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Methods and precursors for depositing silicon nitride films by atomic layer deposition (ALD) are
provided. In some embodiments the silicon precursors comprise an iodine ligand. The silicon nitride films
may have a relatively uniform etch rate for both vertical and the horizontal portions when deposited onto
three-dimensional structures such as FInFETS or other types of multiple gate FETs. In some embodiments,

various silicon nitride films of the present disclosure have an etch rate of less than half the thermal oxide
removal rate with diluted HF (0.5%).
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[ £ 32 ] Methods and precursors for depositing silicon nitride films

by atomic layer deposition (ALD) are provided. In some
embodiments the silicon precursors comprise an iodine ligand. The
silicon nitride films may have a relatively uniform etch rate for both
vertical and the horizontal portions when deposited onto
three-dimensional structures such as FinFETS or other types of
multiple gate FETs. In some embodiments, various silicon nitride
films of the present disclosure have an etch rate of less than half the

thermal oxide removal rate with diluted HF (0.5%).
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[ e &8 O [ 0 52 B K AURFAAVTH B IR o (Rt - B MR & 1] & 49 300
CHEEZ400C - £ —LLJEM T - | AIRE K4y 400C » H A AT
BURE BAT L R MERTE T AT

Si Ri & ¥
(0111] FFZEEWRIEY ] AN ERBEEN AL (550 2
ALD B2 ) o f£f —EFE fl b - thZFRIEE Y78 o] i EAE ALD
B HfiEAEAMELE ( FXATIAYFT % WER - WERR -
B XA NER/ KIEHREESREFTIED—F) WIE -
[0112] MRE—-LFHH > —EWAEEY) GiE - B #mEAAT

AR MmN R A 2/ — @ EME - fla > N LR iiay
FT® WER - WERR ~ B X2 &# N ES/ KIEHEBEERE T2V —
=,
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[0113] MREFE—LFHE > —LWRIEYBEER > BFEEERA
MATEE Y M IR BA 2/ — [T EEE - fl40 > T SR AEY

FTZ WER - WERR ~ B RS & e/ KIEHEEFETED—

=

[0114] BEERIEY TR E D> EHUTER

(9) H2n+2yZWSiXAR
Hrh o n=1 210> y=18( 1Ll F ( H%%E 2n+2-z-w) > z=0 5

0L ( H%%E 2n+2-y-w) > w=035% 0 DL ( H % #E 2n+2-y-z) > X
B T80 Br» A BB X LAMAYEIE - R A HECAr A8 B T B 1 2 H
e B ALY ~ EES A - A - ERUUEE - A DL A 68
PRI BE4H s i n=1 2 5> HFEFEn=1 £3° - AxE1 £ 2-
PR > R By Ci-Co r BRI B8 » 3840 HE - 2B - FNEHRE
RE=

[0115) #RE—-EFHH  —EWAEYEE NS EBERLELE
Yy o HERTEEY) T B LT A

(10) Hap.y-,-wSinX AR,

Hei > n=3 % 10> y=1 8 1 Ak ( H.%% 2n-z-w) » 2z=0 5 0
LA CHZE 2n-y-w) > w=08¢ 0 DLk ( HZ%E 2n-y-z)» X & 1
B¢ Bro A BFR X LUAMIYRE - R R A HEEC AL AS B H] %8 17 28 5 ik
FALY) ~ e AW A - i A - SRR - B Bl DL R A sl AR
SHECHYEFSH 5 #2fE n=3 2 6 - B > R fy C-C3 fe A BCfir #S » 3%
W HE - LB ENAERENAE -
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[0116] fRIE—LLEFHF - — LAY B — 2 Ml x -
tERISEY T AA LT ER

