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METHOD OF FORMING SELF-ALIGNED CONTACTS USING A REPLACEMENT METAL GATE
PROCESS IN A SEMICONDUCTOR DEVICE
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Techniques disclosed herein provide a gate pitch scaling solution for creating source/drain contacts in
a replacement metal gate fabrication scheme. Such techniques provide a self-aligned contact process that
protects gate electrodes from shorts due to etching from misaligned patterns. Techniques herein provide a
dual layer cap formed by making a semi conformal material deposition over a non-planar topography of
RMG formation structures, and using selective etching and planarization to yield a dual layer protective cap

that does not excessively increase an aspect ratio.
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METHOD OF FORMING SELF-ALIGNED CONTACTS USING A

REPLACEMENT METAL GATE PROCESS IN A SEMICONDUCTOR DEVICE
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Techniques disclosed herein provide a gate pitch scaling solution for creating
source/drain contacts in a replacement metal gate fabrication scheme. Such techniques
provide a self-aligned contact process that protects gate electrodes from shorts due to
etching from misaligned patterns. Techniques herein provide a dual layer cap formed

by making a semi conformal material deposition over a non-planar topography of
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44, @@u v s RMG formation structures, and using selective etching and planarization to yield a
e Vg

dual layer protective cap that does not excessively increase an aspect ratio.
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METHOD OF FORMING SELF-ALIGNED CONTACTS USING A

REPLACEMENT METAL GATE PROCESS IN A SEMICONDUCTOR DEVICE

® (i eEis]
[0001]) ZFEFBEAFTBRESEFEREE - LH » NeBENB R KE
WiERE - M ERIEE R P ERSEE RIS IR -

Gl (D

[0002] E&RE (W5 ELEE (FET - field effect transistor ) ) EET
RIEBERNERTH - CEETWENE/ SEERE R EMPERERE - L |

@ oz - Ea—ER LY BN - BREREEM
# (RMG - replacement metal gate) 12 - Br{{4: BRAMGAME I RAESUERAM 2

B BRI (sacrificial or dummy gate) - GFET% B £ B AR B RREN( O
B - AN TAUNESB- |- P EBERELE
(MOSFET : metal-oxide-semiconductor field effec_t transistor) & A S B&L
Y4EEE (CMOS » complementary metal oxide semiconductor) - B Hu]E#E(,

B E RS (FinFET - fin field effect transistor ) B -

F1H - # 4 HEHRAD)

1C41074595 TIRETE AQ202 1043292247-0



201546961

[0003] 7EB{t&BAIERIRT  FIAIBEEEEER LY - EiH

| I S SRR - EB S SRS B T AL AR
5 FRLERETI « B 5K TERERE T RREARE B —E
SEEFTELK » FERMGRUR P - o/t 50l BB A 4 PE RV S P
EERIREES - RAFIRMELS LTREBNERE (BKE) WEN T
& R/ S I ) B MR - (RS SR T P A A B
15915 B B B OB RE - 5k B SIB A R
RIS - o
[0004] 7E PRI SRAAIY R B UG 2 - P/ 2
PR B - BTG B M R Mt L — S - Bl
715 AR S (R MR TR e - RS
IR AR A 2 BB RO T AT BT - TP S

ETRESR (WLESHREGERTSER) -

[HRE] ®

[0005] BEEBEMITEFRR 1/ - RS EL R IR

i - S FARE R S B LA, - VAT » 805K B SE A B REERREE ( pitch)
| ERT - R BB R R B A B E R — BUtTE
EESEOEZ R - T EE I REEEE - AT - RIS YIS
T B G BRI AR - RO T - ASMIERT

SR B B SR A - TG A1 BT 2 A VB R P TR A

FIAERE - RmESE T ALERRRE - RWERRERIIENN > NMEEEE
28 14 HEPRESD)

