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The (101)oriented growth and electric properties of

(NaosBios)TiOs thin films by sol-gel method

Min-Seok Park

Department of Electronic Engineering, Graduate School,
Pukyong National University

Abstract

NaosBiosTiO3 (NBT) thin films with smooth and crack free surfaces
were fabricated on the LaNiOz (LNO) electrode by sol-gel method
and rapid thermal annealing (RTA) technique. And the crystal growth
and ferroelectric properties of the NBT thin films were investigated
in accordance with orientation of LNO electrode.

The NBT with a (101) orientation of LNO electrode showed 99 %

of (101) orientation factor(XRD) and 44 nm of grain size and a
columnar structure attributed to the lattice matching of the NBT/LNO
structure(FE-SEM). The leakage current density and  breakdown
voltage of the (101) oriented Au/NBT/LNO/Si thin film were about
5x10 7 A/em® and 75 kV/cm, respectively. The dielectric constant and
dissipation factor at 40 kHz were £~=227 and tand=0.13, respectively.

The ferroelectric characteristic exhibited a PP E hysteresis loop. The



remnant polarization (P;) and coercive field (E.) at applied electric

field of 66.7 kV/cm were 2.38 uC/cm® and 16.46 kV/cm, respectively.
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Z-AY 9 499 LaNiO; 2 (NagsBios)TiOz2 &4

1.sol-gel*}

sol-gel'y ol &t sol-gel Algtel2E A 25t My olt), S(sol)2 FFo]
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}sol—gel methodl
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Lalkoxide sol-gel method] ’ colloid sol-gel method l
chemical gel physical gel
| | B
: . precipitation i . -
[ metal sal;/alkoxrde ] L alkoxide ] peptisation L dispersing colloid

| |
‘4 compound method

Fig. 1. The classification of sol ‘gel process.
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y

amorphous film (structure, free volume, surface area, porosity)

heat-

treatment
A 4
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Fig. 3. Overview of the sol-gel process.
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2. LaNiOs2] &4

Perovskite ZAA7%& Ztv LNOT RS a=hd46 AE zt&
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Fig. 4. Two methods of representation of an ideal perovskite

structure.
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Fig. 5. The crystal structure of ABQO; perovskite-type

unit cell.
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SEo E5d4do] yEeldl Perovskite 94 NBT9 29 Na9} Bi
7} A-site® 2R3t 3, TiZk B-site® A3}, Curie point ©] 2ol A =
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4. NBTe9 Z9§ Fig. 63 #o] 547 ColA cubic phase°l] A
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cubic phase —— tetragonal phase ———— rhombohedral phase

T, =547 C T.,=320 C

Fig. 6. phase state in an NBT crystal.
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1. LaNiOsA =9 Az 2 519

1) 84 34

LNOE/d& #3l &% 542 La(NOs); (99.99%, Aldrich Chemical) 2}
Ni(CH3CO2)z - 4H0 (98%, Aldrich Chemical)& Al&3t9 1, &uj=
acetic acid (99.7%, Junsei Chemical)®} Z#F(H:0)E Ab&3tach w3
nickel acetate [Ni(CH3:CO»): - 4H.OlE acetic acid&vj& Al&3lo] 2
A =l F FE(mol? lathanum nitrateE AA3] Fojstgdrt. o]
g =54 gdd H0E H7bslel 01 Mo 5931 green WS =
gols et 1283 A2 Ee] cracke ") 9sl formamide

(99.9% Aldrich Chemica)E ¥ & #H7lstdoh Table. 12 0.1 MY u

Table 1. A stock solution material for LaNiOs films. (0.1M).

material amount
lathanum nitrate La(NOs)3 - 6H-0 0.005mol
nickel acetate Ni(CH3CO2)2 - 4H,O  0.005mol

acetic acid CHz;COOH 30me
distilled water H.O 5.0m¢
formamide HCONH» 1.0mé

_14_



MOD "#4[32331¢ AH8-3t%lo™ Fig. 8¢l

LNOE #Ast= W&
TS VER ST
lanthanum nickel
nitrate acetate
v
acetic acid, H,0
v
formamide

v

0.1M green solution

|

v

spin coating
(4000rpm/30sec)

v

pyrolysis
4007, 300sec

v

annealing
L

multi-coating

v

measurement

Fig. 8. Depositing process of LNO thin films.
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2) 7Y
dAE 01 M9 LNO&ZAS n type Si(100)7]% FH "Hojrey T

EA)L, sping 4000 rpmel A AAA AT o =W FAL 30% F

Wk o,

3) 44

S

0 200 400 600 800 1000 1200
Temperature (T)

Fig. 9. DTA curves of LNO powder.