(11) Hanszoy-rwSinlyA R,

Hef > n=1%2 10> y=13¢1LL F ( HZ%E 2n+2-z-w ) » z=0
0L ( H%%E 2n+2-y-w) > w=035% 0 DL ( H % & 2n+2-y-2) > A
BB TDUAMN B E > R B AKAEC#8 BT\ ir =g it /e - 5%
BBy e Ak~ e AR - SEHUAOGE BE - B BRI DL R R B AR A B RY BE 4R
REn=1 2 5 BFEFE =1 £ 3> HifE 1 £ 2-%EM R K C-C;
(AR A » s8> HEA - 2K - ENARENE -

[0117] MR —LFHE > —EWAIEYEE XS EEREY
e o BLERBEY AT EA T ER

(12) Hanoy-z-wSinlyA,Ry,

Hop > n=3F 10 y=1 5 1 L F ( %% 2n-z-w) > z=0 5 0
PALE CHZ 2 2n-y-w)» w=02¢ 0 DA F ( B2 2n-y-z) > A BR 1
PISMAI B E - R A HREC Az /e a8 nE 8 M 8Ly - Fe &
Bk - e - EUURE - SR BB R R A A AV R4 5 B
£ n=3 £ 6 E{EHM > R C-C; e BFLrfe - 5850 > HE - 25 -
EWNARBRENE -

[0118] fRIE—LLEHE - — LW ATEY EE — N2 ERP T -
tERISEY T AA LT ER

(13) H2n+2yZWSi BryA,R,

Hef > n=1%2 10> y=13¢1LL F ( HZ%E 2n+2-z-w ) » z=0
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0LLF ( B 2n+2-y-w) > w=0 80 0 LA F ( H % 2n+2-y-2z)» A
Fobx Br LLAMAYRIE - R Ry A HRECAr 82 B o) B % B i 86 -
fe B B B A~ B - SERUUREAE ~ Jod B e DL R A B A0 IR 4 B HY B
Mo mE=IES HFEFEn=1E3> HERED £ 2 BHEM# R
By Ci-Cs e B Bofirfie » 5540 > A ~ £& ~ ENARENE -
[0119) #REE—EFHH > —EWATEY EE NS EBEREW
g o thEATERY) T B LA T A

(14) Hany-2-wSinBryA,Ry

Hei > n=3 % 10> y=1 8 1 Ak ( H.%% 2n-z-w) » 2z=0 5 0
LA CHZ# 2n-y-w) > w=038¢ 0 DL E ( HZE 2n-y-z) » A BFR
Br LIAMVESE » R B AL A BB 2 E it Ry - A
We ks ~ Bk ~ SEHUAUE & ~ e Bl DL R A e A4 By B 4R
I n=3 £ 6 - BEH - RF C-Cilp AR fe 530 HE - &

TENERENE -
[0120] #RIE—EFHH > —LWATEY BERICEELEY T
RIBGE B AVHLEY EBOR W B - R —SEEE(LEY T EA L
HOREUCHY FE L o HERTERY) o] A LT E

(15) H2n+2 y-Z- WS1 X A RH
Hrer > n=1% 10 y=0%5 0L ( HZ%E 2n+2-z-w) » z=0 K

0LLE ( HZE 2n+2-y-w)» w=1 5 1 L F ( HZ%E 2n42-y-2z)» X
B 180 Br» A Bbr X DI ZE - R B &H 15 Br iy A #EC fiz
B8 H B H &8 150 Br BUUAY e | ALY - B B by e B ~ e A
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foi Bk B DA R A s A IS AH RV B 4H B EE n=1 £ 5> H ¥ £ n=1 £ 3>
A 12 2 s RVBEBERHY Ci-Cs fE A B fir 88 -
[0121] MREBE—SLFHE > — LW AR BFE — 3 L EER AR
WEsOR B BE - R - — &3 E RN (ba Pl B &t IR BT
oo WLERIEYI AT E A LT E