104107495 RN AG202 _ 1043292947-0



201546961

(T AT AR L 7 At AT RRAETO RS « SKT » L7 T B T
SEEERES (H LT E R S aeh U 4 I R S B )
IR - R - BAUEITEEBEE LIS L RS - RS HEELL
YA T Lo AR A 8 R At G A FLIR 6 (L A IR T IR -
[0006] FALLFFHBEEZ SRt T — BRI AME MRS 5 » HALVE
B BRI E 5 2P A VB TR BB » AL SRt — T F B
BT RE ST SR A R S e B R B 4 2 R
@ . niERE BERHEFE R CBEERE - KRS R
(semi-conformally ) IR RMGI R AEHBIIEH A EEL 5t -
[0007) —EFIEE— B R SBEET Y QRN EBBENSH
W o WAL Bl - LA SRS MR R B R
PRHBRZ 25— BB - 5 S BRRE — TR - SRR
% ERAETNANSE S HENE B RRYUCE S E2EW
5 SRR ELSHY L X FRBHTE - BE—BINES—£H
@ st E-BIREPEE  MES—BEE—S-SEPH CIFERE
W) - S BEE T E— ML 2 M HAESS AR L TR -
W BT S —B L - 5 B B R E B A RS
FEHHROEIEE - RE D EIDERTEEZ AL - EEFEE g TFE
WEB B L HHE—TE - DSBS - FR S —EAE
357 M ERR 0 TR - BB — BB A T e EIE RS
— BT ANE BB - Py MA S B ESE B TIAL - K

IEERZISE —fSHE LS —fg (IRENEXIZE S L ArE—8) -
FIH 4 HEVRYD)

1041074385 C T EET AC202 1043222047-0



201546961

[0008] E#K » BEBRIHLR, - BEREAI LA A R BRI FRIE
o BE > EESBRTLUHAEENEF KT - it BERASCZ EEAFRY
B BT B S S A EIB BN AN R R S IR - ﬁﬁﬂiﬁ%{ﬁ%ﬁ
A LUK BT S A AR AR A R T - B - ABIART AT S A ARG
B EER -

[0009) FEFEZIILEAN A ZENIE TS KA B N E AT AR
—1:%ﬁﬁ@ﬂ)ﬁi/ﬁi%bﬂ%ﬁ%ﬁ‘l‘éﬁgﬁ@%ffﬁ - Rt EANEZEERRHETFRER
B R RS A B AN T AR R BRI 3 05R - RN R EHEfIRVERS M
B R/ B TIREERES - SEE TR RUILL T — L ol A8 B N AR B =]

(EEHE R

[0010] 7EZRLL FERA HIEL BEAmRE % - A5880.2 & TRETERIR S
L (B TS TR 1 LT 5 R, - S8 S Bl R — SR
@By TRERERERE - FUR - RS - ®

(00111 [B1 AT A B S R A S B R 2 I 4
SRH I

[0012] [ 1B Fl £ TR B AR P A S B 2 NP 45

Byt E o
[0013) [ElICEREF B RE ERBENEN P ERBEEREZIETS
BRerESEE

H4H 4 HEWHRED)

104107495 TRV A0202 1043292947-0



201546961

[0014] fE1DEE/REM B K ERBERENFEGREERELZIEFS

SRS T E -
[0015] I ESE 00 A SR I B e s Aa a4 R AL B B 2 IEFP 5
BRI -
[0016] | FEE il £ B e S e AR RO P S B B B B (F 2 IE 4
RS LT E -

[0017) [ GEEAR (i R B TR B R e AR P B A A B AU E 2 I 5
BRI -
[0018) EI2AZET{E A B Bt BB A B AR A0 L BB S WO E 2 IEFF 5
eI - |
[0019] EI2BEER (5 M & R EBHB AR £ B BRI Y IEFS
SRR E
[0020] EI2CHER 55 A 1 B Y M A AT 2 B U 2 P 5
BRI T - |
® [0021] 12D (Al & B B e AR Ay M S B (e 2 IEFF 5
BRI - |
[0022] BRESER G B R B A AT S A B A 2 I 5
BRI -
[0023] EI2FEE-T 5 E B M S D AT A o B A (B MU 2 B 5
BRe S E - |
[0024] E2GHET(E M B RS B G B2 BB BRI I