Fig. 9= LNO sol-gel &2 71xste] dAa EHDOTAE A& 4
thdl Aeolrh o= DTAE Fal dAzl 225 AA3 7] Agtelr. oF
300 Coll A g 2E g Holn o]z guep 72E BE¢E
i SRR A4dEYg adEs & AqoAE 300 TRO o 2

400 ColA ATk
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LNO

4

700C —
400°C —

LT

(a) (b)

Fig. 10. Sequence of thermal annealinga) and heat transfer
direction(b) of LNO 1 sample.

LNOI & Fig. 10(a)2} #Zo] 400 ColA d&Es) 3 700 CAA DA
st WS 49 HEES Zojuh ddd weke Fig. 10(b)s} #ol 7%

o

v

(a) time (b)

Fig. 11. Sequence of thermal annealing(a) and heat transfer
direction(b) of LNOO sample.

LNOM = Fig. 11{a)$} Zo] 400 TolA F&3] $ 700 ColA <A«

sty S 49 HERE glejnh Fid WES Fig. L)t e 713
) F4 2 RTA(rapid thermal annealing) W& * 83
<

T2l 400 T+ hotplated] A 5%3F AAglE 3, 700
T7AA 9] gl 150 C/mine A4ste] 3% 7 92 s
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2. (NagsBios)TiOz®Hehe] Az @ 349

1) &9 34

Nai2Bii2TiOs(NBT)§d S  9&  CoHsO:Na - 3H.0  (99%, Aldrich
Chemical), Bi(CoH302)3 (99.99%, Aldrich Chemical)?} [(CH3)2CHOLTi
(99.999%, Aldrich ChemicahE &% 222 A& 39t $4 bismuth
acetate® S H T 20wt% H7FgF glacial acetic acidell ¢ 83}
sodium acetate trihydrateZ acetic acidell ¢! €9 7183 titanium
iso-propoxideE 2-methoxyethanoldl &3¢H3t & o18 wEQlt}t. Table. 2
= 02 MY o AHEE E43 S vEepdth

Table 2. A stock solution material for (NagsBigs)TiOs films. (0.2M).

material amount
bismuth acetate (CH3CO2)2Pb - 3H20  0.01mol
sodium acetate Zr(OCH2CH>CH3z)s  0.01mol
titanium isopropoxide TilOCH(CHs)2l4 0.02mol
2-methoxy ethanol 70me
acetic acid CH:COOH 10m¢
glacial acetic acid 16m¢
distilled water H-0 4ml
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NBTE #A4ste= WH2 sol-gel HA& AHE-stglon Fig. 120 7hef
=2 YEhSdT

bismuth-acetate . o .
+ sodium—acetate titamium iso—
. ) trinydrate + propoxide +
glacial acetic acetic acid 2-methoxyethanol
acid + H,0 y
0.2M
solution
spin coating

(4000 rpm, 30 s)

drying several
(400 C, 5 min) repetition
annealing

(500-700 C)

measurement

Fig. 12. Depositing process of NBT thin films.
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2) 319
A2 sols ol gste] dAelE 2Ed F FFH LNO/SIZIH ol
NBTE & 71 o] dojme] =373, sping 4000 rpmell A =

Bt o] F45 302 & AU

3) 4A ¢
Fig. 132 NBT sol& 80 TelA 24 Azt Azxso oA

=
f

=]
Rl

flo

Differential thermal analysis(DTA) A3& Yeldl Zog DTAE £3
dAel x5 AAs7] Yoty o 300 T 540 C oM u=2 A
sh7b A7 AL @Sk 4= Qe oF 300 CollAl e 313+ NBT sol

AM e fF7]e 5o Akl 791E Fejrh 540 T oA v)=19] W

2

7 NBTHAd ] 252 F5%o] NBTENE 80 TollA 2443 Ax
sto} o1& Rurz 600 T, 900 T, 1100 ColA Z+z} 4A)7H
NBT ceramicsS 9HE 31t}

NBT =rabe LNO/Si 713¢iel 500 C, 600 C, 700 CollA ztzp 5 &
b dAelg vhuka 600 CollA 58, 308 60837 AE dAeE g vate

