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A Nb,Os thin film is a DRAM capacitor material with over 4 Gbit because the specific inductive capacity is 60. In
CVD process, pentaecthoxyniobium (PENb) is usually used as precursor. There are several problems attributed
to this such as the thermal decomposition of the superheating, and it is necessary to keep the highest temperature
in the evaporator and transport process because the PEND vapor pressure is very low, such as 406 K at 13.3 Pa.
To improve the problems, a flashing spray CVD (FS-CVD) method is proposed. In FS-CVD, the precursor is
supplied through the injector, which is set at the top of the CVD chamber as a pulsed spray into lower ambient
than the precursor vapor pressure in the chamber. The spray is evaporated rapidly and forms a homogene vapor
by flash boiling. Also the precursor and low boiling point organic solvent mixed solution is used as a raw materi-
al. The high boiling point precursor is converted to lower boiling point material by mixing low boiling point
organic solvent with vapor liquid equilibrium. In the experiment, PENb was used as the precursor. The low boil-
ing point material for PENb was selected from vapor-liquid equilibrium considering the mutual solubility
and vapor pressure. As a result, ethanol was selected for PENb. Nb,O; film and was deposited on an 8 inch Si
wafer by the FS-CVD method. The influence of the film thickness distribution by the distinction of the mixing
fraction of ethanol was observed. The mixing molar fraction of ethanol, X was 0.4 and 0.9. Then, the relation-
ship between the injection cycle and film thickness was observed. As a result, the film thickness distribution on
an 8 inch wafer is evaluated as +/—14% or less at X=0.4 and +/ —2% or less at X=0.9. The distribution of
X=0.9 was better than 0.4 due to the rapid and homogeneous PEND and the ethanol vapor formation. The film
thickness with molecular scale size might be accomplished by a FS-CVD process.
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Key-words : Injector, CVD, Two phase region, Nb,Os, Flash boiling, Spray

=1

1. ¥

SAL L W— AR ERAR T 5. 7ads, WHRICITEBh A

(LSRR (CVD ) (b OBl & Helit | 2m B
FEGTEYE, BIEOBEBMEAR W & XY BIEOLGRREAM & 7% >
TWwW5. Lil, BRIEOECEEER % CVD g L 72
B&, ST /md T RIVF—% S KITA L g n
X6k, Gtz & F v VRIS BT ABUE S A v O
PIARZENEIC X 0 BRI A B, BT & RIS B - 7.
CNDOOREE RIS H7-0FZELRL TS5y VT ATV —
CVD (FS-CVD) ##|EL TWAY. AFEIBWICE DS
B JEORE & AR S A IR F 2R & L /2B = v, CVD F
VNEHEICHREL/IA VY27 2 X ORBESETH S CVD F %
VNICEI R S UV S A TR L BRI IC & D sl e Sk s ¢
BIRS 5FETH L. AFEEFA VY 2 7 2DOFRICE D&M
R LU ABEPREIT R VEBEVLEFEILT 52 L BFRET
BbH. iz, WHEHBEEZIERORMESED TICHREL -
FHERTICHESH T % L r bR IVF—Z s 5
C LK HBDOI VY ZIVENS VAL XD ERNER X D BRI

[

498

T FORHT AR 30 S A B 2 FH O T B 72 ORI PRI £ 0
THIE ST S MR A E T A C L RARETH S,

A TIT 4 Gbit LIfED DRAM B + /8 2 MRHC 5\ T H
HHEEK g /P60 NbOs JRIZHEH L7z, #2363 DRAM & LU
SOC IGHICE L H LB EXRDE W Tay0s/NbyOs D J& IR D i 5L
% RF 28y ZIC L0 HEBIREST3K TERL L, IREH 417 -
TWA2, RF A8y X7 ¥ O PVD I L ABEIL CVD % &
Holis U R B E S I <, KRR A O BIR 3 R <
%. CVD ¥EIC 5\ Tid Nb,Os I % BiE 4 5854, —MkicXyv
AL bFFY 247 (Nb(OCH;s)s LT, PENb) 234 &
Nn5. LrL, CVDEIC Z OREER % HV 7234, PEND
FARKEDPIEFITE LS K ERIBEL 2T WBIEERTH 5720
SALB B LOFE S A VI W THIRO Xk 5 2R S8 E L
JEE I HEE O, e REE<SN5S. T I TARMTI
B JE RN PEND % FI\ FS-CVD 12 J V) Nb,Os [ % 5k I 3
LHEFANETSH. TOZ LI LDk S LIENAES T



RS IC% A

Journal of the Ceramic Society of Japan 115 [ 8] 2007 499

Critical solution temperature, T, /K

complete dissolution

——r————————

[}
i
Solution 1 |
Solution 2!