W}

(16) Hany-rwSinXy AR,
Hri > n=3% 10> y=02 0 LA F ( H% % 2n+2-z-w) » z=0 B

0L F ( A% 2n+2-y-w)> w=1 3% 1 DL ( H%#E 2n+2-y-2) > X
By 1B Br» A Byl X DIAMAYRE » R & F 180 Br 69t fir
e H T & T B B 48 T B¢ Br BUACAY B BALY) ~ e B vy Joe B - e
for S B DA R R B RN IR SH B AU BE 4 5 B4 n=3 2 6 o WM 0 RY
&t AUAAY Ci-Cs e B BT i B8 -

[0122] MRIB—ELEHF > —LLHE Wi fEY o7 A LT @ F
Ny E /D —F

(17) H2n+2yZWSi X,A,(NRR),

Hr > n=1 £ 10> y=15¢ 1L ( HZ2E 2n42-2z-w) > z=0
0L F ( A% 2n+2-y-w)> w=1 3% 1 DL ( H%#E 2n+2-y-2) > X
By 1B Br - A Ryl X DIAMEYEIE > N B & > H Ri & Ry A S5 I7 25
HE& - A - &R - BRAE - AR A DR R R
MHER AT EESH s WfEn=1 £ 5> AEFEn=1 £3> AHKRE1E 2 &
fEH - Ri R R By & B C-Cy i A » B840 > HE ~ 25 - IENE -
BNE-F=ZTE BETE - FTEMUKIETE - FEM > R,
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W e B~ e BRAY e A DA R R B AR 4H CHY BE4H (M 0 R K& Ro
BEE C-Cali s 80 HEA - 2B -FERNE-EZEWRNE -E=T

CRTE-FOTADUKET E - FEM - R & R BEE Ci-Cs
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e b—F:
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[0126] fRIBHE ALD HEN—ELFHE - BEWAIEY T2/
ZEABEANOZCHTHIE—FNLLEY - LENDEA)F LUK
fEEACHEE)F > JEY/HEATEE FCl- Br K1

[0127] fE—SHwF - WAV EFEUT&EE I —N%

% : SII4 > HSII3 > HQSIIQ > H3SII > Si216 > HSlzls > H28i214 > H3Si213

’

’

H4Si212 > H58121 > Si318 > HSlzls > H28i214 > H3Si213 > H4Si212 > H58121

’

MGSiI3 > MGQSiIQ > M€3SII > MGSi215 > M€28i214 > M€3Si213 > M€4Si212

MGsSiQI > HMGSIIQ > HMGQSII > HMGSi214 > HMGQSiQI3 > HM€3Si212

’

HM€4SiQI > HQMGSII > H2M€Si213 > HQMCQSiQIQ > H2M€3Si21 > H3M€Si212

’

H3M€28i21 N H4M€Si21 N EtSlI3 N Et28i12 N Et3SlI N EtSi215 N Et28i214

’

’

Et3SioI; » EtsSizIo » BtsSioI ~ HEtSil; » HEt:Sil ~ HEtSizly » HE(Six15
HEt3Si:1; ~ HEt4SiI » H2EtSil » H2EtSizIz + HaEtaSizly » HaEt3Siol
H3EtSi>]> ~ H3Et:Sisl B H4EtSiol

[0128] FE—dFHEpld - W RIBBYIEIELLT & & P Ay — 5%

% : EtMeSil,- EzMeSil + EtMe,Sil + EtMeSizls + EtaMeSizI;
EtMe,Si>I; ~ EtsMeSisls » EtaMesSizls ~ EtMesSizlo » EtsMeSiol »
EtsMesSizl ~ EtzMesSioI » EtMesSiol ~ HEtMeSil + HEtMeSioIs »
HEt,MeSi,I, * HEtMe,Si>I> * HEt;MeSizl » HEt;MeSisI ~ HEtMe;Siol »
H,EtMeSizI, + H>Et;MeSizI + HoEtMesSizl ~ H;EtMeSiol -

[0129] FE—sF Bl - W RIBEY EBIELL T & & FAY— K%

%t HSils» HSily » H3Sil~ HaSizls» HaSiolo » HsSiol » MeSils » MesSils »

