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Abstract

In this study, nitrogen treatment on CoTiOs; high-k gate dielectrics of MIS
capacitor structure is investigated. First of all, low energy N, or N" implantation was
used to incorporate nitrogen into CoTiOs; Results show that samples with nitrogen
incorporation exhibit better electric performance than control ones. This is due to the
incorporated nitrogen atoms which suppress the crystallization of CoTiO; film
through high temperature oxidation. Furthermore, by N," or N' implantation, we
found that positive fixed oxide charges were decréased and flatband voltage could be
controlled to the ideal value.

Next, CoTiOs gate dielectrics with post N,O plasma treatment and additional
high temperature rapid thermal N, annealing (RTN) were discussed. Experimental
results show that atomic oxygen species generated by N,O decomposition can repair
oxygen vacancies in the as-deposited CoTiO; film, and nitrogen atoms can suppress
crystallization of CoTiO; film simultaneously. Consequently, improved electrical

characteristics can be obtained by using nitrogen incorporation scheme.
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1986 | 1989 | 1992 | 1995 | 1997 | 1999 | 2001 | 2003 | 2005 | 2007 | 2010
#AgRr 1 07 | 05 | 035|025 018 | 013 | 0.0 | 0.08 | 0.065 | 0.045
Cpm)

Wil =% | 25 20 | 12 7 5 35 2 |15~20| - | - | ----
OB

(nm)

M(EfES 5 5 5 [ 33 ] 25| 18 | 1.2 1.0 | 09 | 07 | 0.6
(V)

DRAM | 256K | 1M | 4M | 16M | 64M | 128M | 256M | 512M | 1G | 4G | 16G
o

()

EIETFi% | <33 | 66 | 150 | 350 | 750 | 1200 | 1600 | 2000 | ---- | 2500 | 3000
(MHz)

A 150 | 150 | 200 | 200 | 200 | 200 | 300 | 300 | 300 | 300 | 400
(mm)

Fo L1 AP B D PO




. . |Band gap | Free ene1gy to
Dielectric Crystal siruc ture S
energy react with 5i at
tant = s00C”

constant | (i ) 127°C (K cal/mol)
5102 3.0 3.0 Amorphous -
S13MN4 1 51 Amoiphous -
AIZ03 0 8.7 Amoiphous 034
Y203 15 5.0 Cubic -
La2z03 30 4.3 Hexagonal, Cubic| -
TalOs 26 4.5 Orthorhoib ic -525
T102 30 4.3 Tetragonal TA
Zro? 25 5.7 Monoclinic 47.6
HfOD2 25 7.8 Monoclinic 42.3

12 STGH LR S FrRYOTDR
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transistors
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4 100,000

10,000

1970 1975 1980 1985 1990 1995 2000
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qaw 1.1 Peggst@ (Moore’s Law)
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A UL/ AR TR CoTIOS Jf (M /7 (ot P A SR~ I3
EF ~ W ENIpY 20 B Fu"gﬁfgf&i«la; = fFEe % (National Nano

Device Laboratories » NDL ) FH% » %“I‘QHJE-[EU;@& ”F%Q'E‘}’?**T@ IS BN -

2.1 CoTiO; MOS Capacitor 7 {5

BRI 7| S B 2 MBI SRR R 1)
HFRRAVIERE « 21— L Ef e Alignment Mark Mask > = [ ESF 6L - 212 30
HEFEL Trench Mask » ™[ 582 BUlE - 57 = K BTH[RL Metal Pad Mask » ™[
EARTRRIIAR - A5 Z A REY & 8 ST TSR > Wb TR -
[ 2.1 £ B AR
2.1.1 FE,I![”, b7 A %‘fgﬁ‘@[%ﬂ ( Alignment Mark )

W RURLGI AT N-BISIE i (<0.007Q-cm) [T - ifds oy £
(100) » o4l /4% 2-7 Qo -cm AREFRY I S+ IR A f AR - 2R
PSR iy (S L0 OO o BRI | TR R (B

B o S AR T % R 5 B RO P e T
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(AP o 7)1 BETRY, 7% ( TEL CLEAN TRACK MK-8)7H =4 8 1% A [l i f »
FIRAZHT G-line S\ 554, 5645 (G-line Stepper ) s Alignment Mark <E2u 7 il -
AZEEERY (TRACK A=Y 11) Vi » I') TEL 5000 & [ fl Skt A i
B RS 1200 B E?‘«Eliﬁ@iﬁ%iﬁﬂ%’ﬁg?&fﬁ& s Pz [ S =S
(FUSION OZONE ASHER ) JRf 153 [rust [ L[5 > F e 120 7 ozt 1%