Breyres e -
25 H - 3 14 HERERTH)

104107495 WIS ADRC2 1043292¢47-0



201546961

CUED

[0025) HBLFTIBE - HiiTie it R SRR s + ELFRLERS
o TR L 5 2 o A B R R A - At FCF AR — T8 T e
BB+ E AT G TR IR B AT o AT
R RN B (RMG) RS R B T 5=
T LB R S AT & TS -

(0026 FFTHBE 2 5 30 SHie el s SR o] T A 7E B3 5 - R
WEARRPHIBEE - BT HEELEGD - NS RS
SR BB A A 2 BT A2 0 I TR BB E (SAC - selfealigned
contact) g o‘

[0027) [E11A-1 G — AL [ & BRI HIATE AT v - (B
SR S S T RS 8 - ELEET T R ST R R
A5 - B AR HE s LY A Ra Y RO T - rEBERE112 (4
VR SRR S LA - s 2R e T e @
B105 + EL AR R R R G - R 2R E PIATIRE R - S
B (BN SE AR - AEIFTT - BRI |47 R 1 126
B AIRUEAIRINE 12 EEE (IR ENYIBES) - R 142G
FERIN - YA |6 FATR (ATEKESIOCH ) SEA SERTRA » LRI
AR - A% T BATE P T (BRI S A (4R L
) PR AR % - TSR 12 LSRR R

HE G R 128550 - n]E B EE S RS E AR R 2
F6H 4t 14 H(EPREB)

-2 777

104107495 RS A0202 . 1043292947-0



201546961

A BB AT L U E B R R - %ﬁﬂﬁﬁ% » B] Sl R E
TERET EHZIEAE - RBHRERZISIE -
[0028] EIBEREAMIENA ~ EEFEZE - EZEBREAESE
- FERGER RN | 1 2RSBRAVIETIL T » TS MR 1 2 1 B ST A R R Al
(GIRAYZERE] - FEUTIE S BRI AT - BB T U (ALD » atomic layer
deposition) DURFERZEA1237TIREHEE SRR AL < TR - 1T 28 i e R s Eu SBE A
HIRE I - BEN23AERREE N EE o TRRINFTEREZ R S Em E i
ZH B BRER - W1 230 BEBE it B P A S e
R > EMBI23TEYRLE - AT BUUR - SEPIMR A Bk sn
HIEASRRES - IR REHITTE NS B - B ERIRE R Rl
R FTRUR ISP S e BB AR IRTY - RIFEMALDYERIENEE - #1120 - "] H
se S MYIBMItLRE - BICERELAS BRG] - #1%4123 - RIEAIFE4AT
BRC RRUHEEEE - & BRMRI121EZRRE - 855 - BRI 121K
AR123 (HABENEER (BkE) MENER) K/KIIKEEBATERE -
@ rirE e BEGTREESHETNEENSRRE CRER) ZHPE
BTN
[0029) EEREXZBRE1INER T > I EEZEVEESBRE
b e FE-HlTH o SR BRI 2 R S ERE T EEEA M - [B1DERE
S 1689 E /KT ELLT EEMNER KRR BRI 121 - B 1EZ 5 [&134( 4
A EMETE) RPRIETIETER DB L - BT ERIE 134G RS E
ERIE - RARRE 1348k TEEGHEER T /A EHINE f 05k - fla0 - 48

BREBRE121 EANSE - BI4ERAMI6 LHREES - & 134701E
2 1H 3t 14 HEPREE

Ty

104107495 WL A02L2 : 1043282647-0



201546961

1% BENUEBTIE - GF 134T B S RAREETIEE P2 o AL -
%*ﬁﬁ%ﬂi%ﬁ%ﬁ%ﬁéﬁ% (AIEFHEEEEEeTR) - ERREEWEEEZ
WHBREBE GRETR) - AT Bl PSS S R e aany| 5 5
MELAERE - DHAEHE/ NVREE R ZERXT - BREIeRZrIERE
PR - E R BEREBICREER - FEMEEBRE - 2RMAY
78 2= [ 1% A 038 R A i B A By VB RV L B BB B~ [ | GBI 2 B
1504E A R BEER Tl (AW ERBE ) BB DL (BHRE A KE:8meh] -
FET B R HEEE | S0:ER SRR 121 BEEAR 1052 [ERIRE RS -

