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Preparation and electrical properties of conductive

L.aNiO3 ceramics and thin films

Dae-Young Kim

Department of Electronic Engineering, Graduate School,
Pukyong National University

Abstract

LaNiO; is a good conductive oxide material and has perovskite
crystal structure. It is used to be a electrode of fuel cell and
ferroelectric material. We have investigated preparation and electrical
properties of conductive LaNiOs; ceramics and thin films. LaNiO3
powder were synthesized by mixtures of Laz0O3 and NiQ via a
mechanochemical process (used planetary mill). A single and stable
LaNiOz perovskite crystalline phase was successfully prepared by
using a heat-free mechanochemical process which produced a fine
amorphous powder. It was shown that the LaNiO; ceramics possessed
a good metallic characteristic.

LaNiOz thin films were prepared with lanthanum nitrate and nickel

acetate as the start sources by sol-gel method. Highly (100)-oriented



LaNiOs films with smooth and crack-free surfaces were prepared by
heated from the bottom of the substrate using rapid thermal
annealing method. The highly oriented films((100) orientation factor :
about 97%%) were obtained for 3 minutes heating process on Si(100)
substrate at 700C. The orientations and the conductivities became
lower with increasing and thin film thickness. The conductivity was

11.7x10702 - em on Si(100) sbustrate.
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HAT2E odukal o2 RE] AMztslH perovskited B EF 5§ A4S
2o gutae (N2 ZAATH A dAdE IERF oldds g2 944
el

g
7 Bojz 4 Jort dgAaAe WIS BHon & As HAe 7
perovskite® 3| EF BF gdEe] etk B A0l FE Sr, Mn,
Co 2 Ti o] Eojztt}, 28 1& o]AAQ perovskited I ERF E§
Azt AR FERE Ve

ABO 3 or Al—x A’x B 03 (l)
A ! Lanthanoid element
A’ Alkaline earth element

B : Transition metal element

O : Oxygen

Fig. 1. Two methods of representation of an ideal perovskite

structure.
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Fig. 2. Procedure of sample preparation.



Table 1. Raw materials of LaNiO3 ceramics.

Materials Purity Maker
LazOs above 99.9% Yakuri Pure Chemical, Japan
N:O above 99.9% Junsei Chemical

rotating mug

Fig. 3. Planetary ball mill.
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450rpm

550rpm

10 20 30 40 50 60 70

Fig. 4. XRD patterns of mixed LaO3;-NiO powder via mechanically

activated for various rpm in Zhrs.
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Fig. 5. A conductivity measurement apparatus.

_16_



3347 2 23
331 ¥ JA

29 62 La0s9h NiO9| A8ed Zr=g 108 §< £Fsz, o
% %S mechanochemical W25 &3 THstAES o ZAHAL et
o] X FHAEAE 4345 vEd A
oA Fg ALHoz dastqla, oAl TFEE s AE o
dolue AL viRdnz TP Dol o2 Sl AHEE vF

a9 6la)e EFET adiRe] XA sFE=pMelct 29 6b)e 14

b FAR ACR La0:% NiO9 ARAEE vehle #0719 #ole
Totm vton] Fuw Fugt Feje] Fojyiz Wegth XA A S
A molA e WA Zo] QojA= AL Yo 27|7b mAEE orlEi,
the] vl ojA st UEy k| Adodd mAAYS 4 7 A
th{20] olot o] EFR o] ViAAHoR AT FAHAUAE Wol4
La:03%t NiO 947te] 2717 0% vjAste] Az v A7) ol
th o]z E ] st 2712 1A T Z1AA duAg 7t
2ol dAAVIE XRD FojA ] jEAEFE o] &3te] Scherrere] 4
(23102 A4g Axe #Z49 2ot

_ . 0.94
D= Bcos 6

2(4)= scherrer H o2 g A W% g4+ 9z $X, A
= X-A Dol

AR el dAE shghel wEba] La0s8 AHe 457 nmell A 137 nm
2 7243893, Niogl 4#+ 475 nmolA 171 nmE F428E 0%
7 A 29 6(c)NH = 2AIE <t B2 <lEte Lax039 NiO
P52 vAztet AFAFE Tol v EgEER A site] 84
g YA 7t Tt AER =4¢ LaNiO(JCPDS 34-1077)7F A4 4

o
u
(ot

M
=)

O
41
s
B2
Mo
k=)
1=
i~
flo
e
Mo

2

A

e
rlo

ol
oX

°]

(4)

