB /E 2 5 TR 5 15 24X 40310 6 RiAr B I [FI i, B8 H A E =N R 2
40911 %F LA B, 3 Pk &5 -5 11 RS EOR, BEAIR T TR BTk 55 - LI I TR 2 T 20
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1. A method for forming a semiconductor structure, comprising:

A semiconductor substrate is provided, wherein a first dielectric layer is provided on the surface
of the semiconductor substrate, a first opening and a second opening are provided in the first
dielectric layer for exposing the semiconductor substrate, a first doped region is provided in the
semiconductor substrate on both sides of the first opening, a gate dielectric layer is provided on the
bottom and sidewall surfaces of the first opening and the second opening, a first metal gate is
provided on the surface of the gate dielectric layer of the first opening, a second metal gate is
provided on the surface of the gate dielectric layer of the second opening, a top surface of the second
metal gate is lower than a top surface of the first metal gate, a third dielectric layer is provided on
the surface of the second metal gate, a surface of the third dielectric layer is flush with a top surface
of the first metal gate, and the third dielectric layer has an etching selectivity relative to the first
dielectric layer;

A second dielectric layer is covered on the surface of the first metal gate, the third dielectric
layer and the first dielectric layer, and the second dielectric layer has an etching selectivity relative
to the third dielectric layer;

A fourth opening is formed in the second dielectric layer and the first dielectric layer, wherein
the fourth opening exposes a surface of at least one first doped region and a first metal gate;

A first contact layer is formed in the fourth opening, and the first contact layer is electrically
connected to the first metal gate and at least one first doped region.

2. The method for forming a semiconductor structure as claimed in claim 1 is characterized in
that the fourth opening also exposes a portion of the surface of the third dielectric layer; the first
contact layer located in the fourth opening and the second metal gate are electrically isolated by the
third dielectric layer.

3. The method for forming a semiconductor structure as claimed in claim 1 is characterized in
that the number of the first openings is greater than or equal to 1, and the number of the second
openings is greater than or equal to 1.

4. The method for forming a semiconductor structure as claimed in claim 1 is characterized in
that the method for forming the fourth opening is: forming a mask layer on the surface of the second
dielectric layer, the mask layer exposing the surface of the second dielectric layer corresponding to
the position of at least one first doped region and at least one first metal gate; using the mask layer
as a mask, etching the second dielectric layer and the first dielectric layer by an anisotropic dry
etching process until the surface of the first doped region is exposed.

5. The method for forming a semiconductor structure as claimed in claim 1, characterized in
that the formation process of the first opening, the second opening and the first doped region is:
forming a second dummy gate structure and a plurality of adjacent first dummy gate structures on
the surface of a semiconductor substrate, wherein the materials of the first dummy gate structure
and the second dummy gate structure are polysilicon; using an ion implantation process to form first
doped regions in the semiconductor substrate on both sides of each first dummy gate structure; after
forming the first doped region, depositing a first dielectric film on the sidewalls and top surfaces of
the semiconductor substrate, the first dummy gate structure and the second dummy gate structure;
using a chemical mechanical polishing process to remove the first dielectric film above the surfaces
of'the first dummy gate structure and the second dummy gate structure to form a first dielectric layer
flush with the surfaces of the first dummy gate structure and the second dummy gate structure; after
forming the first dielectric layer, removing the first dummy gate structure and forming the first
opening, and removing the second dummy gate structure and forming the second opening.

6. The method for forming a semiconductor structure as claimed in claim 5 is characterized in
that, before forming the first dielectric film, a barrier layer is deposited on the sidewalls and top
surfaces of the semiconductor substrate, the first dummy gate structure and the second dummy gate
structure, and the material of the barrier layer is silicon nitride, silicon oxynitride, silicon carbide or
silicon carbonitride; the chemical mechanical polishing process stops at the surface of the barrier
layer, and over-polishing is performed to expose the surfaces of the first dummy gate structure and
the second dummy gate structure.

7. The method for forming a semiconductor structure as claimed in claim 1 is characterized in
that it also includes: forming sidewalls on the surface of the semiconductor substrate on both sides
of the gate dielectric layer, and the material of the sidewalls is one or more combinations of silicon
oxide, silicon nitride and low-K dielectric materials.
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8. The method for forming a semiconductor structure as claimed in claim 1 is characterized in that
it also includes: forming a first work function layer between the first gate dielectric layer and the first
metal gate, and a second work function layer located between the second gate dielectric layer and the
second metal gate, wherein the material of the first work function layer and the second work function
layer is titanium, tantalum, titanium nitride, tantalum nitride, cobalt, titanium aluminum nitride, titanium
aluminum cobalt, ruthenium, copper manganese, titanium aluminum nitride, titanium aluminum or
lanthanum.

9. The method for forming a semiconductor structure as claimed in claim 1 is characterized in that
the material of the gate dielectric layer is a high-K dielectric material, the material of the first metal gate
and the second metal gate is copper, tungsten, aluminum or silver, the material of the first dielectric layer
and the second dielectric layer is one of silicon oxide and a low-K dielectric material, the material of the
third dielectric layer is silicon nitride, and the material of the first contact layer is titanium or tungsten.

10. A semiconductor structure, characterized in that it comprises: a semiconductor substrate; a first
dielectric layer located on the surface of the semiconductor substrate, a first opening and a second
opening are provided in the first dielectric layer to expose the semiconductor substrate, a first doped
region is provided in the semiconductor substrate on both sides of the first opening, a gate dielectric layer
is provided on the bottom and sidewall surfaces of the first opening and the second opening, a first metal
gate is provided on the surface of the gate dielectric layer of the first opening, a second metal gate is
provided on the surface of the gate dielectric layer of the second opening, a top surface of the second
metal gate is lower than the top surface of the first metal gate, and a third dielectric layer is provided on
the surface of the second metal gate, the surface of the third dielectric layer is flush with the top surface
of the first metal gate, and the third dielectric layer has an etching selectivity relative to the first dielectric
layer; a second dielectric layer located on the surfaces of the first metal gate, the third dielectric layer
and the first dielectric layer, the second dielectric layer has an etching selectivity relative to the third
dielectric layer; a fourth opening located in the second dielectric layer and the first dielectric layer, the
fourth opening exposing the surface of at least one first doped region and at least one first metal gate; a
first contact layer located in the fourth opening, the first contact layer being electrically connected to the
first metal gate and at least one first doped region.

11. The semiconductor structure as claimed in claim 10 is characterized in that the fourth opening
also exposes a portion of the surface of the third dielectric layer; the first contact layer located in the
fourth opening and the second metal gate are electrically isolated by the third dielectric layer.

12. The semiconductor structure as claimed in claim 10 is characterized in that the number of the
first openings is greater than or equal to 1, and the number of the second openings is greater than or equal
to 1.

13. The semiconductor structure as claimed in claim 10 is characterized in that it also includes: a
barrier layer located between the first dielectric layer and the semiconductor substrate and the gate
dielectric layer, wherein the barrier layer is made of silicon nitride, silicon oxynitride, silicon carbide or
silicon carbonitride.

14. The semiconductor structure as claimed in claim 10 is characterized in that it also includes:
sidewalls on the surface of the semiconductor substrate on both sides of the gate dielectric layer, and the
material of the sidewalls is one or more combinations of silicon oxide, silicon nitride and low-K dielectric
materials.

15. The semiconductor structure as claimed in claim 10 is characterized in that it also includes: a
first work function layer between the first gate dielectric layer and the first metal gate, and a second work
function layer located between the second gate dielectric layer and the second metal gate, wherein the
material of the first work function layer and the second work function layer is titanium, tantalum, titanium
nitride, tantalum nitride, cobalt, titanium aluminum nitride, titanium aluminum cobalt, ruthenium, copper
manganese, titanium aluminum nitride, titanium aluminum or lanthanum.

