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(57) Abstract: An ultra-low dielectric constant insulating film and a method for manufacturing same are disclosed. The method
comprises: step 1, depositing a thin film by a technology of plasma enhance chemical vapor deposition, MTES and LIMO used as
reaction source and helium used as carrier gas being led into a chemical vapor deposition reaction cavity, wherein, the insulating
film formed by deposition has a thickness of 50-100 nm, and the flow ratio of the MTES and the LIMO is equal to 1:1 - 1:2.5; step
2, conducting in-situ remediation on the surface of the insulating layer by using Ar plasma to form a compact moditied layer; step 3,
repeating step 1 and step 2 to obtain the insulating film of target thickness; step 4, annealing the insulation film at high temperature
to form ultra-low dielectric constant insulating film. Alternative plasma used for enhancing the chemical vapor deposition of the in-
sulating film and post-plasma processing are creatively used in the invention with simply process and good deposition rate, the
formed film has good moisture resistance and is compatible with integrated technique, the film forming quality is good, and the
needs of advanced integrated circuit for electrical property, mechanical property and insulation property of low dielectric constant
material are fully satistied.
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BY, KG, KZ, RU, TJ, TM), B (AL, AT, BE, BG, ZAERAL:
CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, HR, HU. U A s A B

) B s > ) > B3, I, > > > > DR ES 4 7 -4 R
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, WA EFR LRI S CREI5 21 2% G))
RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG,
CL CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD,
TG)o

REENTE T —FhERAN s B G R S el & vk, ik Es: BB 1, FIHSE AR 2E S
PIRER IR E I : MTES 1 LIMO 1E R R MR, Z A NS FARMLZSAATIR R B, IR ER 50-
100nm H#5%% 2, MTES Al LIMO HI B L =1:1~1:2.5; 82, K Ar &5 8 TR 44 25 2 2 10 AT JR A7 AL
DIB IR ez, S 3, B8 LIRS E 1 M2, BRI HEREEMASGER, P74, WRgGEEIITS
IRIBK, RS B ERAEER. ARPEH MR 728 8% 5 TR sn b 2 S A PR 40 2 8 IR 5
S TRAIER) VR, LM S, JIRERR, FRREEEE RITRPURIEN, SER TEMIRE, M
JRELT, RERE T84 A2 S0 I IR R A HE O B R 2 MR . J1 MR DA R B M RE R BER
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PR AR A R A e R L ) 2 T 1

ARATR

ARYETHEAMBER A (ULSD HER ARG, AikhH TiHE%E
TUE S B JR 2 R R A F B B0 S i P 1 1 4% 3%

B A

b S RT AR BIR AOK, SRR EEELSH, LUEd
THAERME (R) MHBEE (C) MAERERS/ML. BT RCIER KB,
FEME _EIRAS10 B3F 08 B 0 3 25 4 & B LI 6 2 1) AL 3B SE N BT s 2 L)
g, XE®, MHEERkNFEERELEERTE.[]. (EPBTFEAR),
2006, 10(6): 464-469. 4Tyl /) ULSI BRI RC ¥, FEEEMEA
AR RNEZ R MR EE. XBTAM, C=sa/d HPRAMBHEH, A
AER, d BN FIEEERE, NMHEEEST kA o KRW, & HEFHAH
HEL, kK AHENABEER. ZRRBaAER, SNt azZEE (G
FRIBREREHAE) Sh L BEEMER (SEHMEEN) KR F R
REAEGN. el XMERMEE EREBER, fb g ®
B TR,

FERMAEEE LB AW R B, ESRRAN BE SRR MAHRIED k<2.6 1
SRR, SATUARL A s B = 2 500k AR AL 2R UL R AR i 3% BE AR
K> BAREEEA B E R F BB SN REARPSIATLE (B
BAET 1D REIN, ZXEBERFNSIAFLEET LA SRR A S 3R
FRYE E AN SCER (B0, Miller R.D. K% R.D.%5 In search of low-k dielectrics.
-k MR EHWHSL[T].  (Science BF2£) |, 1999, 286 (5439) :421-423) K
HEEA (T L%, “—FMEALBIRA B BB R R & 78, A
75 CN 101789418 A) #R1&, £ FLEBIAT R B FLERIE % R AERT IRk B i
BB, R A VAR ARG, MTTIRE S FLEREARL . 17 6
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an, Shen ¢ A\ LAIEREIR Z.BR (TEOS) AREYR, 17 bid = AL (CTAB)
AT, FERRYESAT N RS RIS 5 vk 4% B FLE AR, FLEEN
4nm, SEEER 2.5 (B3R J. Shen, A. Luo, L. F. Yao, et al. Low dielectric
constant silica films with ordered nanoporous structure [J]. Materials science and
Engineering, 2007,27(5-8):1145-1148). {H& it & H|“—Fh 2 FLABIKA B
PRI S 328 7525 ch R B AR A o 3 SO 0 461 &% 5 i