[0030) HE @ $TERINERBE (SAC) piZIFIBABEMKE RS AR
B EIRIE - BALYEEBREE B 1B S BRI B T B BUEES - E]Jtt ’
F_&BHAEERELSEREENNERFEANN - REZESHIRMLY
BFRMEE T B ERVERZIE 1E8HE (etch stop margin) - FEE/NURFEERR T Z1E
T REEHBEEREE - BHIME - —EEEE JRELARFIHEFTI053
Ko REEEEZ S E R LAV EE - AR/ e YR EBrERETEERE
HREVHERY - BB E R R AR (R NSEER ) Taeeiasn @
IBHYEATE B S ABTHE (CVD » chemical vapor deposition ) F#1TTHE » {H
FEEARBCVDRTIEC R s EME SamE R LY - HUAELEEBHE

- ERAIGTERIAARL -

[0031] é@?éﬁdé\/ﬁ o e L B S S A B O PRI REAE IS — /N
Bt (Fla0 > s NEER) - fEAIRRRIIREN -SRI EAERES
BRI TEAR TS R - KT - AL B S B R -

#ian - FERFEEEESERYER/SE ARSI - AERTEEMNEX - RELLE
% 8H 3t 14 HEWIRHEE)

104107495 RIS A020Z : 1043292947-0



201546961

K EECRTSREATIRTLI - R BRI L Z SR T T N
RENERBEH RS R - Hh— NSRS B e
BEE - EEGEREEONEE  MERTEESEMNEHRNELLEA
MBI - (S R R I BB R A R LA TR
FRIEEEY —  ERREBEE eSS RS - Bit - BAEE
5 S R T SRR TR TLIF R/ ST RIS T 2 BB <
[0032] M2A-2F47T —TIRIBA SIS T WA B b Ty P I B
BB T - TEE— S ET » BEER G —HAR 205 o EHR205 LA E— R
SRR B — 8201 B3 BRI 55 202 « SB— AP RHER AT
FIFAZE S HRHERY - SRR —TELL ORISR - IR+ 55 5202
AT ERIRR GRIRIEERAEE214 - 4 - 55— 45HI20 | AT BLI% S 22 17T
BE223 o B5 T AERR202REEMPE —REE201 T A - 55— #8201 R 58 18202
FRSHRAEERR205 (HEEHR20SBIRAE) MG TRIBE « RRMEEREEE—E
5201 R 28 M0 S FE B — S — RER - B KT BRI - 20E
O At EHEIRM - DS EREEES - FIEEIETE LR - @A
TR — R RSB EE - BRI — SRR
i
0033 15— BB « BORIER (FEAB—PPRHERAL B—H
BB SRR 55 R ) B0 BT A I AR | R B
BRABMIE (RMG) #5# - ILRMGH ST B8 & BMETAIESE —HHH
R St - s B B IR B A e BISAR B 0% S A

IR - B SRR AT R 28 i 55 — 561 - Al FR e sr ¢ P HALAYRMG
B9H - # 4 HRHRYEE)

104107425 TV AQ202 1043282947-0



201546961

s & BRI E A I - TiE S BEEE R SRR R E T
FIRSE - 5 HE01 - S BMEEME RS - HLHIBER L M
B BAIE (RMG) FHH05 B M iE s e R A8 (FinFET)
FRMGHEHS - HRMG5HEAT P S 3 L o I B SR T A - 76—
FafBirh » T4 AREBIEE NP ARIOAZ KRR -

[0034]) FEREEIEH S NANEE R EAREE THRART Rl
R S T S - T R R L o] S B RTEA - 0
1 TSR AR > A0 m - | SEEERENE
BEELIT » B4 BRIREE] B435-50 nm - FLYTEEB TBREA05k - BT
R TS50 nm - SRR BRI - ERE
T R R BT -