16. The semiconductor structure as claimed in claim 10 is characterized in that the material of the
gate dielectric layer is a high-K dielectric material, the material of the first metal gate and the second
metal gate is copper, tungsten, aluminum or silver, the material of the first dielectric layer and the second
dielectric layer is one of silicon oxide and a low-K dielectric material, the material of the third dielectric
layer is silicon nitride, and the material of the first contact layer is titanium or tungsten.

17. A method for forming a semiconductor structure, comprising:

A semiconductor substrate is provided, wherein a first dielectric layer is provided on the surface of
the semiconductor substrate, a first opening and a plurality of adjacent second opening are provided in
the first dielectric layer for exposing the semiconductor substrate, a first doped region is provided in the
semiconductor substrate on both sides of the first opening, a second doped region is provided in the
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semiconductor substrate between adjacent second openings, a gate dielectric layer is provided on the
bottom and sidewall surfaces of the first opening and the second opening, a first metal gate is provided
on the surface of the gate dielectric layer of the first opening, a second metal gate is provided on the
surface of the gate dielectric layer of the second opening, a top surface of the second metal gate is lower
than a top surface of the first metal gate, a third dielectric layer is provided on the surface of the second
metal gate, a surface of the third dielectric layer is flush with a top surface of the first metal gate, and the
third dielectric layer has an etching selectivity relative to the first dielectric layer;

A second dielectric layer is covered on the surface of the first metal gate, the third dielectric
layer and the first dielectric layer, and the material of the second dielectric layer has an etching
selectivity relative to the third dielectric layer;

A fourth opening and a fifth opening are formed in the second dielectric layer and the first
dielectric layer, wherein the fourth opening at least exposes a surface of the first metal gate, and the
fifth opening exposes a surface of at least one second doped region;

A first contact layer is formed in the fourth opening, and a second contact layer is formed in
the fifth opening, wherein the first contact layer is electrically connected to at least the first metal
gate, and the second contact layer is electrically connected to at least one second doped region.

18. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the fourth opening also exposes the surface of at least one first doped region; and the first
contact layer located in the fourth opening is electrically connected to the first metal gate and at
least one first doped region.

19. The method for forming a semiconductor structure as claimed in claim 18 is characterized
in that the method for forming the fourth opening and the fifth opening is: forming a mask layer on
the surface of the second dielectric layer, the mask layer having a sixth opening and a seventh
opening, the sixth opening exposing the surface of the second dielectric layer corresponding to the
position of the first metal gate and at least one first doped region, and the seventh opening exposing
the surface of the second dielectric layer corresponding to the position of the surface of at least one
second doped region; using the mask layer as a mask, etching the second dielectric layer and the
first dielectric layer by an anisotropic dry etching process until the surfaces of the first doped region
and the second doped region are exposed.

20. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the bottom of the fourth opening has a first dielectric layer electrically isolated from the first
doped region; the first contact layer located in the fourth opening is electrically connected only to
the first metal gate, and is electrically isolated from the first doped region by the first dielectric layer.

21. The method for forming a semiconductor structure as claimed in claim 20 is characterized
in that the method for forming the fourth opening and the fifth opening is: forming a mask layer on
the surface of the second dielectric layer, the mask layer having a sixth opening and a seventh
opening, the sixth opening exposing the surface of the second dielectric layer corresponding to the
position of the first metal gate, and the seventh opening exposing the surface of the second dielectric
layer corresponding to the position of at least one second doped region; using the mask layer as a
mask, etching the second dielectric layer at the bottom of the sixth opening and the seventh opening
by an anisotropic dry etching process until the first dielectric layer is exposed, and forming a fourth
opening exposing the first metal gate at the bottom of the sixth opening; forming a protective layer
in the fourth opening, using the protective layer and the mask layer as masks, continuing to etch the
first dielectric layer by an anisotropic dry etching process until the surface of the second doped
region is exposed, forming the fifth opening, and removing the protective layer.

22. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the fourth opening also exposes a portion of the surface of the third dielectric layer; the first
contact layer located in the fourth opening and the second metal gate are electrically isolated by the
third dielectric layer.

23. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the fifth opening also exposes a portion of the surface of the third dielectric layer; the second
contact layer located in the fifth opening and the second metal gate are electrically isolated by the
third dielectric layer.

24. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the number of the first openings is greater than or equal to 1, and the number of the second
openings is greater than or equal to 1.
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25. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that it also includes: forming sidewalls on the surface of the semiconductor substrate on both
sides of the gate dielectric layer, and the material of the sidewalls is one or more combinations of
silicon oxide, silicon nitride and low-K dielectric materials.

26. The method for forming a semiconductor structure as claimed in claim 17, characterized in
that the formation process of the first opening, the second opening and the first doped region is:
forming a second dummy gate structure and a plurality of adjacent first dummy gate structures on
the surface of a semiconductor substrate, wherein the materials of the first dummy gate structure
and the second dummy gate structure are polysilicon; using an ion implantation process to form first
doped regions in the semiconductor substrate on both sides of each first dummy gate structure;
forming the second doped region in the semiconductor substrate between adjacent second dummy
gate structures; after forming the first doped region and the second doped region, depositing a first
dielectric film on the sidewalls and top surfaces of the semiconductor substrate, the first dummy
gate structure and the second dummy gate structure; using a chemical mechanical polishing process
to remove the first dielectric film above the surfaces of the first dummy gate structure and the second
dummy gate structure to form a first dielectric layer flush with the surfaces of the first dummy gate
structure and the second dummy gate structure; after forming the first dielectric layer, removing the
first dummy gate structure and forming the first opening, and removing the second dummy gate
structure and forming the second opening.

27. The method for forming a semiconductor structure as claimed in claim 26 is characterized
in that, before forming the first dielectric film, a barrier layer is deposited on the sidewalls and top
surfaces of the semiconductor substrate, the first dummy gate structure and the second dummy gate
structure, and the material of the barrier layer is silicon nitride, silicon oxynitride, silicon carbide or
silicon carbonitride; the chemical mechanical polishing process stops at the surface of the barrier
layer, and over-polishing is performed to expose the surfaces of the first dummy gate structure and
the second dummy gate structure.

28. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that it also includes: forming a first work function layer between the first gate dielectric layer and
the first metal gate, and a second work function layer located between the second gate dielectric
layer and the second metal gate, wherein the material of the first work function layer and the second
work function layer is titanium, tantalum, titanium nitride, tantalum nitride, cobalt, titanium
aluminum nitride, titanium aluminum cobalt, ruthenium, copper manganese, titanium aluminum
nitride, titanium aluminum or lanthanum.

29. The method for forming a semiconductor structure as claimed in claim 17 is characterized
in that the material of the gate dielectric layer is a high-K dielectric material, the material of the first
metal gate and the second metal gate is copper, tungsten, aluminum or silver, the material of the first
dielectric layer and the second dielectric layer is one of silicon oxide and a low-K dielectric material,
the material of the third dielectric layer is silicon nitride, and the material of the first contact layer
is titanium or tungsten.

30. A semiconductor structure, characterized in that it comprises: a semiconductor substrate; a
first dielectric layer located on the surface of the semiconductor substrate, a first opening and a
plurality of adjacent second openings are provided in the first dielectric layer to expose the
semiconductor substrate, a first doped region is provided in the semiconductor substrate on both
sides of the first opening, a second doped region is provided in the semiconductor substrate between
adjacent second openings, a gate dielectric layer is provided on the bottom and sidewall surfaces of
the first opening and the second opening, a first metal gate is provided on the surface of the gate
dielectric layer of the first opening, a second metal gate is provided on the surface of the gate
dielectric layer of the second opening, a top surface of the second metal gate is lower than the top
surface of the first metal gate, and a third dielectric layer is provided on the surface of the second
metal gate, the surface of the third dielectric layer is flush with the top surface of the first metal gate,
and the third dielectric layer has an etching selectivity relative to the first dielectric layer; a second
dielectric layer located on the surfaces of the first metal gate, the third dielectric layer and the first
dielectric layer, the materials of the second dielectric layer has an etching selectivity relative to the
third dielectric layer; the fourth and fifth openings located in the second dielectric layer and the first
dielectric layer, the fourth opening exposing the surface of at least one first metal gate, the fifth
opening exposing the surface of at least one second doped region; a first contact layer located in the
fourth opening, a second contact layer located in the fifth opening; the first contact layer being
electrically connected to at least one first metal gate, the second contact layer being electrically
connected to at least one second doped region.
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31. The semiconductor structure as claimed in claim 30 is characterized in that the first contact

layer is electrically connected to the first metal gate and at least one first doped region.