(spin-coating) IR, FERTIEHISMEELSFERBERERZE, BEEARY
SR, P EACR AR R L T2 R I A TN SR e i 1 o 4% 1
fR, TITRER A AR B4R B 1 %5 B8 AR R 3R AL 22 S MBVAR (plasma enhanced
chemical vapor deposition, PECVD) 7%, fHELEER AL, FJH PECVD
BRI &R BEREEAF O MES T, TAEREE, SMES
MR 55k, BERSMERS TS, BAERGEET, ®&H8, ST/~
Wik, B A,

H M 2001 ££ Grill % A\ ERRE PECVD HARHI& H T RN REH LI
HIEAMRL LS, EFr ERESHIL T AHCHISCEIRE, E 1 Fis:
R 1. PECVD JFiE I &8 B B LA R

pre— _
R %%‘;ﬂh A | AaEs | hu | sxm
MTES (FH =27,
. - .
SR (0)3 b H 2.34 5
BE: 0.21GPa
TMCTS (VORI % He b E 2.05 " 6
PRIORES L) BEREE: 3.3GPa
VIMS(Z}E#=
B ZERERT) (03 b 2.0 - 7

2% (WK 5: R. Navamathavan, C. K. Choi. Plasma enhanced chemical
vapor deposition of low dielectric constant SiOC(-H) films using MTES/O,
precursor [J], Thin Solid Films, 2007, 515(12): 5040-5044.

22 MR & Grill Alfred. Plasma enhanced chemical vapor deposited SICOH

dielectrics: from low-k to extreme low-k interconnect materials [J], Journal of




WO 2015/184573 PCT/CN2014/000708
3

Applied Physics, 2003, 93(3): 1785-1790.

SR 7: S.-K. Kwak, K.-H. Jeong, S.-W. Rhee et al., Nanocomposite
Low-k SiCOH Films by Direct PECVD Using Vinyltrimethylsilane [J]. Journal of
the Electrochemical Society, 2004, 151(2): F11-F16.

R 1 PP SRR S 7 PRGES SR A MTES+0, #1 VIMS+0, 8l
WA, AFHEE T A PECVD HRVTIREIE, B2 1B KRB M0 500°C
1 450°C, PRI A 1k = OB KR B 4 1 AR R 2 8 ISR AR PR B S T8 Tt
R W BRI EE B SR (<420°C). 3CHik 6 K0 AL BE 7 i 2 BR Rk
LRI RELCH 2.05 FEEEALEL (BRI %EREAER, REHE TS
FEXT M BEIR. AR BRI B #i B A9 MTES 1 LIMO 8 -& 575K
7%, BIFPEHR AR PECVD A5 MR G S8 TR BRI 5%, BIs4
SRV BNEE BB BT, MRNEEES IR TRE, 7
FHEREL, MR AKEER, SERTEHEASRA.

REARI AT

ﬁﬁ%ma%%%&—ﬁﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁ%%éﬁ&,ﬁﬁﬁﬁ
VR 2 B A IR R A FRAR B B MR R AN R, TR AR R B e
BE LGB AT,

ATERI ERER, RRBERET —MBENEBERLSEENEST
%, BHEAEWTRAESE.

SB,1, MASEFEYEBEAESHTIRERTREE. URE=25
AT B A R NE, H 3= Z R ErR TR RN 88
FAFULE SRR N s S, FURRERK 50-100nm K42, Hb, B
Z LRI ETBIERNRE=1:1~1:2.5, ZRBLIT/A80T

HFB, 2, & PR RA Ar B He &5 T1EN 44 2 R E 31T R A7 b
H 1-5 708, TEREERBIGE, HEHER1ERRMIEKS FAEBA 4%
BB IR E, MK T R4 2 PR K R, &%) T %
KFEA BEHN L

FB3, ERLRPE 1 M2, HIKIAEHEENBFER, BR4%
W
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S|4, FEEESFRP, SHSE 3 BRANASHEERLITRERK, B
HMmEREE (ZREERAFmITREP RBERER L AT B RS
HED, N —FEELILEWRBERN B RS,

BT, oA, BB 1 P RTIR TE B RS U N 13.56MHz,
RN AP E SN 0.018-0.02 1, VIMALEN KA IREE R
100-400°C, Zh&J 200-600 FL, TAEESRN 2-53# (13 = 133.322Pa), &
AR NEREH MTES 8 A 1.0-2.0 55/404F, LIMO & H 1.0-3.5 570/4M4F, He
HAIEN 500 - 5000scem.

