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Electric Properties of 7a,0; Thin Films by Sol-Gel Method
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Abstract

We have studied dielectric properties of sol-gel derived tantalum oxide thin films as

insulators. As the sample is annealed from 300T to 700,

the
it 1s found amorphous below 600C and
crystalline over it. Dielectric constant is maximium(18.6) when 7a.0; film was annealed at 400C. It
is found that dielectric strength in 7Ta,0s film annealed at 400T
500C. This
The dc conduction properties can be interpreted by

(1.5W/cm) increases and then

decreases over anncaled at phenomenon was attributed to pinhole effect and

crystallization. Poole-Frenkel effect.

Key Words(Z2 80]) : Sol-Gel Method(Z& ), Dielectric Properties(F™ £ 4), Amrorphous(d|Z & 3),
Crystalline(Z2 & &), Conduction Properties(Z = 5 44)
1 H = g5 At & Ta,0;9 vlFHa&L Si0.9 vl
aatel MR HFRAY Tl daA ol
sAwme FHa W@ mP A R(LSDH Capacitance density® F7hA 2 5 71 wEol
Zojgiaeel 2o Axazte] ThdstAl AHEHI 16 Mbit DRAM®] stroage capacitor 2™ A}l
k! Aol ¢5etn 2dAE drdiz AL Nestgn waw wp Ak
A nHAe AR EA o] $8 uhelo] dhk A e ri= Bl Wl sputtering
ofgith” i MOS DRAM F##9] @9} hatwd 3 gatEe Wl VDM (Chemical Vapor
sxgas Z7hA77] fEtedE ddne) $E Deposition)g ol gl ol g5t olF Wy il
a7 AY 339 cell 2§58 olgF F of a7h, W& “*91 Al A2k 2 \%*éfé ”“’1‘9
Hgee SAbA 7 Ak sk AT @ W Azsbizd ofelgel ok ¥ 2¥el il:-é'}-ﬁ,‘
Haogloy, ®A AHEE S MOS DRAMS) Mol Wl So]-'(rcl‘jd% A8 Mj egi 5_2-4
3F: wl A) B e =] o] u} ) a3
FAAN Si0, BYH S4e] Al datn gﬁﬂ]*ifq {:?: ;1 :lg;\;} & wET A
Rel™ AW A % AL vHLL B ool e Sol-Geld€ A3t tantalum
oleigel Avlsti lch WA S0 A oxide W8 g 23], of *41'?}91 g el Blstol
SAHE Ta,0,% dgon g A7 314 npi Bl AEA [VEAS 2AEAU
Ha vk
3 Hybrid IC, MISS H9d® 9 Optical wave 2 A ¥
guide 2 AHEEtY] 98] FdAB el Silicon
Oxide® b 958 Ta,0zvruhel dp7h #&uwrs| 3 2-1) A EHA =
k% ®-rel Tantalum substrate(Aldrich Che-
¢ ARG A mical 99.9%, 0.5rm) zg-ll)ohshmg,fé} = )HFI;: }%
e OB BAFTHANEA TR A ooAE e :at‘.,’%f’l_ 1&_%01%% F%‘_ﬁ]j
Aaegdat o 1ged 78 69 5l7] 98l DI water2 Ml 33t § Isopropanol 2 #
Aargha o106 109 302 B AASI N, gas® dry At IRE 5

61



A3t7l fske ITO 718e AHE3tded, XRD¥

£ Y8t Pt/ Si0,/Si 71BE& AFsle] ALg
8+

2-2) AL UM E

Sol-Gel® 9] 71Xl M2 F7E EE F7
SIFES ALESIA {7l 8ol AR &) (hydroly-
sis)® Z%H(condensation) HH8-& o] &3l M-O-
M e Z9 Fg & dAdste Aol

Ta(OR)s + H,O — (RO),Ta— OH+ROH

(hydrolysis), (R = Alkyl group)