32. The semiconductor structure as claimed in claim 30 is characterized in that the first contact
layer is electrically connected to the first metal gate and is electrically isolated from the first doped
region by a first dielectric layer.

33. The semiconductor structure as claimed in claim 30 is characterized in that the number of
the first openings is greater than or equal to 1, and the number of the second openings is greater than
or equal to 1.

34. The semiconductor structure as claimed in claim 30 is characterized in that the fourth
opening also exposes a portion of the surface of the third dielectric layer; the first contact layer
located in the fourth opening and the second metal gate are electrically isolated by the third dielectric
layer.

35. The semiconductor structure as claimed in claim 30 is characterized in that the fifth opening
also exposes a portion of the surface of the third dielectric layer; the second contact layer located in
the fifth opening and the second metal gate are electrically isolated by the third dielectric layer.

36. The semiconductor structure as claimed in claim 30 is characterized in that it includes a
barrier layer located between the first dielectric layer and the semiconductor substrate, the first gate
dielectric layer, and the second gate dielectric layer, wherein the barrier layer is made of silicon
nitride, silicon oxynitride, silicon carbide or silicon carbonitride.

37. The semiconductor structure as claimed in claim 30 is characterized in that it also includes:
sidewalls on the surface of the semiconductor substrate on both sides of the gate dielectric layer,
and the material of the sidewalls is one or more combinations of silicon oxide, silicon nitride and
low-K dielectric materials.

38. The semiconductor structure as claimed in claim 30 is characterized in that it also includes:
a first work function layer between the first gate dielectric layer and the first metal gate, and a second
work function layer located between the second gate dielectric layer and the second metal gate,
wherein the material of the first work function layer and the second work function layer is titanium,
tantalum, titanium nitride, tantalum nitride, cobalt, titanium aluminum nitride, titanium aluminum
cobalt, ruthenium, copper manganese, titanium aluminum nitride, titanium aluminum or lanthanum.

39. The semiconductor structure as claimed in claim 30 is characterized in that the material of
the gate dielectric layer is a high-K dielectric material, the material of the first metal gate and the
second metal gate is copper, tungsten, aluminum or silver, the material of the first dielectric layer
and the second dielectric layer is one of silicon oxide and a low-K dielectric material, the material
of the third dielectric layer is silicon nitride, and the material of the first contact layer is titanium or

tungsten.
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Semiconductor Structure and Method for Forming the Same
Technical Field

[0001] The present invention relates to the field of semiconductor manufacturing technology,
and more particularly to a semiconductor structure and a method for forming the same.

Background Technology

[0002]  With the rapid development of integrated circuit manufacturing technology, the size
of semiconductor devices in integrated circuits, especially MOS (Metal Oxide Semiconductor)
devices, has been continuously reduced to meet the requirements of miniaturization and integration
of integrated circuit development. As the size of MOS transistor devices continues to shrink, the
existing process of using silicon oxide or silicon oxynitride as the gate dielectric layer has been
challenged. Transistors formed using silicon oxide or silicon oxynitride as gate dielectric layers have
some problems, including increased leakage current and diffusion of impurities, which affect the
threshold voltage of the transistor and further affect the performance of the semiconductor device.

[0003] In order to solve the above problems, a transistor containing a high-K dielectric layer
and a metal gate structure is proposed. The transistor containing a high-K dielectric layer and a metal
gate structure uses a high-K (dielectric constant) material to replace the commonly used silicon
oxide or silicon oxynitride gate dielectric material, which can reduce the size of the transistor, reduce
the generation of leakage current, and improve the performance of the transistor.

[0004] A transistor with a high-K dielectric layer and a metal gate structure in the prior art
is shown in Fig. 1, comprising: a first dielectric layer 105 located on the surface of a semiconductor
substrate 100, wherein the first dielectric layer 105 has an opening (not shown) exposing the surface
of the semiconductor substrate 100; a high-K gate dielectric layer 101 located on the sidewalls and
bottom surface of the opening; a metal gate layer 103 located on the surface of the high-K gate
dielectric layer 101, and sidewalls 104 located on the surface of the semiconductor substrate 100 on
both sides of the high-K gate dielectric layer 101 and the metal gate layer 103; and a source region
106a and a drain region 106b in the semiconductor substrate 100 located on both sides of the high-
K gate dielectric layer 101, the metal gate layer 103 and the sidewalls 104.

[0005] After forming the transistor as shown in Fig. 1, the back end of line (BEOL) process
of the semiconductor device is performed to enable a source, a drain or a gate of the transistor to be
electrically connected to other semiconductor devices in an integrated circuit.

[0006] However, the BEOL process of the existing transistor with a high-K dielectric layer
and a metal gate structure is relatively complicated, which will increase the process time and cost.

[0007] For more information on the BEOL process of transistors, please refer to U.S. patent
document with publication number US2007/0210339.

Summary of the Invention

[0008] The problem solved by the present invention is to provide a semiconductor structure
and a method for forming the same, so as to improve the BEOL process of a transistor having a
high-K dielectric layer and a metal gate structure, thereby improving the process efficiency and
reducing the process cost.

[0009] To address the aforementioned problem, the present invention provides a method for
forming a semiconductor structure, comprising: a semiconductor substrate; a first dielectric layer
located on the surface of the semiconductor substrate, a first opening and a second opening are
provided in the first dielectric layer to expose the semiconductor substrate, a first doped region is
provided in the semiconductor substrate on both sides of the first opening, a gate dielectric layer is
provided on the bottom and sidewall surfaces of the first opening and the second opening, a first
metal gate is provided on the surface of the gate dielectric layer of the first opening, a second metal
gate is provided on the surface of the gate dielectric layer of the second opening, a top surface of
the second metal gate is lower than the top surface of the first metal gate, and a third dielectric layer
is provided on the surface of the second metal gate, the surface of the third dielectric layer is flush
with the top surface of the first metal gate, and the third dielectric layer has an etching selectivity
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relative to the first dielectric layer; the surfaces of the first metal gate, the third dielectric layer and
the first dielectric layer covered by the second dielectric layer, the second dielectric layer has an
etching selectivity relative to the third dielectric layer; a fourth opening formed in the second
dielectric layer and the first dielectric layer, the fourth opening exposing the surface of at least one
first doped region and the first metal gate; a first contact layer located in the fourth opening, the first
contact layer being electrically connected to the first metal gate and at least one first doped region.

[0010] Accordingly, the present invention also provides a semiconductor structure,
comprising: a semiconductor substrate; a first dielectric layer located on the surface of the
semiconductor substrate, a first opening and a second opening are provided in the first dielectric
layer to expose the semiconductor substrate, a first doped region is provided in the semiconductor
substrate on both sides of the first opening, a gate dielectric layer is provided on the bottom and
sidewall surfaces of the first opening and the second opening, a first metal gate is provided on the
surface of the gate dielectric layer of the first opening, a second metal gate is provided on the surface
of the gate dielectric layer of the second opening, a top surface of the second metal gate is lower
than the top surface of the first metal gate, and a third dielectric layer is provided on the surface of
the second metal gate, the surface of the third dielectric layer is flush with the top surface of the first
metal gate, and the third dielectric layer has an etching selectivity relative to the first dielectric layer;
a second dielectric layer located on the surfaces of the first metal gate, the third dielectric layer and
the first dielectric layer, the second dielectric layer has an etching selectivity relative to the third
dielectric layer; a fourth opening located in the second dielectric layer and the first dielectric layer,
the fourth opening exposing the surface of at least one first doped region and at least one first metal
gate; a first contact layer located in the fourth opening, the first contact layer being electrically
connected to the first metal gate and at least one first doped region.