Solution temperature/K
iﬂ

I

X ’2 XZC X ”2
Molar fraction of solution 2

Fig. 1.
diagram.

Schematic image of critical solution temperature on 7-X

JREIFIC B R 5 & % 2 7. AEBR Tl PEND ICERT A 1K
W RS R A B RRE, RRBEO%FE L D EE L 2.
C DOBEE L 7K S A H & PEND % N ME S A BRIEH O
REEIE%Z{LS ¥ FS-CVD EIC L D K7 TNTH5 8 A
V/F 7 TN Nb,yOs I % UM U N5 A6 OFHl 4 /7 - 7=, &
72, FS-CVD {12 & % NbyOs [EDIRE O HIFHM: A 45 L 7=

2. S[URTHERE AEEEE

2.1 BRALAEE

KIHEA LI 8\ TR F R L OREW TH T OB K
EINPRGLGEPLBMES FRE RN CESE, SRty
T &Rt F OREY TIIRAE-BE P ARSI 5. BT
WA - ORISR %Z L oY . BLRETRICEVWTHE
EMARRE LT O B Cld —AH2M 75 Bl U ML s R L DL B Cld sy —
SERICEMRTSH. BE LRI LT LICLD OO BIBK
DMBUTKREBITIE D ERAKMORE T ICIB W THFIT BT
5. COREUETEZSOBRITEFIRICERLHDDS. O
BENMREEALBEETH 5. BRILEBEE T, 5 L UER
R Xic, Xoc B FRAIB R OBRER X VIBIH/NS A —X
EEBRER LI DU TFTORTE 2 5N 59,

2')(lc)(Zc Vl2 VZ2

T=—teo2e 1 2
Iz()(lch#IE/Y'ZCVZ)3

(61— 0,)2 (1
_(VE=V+ V)5 -1,

ch
L&"V

=1 7X2€ (2)

COBMRILRBENFRU ETH L8548, EEOEEGTIIHA
BRLIZWC D5,

2.2 fEIEBWRR

AER T T HEROFE O 72D L F B BERIC3E0 <
JRAES A TH H1E1E BWR (Benedict-Webb-Rubin) &% H
7z. B1E BWR R BWR R DK &E TH 5 ZESEDE N FEIR
R SRS LB HR AR T &GO/ HEERREETH 5 L v
D B RIS B0 OIKRE, EHOBK L L TISEOE
1F BWR &%t Ao, By, Co, Dy, Ey, a, b, c, d, ¢, f, g, o, v, n % H
V, EREOBEIEBWR X AREL 9. LUFICEE BWR &
Y.

P=RTp+ (BORT—AO——+———> p?

+ <bRTfafifif S > P’

T T8 T3
d e f
+a <a+7+F+ T23> o

+ <%+%+%> p*(1+yp?) exp (—yp*) (3)

ATHERERERIC LY Q)R M TRIREIHAR B R L,
NESMH, WIHICBT2&RGD7HY T 4 —%itEHL IOk
DELL o A MFEEICE s /o A L7z, LaL, BIE
BWR R 5 FHEE A 12 B3 1 % [IR-F st H A Rl BE 7 /-
O, BEBRICE T HEEFRE Tan, BAET] Pon, EEABH
Vem % Chueh-Prausnitz 51 & 0 5% L 727 . Cheueh-Praus-
nitz FEx LU FICRT.

Tem=20,Te; + 2 20,0, (4)
J iJ
RTen [
Pon= - 5
¢ ch - bm Timz ch ( ch + bm) ( )
Vem=260;Ve;+ 2200, (6)
J iJ

0, 0,131, J U IC B B ERMD R, T 3 jBmIC B 5ER
I, S 3HAEAEH/NT A =2, ay, by (TREHRAOREE
MZOVWTOERTH 5.