(RO);Ta— OH+ Ta(OR);—

(Condensation)

el g H,0¢ vt wab ki e
SAl doldot, 7pEeol o9& o
ANeZ Hdgg steeEdls o443
o] Yo% & sto] A SolE
Rolt}, B Mol Ta(OC,Hs) s
( Aldrich Chemical 99.98%)& &% E3d=2 3}
& oA 23 iso-metoxy-ethanol (IME, CH;0CH:

CH.OH) & A&3doed wegagdosd H,0=
AAHE7] Yt AA BYrstel A 120CAA 5
Al mdratgom,  Rdlo ot E  Ysly

76
s

DEA(diethanolamine, (HN (CH,CH,O0H)))E&
Toll A TCZ(OCZHs)soﬂ o) &} 2502 ¥ W
gt B4R Ages 2¥ 14 7o,

] Ta(OCH)s ]
|

B IME (120, 5417 ]
4 l

B DEA (767, 8417}) |
!

N

ag 1.
Fig. 1.

Coating Solution

Ta;05 &9 Az Ngx
Schematic diagram of the procedure for
Ta;05 Solution

Azg E£doz du AHFoes
e A4 E9711M 10x10m  Ta

g 2&
Glove Box

e
T

]
o=

CE-AMel 99 Ta0s wte W74 24 597 0FE

7189l Spinner( MIKASA(IH-D2) )& o] &3}
o 3000rpme. 2 30%7F A HAIA wrebe A zebo
127170l dry & 3 300ColA 3087 owv o

g s vy 29 sk dAend Be
47149 548 2AE) A%l A2y o
o 300, 400, 5004 3087 AHe] Fch A

A28

g9 1.0mm® 2] dot patterng 3+ mpAIE
Abgete] AlE T 3sl9th Keithley 23622 -V
£ FAst9e™ LF Impedence Analayzer
(HP4192A)% 10kHzellA A &% C 2 tané @
2 A5k

=

Ta:0s

I« Ta Substrate

Spin Coating (N gas)

Ve
{
| ]
i !
‘———J Heat treatment (N: gas) N
!
l Al Electrode (
d
l Measurement ﬁ
a3 2. Sample & %3
Fig. 2. Flow chart for procedure of sample

3. 489 44 & nF

B BN Ta,059) Wetel Az x4 % 9
He 20 Q457 A% 2EAY 2E W

e T TS
104
sc-L ,
£ !
. :
§ oy i
£ ;
ke i
g i
3 \
e 1713%
79T 4 63mg)
0+ \\\\_’ﬁ _
—t—— s t +
1} 100 200 30 400 500 600
Temperature [T}
a3y 3 a & £99 4 FH &4
Fig. 3. TGA analysis of 7ea sol solution



st W FF HstE B4 ol 29 30|t

50~80C Atelel N FHE FFustzt uehid
ol &@E AHE 100~150T AtoleM = vl EH
o] 128T < IMEZ} #wslx:, 150~300T Akl A

H] g #e] 217T<! DEA, 330~350T AboldlA
AF #7129 Bl o Aow 4zdn
a8 4+ ITO 71# 99l Spin coatingsled @3
g 2xo W HgM 2dHEHS el o=
HEeoAE 3400 e F29A NH, OH 2&71E
ol Ydelud ol £ulAl¢l IMES <HRsael
DEA®] A #utgs} sh4gafol] s Aoz 47t
g (20CAME HEE AAHNQ 2900 cn’!
F2e4 CH 717b dehdm et ole 2§ &
71Ee o HeZ AzZbdc 240Tel A= ITO
7@ dAsz Aok ol AE EARE £
oAl X LEE 150C & sdod o x4
SEE 300CE et

rie oo

TRANSMISSION
8 & g 2 3 8 8 8
A A e e e Al aum i Al e S ]
[
|

=

3

1 L
3000 2500 2000 1504

WAVENUMBER (cm™)

I

&
g

(a)

100 -

wf e

=

TRANSMISSION

0 1 it 1
4000 3500 3000 2500

WAVENUMBER (cm)

(b}

AN Az Y &8 82 Vol. 10, No. 1, Jannuary 1997.