[0011]  The present invention also provides a method for forming a semiconductor structure,
comprising: a semiconductor substrate; a first dielectric layer located on the surface of the
semiconductor substrate, a first opening and a second opening are provided in the first dielectric
layer to expose the semiconductor substrate, a first doped region is provided in the semiconductor
substrate on both sides of the first opening, a gate dielectric layer is provided on the bottom and
sidewall surfaces of the first opening and the second opening, a first metal gate is provided on the
surface of the gate dielectric layer of the first opening, a second metal gate is provided on the surface
of the gate dielectric layer of the second opening, a top surface of the second metal gate is lower
than the top surface of the first metal gate, and a third dielectric layer is provided on the surface of
the second metal gate, the surface of the third dielectric layer is flush with the top surface of the first
metal gate, and the third dielectric layer has an etching selectivity relative to the first dielectric layer;
the surfaces of the first metal gate, the third dielectric layer and the first dielectric layer covered by
the second dielectric layer, the second dielectric layer has an etching selectivity relative to the third
dielectric layer; a fourth opening formed in the second dielectric layer and the first dielectric layer,
the fourth opening exposing the surface of at least one first doped region and the first metal gate; a
first contact layer located in the fourth opening, the first contact layer being electrically connected
to the first metal gate and at least one first doped region.

[0012] Accordingly, the present invention also provides a semiconductor structure,
comprising: a semiconductor substrate; a first dielectric layer located on the surface of the
semiconductor substrate, a first opening and a second opening are provided in the first dielectric
layer to expose the semiconductor substrate, a first doped region is provided in the semiconductor
substrate on both sides of the first opening, a gate dielectric layer is provided on the bottom and
sidewall surfaces of the first opening and the second opening, a first metal gate is provided on the
surface of the gate dielectric layer of the first opening, a second metal gate is provided on the surface
of the gate dielectric layer of the second opening, a top surface of the second metal gate is lower
than the top surface of the first metal gate, and a third dielectric layer is provided on the surface of
the second metal gate, the surface of the third dielectric layer is flush with the top surface of the first
metal gate, and the third dielectric layer has an etching selectivity relative to the first dielectric layer;
a second dielectric layer located on the surfaces of the first metal gate, the third dielectric layer and
the first dielectric layer, the second dielectric layer has an etching selectivity relative to the third
dielectric layer; a fourth opening located in the second dielectric layer and the first dielectric layer,
the fourth opening exposing the surface of at least one first doped region and at least one first metal
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gate; a first contact layer located in the fourth opening, the first contact layer being electrically
connected to the first metal gate and at least one first doped region.

[0013] Compared with the prior art, the technical solution of the present invention has the
following advantages:

[0014] Make the top surface of the second metal gate lower than the top surface of the first
metal gate, and form a third dielectric layer on the surface of the second metal gate, so that the
surface of the third dielectric layer is flush with the top surface of the first metal gate, and the third
dielectric layer has etching selectivity relative to the first dielectric layer; when the second dielectric
layer is subsequently formed, a fourth opening is formed in the second dielectric layer and the first
dielectric layer to expose at least one first doped region and the first metal gate, the third dielectric
layer can protect the surface of the second metal gate; and the first contact layer subsequently formed
in the fourth opening is electrically isolated from the second metal gate while being electrically
connected to at least one first doped region and at least one first metal gate; the first contact layer
can serve as a shared contact structure (Share Contact) connecting the first doped region and the
first metal gate; secondly, the fourth opening can be formed by only one etching process, and the
first contact layer can be formed by only one metal filling process, which can simplify the process.

[0015] In asemiconductor structure, a top surface of a second metal gate is lower than a top
surface of a first metal gate, and a third dielectric layer is provided on the surface of the second
metal gate; the surfaces of the first metal gate, the third dielectric layer and the first dielectric layer
have a second dielectric layer, and fourth openings in the second dielectric layer and the first
dielectric layer expose surfaces of at least one first doped region and the first metal gate; therefore,
a first contact layer is provided in the fourth opening and is electrically connected to at least one
first doped region and the first metal gate as a shared contact structure, and the structure of the first
contact layer is simple, which is beneficial to the integration of semiconductor devices.

[0016] In another method for forming a semiconductor structure, a fifth opening exposing
the surface of at least one second doped region is formed while a fourth opening exposing at least
one first metal gate is formed in the second dielectric layer and the first dielectric layer; thereby, a
second contact layer can be formed in the fifth opening while a first contact layer can be formed in
the fourth opening; the first contact layer can be electrically connected to at least one first metal gate
and electrically isolated from the second metal gate by a third dielectric layer; the second dielectric
layer can be electrically connected to the second doped region and electrically isolated from the
second metal gate by the third dielectric layer, and can be used as a self-aligned contact structure
(SACQ); the first contact layer and the second contact layer are formed simultaneously, which further
simplifies the process.

[0017] In the semiconductor structure, the second dielectric layer and the first dielectric
layer located on the surface of the first metal gate, the third dielectric layer and the first dielectric
layer have a first contact layer and a second contact layer at the same time; the first contact layer
can be electrically connected to at least one first metal gate, and is electrically isolated from the
second metal gate by the third dielectric layer; and the second contact layer can be electrically
connected to the second doped region, and is electrically isolated from the second metal gate by the
third dielectric layer, and can be used as a self-aligned contact structure; the structures of the first
contact layer and the second contact layer are simple, which is conducive to the integration of
semiconductor devices.

Description of the Drawings

[0018] Fig. 1 is a schematic cross-sectional structure diagram of a transistor having a high-
K dielectric layer and a metal gate structure in the prior art;

[0019] Fig. 2 is a schematic diagram of a shared contact structure formed in a BEOL process
of a transistor having a high-K dielectric layer and a metal gate structure;

[0020] Fig. 3 to Fig. 7 are schematic cross-sectional views of a process for forming a
semiconductor structure according to the first embodiment of the present invention;

[0021] Fig. 8 and Fig. 9 are schematic cross-sectional views of a process for forming a
semiconductor structure according to the second embodiment of the present invention;

Specific Embodiments
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[0022] As described in the background technology, the BEOL process of the existing transistor with
a high-K dielectric layer and a metal gate structure is relatively complicated, which will increase the
process time and cost.

[0023] The inventors of the present invention have found through research, please refer to Fig. 2,
that in the BEOL process of the existing transistor with a high-K dielectric layer and a metal gate structure,
the electrical interconnection structure formed includes a shared contact structure (Share Contact), and
the shared contact structure is composed of a first conductive plug 124 located on the surface of the
source region 106a, a second conductive plug 125 located on the surface of the metal gate layer 103, and
a conductive layer 126 located on the surfaces of the first conductive plug 124 and the second conductive
plug 125.

[0024] Wherein, the first conductive plug 124 and the second conductive plug 125 need to be filled
with metal in the first opening and the second opening through a deposition process, and the metal above
the surface of the second dielectric layer 120 is removed by a chemical mechanical polishing process,
and the conductive layer 126 also needs to be formed by a deposition process and an etching process
after the deposition process. The process of the shared contact structure is relatively complicated, which
is not conducive to improving efficiency and reducing costs; secondly, since the depth-to-width ratio of
the first opening and the second opening is relatively large, defects are easily generated in the filled metal,
resulting in poor device performance; and, since the area of the top surface of the first conductive plug
124 and the second conductive plug 125 is too small relative to the area of the second dielectric layer
120, the subsequent chemical mechanical polishing process is likely to cause poor morphology on the
surface of the second dielectric layer 120, thereby reducing the stability of the device.