FRERISLI > S5 B ER [HfIOF ORLR |7 1 i G-line # RSk By it
H R EEER R
2.1.2 X2 g (Trench)

AR IRIR DA IR TR A o TR VBT (Tube 5) 3R 4 980°C
RS R (Wet Oxide )i8500 £k » 5 [ TRACK =" 8 A [ » F|
FAZEN G-line Sk SHHLERSE] Trench “Mask %?;?UFEF,% o ZZFT TRACK A=V 11
EFREYY o T BOE (6:1) 20 oy 2% o flfE52 7] 20 B peiir=
o i Wet Oxide » [ AR iz A [ 5 [y W B B il o
2 FR S o It Wet Oxide RLM [ st - 2 i & Tl ket g
R REETRE B 2 ] el ATV G R R E e Wet Oxide FURY,
%ﬂéf °
2.1.3 [2'[&% (Barrier Layer )

B0 P BRI L TR et SiaNae il 5 AT RCA JER . P4 P

POk & piEE 0 BP0 P HF: H0 = 50: 1%‘7@%3@@5}?‘@%‘5%@5#1%1
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PR S (et (Native Oxide) b - [REATL!) VB (Tube 2) - 117 27
FL800C 3] * NHg3afil> mb— Tehll s [*)( SisNa ) IR RGHI R B(n&k analyzer)
W HEENEE Bt (ENipsometer) JEIETENENR SS4T 10 B o BRI SigNg i
1Y RLES Sl ARV T RUASEER R - PERERL 8 TR
ST SRS T SRR [ ST (TR BRI e SR
fiott [6~8]-

2.1.4 [¥]/x %FE* ( Gate Dielectrics) fu/5%

o R SigNg Ry Vs > AR (R POTETVOEA > S A1) e
AT 5% (Metal PVD) 55 [l TIZ=Co (FY Ti%® Ni) F‘, 50 B o 1o
€ = 107 torr ﬁj$%?ﬂ 500 5 s AR I S Fp 9 Rk g Ti ==
Co (F5 Ti == Ni) o VARl |1 A5 (A B e [ = & ppolet » RLek - ke
SiaNa ¥ SHIARIRIOAIC i) 2 Sl S -

F T 2 B TR T RS WSS T R RES Y A o )
WA=l R 10keV {9 (SFZ B o JIRERSE S[OBESE T AU SRR T SR
i R BT 17 I S N TS N AR RIS £ no > 2E13/cm® s 2E14/cm?
2E15/cm?® [MFE {5 (F o A A [ A OE-6 Torr FUREETS o IJFEE 7° (Tilt
angle) - £ £ 22° (Twist) [VE% > (&5 BB UM o 2 E8E MRy IR
Y= PR R

A=

A

>r5r'

VBTN R T TIRE T VR (Tube 11) &7 &g T
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SRR » (32 (195 ¢ T50°CCOBAS ([~ 5 53 » il f 5 534) »
750°CO10 (4™ 10 534> 327 %735 )~ 800°C O5AS5 ~ 800°C 010 ~ 850°C O5A5 -
850°C 010~900°C 010- % { “‘E\ﬂj el E'JEIU%”%%E@J £% Oz Ny = 5000sccm : 5000sccme
2.1.5 ™ kEE
REHE [ PR FEFlH NESTRN= S it upJ?ﬁFiﬁ”ﬁI % SAAEIY
A =5k (Plasma-Enhanced Chemical Vapor Deposition » PECVD ) 3%+ N,O & F%“J%;u,
B o Teap) ;ﬁ*ﬁg%ﬁ} 60sccm >~ fEENE 350°C 0 power 10W~20W pf{F ™ > 3%
F I“‘“ﬁl 5 536 o B SERG R S f’tﬁg E %@F%ﬁjzﬁ » PR FH [AY power fE 7 [

D (10W ~ 15W ~ 20W = FEFH) SN0 FEEBIE 1Y > AL AR i

l

A RS R A O S B B R - R

=

Fﬁ#,ﬁfﬁ’fﬁ\l D2 R EEE NLO TR (SEai o ﬁﬁ?ﬁﬁ?ﬁmﬁ@? HE [Eh,r,%
RUGPRGE e PRI g » K7 7 4 - — gt -

VD] & EoluE g (METAL RTA) 375 Ny asb R R o IS F)#[ 1
160°C i » 7 BBOCAR IS ™ + 3577 40 FhfIUisl R+ B 10 53 G -
UL < S R S R AR R AR R TG A
RS R EAR A o -