EIRETTE, B, ZEPBE 29, Ar B He S8 TR T ER TR R
300-600 FL, AbEEETEG 1-5 %80, SEN 2-8 1.

ERETTE, H, FESRE 4, BKEEHR 200-420C, BAIFHH
325 0.2-0.3 #5 B KEFEY 2-6 /M, IBASANERSBRE RS ik,
ERREB KT ES, 5-30 4R B EE LA BIFRIE KEE

R, K, TR REZ ZEEERITBREESARNEAZ
BBV AR 43 3R 50 - 60°C AT 60 -100°C .

KRB RME T —F R LR & AR R B B S, H
b, ZBEGHEEE: FETELEE, ZE8E4%E LWEREEEWE, &
B ZARREE TN ZRENBERLSHENBERN 2224, &
IMV/em BRI EE N 10°-10°A/cm?; B KEE N 4.2-17GPa, FEEEH
0.5-1.3GPa.

A5 IR BB AR A F B S 4 S T R ) 461 4% T v 2 43l A MITES AT
LIMO J4 R N, 7E He BSMEER T RA RN, FRHSE A8k
SHTFREARTIIRE AL E, RERAES (Ar) A (He) S5t
RIREGEREHATREMLE, RRBFENEHE, E8 LRTBETXE
EREENEER, REREZERETERTEAKA, DUERRERER, NE
B IEN BE B L%,

AR B TR I SRR B B B O R Y MTES 1 LIMO, fRi#4.5)
& HH%ZE BIF-UNHELEE, F&NEENBEHLT 2224 EF
W, EWHEBERSBEERWRNEEERIEFH 2. B, EEEH
AR BIAEMERE, 76 IMV/iem KSR T, IR E AT LA R
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10°-10°A/em®s BEIL, 2 5% B BT 4% HOABAE A B0 B SR A M I RIS F0 016 2
SERESR BB XTHE A RE HOMRH s 2 M RS, ) M RE LA R Ak M BRI R,

BRUELASN, A B R (3L B Y 161 45 D 42 ) 39T P 1 SR P AT 5 46 1 7k 5
WSV, FERNERAR RFMPREtE, h¥taesy, S5&8T
ZHARA, MUTER R, JIRUERR, THREREL.

P P 4 {5 2 43, B
Bl 1a-1d 34K B HEIR A B A SGEIE M H & TR R A

SEIA R B R B A R

NS &N ES BRI T AT A R BESE— SR, £-8S, &
THTEUE, BOREZE/DN T AREMRIME R, Fima KD HEIRELRFER
o, WARBURSHREBIX R

A BIR &5 B A 5 b 2 SR TTRR B AR SR B AB R A B B e
R, UESR (He) AR, A RIKATIREF =288 (CH;,50; Si,
f&JFR MTES) FERFLFIFT B (CoHye MFR LIMO) A58 TABE 081 2
ST RN AP IR BA %R, S5 TR S TR T 21
RIS R K 13.56MHz, K EEAPYIIEE S A 0.018~0.02 75, #ER
FE4 100~400°C, JTFRTHER Ky 200~ 600 B, TAEE®A 2~5 £, He HS W
B4 500~5000sccm (standard-state cubic centimeter per minute). MTES Fll
LIMO 7E & A\ R M 44 2 R ¥R AGIR B 251 50~60°C I 60~100C, MTES
MER 1.0-2.0g i/, LIMO B R 1.0-3.5 3/408h (R 1:1-1:2.5, JifR
B R 50-100nm, FERMNE 1a FiRHI44E 10, %4542 10 B Si-O-Si 45
11 S ER 12 .

FE_ B AR R Ar BY He %5 85 T 5 44 2 R 13T IR AL AL LA TE Ak
BERIEMR 20 CnE 1b FTR), ThER 300-600 FU, AEEHEN 1-5 204+,
REN 2-8 #6. ZBME 20 MERA REELLE 10 KISNEHE, Biltb4%E
10 AR K TE R FLBR IR K .

DRER EBRWA ST BRNTER B AR BEE 4%, Wl 1c fin,
BT 3 RAGR-BEIHER B B R4 %HIE 30.
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R Lk B4 #iE 30 B TR K0P, Ar B N, RETF, BAP R
A 0.2-0.3 ¥, 5-30 340N =R EFH21E KB, 200-420°C 44 FiB K 2-6
N ERBREER EAGEIENLLE NI RE T AN EFLER 13 (1%
fLER 13 BIEE TR ERALEE T AMUE L), REFEEGZILEWNE
KA BEHALGERE, WA 1d fin.