[0025] After further research by the inventors of the present invention, a method for forming a
semiconductor structure is proposed, which can simplify the process of forming a shared contact structure
and make the formed shared contact structure simple, which is conducive to the integration of
semiconductor devices.

[0026] In order to make the above-mentioned objectives, features and advantages of the present
invention more obvious and easy to understand, the specific embodiments of the present invention are
described in detail below in conjunction with the accompanying drawings.

[0027] First embodiment

[0028] Fig. 3 to Fig. 7 are schematic cross-sectional views of a process for forming a semiconductor
structure according to a first embodiment of the present invention.

[0029] Referring to Fig. 3, a semiconductor substrate 400 is provided, wherein the surface of the
semiconductor substrate 400 has a first dielectric layer 401, the first dielectric layer 401 has a second
opening (not shown) and a first opening (not shown), the first opening and the second opening expose
the semiconductor substrate 400, the semiconductor substrate 400 on both sides of each first opening has
a first doped region 402, the bottom and sidewall surfaces of the first opening have a first gate dielectric
layer 410, the surface of the first gate dielectric layer 410 has a first metal gate 411, the bottom and
sidewall surfaces of the second opening have a second gate dielectric layer 420, the surface of the second
gate dielectric layer 420 has a second metal gate 421, and the surfaces of the first metal gate 411 and the
second metal gate 421 are both flush with the surface of the first dielectric layer 401.

[0030] The semiconductor substrate 400 is used to provide a working platform for subsequent
processes; the semiconductor substrate 400 is a silicon substrate, a silicon substrate, a silicon carbide
substrate, a silicon-on-insulator (SOI) substrate, a germanium-on-insulator (GOI) substrate, a glass
substrate or a III-V compound substrate (such as silicon nitride or gallium arsenide, etc.).

[0031] The material of the first gate dielectric layer 410 and the second gate dielectric layer 420 is
a high-K dielectric material, and the high-K dielectric material includes: hafnium oxide, zirconium oxide,
hafnium silicon oxide, lanthanum oxide, zirconium silicon oxide, titanium oxide, tantalum oxide, barium
strontium titanium oxide, barium titanium oxide, strontium titanium oxide or aluminum oxide; the
material of the first metal gate 411 and the second metal gate 421 is a metal, and the metal includes:
copper, tungsten, aluminum or silver.

[0032] The number of the first openings is equal to 1 or greater than 1; when the number of the first
openings is greater than 1, and several first openings are adjacent to each other, the first doped region
402 is located in the semiconductor substrate 400 between adjacent first openings; the first doped region
402 serves as a source region and a drain region in the formed transistor; in addition, the first opening
can be adjacent to the second opening, and the first doped region 402 is located in the semiconductor
substrate 400 between adjacent first openings and the second opening; in addition, the number of the
second openings can also be equal to 1 or greater than 1, and there is a second doped region 403 between
adjacent second openings, and the second opening located at the edge is adjacent to the first opening
located at the edge; in this embodiment, the number of the first opening is 1, the number of the second
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openings is 3, and the 3 second openings are adjacent to each other.

[0033] In one embodiment, a first work function layer (not shown) is provided between the first
gate dielectric layer 410 and the first metal gate 411, and a second work function layer (not shown) is
provided between the second gate dielectric layer 420 and the second metal gate 421; the materials of the
first work function layer and the second work function layer are titanium, tantalum, titanium nitride,
tantalum nitride, cobalt, titanium aluminum nitride, titanium aluminum cobalt, ruthenium, copper
manganese, titanium aluminum nitride, titanium aluminum or lanthanum; the first work function layer
and the second work function layer are used to adjust the threshold voltage of the formed transistor, when
the formed transistor is a PMOS transistor, the material of the first work function layer or the second
work function layer needs to have a higher work function, when the formed transistor is an NMOS
transistor, the material of the first work function layer or the second work function layer needs to have a
lower work function to reduce the threshold voltage of the formed transistor.

[0034] In another embodiment, a protective layer (not shown) is further formed on the surfaces of
the first gate dielectric layer 410 and the second gate dielectric layer 420. The material of the protective
layer is titanium nitride or tantalum nitride, and is used to isolate the first gate dielectric layer 410 from
the first metal gate 411, and the second gate dielectric layer 420 from the second metal gate 421; the
protective layer is used to prevent impurities from passing through the gate dielectric layer into the work
function layer or the metal gate to cause contamination during the formation of the transistor, or to prevent
leakage current from being generated between the gate dielectric layer and the metal gate when the
transistor is working, thereby improving the isolation effect.

[0035] The formation process of the first openings, second openings, first doped regions 402, and
second doped regions 403 is as follows: forming a plurality of adjacent first dummy gate structures (not
shown) and second dummy gate structures (not shown) on the surface of the semiconductor substrate
400, wherein the materials of the first dummy gate structures and second dummy gate structures are
polysilicon; using an ion implantation process to form first doped regions 402 in the semiconductor
substrate 400 on both sides of each first dummy gate structure, and forming second doped regions 403
in the semiconductor substrate 400 between adjacent second dummy gate structures; after forming the
first doped regions 402 and second doped regions 403, depositing a first dielectric film on the sidewalls
and top surfaces of the semiconductor substrate 400, the first dummy gate structures, and the second
dummy gate structures; using a chemical mechanical polishing process to remove the first dielectric film
above the surfaces of the first dummy gate structures and second dummy gate structures, thereby forming
a first dielectric layer 401 flush with the surfaces of the first dummy gate structures and second dummy
gate structures; after forming the first dielectric layer 401, removing the first dummy gate structures to
form the first openings, and removing the second dummy gate structures to form the second openings.

[0036] After forming the first opening and the second opening, a gate dielectric film is deposited
on the sidewall and bottom surface of the first opening; a gate electrode film is deposited on the surface
of the gate dielectric film to fill the first opening; a chemical mechanical polishing process is used to
remove the gate dielectric film and the gate electrode film above the surface of the first dielectric layer
401, so as to form a first gate dielectric layer 410 and a first metal gate 411 in the first opening, and a
second gate dielectric layer 420 and a second metal gate 421 in the second opening.

[0037] In one embodiment, before forming the first dielectric film, the method further includes:
depositing a barrier layer on the sidewalls and top surfaces of the semiconductor substrate 400, the first
dummy gate structure and the second dummy gate structure, wherein the material of the barrier layer is
silicon nitride, silicon oxynitride, silicon carbide or silicon carbonitride, and is different from the material
of the first dielectric layer; the barrier layer is used to define the stop position of the polishing process
when the first dielectric film above the surface of the dummy gate structure is removed by a chemical
mechanical polishing process, and after the chemical mechanical polishing process stops at the barrier
layer, over-polishing is performed to expose the surfaces of the first dummy gate structure and the second
dummy gate structure.

[0038] In another embodiment, after forming the first dummy gate structure and the second dummy
gate structure and before forming the first doped region 402, sidewalls are formed on the surface of the
semiconductor substrate 400 on both sides of the first dummy gate structure and the second dummy gate
structure, respectively, and the material of the sidewalls is one or more combinations of silicon oxide,
silicon nitride and low-K dielectric materials.

[0039] It should be noted that, since the materials of the first gate dielectric layer 410 and the second
gate dielectric layer 420 are high-K dielectric materials, the interfaces between the first gate dielectric
layer 410 and the second gate dielectric layer 420 and the semiconductor substrate 400 do not match.
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Therefore, before depositing the gate dielectric film in the first opening and the second opening, it is
necessary to use a thermal oxidation process to form a silicon oxide layer (not shown) on the surface of
the semiconductor substrate 400 at the bottom of the first opening and the second opening to bond the
first gate dielectric layer 410 and the second gate dielectric layer 420 to the semiconductor substrate 400,
thereby reducing leakage current and stabilizing device performance.