M€3Si1 > M€28i214 > M€4Si212 > HMGSIIQ > HQMCQSiQIQ > EtSlI3 > Et28i12 >
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Et;Sil » Et>Siols ~ EtsSi>Io & HEtSIl, o £ — £ B fi 5] 1 > #9 Rij B& )
L HE#E § HSIl; ~ HySily ~ H3Sil ~ H>Sioly ~ HySinlo ~ HsSinl ~ MeSil; -
Me:Sil, » Me3Sil~ Me»Sisls~ MesSiolo » HMeSils ~ H:MesSisls ~ EtSil; »
Et»Sil> » Et3Sil ~ Et2Sisls ~ EtsSiol> & HEtSil, FAYFIfE - =FH - PO
e A N A E S T
=% - -VUfE - A N e U L E
THEU EAEEY B HEFEE - mFEEFERAIF - WAl
BB %) & HoSils e
[0130] fr—LLF i+ » WATERY) 15 B 20/ = (F il & —
(E B e B Bo iz fe « fE— L F A+ > WAy EEL T&E
FHY— B % % 1 (Sil;)NH, ~ (Sil;)NHMe ~ (Sil;)NHEt ~ (Sil;)NH'Pr
(Sil;)NH'Bu ~ (Sil;)NMe; + (Sil;)NMeEt ~ (Sil;)NMe'Pr -
(Sil;)NMe'Bu ~ (Sil3;)NEt; » (Sil;)NEtPr » (Sil;)NEt'Bu ~ (Sil3)N'Prs
(Sil3)N'Pr'Bu J% (Sil;)N'Buy o 71 — S & Jii 5 o - 5 Fij Bl 1) 6145 28 5
(Sil;)NH, ~ (Sil;)NHMe ~ (Sil;)NHEt » (Sil;)NH'Pr ~ (Sil;)NH'Bu -
(Sil;)NMe: ~ (Sil;)NMeEt ~ (Sil;)NMe'Pr ~ (Sil;)NMe'Bu ~ (Sil;)NEt; ~
(Sil;)NEtPr ~ (Sil3)NEt'Bu ~ (Sil;)NiPr, ~ (Sil;)N'Pr'Bu ~ (Sil;)N'Bu,
FHYRIRE - =FE - PUfE - AFE - ONFE - TfE - K UE - 7
-+ = FE s FARES T AEMN EES
Yo REGESE - AE—EE RIS - B AT YY) B S A4S 2R HY W (E
Tl K% W P B e B R FC i B8 - AE — TG4 > Y AT ER Y B FE LA
T&FEFH—E %% (Sil)(NH2),~ (Silo)(NHMe), ~ (Silo)(NHEL), »
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(Sily)(NH'Pr); ~ (Silo)(NH'Bu), ~ (Sil2)(NMes)s ~ (Sil2)(NMeEt)
(Sily)(NMe'Pr); » (Sil2)(NMe'Bu), ~ (Sil.)(NEts), ~ (Sil)(NEt'Pr), ~
(Sily)(NEt'Bu)s » (Sil2)(N'Pr2)s ~ (Silo)(N'PriBu)s & (Sil)(N'Bu)s « 1
— i Gl R o B A EEY) B FE B B (Sil))(NH»2): ~ (Silo)(NHMe): »
(Sily)(NHEt), ~ (Sil.)(NHPr), ~ (Sil.)(NH'Bu)s ~ (Sil2)(NMes)s -
(Sil.)(NMeEt), ~ (Sil,)(NMe'Pr), ~ (Sil.)(NMe'Bu), ~ (Sil2)(NEt,), ~
(Sily)(NEt'Pr); » (Silo)(NEt'Bu), » (Sil,)(N'Pr2); ~ (Silo)(N'PriBu); -
(Sil))(N'Bu), AW fE ~ =4 - PUfE - AL fE ~ NFE - ©FfE - U -
JURE - PR T O = U AT
L Eab&Y) - RHBEE -