[0035) 7F 3ietatem [ SFERER R T » 65— B34
RifEsE—RE (NERAFRZ IIMAER) - - i —2347E iR
BREEHEY - SRS RENS - BRI S —REY
REELIEE - EEEEIE— B E—BH01 LA EE—amel > nE @
(RS RERE201 TR — 262 - A TREIZ S se 2 s e 2 A
fb - S — R FRE F AT EEEN L EE - KT EEE e
FHGEHTTRR - WS - S BREEE T ASRILRE T HREYHR
WEEE  (EEEIS—BEEELTE FRESL - BT REIE - S ETE
BESTEAE (TR RAREIE) - AER BEERE - IHEHREAL
BEARR (CVD) SIS S RIS — 8 - ZERMGHEHS L

BN EE S BN BRI EETUEY 2 ARRIPE -
510 H - 4 14 E(BYTREE)

104107495 % EEEE AO202 1043292947-0



201546961

[0036) B - {EREN BEE IR RITHEITOBLT - NEEEE
B2 R - R, LR EELENEEEF DS - &
% NEWEBULIETRS SRR - TIRAZ BFE SR
SERIREER |

(0037] TERRE—TB23424% » I — JBMITHES 8234k - (58
—BIME SRR (IRSRER) - DR E S MA S %
TSRS - A RIVHIRAGE — 8244 » RELEIHBAES G244 -

@ o IR . T B R B34 LT - B
& TEREL (ATROS(LY) - BRESIOCH) - (BB s E B EE R
PR - |

[0038) #:% » 25 = [244m) LSRRI T A4E AL AT SE — 4508 1 71088
—[@234 > LB E— B DAOBISER02 BB » TR E 22 A6 R —
JB 24457 - E2DETE— 201 |5 B—B234 LTI S B A
#2 —JEIRAIE R BIREEIE - BIA0 - 1A S B S R 2 (2

@ i1 (CMP -+ chemical mechanical planarization ) 8% - EAREEILY (B
—) B SIS ST SRR - R » IR TR
BT R TR A  EREEEEREL (SONHE) s
WE - B EENISE S SR E— S - FIEE T H e
AR - 3% - APITIEREIe e A — BSNEEEELHRE
_IJ: o

(0039) 7EEREZ ch » AIEEHITAISER - B T oIS — @234

- BIEEHER D - ERIEEE—fE234 T IR ZAEE202 10 - FrE R MATSH
511 H - # 14 HEERES)

104107495 FEIAUTS AQ202 10432€2€47-0



201546961

495 B ARSI E L The - ENLIE BRI —RERS201 b AR — 8234 CARSt
ARSI~ RERE202 L BRI —E23) - RIS — BN LN
— B S BN, - IR - ST AR B
R 2 SRS - SIS SR R L Y RUCEETE
7 5 B8 SR 5 -

[0040) /M SR HATELE (BB FEIENEEEE T H 2w
EATIRY) S HTREEEHY A CERREN GRERYELY)
IR - TR S A T S SIN B S M B (L L
Yoit > BIAL - CAF8/Ar/O2E{CAF6/Ar/O2 - [BI2EHZ B2 BRA] R & R SINGR
%l (FEEHASIO2 ) » Hal{g FHCH3F/Ar/O28(CH2F2/Ar/O2{ Y5, -

[0041] 7EE2EZ ok - ETIRRES = 8246 - EL48 A SE—B234cheRABANL T
EH—B234 - HBACTIIE ~ BB AR - AT 244 -
AILUEH » SRR AR T RENE - MBS R B - 75
EHEEBOERT - THART AR EEEENISE  HUSE=E
26T RERB202 - EETEAES - TREAEE_BHEEE—EHEEs @
SR LER - DS BRI ERR SIS —FR
N5 - BB B T AR R TR G AL CxFy ) HFEIC Ar/He/N2 )
R EBREYEE ) (02 CO~CO2~N2) » Hu]EiE5{F FHCAF8/Ar/O28;C4F6/Ar/O2 -
BRGNS - FLIR - S ABII250 (R TaUFBIEE ) Bty b itiein)
BRI R - AR HEA T AERA G BB SR SR