HIEMRENE: XN THE LR R, AR HUMRIERES (R
BHZE % 0.001-0.02Q-cm) K4, AT HRERKAEAEME FREEREN
400-420 TOK IR TE 42 8 FaAR LIA R L 2 8%, TS B & B - 4 e k- S 4k
(TRIFR MIS) HAARLN . EEET Bl B A SSE T B - s R RSkl 2
&, HiEEE SRKIRAE TSR P A, RN % £8 AR B T AR R
JEBEERTAE B EH. HhAh, T8It e - B s I B 3R A5 T A U e
B HAEROCGREBIEREE NG KEE,

SCHER 1-6 h, B T R = ZE R AR AN R, %
HT 7 MARRERMES B, 5K 1-6 KRR, R2FIMTEAFARE
PLAF Dl R M R TR, M RE AR R A/ . BEB N E
BHTHER, RIS E R R I Sl NE R K%, k2™
UFW, FEEENREABESN 2.2, FE5ER 1309, H¥EMEEHE,
WERE 0.55GPa i KA E Jy 4.23GPa, A F|SCERIRE B2 FLAR A B B e s
T BRI K, FAMAAE BRI T R B kg, FIRR=S
RERBED, RIMHBREF LS. Bk, TUHE T —RERBRKT
2R U E B A R R E SR

R 2: HamPIUTRER, BH2%MEaE, HHEMAERIIR R KA

. IMV/cm B
#n:n R T EE st ﬁﬁ,ﬂﬁi BKE | B E BB 7
T (k) (nm/min) | E(GPa) | (GPa) 5

tk (A/ecm*)
1 1: 1 2.4 1.355 37.5 14.51 1.32 7.3x10”
2 1: 1.2 2.4 1.344 35.3 12.4 1.13 8.2x10°
3 1: 1.4 2.3 1.336 36.5 10.57 0.84 1.5x10%
4 1: 1.5 2.2 1.309 33.7 423 0.55 5.3x10°
5 1: 1.7 2.4 1.357 37.7 15.32 0.99 1.5x10®
6 1: 2.0 2.4 1.356 35.1 17.01 0.95 8.4x107?
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RERRKHKINACLET ERRESLHBIE T IFANH, ENSINR
B B FRBA AN AR AR BRI FERTISEARARBRT Lk
WASE, WTAKANZHESERBE R BTSN, ik, REAM
OR3P 3 . e B S I BSUR B2 SRR BR 52
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I — RN B E B ASEIENHIE TS HISTEET, ZHEESTA
14:52?%:

ST, MASEFAEERAESHTBREARBRER. URE=2%
EEEFITBIE N R NIE, HPE= 28 EfRrgEy a8 h 85
FARMESHTRRNEF R RLLE, BEHR 50-100nm, Hp, FE=
CEERSITEBENIRENR 1:1~1:2.5, ZHEELLT0/94%0;

LB 2, £ EREEEF KA Ar B{ He %5 FiAN 4% 2R M 3T JRAL AL
HURREFEWEHE, S8 FRAER N 1-5 945

SE3, BEE ERPBTR 2, HABRAESHENBRERE, BR4%
T 5
SR 4, EEHAAT, NPE 3 BANEEHERIITEEREB A, B
HAWmREER, NS —FEE 2 LS REBIRA B E A%,

2. WALCRIZSK | R ik, BUSEAET, 5 1 SOy T S 5T A rost
BN Hy 13.56MHz, XM FEASYIHE SN 0.018-0.02 75, TTAR44% 21
IR A 100-400°C, THER K 200-600 FL, TAEEMEN 2-5 4, SARMNE
FHRE=ZE BRI EN 1.0-2.0 T2/408h, FBEREN 1.0-3.5 T0/4048,
He ZS I E N 500 - 5000sccme.

3. WIRCRIEESK 1 BriR Bk, HAEHMEAET, 4B 2%, Ar B He %571k
RIECEEET IIER Y 300-600 FL, ALPENE)N 1-5 480, SEN 2-8 £,

4. WBCFIEKR 1 iRk, HEHMEET, B4, BATER: BK
A 200-420°C, BAPFHIERN 0.2-03 35, BKEHER 2-6 /N, B

KEAFANBTHER S

5. WRURIER 4 Prid75ih, HAFMELET, LRRIBAKTZH, 5-30 440K
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6. WIAFIER | FriR 77k, HAFEAET, PR FE= 2 R EE
TE5 N R M sk 2 A/ BIVRALTE BE 23518 50 - 60°CH 60 -100°C .

7. —FORABFIZE R 1 BTk (7 751 & KRB IR B S e 08 i, HAS1EAE
T, RBEGEELE:. HFTELEE (10); #8244 E (10) FHEER
BiE (200, EELE%ZE (100 WHEAETILE (13); ZBERA B
SIEEN BT ECY 2.2-2.4, 78 IMV/em BHIIRBEEZRE X 10°-10%A/cm% %
[REEE N 4.2-17GPa, B#EH 0.5-1.3GPa.
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