(0131] fE— L8 @l d - &5 Al BB 4 61 15 $ 45 2 07 69 W ([ fit -

{E & e —(E B s fe A B B fe » £ —SF R - W ATEEY) B &
DITF &% 4/ —a% % (SiLhH)NH, -~ (Sil,H)NHMe - (Sil,H)NHEt -
(SiLH)NHPr ~ (SilH)NH'Bu ~ (Sil,H)NMe; - (Sil,H)NMeEt -
(Sil,H)NMe'Pr ~ (SilH)NMe'Bu ~ (Sil.H)NEt, ~ (Sil,H)NEtPr -
(SiLH)NEt'Bu ~ (Sil,H)N'Pr; » (SilH)N'P,'Bu & (Sil,H)N'Bu, « ff —
565 it (9] - Y BB ) B 15 #E 5 (Sil.H)NH: ~ (Sil,H)NHMe -
(Sil,H)NHEt - (Sil,H)NHPr ~ (Sil,H)NH'Bu + (Sil,H)NMe; -
(Sil,H)NMeEt ~ (Sil,H)NMe'Pr ~ (Sil,H)NMe'Bu - (Sil,H)NEt; -
(Sil,H)NEt'Pr ~ (Sil,H)NEt'Bu ~ (Sil,H)N'Pr, » (Sil,H)N'Pr'Bu -
(SILH)N'Bu, AW AE ~ =FF - PUFHE ~ AFE ~ NFfE - /- /U -
JURE - PR T O = U AT
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L Eab&Y) - RHBEE -

(0132] fr—LLE Ml - &5 Al BB ¥ 6 15 $8 45 2 00 69— {# ft -

{18 = S W {1 B B e B B B L fS » AE — SR > W TR Y B IS
IR && Wy —2% % ¢ (SilH)(NH»), ~ (SilH)(NHMe),
(SiIH)(NHEt), ~ (SilH)(NHPr), ~ (SilH)(NH'Bu), ~ (SilH)(NMe>),
(SiIH)(NMeEt), ~ (SilH)(NMeiPr), ~ (SilH)(NMe'Bu),
(SiIH)(NEt,), ~ (SilH)(NEtPr), ~ (SiIH)(NEt'Bu), + (SilH)(NPr,), -
(SiIH)(N'Pr'Bu), Kz (SiTH)(N'Bu), « 1 — S & Jii 51 & - 5% 7l Bé 1) B+
#E H (SiIH)(NH,), ~ (SilH)(NHMe), ~ (SiIH)(NHE), -
(SiIH)(NH'Pr), ~ (SiIH)(NH'Bu), ~ (SilH)(NMe,), ~ (SilH)(NMeEt); -
(SiIH)(NMe'Pr), ~ (SilH)(NMe'Bu), ~ (SilH)(NEt,), ~ (SilH)(NEtPr); ~
(SiIH)(NEt'Bu), ~ (SilH)(N'Pry); ~ (SilH)(N'Pr'Bu), & (SilH)(N'Bu),

FHYRIRE - =FE - PUfE - AFE - ONFE - TfE - K UE - 7
-+ = FE s FARES T AEMN EES
Vo REAE -

[0133] fr—sEEhpl+ » WHRIBY GEBEZWH— @l - W
{E & e —(E B s fe A B B fe » £ —SF R - W ATEEY) B &
DI &% 4y —8% % : (SilH2)NH, ~ (SilH2)NHMe - (SilH,)NHEt -
(SiIH,)NHPr ~ (SiIH,)NH'Bu ~ (SilH)NMe, + (SilH,)NMeEt -
(SilH)NMe'Pr ~ (SilH,)NMe'Bu ~ (SiIH,)NEt, ~ (SilH,)NEtPr
(SiIH2)NEt'Bu ~ (SilH2)NPr, ~ (SiIH2)NPr'Bu K (SilH2)N'Bu, © 7

— B e 5 > BV i B ) 61§ 5 5 (SilH2)NH, ~ (SilH;)NHMe -
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