- 17 -



S Rk 283 LaNiO; o] 9]ol LaNiO4(JCPDS 33-0712, 34-0314)%}
LaiNisOno(JCPDS 83-1164) 8 AZ}= &= B2 Eo| 26- 32 204 &3
A7 641 BAF 27 6(doAE La0sst NiOgl JelAE A2 A}
ghA 3 LaNiOs9) Fol7le & FHfAE 2gvh sy 9N
riak-g-gk NiOg 901717 7 A& =AUk ot Ao Holy A&
g vheb o] NiO9] WhgA AHo] ulg F& & 4 Uk zgm 152
B E g A 2" 6e)dl T TolF e eV} 647 S B
AR Hzsdnh ol AL F 249 vhgo] 483 o] Fo= ] o
o] AU AE 7Rt whgo] dojubal FEE & 5 gk 3y 714
A AWAE 7hshE ARkl F7bghel webAl LaNiOse] iAbzr)
T o] 6Nz M E 91 nm, 154X 69 nmE ARRel bt
opeb A w) A Fs B ST

o9 HIAEHRE] mechanochemical HAo)MdE= A GQA
perovskite 739 LaNiO:& ¥& & o] 23 3 Wy
GRS dA Rk olfE v 2k & E 2004 Lax0s9F NiO¢]
PA=227) = 242 457 nme} 475 nmelth. 2898 A, Martinez—Judrez %
31 La¢t Nigl d3E=258 d& &% dA7F vj$ zhelr <F 30
nmo] i, st& F B9 YAE °F 50 nm & TEM2Z ZAE
ojg} Zo] Asls Fol A4 =4 ddE wl§ Fobr] YAze] ukg
AUA7F HoBg Mad Y& 2TANE A LaNiDsE AL 4 9
b 2} lA7E & La0s9h NiQe] BEute dAag stox A4
e BAGIA7E 57 wEe] v 2R AE zAukgo] 2 Ao
WA @2ethi24] WebA mechanochemical W& B ho] Qa2 o) $-

s e AR AT ke wMeAS ZrAAIRE W5 dx]d)

p

_18_



(a) raw -
- | |
o A AA lA A A Al

S
() for 1h} .
s | |
A F Y A A ]

(c) for 2h O -
° ?’\ .I ’\ .. oe =
®
(d) for 6h °
- « ¢ n
®
(e) for 15h i
® A A " .h i.‘ a

L ! i 1

10 20 30 40 50 60 70
20 (deg.)

Intensity(arb. unit)

Fig. 6. XRD patterns of mixed powders mechanochemically treated
for various times.

(@: LaNiO;, I NiO, O: LagNiO4, A: LagOs;, 4A: La(OH)s)

Table 2. Particle size of mixed powders mechanochemically treated

for various time.(nm).

LaxOs NiO LaNiQOs
raw 456.937 474,75
lThour 137.102 171.051
Zhour . 122.15 103.561
6hour . . 91.98
15hour - . 68.91
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g A dolx (B4 LAt 8719 2xE= 9 50 TY) HFE9
Hbgo]l A doljds & 5 sl

a8ln wizbeArHE EA 0 LaNiOs 29 494 A g A7
a7] flste, Bga UAR FAEHT I 63 AR
Ay £2e 2474 DTA A& sk 28 7& ¥ £Fd d
DTA F4& vl zeln

ball mill powder

N

356T -

720T

mechanochemical powder

i 1 I I I l |
100 200 300 400 500 600 700 800 900

Temperature (C)

Fig. 7. DTA curves of mixed powder(ball mill Z4hrs) and

mechanochemical powder.
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i
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(a) for 6h

3
o)
)
=
7
[
]
k=
(d) 15007
AR ’O Q
10 20 30 40 50 60 70
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Fig. 8. XRD patterns of La0O3-NiO ceramics made of the mechano-
chemically synthesized powder for firing temperature.

(@: LaNiO3, (O LagNiOs, A La0s, A La(OH);, Ik NiO)
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Fig. 9. SEM of LaNiOs; ceramic sintered at 8007C.
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Fig. 10. Temperature dependence of specific resistance of LaNiOs3

and LazNiQOs ceramics. (@: LaNiQs, (O LagNiOs)
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LaNiOs& 43t ¥¥& MOD #4301 Agaiden 1y 11
HegEE ey,

Lanthanum Nickel
Nitrate acetate

v
[ acetic acid - H,0 !