FHEFMBEEE -

F12H - 14 HEYRED)

104107495 FEINS AQ202Z 1043262047-0



201546961

[0042] FESERIRGIET - E%ﬁ“%ﬁﬁ%ﬂﬂ’éﬁ I - — BRI RS E
(TGRS - DURH P S BT AEAE Z JGI 281 - FEFREEIRZ
BT PIAEBERAIE L A AR MENAY B B HE B PN LAET i » 3t B8 LlEn(RIFRER
B BRI IERREIME - FRIELATEEE < BHEHIE 2 Rt Bl AnCARGE - Bk -
B TR MR EREE - #8 - REE - DURHEEZERE - @EWN
It - BRIFER EA Nt B AERRY B TERELE R - EE LESHEALD)
RERERE L TTHHRLARRAI B E TR0 - R AJ REERE (LA 25 BRAIRGIL -

[0043] ZHEFMABTEMERZESREREE  UHBRESETRD -
MEINE T e R R & E R F L ERREEIEF - FEH L 8%
PENE RN RAR BRI Z IEFF T © Pt R (F Al A R Gl B HEBIRINE
PRSI T » TEERSVI B DR » AISd T 2B ERS MR B/ BT A RS Pt R (E -

[0044] ZOFRMEATEE A TEEMR , B0 " BAREAMR , —IRETSRIBAEAT
ETRBE 2 - ERTEEEE (LERFERERAMETRE) rTAHM
KRB - 3 B AR —EEEREE (MHEEAE) - EEEE

Q@ i nEEEELRGES —F (W) - Fi > ERERERE
AR EEEGSE (THERLGE - BERASGEEZEL) - mEEHEEIA
EENEREERE - DIRGERE K/EEERE BRI TAES - Zﬁ“ﬁ%%ﬂﬁﬁfi
B AR - (BERER TREZEE -

[0045]) ZRsgiEA BAEE MBI ] ¥ DL_EERIA Z B B
HEFZ 2L - TR AERAR AR B1E - AREML L BHUBREEARE
TABHIEE R - FL - bl AR BB I A S IR - MR

A A BHEGIRIBRFBIREGIE LU T B Es B HEE - -
#I13H © 14 HE@EUERTEDH

141074395 TR AQ202 1043292247-0



201546961

CRiTIED|

104107495

105

112

114

116

121

123

134

150

201

202

205

214

216

221

223

234

244 =5

246

250

261

262

AR
R
fhlizty
1)
BRI
ik

&
eI
e
B

EN

RIEEIREE

BilizEy)
AL LT
wE

=

WEYTS AG202

S 14H - H 14 H(EHRES)

1043292947-0C



201546961

[ ZZEH R EEEA#EE ]
[5158) — B eSS SRS EN S SRS
B B B MEHE R 2 S — R AR S S
HEROELAR » 328 SRR — TR - S — S REE i
BB IR » DS — M RA%E — R R s — B — R AR -
it — R L R E I ;
CHE—EEPR LS B s — B R RpmEs
@ s men omorELs s EEEEEBEL A -
it; F AEEREE it ST I
B RS IE A R R LR
A T — KA I |
B T RS S PS8 0 LUEE
— BRI  THOERTE B A SRR s — B R
AT B — BB BEEEHE—E T ANRE
@  GEELL FEECHMANTTHE T BHESEEZIEE - A
YR A L SRR — T8 ENELE S — i R -
(5208) A EFIGES UEZ R PSR E Y R
Hik o BaE
EESIE - s — B R S — /8 -
(5358] R FEFEE S IR R BBy R B e
Fek o B

AT BB BRI RIAE - HERZRRIEE =8 MR Ao
1 H 43 HERYIEHERIGE

104107495 w3 A0202 ' T 1043292947-0