2.3 BRATHOHR

ARERCIHRGBEROBER MG E T 556, BETHE
WRHARDERCE P NE L 7xh. L L, PENbIZHEAIRE,
Fe RS, EARENRW LSRN TR, 22T, KER
TIRYMEOEHR S D 72 OISR 2 B ) S 7B L&
4 5 I W RE 73X C % % Wilson-Jasperson 2 % 5 I L i AL {5
B, EEANE, BRAEIZHH L /. Wilson-Jasperson (3 ff
FUREE T, LERFET) P M B OWA T, LMW BN ORT
OB LURBAA (BEs, —EEARE) TEDLNT
SFER N, ;Nk(Atck), ij(Atcj), ;Nk(Apck), ij

(Apcj) 1Tk VKD AHFHPETH 5. Wilson-Jasperson H & LT
IZRY.

T.= Tb/ |:0.048271 —0.019846N,

+3 Ne(Arck) +Zm,(Atcj)T2 )

P.=0.0186233T./[ —0.96601 +exp (Y)] (8)
Y= —0.00922295 — 0.0290403N,

+0.041 <ZNk(Apck) +Z_ m,-(ApCj)) 9)

W RERE V. IEAEN P B XU ARET. LA TS
% Grigoras HEIC X DFHE L 2. IFICHEREZRIY.

V,=20.2T./ (P,—2.9) (10)

2.4 BESBICKTI2RETFEE

JEF AR Tl Raoult IERIA D 372727\ 3 F LU
2 5 BB 5 FENCHEEH OB 07 WER TH
DRIBEWE )P B 5B EERD I NICHI2 5. IFBBBERIIK
FREGIREITRD, WO FEICHEIERAMB S Bl O C & %&
9. FEEBER OB E O L Raoult ¥k Al O % i 1IE
T AR THHIERRE y1, v, TV TERI SN %.



500 759/ ATV — CVD IEIC X 5K ™ T\~ D Nb,y,Os ORI

D1=7Y1=Piyixy, p2=1y,= Pryrx, (11)
I, X, % FERHEICEST 589 1, 2 OBETER, y, 0

BFEMHAICBT 5 L2ILBTABErXRThHsS. £FEniT
Dalton OERNC & 0 H B3 D5 pr, py OFITERINS.

n=p1+p=Pyx+Pyyx; (12)
FERGOMIT L L b7z (1) RE VU TOXEES

n—Pyy,

=—— (13)
Py — Py,

X1
BUor VI8 BIE BRIy, [ZBMR/N5 A—4 6 L TIVEME v

LB R 12 L 0 LTFIC L9 Hildebrand DR, CTH-2 b1
59,

in y1=L o —— (14)

3. FREEBLESYRERFHIN T D EBRAESHIOKRET
3.1 s

BN JFORHIC 13 NbyOs 5 D B R L C 2 % PENb (Nb (OC,
Hs)s, Wi 0 415K/13.3 Pa) M\ /=. PENb OPit(E% %K 1
R ERARE, BRAET, A AEIE2.3810 Wilson-
Jasperson N kD EH L7, TOFE XD ARENME ML S
W E DA TCVD EBICHVEES, BORVWAERET
BHTEWBnh. ks, REEAEERERICITy 7y a Y
(CsHyo, b :329K), i-~FH Y (CeHy B :333K), n-
ANFY Y (CHyy, WA :341K), % /—)L (CHO, Whp :
351K), n-Xv/ %/ (CsHyp, #he :309K) % v /.