) 4
| formamide ]

h 4

L 0.1M green solution [
[«
I

sSpin coating
(2500rpm/30sec)

|

pyrolyzed at ’ multicoating
4007, 300sec

}

annealing ]

[
¥

measurement

Fig. 11, Depositing process of LaNiQOs thin films.
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7H &9 ¢4

LaNiOs3Ad S 913 &2 528 La(NOs)s (99.99%, Aldrich Chemical)
9} Ni(CH3CO2): - 4H20 (98%, Aldrich Chemical)& AH&-3td s, §vle
acetic acid (99.79%, Junsei Chemical)$} F/FF(H008 A&ttt WA
Nickel acetate (Ni(CH3COg)z - 4H20)Z acetic acid &"W= AM&3te] A
LA =9 F 5E(moD¢ Lathanum nitrate® AA3] FAsit. o
Zlek 25w g H08 AZste 01Me] FHEIL Green A& 9
g£4e wERY. 28l dA42ETY cracks %7l A3 Formamide
(99.9% Aldrich Chemica)® dA# A7t & 32 0.IMY o A&
#? 547 4& dedn

Table 3. A stock solution recipe for LaNiO; films. (0.1M).

Material amount

Lathanum nitrate  La(NOs); - 6H20 0.005mol
Nickel acetate Ni(CH3COg)s - 4H20  0.005mol

acetic acid CH;COOH 30ml
distilled water H:0 5.0ml
formamide HCONH: 1.0ml

) =9

AE 0IMO LaNiDs £94S 713 Ewlo Hojwg EE¥AJ|Y
Sping 4000mpmel A WA FH AR oo PAY Felz A
o o] = FAL 02 B¢ A

- 29 -



th 4449

1Y 125 LaNiOs sol-gel 98 pAzstd DTA 4% A&
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ek, 1k dalglE 400To0A 3002 ¥ Fstn, 22 EAds
LaNiOs ZA4S BE7) 98 2 2xeA 180% F<¢ A 3
7] AL RTA{rapid thermal annealing) W& A&ttt 1 ¥
o) FAE =47 A8 4, 6, 8 103 wtEstod AHIFRT.

i
o
i

I

ic)

0 200 400 600 800 1000 1200

Temperature {T)

Fig. 12. DTA curves of LaNiOs powder (0.1M).
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(a) (b)
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—_— -

LTTTTT 21T

— : heat flow

Fig. 13. Direction of heat flow on substrate.

(a) direction @® (200)

(b} undirection

Intensity(arb. unit)

35 40 45 50 55 60
20 (deg.)
Fig. 14. XRD patterns of LaNiOs thin films heated at 700T on

PRIy SR

20 25 30

Si(100} substrate.
{(a) heated first from the bottom of the substrate,

(b) put on a pre-heated plate. (@: LaNiOgy).
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Fig. 15. XRD patterns of LaNiOs thin films by
(a) process 1, (b) process 2. (@: LaNiOs).
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Fig. 16. XRD patterns of LaNiO; thin films heated at
(a) 500C, (b) 600, (c) 7007TC, (d) 800T. (@: LaNiOs3).

650
600
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500t

4501

Sheet resistance (2/1)

400 .
400 500 600 700 800 900

Annealing temperature ()

Fig. 17. Sheet resistance vs. annealing temperature plot for LaNiO;

films on Si1(100) substrates.
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A 9-0025)7 vlZeA FASAGD LAY B A 2olE
ARl ARAQ olzak Lol AN Alzre] Frhgel wbA

7 Zobely] WEolth 18 20& olel@ e Aol we uhuke)

A tepd Aotk

Intensity(arb. unit)
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Fig. 18. XRD patterns of LaNiO; thin films heated for
(a) 3min, (b) 30min, (c) 60min (@: LaNiO3)
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0.01
3min

0.0051  30min

Bcos@/A

60min

0 0.056 0.1 0.15 0.2 0.25 0.3
siné/ A

Fig. 19. Bcos 6/ A versus sin #/A for the three samples whose

8/286 sean are shown in Fig. 18.

500

4507

400

Sheet resistance (Q/0)

350

0 30 60

Annealing time (min}

Fig. 20. Sheet resistance vs. annealing time plot for LaNiOs films

on Si(100) substrates annealed at 700TC
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43.2 719 o2 9§34

(a) ® (200)

Intensity{arb. unit)

; W, SN 'y
20 25 30 35 40 45 50 55 60
20 (deq.)

Fig. 21. XRD patterns of LaNiOs thin films as substrates.
(a) Si(100), (b) Si(100)/510;, (c) AlOs; (d) Si{111),

(@: LaNiOs, A: AbO; ! Si(111)

a3 218 7139 EFA g XRD FAE vekd el ZE IS
2 432 349 400ColA 300% =t dE& A0 & HEFEAHE 70