S E
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Fig. 13. DTA curve of NBT powder.
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4. A

LNO¢ NBTw'Ze u3 AeE ZAEH7] 918l DTAMDTA 7,
Perkin Elmer LTD)#¥4& st 2349 A3 +x25 47 A&
XRD¥A4 S a5ttt XRDE X-ray diffractometer(X'Pert MPD,
Philips)& o] &3ttt EFA2 154 A9 CuKa, #<}t 35 [kV], AF 35
[mA]e] 202 stdom 2 89w 20°00 A 60°Aololf Al afald ) A

AL Holzr nAste EFriel Wi Hao] HrE g tgy FH5A
. XRDE2A & FallA whatel o] old A4S 2t ARE e

Wiz Foxz MFES Addsadn. 2 AddA= (101) 2 (202) Hol

AE = AEE FE 2 eH Al e 2ok [34]

pe_[(101) +(202)]
[(101) + (110) + (202)]

(1)

utobe] st vl TEE B2S 918 FE SEM(SM-6700F, JEOL)
S #HA 9tk A B 51 54 IV 54, AHd BHE 2
3l ZAF stA Y -4 542 Impedance Analyzer (Solatron SI-1260)%

Abg3tel 10°~10" Hz 744 Aol A 3O 48, o gloz

o] 714 gy = 8.85x10 “ F/mol i, A v A = FAo|u}
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Pl o 2 AEIG T 3 2= Fig. 159 2t A

—
<
Jm
o,
flo
©
oyl
Ot

= 1~-5 V& 01 V 4032 Q7eal, d¢hS digital multimeter

(2000 multimeter, Keithley)= d#®+ digital electrometer (616 digital

electrometer, Keithley)2 ZA3gow, 7bd A3de 10 kQAAE A3

71& AHE3HA

0N

3
‘T ? ® T AZ

Fig. 15. Circuit for measuring 1-V curve.

4 542 RT-66A standardized ferroelectric test system

(Radiant technologies)& o] &3] oj¥ X8 Al gt A= w3
© 125 x 10% em?0) 3, 97} A A= breakdowno] Lojub= A A o]sto)

A ZA s
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1. LaNiOzA 5ol M@ 2 AQ7x

LNO¥ute) dxje] 4ol we A4l wade 2Ae7] 9lakol
Ao AL @y s, slwel do| AREE PFe etk

1S4

WS 2 LNOw e I gAld Al A |
g Aol wj¢ Fasich Fig. 16 wuke ofe) W 7E3 A 9o (&
age 43) @xe ¥4l wE LNO° XRDE e Aot} Fig.
16(2)[LNO 1 1¥= Fig. 109 #A4o& dxas Alzoltk. LNOT & (101),
(202) WS 7H#3 wj&E F=97 %c°lt}. Fig. 16(b)[LNOM &= Fig. 11
o] FHer A Algolth. LNOI-S (110) #1382 74 1, (101)9]
wEFE F=42 % & veEhglch
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(a)LNO | ® (202)

Intensity (a.u)

20 30 40 50 60
20(deg)

Fig. 16. XRD patterns of LaNiO3z thin films in accordance with
the condition of thermal annealing. (a) LNO I .(b) LNOII
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a=3.84 AE ztE pseudocubicdelth. du¥tx o g2 XRDIA Fo (110)
o] % I AolW rhombohedral’t 3ol (101) 2 (202) 7} F wjAo
W pseudocubicAt TFZEeoltl. LNOI 9o ZAzolA A" Axds+
a=3.84 AE JeEAz, (110) =) H]ste] (101) 2 (202) H=27F =
S FEstez @ uwgksE pseudocubicd TFEAS & F Ao 2En
Lotgering®ll ©JaiA Aejxl= wid&E2 oF 97 %o|th[34] o9k 3o

LNO®M o] A A %7} pseudocubicd o2 (101) vidS Zb= o] f+= 7]

—_

o] A Fzet Aol dAste A GAAAQ ARYEE 67 Wil
o % Sl AATFEE (100) o3 ARFSFE a=543 AO|EE a-384
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2. (NaosBios)TiOs/LaNiO3¢] E=24] 54
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FESEM micrograph of NBT/LNO/Si surfaces and cross
section. (a) surfaces of NBT/LNO/Si, (b) cross section of
NBT/LNO 1 /Si, (c) surfaces of NBT/LNOIL/Si, (d) cross
section of NBT/LNOII/Si
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