2.1.6 & RRAGIA

U T CoTiOg Rilfdy /1 F et - I' & B AToAf 3% (Metal

PVD) # Al 5000 £ > 7% TRACK =4 8 i_f"’r‘fp{[i” » K G-line A H"{Eﬂ‘hﬁkﬂjﬁ
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- SRR Metal Pad EELH o 1) TRACK A0 11 2Ry i - 22 Biffd]
ik (Metal Echer ILD4100) Al syl > 5 #5424 =V i > I') BOE ¥
PRS2 > SRRV T S ATE ST R R A E ALSI-CU

5000 & > Ay & ’Eﬁ’?:ﬂﬂypf@g [

AT VR
SFEHF IR & SRR P g P S
FEH-EES (C-V) PR IERNN - BF - (1-V) OBy IERIH] - P21 T
PSRRI > e o R ETREIRE
2.2.1 ﬁifﬁﬁﬁﬁ (C-V) F =2
Sﬁ%i‘@%ﬂﬁj%ﬁd/ C-V PR HIRLITHP. 4284 B FLHIEl = =0 ™
OB P D 2.56-5 cm”® (50 2 mxB0 £m ) 7 1B-4 cm”® (100 12 mx100 zm) -
ENFIERE I 100KHZ i [EELE-3Y - I 5 T5mV ] 19 e
E+3V > H 81 f[a{%ﬁ,‘o FHERRIpRS N HEJT[P 73” QEE*t ( Flat-band voltage ) »Z&#fi
B (Accumulation region ) fpE il » o plIFEHY IFT RIS poss [ R0e -
FEEF R B o i R 7 IR £ R AR T R - FIR
S R LR S Sy Gl S R L (e
2.2.2 FHR-FES (V) F1EERH

|-V P RIHLRLE 1 HP 4156A 4 LB S Bl d B0 = fE! » T ok hL
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P Wi P B CR=T LS = ) > 150V [l > ') & S0m\V 1= IR
[0 E A e 2 IR A EG 0 (R FE (Compliance ) JIRE 2 40mV =
BRI R 5T (RS (VG =1V) FVIRFEIE - 3 58 & Bt ag et B A
AV OS> Vbd) ©

b= T PIBVERT (o B o FRFTAIAE 27 FRETHRIE (TDDB) piffE! - &l
I = PRS- ﬁﬁulﬂﬁ* T'J ] 1000 FpEBIL - BHIE & P g et
Eﬂjﬁ’?ﬁ‘ﬁmﬁxﬂjf » EA LV A (Thd ) o 55§ SRR > o BRI E
W o Al VR OB R o R A BIPIHIRIO FFRR E o

FIEEIE e sbd # IR S T I AL I P o i SR el

£t (Stress Induce Leakage Currents, SILC ).+~ 5 [ 1M SEFE A & =gt il [ prod o
2.2.3 FPR 73T

Fo s Bt g B 9 o T P oK R R I PR T PR o i
) ’}{ﬁ’ﬁﬁ’iﬁ\fx Kt oA (XRD) ~ A IS (TEM) ~ = VEE

TR (SIMS) SRR + fF R -
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| A EITRE R i)
()4 ] ()4 2R EWet O, TEE T ShiR
S5 4 3 HEsiN4FRIE B
H-sihstrate
o or i 1iTL#& Ti Snm
T 2.iT#g Costt Hi Smm
0% ox
M-mihstrate

sl NSRRIy

= 112 2 1+ {fitE
(& 2E153~2E15)

O QX

H-substrate

B 2.1 CoTiO; [ /7 %F@,‘%?ﬁ‘;'/%f%ﬁﬂﬁ (D
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R e g R e
(750C~900C ,5- 104758

)4 04
CaTil3

H-substrate

LV

1.H20 plasma
[ 10~20%
OX QX 2.RT4 820C 4080
CoTiD3
N-mbstrate
al 1iMAE A1 500mm
0% , 8x8 R ERElF
SEeE) 2 3558 A1Si-Cu 500mm
H-substrate
Al

B 2.1 CoTiO; i /1 %Fg#%ﬁ’,j/%f’&?ﬁ?ﬁ (1)
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EPPTRILRG / FEHIOLHL — OB TSR 1 = TPl W
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SRR A o A PR ] ﬁfﬂi‘ﬁf L SELER PR *Eﬁ TREATR [AAy /7