[0040] Referring to Fig. 4, a portion of the second metal gate 421 is etched to form a third
opening (not shown), so that the top surface of the second metal gate 421 is lower than the top
surface of the first metal gate 411; a third dielectric layer 409 is formed in the third opening, the
surface of the third dielectric layer 409 is flush with the top surface of the first metal gate 411, and
the third dielectric layer 409 has an etching selectivity relative to the first dielectric layer 401.

[0041] In order to meet different industrial needs and form transistors with different heights, it
is necessary to etch the top surface of the second metal gate 421 to make it lower than the first metal
gate 411; and after the top surface of the second metal gate 421 is lower than the first metal gate
411, a third dielectric layer 409 is formed on the surface of the second metal gate 421, so as to
electrically isolate the second metal gate 421 from the first contact layer formed subsequently.

[0042] The process for forming the third opening is an etching process, preferably an
anisotropic dry etching process; in the embodiment of the present invention, in order to prevent the
first metal gate 411 from being etched during the etching process, it also includes: before performing
the etching process, forming a protective layer on the surface of the first metal gate 411; after the
etching process, removing the protective layer.

[0043] It should be noted that, in other embodiments of the present invention, when a second
work function layer is provided between the second metal gate 421 and the second gate dielectric
layer 420, the work function layer also needs to be etched, which will not be described in detail
herein.

[0044] Since the first contact layer formed subsequently only needs to electrically connect the
first metal 411 and the first doped region 402, when the first contact layer is electrically connected
to the first doped region 402 and the first metal gate 411, the third dielectric layer 409 can electrically
isolate the first contact layer from the second metal gate 421; in addition, the third dielectric layer
409 is simultaneously formed on the surfaces of the second work function layer and the second
metal gate 421, thereby playing a role of electrical isolation.

[0045] The material of the third dielectric layer 409 is silicon nitride, and the formation process
is as follows: after etching the second metal gate 421, a third dielectric film is deposited in the third
opening and on the surfaces of the first dielectric layer 401 and the first metal gate 411; a chemical
mechanical polishing process is used to remove the third dielectric film above the surface of the first
dielectric layer 401, and the third dielectric layer 409 is formed on the surface of the second metal
gate 421.

[0046] Referring to Fig. 5, a second dielectric layer 406 is covered on the surfaces of the first
metal gate 411, the third dielectric layer 409 and the first dielectric layer 401, and the second
dielectric layer 406 has an etching selectivity relative to the third dielectric layer 409; a mask layer
407 is formed on the surface of the second dielectric layer 406, and the mask layer 407 exposes the
surface of the second dielectric layer 406 corresponding to the position of at least one first doped
region 402 and the first metal gate 411.

[0047] The material of the second dielectric layer 406 is one of silicon oxide and low-K
dielectric materials, and the formation process of the second dielectric layer 406 is a deposition
process, preferably a chemical vapor deposition process; since the second dielectric layer 406 is
formed on the surface of the first metal gate 411, the first contact layer subsequently formed in the
second dielectric layer 406 is used to electrically connect to the first metal gate 411.

[0048] The mask layer 407 has a sixth opening 440 exposing the surface of the second dielectric
layer at a position corresponding to at least one first doped region 402 and the first metal gate 411.
The sixth opening 440 defines a position of a first contact layer to be formed subsequently. The
material of the mask layer 407 is photoresist, and its formation process is: forming a photoresist film
on the surface of the second dielectric layer 406 by a spin coating process; exposing and developing
the photoresist film for patterning, removing the photoresist film corresponding to the position of
the first metal gate 411 and the first doped region 402, and forming the mask layer 407.

[0049] In the present embodiment, the mask layer 407 only exposes a first metal gate 411 and
a corresponding position of a first doped region 402, so that a second opening subsequently formed
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using the mask layer 407 as a mask can expose a first metal gate 411 and a corresponding position
of a first doped region 402, and the first contact layer formed in the second opening can electrically
connect the first metal gate 411 and the first doped region 402, thereby forming a shared contact
structure.

[0050] It should be noted that, the mask layer 407 of the present embodiment can also expose
a portion of the surface of the second dielectric layer 406 corresponding to the position of the second
metal gate 421, and the area exposed by the mask layer 407 becomes larger, thereby reducing the
precision requirement for the photolithography process; since the surface of the second metal gate
421 has the third dielectric layer 409, and the third dielectric layer 409 has etching selectivity relative
to the second dielectric layer 406, and the second metal gate 421 also has sidewalls on both sides;
when the second opening is subsequently etched to form the second opening, the third dielectric
layer 409 and the sidewalls can protect the second metal gate 421 and the second gate dielectric
layer 420 from being damaged; thereby avoiding the problem of additionally exposing the second
metal gate 421 due to process errors when the photolithography process exposes the first metal gate
411, thereby ensuring the stability of the performance of the formed device.

[0051] In another embodiment, the mask layer simultaneously exposes the first metal gate 411
and the corresponding positions of the first doped regions 402 on both sides thereof; when the first
dielectric layer 401 and the second dielectric layer 406 are etched using the mask layer as a mask,
the formed second opening can expose the first metal gate 411 and the surfaces of the first doped
regions 402 on both sides thereof; so that the first contact layer subsequently formed in the second
opening can be electrically connected to the first metal gate 411 and the first doped regions 402 on
both sides thereof at the same time.

[0052] In other embodiments, when the number of the first openings is greater than 1, the mask
layer can expose any first doped region and the corresponding positions of the first metal gate
located on both sides of the first doped region, so that the subsequently formed first contact layer
can be electrically connected to any first doped region and the first metal gates on both sides of the
first doped region at the same time.

[0053] The size and position of the area exposed by the mask layer 409 can be adjusted
according to the specific process requirements of the first contact layer to be formed, and should not
be overly limited here.

[0054] Referring to Fig. 6, the mask layer 407 is a mask, and the second dielectric layer 406
and the first dielectric layer 401 are etched until at least one first doped region 402 and a surface of
the first metal gate 411 are exposed, thereby forming a fourth opening 441.

[0055] The process of etching the second dielectric layer 406 and the first dielectric layer 401
is preferably an anisotropic dry etching process; since the material of the second dielectric layer 406
is different from that of the first metal gate 411, the process of etching the second dielectric layer
406 will not damage the surface of the first metal gate 411, and the first dielectric layer 401 between
the first metal gate 411 and the second metal gate 421 continues to be etched; when etching the first
dielectric layer 401, due to the protection of the sidewall, the sidewall surfaces of the first metal gate
411 and the second metal gate 421 are protected from damage; therefore, only one photolithography
and etching process is required to form the fourth opening 441 simultaneously exposing the first
doped region 402 and the first metal gate 411; and subsequently, only one deposition and polishing
process is required to form a first contact layer that is electrically connected to the first doped region
402 and the first metal gate 411 at the same time. The formed first contact layer can be used as a
shared contact structure, and the formation process of the first contact layer is simple, which can
reduce the process cost and improve the process efficiency; moreover, the top size of the fourth
opening 441 is relatively large, so that the top surface size of the first contact layer formed in the
fourth opening 441 is relatively large. When the polishing process is subsequently used to remove
the metal material higher than the surface of the second dielectric layer 406, the damage to the
second dielectric layer 406 is relatively small, and the performance of the formed device is more
stable.

[0056] The surface of the second metal gate 421 is protected by the third dielectric layer 409,
so the formed fourth opening 441 will not expose the second metal gate 421, and the first contact
layer subsequently formed in the fourth opening 441 is electrically isolated from the second metal
gate 421 by the third dielectric layer 409; it should be noted that, in the etching process, since a part
of the thickness of the third dielectric layer 409 will be removed, the thickness of the third dielectric
layer 409 needs to be determined according to the etching process to ensure the isolation effect of
the third dielectric layer 409.