W\\ﬂ
0+ 4
z ;
% ' —120¢] |
L i
b M — P
w t \;\
4
&
F B
of ——
1 1 1 1 J
4000 3500 3000 2500 2000 1504
WAVENUMBER (cm)
()
10
& l
"‘(-"\ﬂ
§ ot
7] T
g . . —240C
2 o} . e
4 e~
14
}-
2r i
0 1 JE— 1 N 1
4000 3500 3000 2500 2000 1500
WAVENUMBER (cm”)

(d
a8 4. EH42 x4 wi% Aol ~"dER
Fig. 4. Infrared spectra of Ta,0; films after
annealing at various temperatures;
(a)Substrate:ITO, (b) 30C , ()120C
and (d) 240C

O¥ 5% Ta,05 /| Pt /Si0Oy /| Si T3F 300
~700C9 2= ola] dHelste] A3 A H
9}y XRD pattern®.Z A#He] dEHe 2:x& HAA
& F-90th 300C ~ 300CeA Exdd Ta,04
whe wjggeln] 00T oA LxelA Ay
AEE AF HzZvr JdElYrl A1#ste 700C
A #9e 244 d27 dehda e B F
Aee olE AWEWelY CVD HoNE i
600C ~ 700C Alelol Al dHe] ol F R B
I 3 ded o Azs F 4dANslxn Y& S ¢

SR L N

2 % 2



PUSIO,Si-
80000 - !
|
> 60000
2 |
] li
C !
C 4000 i
m i
g :
3 i
20000 |
) - B
L L L : J
20 » 40 % ®
2theta
(a)
W00
e
Ta,0, 300C |
00 ‘
> 1 J
@ a
2 |
& ot
£ |
S o
. [
; ‘
Q
1006 b |
e ) . .»vﬂ/‘
4 . ¥ T r
0 kL @ ® ¥
2 theta
{b)
2000
! Ta)0, 40C |
T, AL |
30
>
i
C
@ 2000
€
X
T
")
g i
1000
[ WNINL I~ “\./-\w»«,m—
0 y : —
0 % “ ® ®
2theta
(c)

| Ta,0, 500C |
w0k
Pl
@
c
8 2000
£ !
z |
i H
; ;
Q
i
1000 - | i
I
?‘ ‘
fi /
[N o e,
0 y l : l l
0 ¥ ® ® ¢
2theta
(d)
400 ¢
2.0, B0 |
200+
>
: |
c i
8 2000} i
g ;
£ |
© I
)
a
1000 b . \
f il
; ! y
| ‘ :
; i e
I S N Nt -
0 L L . L — =
0 ks “ ¥ "’
2theta
(e)
4000 ¢
Te,0, 700
Cm
3000? SI\ /
- (1106) L‘
2 (200) |
c
8000 @ \ 1 .
£ Vot L g 0w
< ‘
: \ \\ ) |
g l 4 / | (3‘:0)jé‘ (0226)
1000 | o Vw5
) \‘; ‘(3“10” -
| Lo TERY J sl i
L /
0 ] | ey D
P 0 40 50 60
2 theta
(f)




a3 5 9HY % Wao g
9] XRD

TlZzOS ki}g}

Fig. 5  X-ray diffraction patterns of 7a;0s
thin  films annealed at various
temperatures;

(a) Substrate; Pt/SiO»/Si, (b) 300T,
(c) 400, (d) 500C, (e) 600C, and
(f) 700C

I8 65 Si7ledd Ta,0s 9uhe #@Asty

GHg 93 SEM 22 600ToA 43] el 3o

12,05 /Si0,/Si 2 #Asgded, Ta0: 9 %

A 13 :294] oF 2004 T ubute] Ay

& ¢ %

a8 6. Tay0:9 Az dwl7d Az
Fig. 6. SEM micrograph of Ta,05/S5i0,/Si

film.