3.2 PENDb [Ex 9 2K H B HATI DORET

3.2.1 MERREHHE

WA 2 NS OB A EREAFHH L. 208K
ReR2ITRT. ZOMBE, SEBSERER & LHERUT T
B 5720 RIC I\ TIE PENb ICEEOEE THRS 5 2 &0
b, L, PENb ZKGICIEFICERCTH S 720K %
SR EERBERAREG LB EMKSMIh BB 50
RN D DH. FDI=0, FEEIZ PEND IZ 2N O OFERI* R
G L HRIC THREIT-> 7o KPS ARBRIORASEE X X
PEND (Z72\ L CTENVSERT04TH 5. KIS HEEHIL Ar
HACEOBBLEVF 25—y —TH#HEALBKE, R
J£4.93x 1074, MBFIRME1.64 ppm OFFKT TREXT -7
ZORRER 21RY. vyraXyay, -ANFT, n-N\F
Y, n-Ry YR R T B D B IS R DK G A
TET A0, MKGEIND BN/ BB LR RN -
7= SAUTRABICARID S B A A Bilg, oKL 722 &gk
R+ s EBbns. —F, T2/ VIZBHEETH 579
PEND % K5 R L 7\, AR S B B AN 6 L C PEND (&
BETHH ENGhD.

3.2.2 EHR/BHWARIOESICK D Z/EMEE

HifTld PENb &EHESAREAITERIC W HEROE S
THEEMRL, KB SAREFICNL PENb 3L ETH ST &
D5y in -7z, PENb TR S BREAIZREG L7256, ET-
RN FIZ B\ TRIECPIEERIC & O ZHFUIRATER S Uk
PR AR DA & iz L ZRSEDS 5 L AR AgE S

Table 1. Properties of PENDb
PENb
Chemical Formula Nb(OC,Hjy);

Formula weight/g 318.21
Melting point/K 279
Density / g/cm? 1.26
Boiling point / K/13.3Pa 406
Critical temperature/K 793
Critical pressure/MPa 1.7
Critical density / mol/l 1.17

Table 2. Critical Solution Temperature of PENb and Low Boiling
Point Organic Solvent

Critical solution
temperature, 7, /K
cyclopentane 9.85
i-Hexane 90.9
n-Hexane 122
Ethanol 162
n-Pentane 119

Rl ) ‘
- -

Cyclo i-Hexane
g Ethanol n-pentane
Fig. 2. Image of PEND and low boiling point organic solvent mixed

material solution.
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Fig. 3. Two phase region of PEND and low boiling point organic sol-
vent calculated by correction BWR equation on P-T diagram.
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Fig. 4. Two phase region of PENb and low boiling point organic sol-
vent on P-T diagram.
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Table 3. Deposition Conditions

Precursor PENb+Ethanol
Mole fraction of n-Pentane 0.4 0.9
N, flow rate / I/min 0.1
O, flow rate / I/min 0.1
Substrate temperature/K 923
Nozzle type Slit nozzle
Injection frequency/Hz 1
Injection time/ms 0.2 0.1,0.2,0.5
Injection cycle/cycle 70 100-600
Dist. fi
istance from - 300
nozzle tip/mm
10 - .
M —— =04
. W [—O0— x=09
[ b
5 f |
8 o \
a ]|
o
b= | -0-0-0-O- )-O-O-o-o\.ﬁ ,,,,,,,,,,,,,
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Distance from the center / mm

Fig. 6. Mole fraction change of Nb,Os film thickness distribution
with PENb and ethanol mixed solution by FS-CVD.
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Fig. 7. Vapor pressure of two phase region between X =0.4 and X =
0.9.
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Fig. 8. Relation between Nb,Os film thickness and injection cycle at
X=0.9.
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Fig. 9. Concentration of injection time and deposition rate at X =
0.9.
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BEHOREGEE D%\ X=0.9TIREN S AN £2% N TH
D, X=04Ti3214% TH-7-. WigMhsdegecltdsLE
NP X=0A4TIEZAE DA T4 TH D B O 510 253
KL 7.

(3) NbOsEDEE % X =0.90 440~ 120 nm OHifH T
WESH IR & AR 2 B L S 5 C I K DI 5 & kT
ETH5H. 0.1ms IZFH WV TIHEH—EH/-D0.1nm TH YR
FREOWBEREAE % 2 EMa[fETH L I PR INI. Hh
WIR S JOMES A2 RS 5 2 LISk VEEEE > ER S
/LT EMAETD S L BN S PERIEEEORR RS 5
DBERB 5.

BB SOV SRR TG, 174 B A o
VY =7 NRERTE R NRAEIRA A\ BIEIETHEEIC L 5
g%gfﬁﬁﬁ%ﬁ%%@%ﬁ%J BB L L Uo7, C2IC@HE
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