[0057] In one embodiment, when a barrier layer is provided between the first dielectric layer
401 and the semiconductor substrate 400, the first gate dielectric 410 and the second gate dielectric
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420, when the first dielectric layer 401 is etched, the barrier layer in contact with the first gate
dielectric 410 and the second gate dielectric 420 is retained, which can further protect the side walls
of the first metal gate 411 and the second metal gate 421 from being damaged during the etching
process; and the barrier layer located at the bottom of the fourth opening 441 is removed after the
first dielectric layer 401 is removed.

[0058] In another embodiment, when the mask layer simultaneously exposes the first metal
gate 411 and the corresponding positions of the first doped regions 402 on both sides thereof, the
etching-formed fourth opening can expose the first metal gate 411 and the surfaces of the first doped
regions 402 on both sides, enabling the subsequently formed first contact layer to simultaneously
electrically connect the first metal gate 411 and the first doped regions 402 on both sides thereof.

[0059] In other embodiments, when the number of the first openings is greater than 1 and the
mask layer is capable of exposing any first doped region 402 and the corresponding positions of the
first metal gate 411 located on both sides of the first doped region 402, the fourth opening formed
by etching can simultaneously expose the first doped region 402 and the first metal gate 411 on both
sides thereof, so that the first contact layer formed subsequently can be electrically connected to the
first doped region 402 and the first metal gate 411 located on both sides of the first doped region
402 at the same time.

[0060] Referring to Fig. 7, the fourth opening 441 (as shown in Fig. 6) is filled with metal to
form a first contact layer 442. The surface of the first contact layer 442 is flush with the top surface
of the second dielectric layer 406, and the first contact layer 442 is electrically connected to at least
one first metal gate 411 and at least one first doped region 402.

[0061] It should be noted that, before the fourth opening 441 is filled with metal, the mask layer
407 is removed (as shown in Fig. 6).

[0062] The first contact layer 442 is formed by: filling titanium or tungsten metal by a
deposition process or an electroplating process; after the fourth opening 441 is filled with metal,
removing the metal above the surface of the second dielectric layer 406 by a chemical mechanical
polishing process.

[0063] Since the top size of the fourth opening 441 is relatively large, it is conducive to the
filling of titanium or tungsten metal, so that the quality of the formed first contact layer 442 is good
and the performance of the formed device is stable. Furthermore, when the chemical mechanical
polishing process removes the metal above the surface of the second dielectric layer 406, the surface
damage of the second dielectric layer 406 is reduced, which is beneficial to improving the stability
of the formed device.

[0064] In one embodiment, before filling the conductive material, a stop layer (not shown) is
formed on the surface of the second dielectric layer 406 and the sidewalls and bottom surfaces of
the fourth opening 441, and the first contact layer 442 is formed on the surface of the stop layer. The
material of the stop layer is titanium nitride or tantalum nitride; the stop layer defines the stop
position of chemical mechanical polishing. After polishing to the stop layer, a certain amount of
over-polishing is performed to expose the surface of the second dielectric layer 406.

[0065] In the present embodiment, the first contact layer 442 can be electrically connected to
the first metal gate 411 and at least one first doped region 402 to form a shared contact structure; in
another embodiment, the fourth opening can simultaneously expose the first metal gate 411 and the
surfaces of the first doped regions 402 on both sides thereof, so that the first contact layer 442 can
be electrically connected to the first metal gate 411 and the first doped regions 402 on both sides
thereof at the same time.

[0066] In other embodiments, when the number of the first openings is greater than 1, the fourth
opening can simultaneously expose the first doped region 402 and the first metal gates 411 on both
sides thereof, enabling the formed first contact layer to electrically connect both the first doped
region 402 and the first metal gates 411 on both sides of the first doped region 402 at the same time.

[0067] In this embodiment, etch the top of the second metal gate so that it is lower than the top
surface of the first metal gate, and form a third dielectric layer on the surface of the second metal
gate, so that the third dielectric layer has etching selectivity relative to both the first dielectric layer
and the subsequently formed second dielectric layer; therefore, when a fourth opening is formed in
the second dielectric layer and the first dielectric layer to expose at least one first doped region and
the first metal gate, the third dielectric layer can protect the surface of the second metal gate, and
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ensure electrical isolation between the subsequently formed first contact layer within the fourth
opening and the second metal gate; the first contact layer is capable of electrically connecting at
least one first doped region and at least one first metal gate while remaining electrically isolated
from the second metal gate, thereby serving as a shared contact structure that links the first doped
region and the first metal gate; secondly, the fourth opening can be formed by only one etching
process, and the first contact layer can be formed by only one metal filling process, which can
simplify the process.

[0068] Accordingly, this embodiment further provides a semiconductor structure, please
continue to refer to Fig. 6, comprising: a semiconductor substrate 400, wherein the surface of the
semiconductor substrate 400 has a first dielectric layer 401, the first dielectric layer 401 has a
plurality of adjacent first openings and a plurality of adjacent second openings, the first openings
and the second openings expose the semiconductor substrate 400, and the semiconductor substrate
400 has a first doped region 402 on both sides of each first opening; a first gate dielectric layer 410
located at the bottom and sidewall surfaces of the first opening, a first metal gate 411 located at the
surface of the first gate dielectric layer 410, the surface of the first metal gate 411 is flush with the
surface of the first dielectric layer 401; a second gate dielectric layer 420 located at the bottom and
sidewall surfaces of the second opening, a second metal gate 421 located at the surface of the second
gate dielectric layer 420, the top surface of the second metal gate 421 is lower than the top surface
of the first metal gate 411 a third dielectric layer 409 located on the surface of the second metal gate
421, the surface of the third dielectric layer 409 being flush with the top surface of the first metal
gate 411, and the third dielectric layer 409 having an etching selectivity relative to the first dielectric
layer 401; a second dielectric layer 406 covering the first metal gate 411, the third dielectric layer
409 and the surface of the first dielectric layer 401, the second dielectric layer 406 having an etching
selectivity relative to the third dielectric layer 409; a fourth opening located in the second dielectric
layer 406 and the first dielectric layer 401, the fourth opening exposing the surface of at least one
first doped region 402 and at least one first metal gate 411; a first contact layer 442 located in the
fourth opening, the surface of the first contact layer 442 being flush with the top surface of the
second dielectric layer 406, and the first contact layer 442 being electrically connected to at least
one first doped region 402 and at least one first metal gate 411.

[0069] In the semiconductor structure of this embodiment, the first contact layer is electrically
connected to at least one first doped region and at least one first metal gate, and is electrically
isolated from the second metal gate by the third dielectric layer, serving as a shared contact structure.
The structure of the first contact layer is simple, which is conducive to the integration of
semiconductor devices.

[0070] Second embodiment

[0071] Different from the first embodiment of the present invention, in the second embodiment
of the present invention, a first contact layer and a second contact layer can be formed
simultaneously, the first contact layer serves as a shared contact structure, and the second contact
layer serves as a self-aligned contact structure.

[0072] On the basis of forming the structure shown in Fig. 4 of the first embodiment, please
refer to Fig. 8, a second dielectric layer 406 is formed on the surfaces of the third dielectric layer
409, the first metal gate 411 and the first dielectric layer 401, and the second dielectric layer 406
has an etching selectivity relative to the third dielectric layer 409; a mask layer 407 is formed on the
surface of the second dielectric layer 406, and the mask layer 407 has a sixth opening (not shown)
and a seventh opening (not shown), the sixth opening exposes the surface of the second dielectric
layer 406 corresponding to the position of at least one first metal gate 411, and the seventh opening
exposes the surface of the second dielectric layer 406 corresponding to the position of at least one
second doped region 403; using the mask layer 407 as a mask, the second dielectric layer 404 and
the first dielectric layer 401 are etched, and a fourth opening 441 and a fifth opening 451 are formed
in the second dielectric layer 404 and the first dielectric layer 401, the fourth opening 441 exposes
the surface of at least one first metal gate 411, and the fifth opening 451 exposes the surface of at
least one second doped region 403.