I8 7v @MygRx Wile uwleg &S uH
A& e, W &H tan 6 Aol dAHIL=E 300
ToAlAM BlFd&a2 oF 139904 400CoH M &=
A 18622 eI 500CAME 95 ==
243 Zades & Fsdols AEAYE o
SEO 2 /ng}-%]_
a3y 8 o mﬁli Halo & [-VEAQ

7F 10°AY o Ayt 2agslis Ao
2 AEYE A 300CoAME & 1.2MVierol 2
400CAM = < 15MV/em® 27187t 500C o
AeE ¢ 0OMV/mE AT 982 ReFa Q)
th 500CoAM T AldHel AAE7 52 FAFAE

AN AR A E 3 A Vol 10, No. 1, Jannuary 1997,

X 10
o {09
1wt
Jos
{07
16}
{06
M ' Jos®©
@ » &
Joe 3
12f
Jos
Joz
10} .~
T T T 0
—
a 1 . A 1 \‘O
%0 30 w 150 50
TEMPERATURE ()

Oy 7. dEAeE 2x¥g OE vFAds

Fig. 7. Dielectric constant with annealing tem-

prature.
Tt dAdRAFert FAGA gt AL
BEol BE9 7P Ak R Ao
HAFI 5E7] wE 512* Azt oy

8 (@9 AHAGI AN A7 tAgAdsted
AAF7E vldEsd Sriste Ohmoic’ﬂo] LR
g FAAd M DC #A7)dEY: electroed-limited
T3> bulk-limited F¥ o2 FHIYY MIM 72
of HEAAE ¢ ldnm o)A Aty ow
Poole-Frenkel(bulk-limited) AEaH oz Hdddg
q FOIDING)

Poole-Frenkel X7l &£

j= CEexp(—q($— (qE/ reye,)” [kT))

2 Foau, 4714 j& di{EE Ce E
Oﬂol?SH AR = A%, Ex @4, qv A3
v A4, e, & vHHHE, AT ERT A
= doxelth I1y9E
In (0)9 HE 24 EFEZ AU o] =4
71&719 10ke™ FEEE ol &dte] ofjEAH A
Adbgl 71 €717 dXEn A=d o] AR
o] AAGHA = Poole-Frenkel d 77+ &
o &% 4 vt

=5 e

0,
S
2
g
oly
N
£
).
g
oo lo rju

o -z
o T



w0y &,
—_— A ]| — B _.I .‘,‘
e
w0t s
sernt?
o Xy ?
A l'
< A
E pes
g’ oF
l:EJ /.// L
S .//' - T I
Py
L ——30T
- ‘// | — —m“c
o | —e500T |
10¢ Ir///‘ - i
1 " 1
1 19
VOLTAGE (V)

(a)

10‘5E
10°F
- A
o} AF e
- o d=80nm
. —— 400T |
LEn S |
2 e b —-AAmuc H
c .
18 é‘
10—10 i 1 L 1 1 A4 1
! 0 2 4 6 § 0 2 14
J VOLTAGE (V)
L
(b)
3" 8. Exg 22X meE AFAF} Tg,05%e
-V 54
Fig. 8. I-V characteristics of 7Ta305 thin

films at various annealing tempera-
tures

4.4 8

Sol-Gelel =8} TayO5 uHote A 2ste] 2ol

4 54 9 474 4 B2 A7 23 e

2o AES A

1) Sol-Gelgol o3l =g Ta,0:9eHe 600T
ol3k WecldE M "eln 2 ol gelHE 2
B Aol ge)

B &2 98 Tal; wotel 7]

o
A

4 #9170

N
olo

- ]
18
.‘l‘
slope =22
— 3m .
«— 500
1E41 L L L
400 600 800 000
Electric Field (Mviem)'™

a8 9

o

f EEo] WE 7,0, Wt 5 —EL2

A g

oX,

Fig. 9. o —E'Y? characteristics of Tas05 thin

films at various annealing temperatures

2) MFEdEL dAME 227 400C 4 W Hu @
 186€ Lurh

3) Xz wg ddna ZFEE 400THdHA
LoMV/emE YEFG O, 500C olatdlMe HE
3 A g2l AAF o] 9 F wtuie]l w3l wii)
AR Z st F23) At A