R

o SIS A AR I T RO ORI - RSt i
SR BUERPRRPE R AL FESEBRRA (= 90 > = 8 [ SpRRRg A 1A
P APRIGRG 1 S3BRRE » SRR R 40 27 B SE NS
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LT - T R PORSERIET » S M SRR
700~750 # [6~8]) - K% ﬁﬁt}{ﬁ’%]ﬁ”} LRI EPEEE YA j‘%ﬁl’]ﬁ‘]ﬂﬁm%ﬁ

BV > SRR E SR IS iR
j

3.2 BERIXF

7 AR R R N B SR A SRR ) 1 P
FEFA AR 1 ARG R D A NS S T
e o P I g o A 3.1 LA ShERPRINIR 7 R R FL SRR LT
Fe 3.2 PIVAIR SRR /1 S R AR PR A I o Ny AT R
£, 10keV » (1 47 2E14 cm” < PI=Tit 5 B e R B R b -
(R R G e T kaﬁ% 25B-5 am® (50 4 mx50 m) > L A HE

G| N A TR (I R SRR R F - R e

3.3 @ﬁ?ﬁﬁ'ﬂ%“—‘ﬁj‘ﬁ%
3.3.1 N,y ™ [ PRI /et By
U (3-1) 470 (361 fRIBFERE (No) &) Jirs &f AR
ARV B e (Wa) 82 B0 EFRVER I (Cinv.) JIREEH, -
Wn=[2esQ@r)/eNg]" (3-1)

[fi' 3.1 7 [ 3.2 53 HIIRLEZ 4% 0.007 Q-em W (2 ik 2~7 Q-om fVRTHLY - i
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FHE R 850 AV o TR C-V IR e I AR o R AR
P AT GRS 2 7 8 ]9 G - R RS 0.007 Q-cm P RLAS S E Sy
[OPBFaRE - 201l bhi 2 UL U TR T f s R
FPIRRO ™ B < AR RO RS 2~7 Q-om AU OB - B I AR R
g G P [ IRERY T [ REE o PPV RS IR PSS C-V ITERCE A

OBy -
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[ 3.7 KB [TIEE 800 G o SAFF R Ny EE A o R I 7 R T
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EOT | Interface | Dielectric | Total | Effective | Flatband
(A) silicate | film (A) film k-value | voltage
(A) (A) (v)
800 21.9 58.8 188.2 247.0 439 0.3
N2+
850 no 254 85.7 128.6 2143 32.9 0.15
850 27.2 66.7 176.2 2429 34.8 0.38
N2+
900 no 30.3 82.4 155.9 238.2 30.6 0.45
900 294 90.0 153.3 2433 32.2 -0.23
N2+

%33 CoTiO; (AR IEFAVES 1T FFEL
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Cacc (pF) EOT (A) Ctb (Pf) Vib (V)
800 no 62.1 13.89 49.7 -0.27
800 N2+ 61.7 13.98 49.4 0.11
2E13
800 N2+ 62.4 13.83 51.9 0.17
2E14

# 3.4 NiTiO; 800 & & (™ 10 J3 & » 78 N, iR [FvE P RA T
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Cacc (pF) EOT (A)
750 OX10 no N2+ 42.6 20.25
750 OX10 N2+ 2E13 41.7 20.69
750 OX10 N2+ 2E14 37.3 23.13
750 OX10 N2+ 2E15 36.7 23.51
750 O5A5 no N2+ 37.6 22.94
750 O5A5 N2+ 2E13 38.4 22.47
750 O5A5 N2+ 2E14 36.9 23.38
750 O5A5 N2+ 2E15 35.6 24.24

% 3.5 NiTiO; 750 B & (3R ™ » Tl N, " BB OSSR A, e
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Cacc (pF) | EOT (A) Cfb (Pf) Vb (V)
800 no 51.3 46.3 41.1 0.075
800 N+ 53.8 45.6 43.1 0.30
2E14
800 N+ 40.7 737 32.6 0.01
2E15
850 no 48.7 49.8 38.9 0.025
850 N+ 51.2 47.8 40.9 0.18
2E14
850 N+ 40.2 79.3 32.1 0.10
2E15
% 4.2 CoTiO; f‘lfé N iR (5 [ oI e ﬁ?ﬁ*’ﬁﬂiﬁ
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Cacc (pF) | EOT(A) | Cfb (Pf) Vb (V)
no N20 56.7 60.8 45.4 0.38
N20 10W 74.1 45.8 5.3 0.75
N20 15W 75.0 45.5 60.0 0.60
N20 20W 76.2 44.7 61.0 0.75
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