[0073] The materials and formation process of the second dielectric layer 406 and the mask
layer 407 are the same as those of the second dielectric layer and the mask layer described in the
first embodiment, and are not described in detail herein.

[0074] While the mask layer 407 exposes the position corresponding to at least one first metal
gate 411, the seventh opening also exposes the surface of the second dielectric layer 406
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corresponding to the position of at least one second doped region 403; the second dielectric layer
406 and the first dielectric layer 401 are etched simultaneously to form a fourth opening 441
exposing at least one first metal gate 411 and a fifth opening 451 exposing at least one second doped
region 403; furthermore, subsequently, a first contact layer can be formed in the fourth opening 441
and a second contact layer can be formed in the fifth opening 451 at the same time, thereby further
simplifying the formation process of the semiconductor device; wherein, the second contact layer is
a self-aligned contact structure, and the first contact layer is a shared contact structure.

[0075] The seventh opening in the mask layer 407 defines the position and pattern of the second
contact layer to be formed subsequently, so that the second contact layer can be electrically
connected to at least one second doped region 403; since the third dielectric layer 409 is formed on
the surface of the second metal gate 421, and the third dielectric layer 409 has an etching selectivity
relative to the second dielectric layer 406 and the first dielectric layer 401, the process of etching
the second dielectric layer 406 stops at the surface of the third dielectric layer 409, while the first
dielectric layer 401 located between adjacent second metal gates 421 continues to be etched, and
the second doped region 403 is exposed; the second contact layer formed subsequently on the
surface of the second doped region 403 can be electrically isolated from the second metal gate 421
through the third dielectric layer 409; therefore, the seventh opening can expose the corresponding
position of the second doped region 403 while exposing the corresponding position of part of the
third dielectric layer 409, so that the size of the seventh opening is larger, and the precision
requirement for the photolithography process when forming the seventh opening is reduced.

[0076] In one embodiment, the fourth opening 441 can simultaneously expose the surface of at
least one first metal gate 411 and the surface of at least one first doped region 402; then the first
contact layer subsequently formed in the fourth opening 441 is electrically connected to at least one
first doped region 402 and at least one first metal gate 411, so that the first contact layer serves as a
shared contact structure; in this embodiment, the fourth opening 441 exposes the surfaces of the first
metal gate 411 and the first doped region 402, and the formation method of the fourth opening 441
and the fifth opening 451 is: using the mask layer 407 as a mask, anisotropic dry etching process is
adopted to etch the second dielectric layer and the first dielectric layer until the surfaces of the first
doped region 402 and the second doped region 403 are exposed.

[0077] The embodiment of the fourth opening 441 in this embodiment is the same as the fourth
opening in the first embodiment, and will not be described in detail herein.

[0078] In another embodiment, the fourth opening can only expose the surface of at least one
first metal gate, and the bottom of the fourth opening has a first dielectric layer 401 electrically
isolated from the first doped region 402; the first contact layer formed in the fourth opening is
electrically connected to at least one first metal gate 411, and is electrically isolated from the first
doped region 402 through the first dielectric layer 401, so that the first contact layer is only used to
electrically connect the first metal gate 411 with other devices; the fourth opening and the fifth
opening are formed by: using the mask layer 407 as a mask, etching the second dielectric layer 406
at the bottom of the sixth opening and the seventh opening by an anisotropic dry etching process
until the first dielectric layer 401 is exposed, and forming a fourth opening exposing the first metal
gate 411 at the bottom of the sixth opening; forming a protective layer in the fourth opening, using
the protective layer and the mask layer as masks, continuing to etch the first dielectric layer 401 by
an anisotropic dry etching process until the surface of the second doped region 403 is exposed,
forming a fifth opening, and removing the protective layer.

[0079] Referring to Fig. 9, the fourth opening 441 (as shown in Fig. 8) and the fifth opening
451 (as shown in Fig. 8) are filled with metal, a first contact layer 442 is formed in the fourth opening
441, and a second contact layer 452 is formed in the fifth opening 451. The surfaces of the first
contact layer 442 and the second contact layer 452 are flush with the top surface of the second
dielectric layer 406. The first contact layer 442 is electrically connected to at least one first metal
gate 441, and the second contact layer 452 is electrically connected to at least one second doped
region 403.

[0080] The materials and formation process of the first contact layer 442 and the second contact
layer 452 are the same as those of the first contact layer of the first embodiment, and are not
described in detail here.
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[0081] In the present embodiment, the first contact layer 408 is electrically connected to the
first metal gate 411 and the first doped region 402a, serving as a shared contact structure; the second
contact layer 452 is electrically connected to the second doped region 403, and is electrically isolated
from the second metal gate 421 by the third dielectric layer 409, serving as a self-aligned contact
structure.

[0082] In other embodiments, the first contact layer is electrically connected to at least one first
metal gate 411, and is electrically isolated from the first doped region 402 by the first dielectric layer
401, so that the first contact layer is only used to electrically connect the first metal gate 411 to other
devices to meet specific industrial needs.

[0083] This embodiment can form a second contact layer while forming a first contact layer,
further simplifying the process; the first contact layer can be electrically connected to at least one
first doped region and at least one first metal gate at the same time, and be electrically isolated from
the second metal gate by a third dielectric layer, and can serve as a shared contact structure
connecting the first doped region and the first metal gate; the second contact layer can be electrically
connected to the second doped region, and be electrically isolated from the second metal gate by a
third dielectric layer, and can be used as a self-aligned contact structure.

[0084] Accordingly, the present embodiment further provides a semiconductor structure. The
difference between the semiconductor structure of the present embodiment and the semiconductor
structure of the first embodiment is that, please continue to refer to Fig. 9, the second dielectric layer
406 and the first dielectric layer 401 have a fourth opening and a fifth opening, the fourth opening
exposes the surface of at least one first metal gate 411, and the fifth opening exposes the surface of
at least one second doped region 403; the fourth opening has a first contact layer 442, and the fifth
opening has a second contact layer 452, the surfaces of the first contact layer 442 and the second
contact layer 452 are flush with the top surface of the second dielectric layer 406, the first contact
layer 442 is electrically connected to at least one first metal gate 411, and the second contact layer
452 is electrically connected to at least one second doped region 403.

[0085]In the semiconductor structure of this embodiment, the first contact layer can be
electrically connected to at least one first metal gate at the same time, and is electrically isolated
from the second metal gate by the third dielectric layer, and can be used to electrically connect the
first metal gate to other semiconductor devices; and the second contact layer can be electrically
connected to the second doped region, and is electrically isolated from the second metal gate by the
third dielectric layer, and can be used as a self-aligned contact structure.

[0086] It should be noted that all the foregoing embodiments use planar structure transistors
merely as illustrative examples. In other embodiments, the transistor structure may adopt three-
dimensional architectures such as fin field effect transistors (FinFETs). Particularly for three-
dimensional transistors, the fabrication method disclosed in these embodiments demonstrates
superior effectiveness, enabling formation of three-dimensional transistors with excellent
performance and stability. For specific processes, please refer to the relevant descriptions above,
which will not be repeated here.

[0087] Although the present invention has been disclosed above with reference to preferred
embodiments, it is not intended to limit the scope of the invention. Any person skilled in the art may,
without departing from the spirit and scope of the invention, make possible alterations and
modifications to the technical solution of the present invention based on the methods and techniques
disclosed above. Therefore, any simple modifications, equivalent variations, or modifications made
to the above embodiments in accordance with the technical essence of the present invention, without
deviating from the technical solution of the invention, shall fall within the scope of protection of the
present invention.
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