4) AAZEE 06 MV/em ~ 1.1 MV/cm A}old

Ao H7I-AE WANAIEL Poole-Frenkel A
T AR BES gUstdrn

g uzs

1. Tiky, S. K., "Choice of dielectric for TFEL
displays”. IEEE Trans. Electron Devices,
31, 105 (1984)

2. Ohta, K., Yamada, K. Shimizu,K., and Tarui,
Y., Quadruply self-aligned stacked high-
capacitance RAM using 7Ta,0s high-density
dynamic memory, IEEE Trans. Electron
Devices, 29, 368 (1982)

3. S. Kimura et al, "A new stacked capacitor
DRAM cell characterized by a storage
capaciter on bit-line structure,” IEDM Tech.
Dig., pp. 596-599, (1988)

4. K. Tori et al., "Three dimensional effect on
Submicrometer diagonal MOSFET's,” Solid
State Device and Materials,Ext. Abstr., pp.



9. John L. Vossen,

101-104. (1989)

. J. Yugami et al,
173,(1989)

. S. Kimura, Y. Nishoka, A. Shin, K. Mukai,
IEDM Tech. Dig. 368 (1983)

C. Hashimoto, H. Olkawa, N. Honmo, IEEE
Trans. Electron Devices, ED-31, 14, (1989)
fltH 8, “CVDR WA S &) > 7z L 51t
R RAREAOEE", BRI, 53, p.109(1985)
Werner Kern,”Thin Film

Extened Abst. of SSDM,

ProcessesIl”, Academic Press,Inc.,Chap.3
(1991)

10. K. Yamagishi, Y. Tarui, J. Apple. Phys., 25,
1306 (1986)

11. Nishioka Y., Kimura, S. Shinnriki, "Dielec-
tric  Characteristics of Double Layer
Structure of Extremely Thin Tay05/Si0O,
Film on Si”, J. Electrochem. Soc., 34. p4l0

(1987)

12.

13.

14.

16.

#7184 42837 Vol 10, No. 1, Jannuary 1997,

Shin-Ichiro Kimura.,"Leakage-Current In-
Ta,05 Films Due to
Pinhole Growth during Annealing Below
600C." J. Electrochem. Soc., Vol.130, No.12,
p.2414-2417.(1983)

Mustafa A.Mohamed etal,, "Tantalum Oxide
Monolithic  Capacitor  Applica-
tions”, Thin Solid Films, 176, pp.45-53 (1989)
Peter L. Young,"DC Electrical Conduction in
Thin Tay0s Films”, J. Appl. Phys.Vol47.
No.l, pp. 235-241 (1976)

G. S, Oehrlein,"Oxidation  Temperature
Dependence of The DC electrical
duction Characteristcs
Thin 7230 Films on Silicon”,
Phys.,Vol.59 pp.1587-1595 (1986)

crease in Amorphous

Film for

Con-
and Strength of

J. Appl

S. M. Sze, "Physics of Semiconductor
Devices”, 2nd, wiley, New York, p.403
(1981).

$97

19619 119 1094, 1984 28 %

sddn Fd ArEgsd £

19%6d 28 HedigE ged

} 19949 § gt wiEg £
19969 d4 FAAEUE A4

le Zig,

ArdTH). 19959 #A 3

o)E g

1940 109 2494, 19643 2€ 3ok
a2 471388 £ 197049 28 3%
gt A7) AAb, 1979 9%
France =4 Montpellier 7]“"1 (3
dh) 19909 19 -129 U3 o4
%%FH E’-ﬂﬁ—r(*ﬂ%"ﬂ? A% ‘;’a‘
i #7Eds w4 84 ¢ &