0CoNA 1802 F¢F 3t 2920(a)e] Si(100)ell digh LaNiO:o] 83k
ol ttg 7)o A ZA JErgS 2 £ glon ojue] wjgde
7%t} zhzte] 7)del digk el nHAR-E T 40 HEhiAL
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XRD F4elAd (1000 T (2000 Ho|7A EAE LaNiOs H=relA
pseudocubic & eluata, oleig el tiEo] (110w EA4<
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rhobohedral A& ¢ 60° ¢ 71&<¢e] glonmz AAe FHo| vy
Z ez AztaArh. 1Y 2& 7Hd ©E XRDFAoRFH
Beos8/A0] that sing/AZ uEhd Aotk Siome A% 7+ 0.005
9lx}e] A7|E oF 17mmo)l Si(11D9 A$-& 7+ 0012, dAe] #A7)=
oF 2mER wEAdol F4%F $¥H A AU FopHE & 5 A
th 38 ALOs 719 AgE 77 0006, PR 2717 ok B5mmE A

gee AAw Pae ANt WS B¢ L F Ak

0.01 E(a) substrate

;’/S,i(@_‘f//
0.00SM
0 L . . . . .
0 005 01 015 02 025 03
sinf/ 4

Bcosd/ A

Fig. 22. Bcos 0/A versus sin /2 for the three samples whose

#/26 sean are shown in Fig. 21.
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Table 4. The orientations and resistivities as substrates.

substrate orientation(%6)  resistivity{ Q2 - cm)
Si(100) 97 11.7x10°
Si02/Si(100) 729 11.2x10°
AlOs 45 130.5x10™
Si(111) 63 13.44x10°°
@ ® (200)

Intensity(arb. unit)

20 25 30 3% 40 45 50 55 60
20 (deg.)

Fig. 23. XRD patterns of LaNiO; thin films on coating times at
Si(100) substrate. (a) 4 times, (b) 8times. (@: LaNiO3).
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A4ke] LaNiOsed vl4ge 2ach aziezs aygs|art 48 o] delA
= LaNiQ; utube] wjdkAdol zAadm AAYE  pseudocubicell A
rhobohedral 2 #std& ¢ 4 Utk 28 240 o2 S48 vEhig
c}.

~

~ 4 times

S

73]

3 0.005¢ 6 times

Y [ 8 time
0

0 005 01 015 02 025 0.3
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Fig. 24. Acos 6/ versus sin §/2 for the three samples whose

8/260 sean are shown in Fig. 22.

_43_



Intensity(arb. unit}

) A " | A g
N Yy oM R LT MRG0 DIAN Wil
20 25 30 35 40 45 50 55 60
2e (deg.)
18 25, XRD patterns of LaNiOs thin films on coating times at
AlO; substrate. (a) 4 times, (b) 8 times.

(@: LaNiO;, A1 AlOs3).

a8 25 ALO; 71%el IHIALE A7 43, g3z R XRD
ATt v Eo] 45%(43])elM 51%(83)E St AAN AT E
o] Si 7I#e] Agnvt oz e ZA YEREH.

# 5% RE3S mE v ALGEs dehdn glew, 1¥ 26
of ole] Bzt 21HE P
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Table 5.

The orientations and resistivities on coating times.

Resistivity (10 2-cm)

Si(100) Si0»/S1(100) Si(111) AlOs
43l 11.7(97%)  11.2(72.9%) 13.44(63%) 130.5(45%)
63 9.1(63%) 8.4(-) 10.74(-) 48.17(-)
33| 7.757(-) 7.49(-) 7.925(-) 38.1(51%)
103] 7.6(59%) 7.2(-) 7.8(-) 30.6(-)
w@el: [X10° Q - cm).
14 6
i3 @ Si(100} A Si0,/Si(100)
Osi(111)  * ALO, 5
12 g.
1 [
e
10 3 2
9 5 5
8 8
L2
7|
6 - : : . ‘ : : 0
3 4 9] 6 7 8 9 10 11

The number of coatimg

Fig. 26. The chart of table 5.
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(a) 0.1M @ (200)

Intensity{arb. unit)

20 25 30 35 40 45 50 5K55 60
20 (deg.)
Fig. 27. XRD patterns of LalNiOs thin fiims as concentrations on

Si(100) substrate. (a) 0.1M, (b) 0.3M

0.01
< 0.3M
™~

e

2 0.005 0.1M
Q

xQ,

0

0 005 01 015 02 095 03
siné@/ A

Fig. 28. Bcos 6/A versus sin #/A4 for the two samples whose

#/26 sean are shown in Fig. 27.
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AR LaNiOs®) 2 FFo] vlg wdaA m®se] 9z 1359
2R o 63l FAR IHELE 4 4 U} FW LaNiO; ¥hahel ¥
e 29 209 Zel mjg dAsHA Wil SEMOEZME dxte] e
& #8717t ol H Yk 14 FESEMO.E LaNiQs wHete] e =
Abstath. 19 302 438 393 LaNiOy 2t2e] EdS Jeld Aoz
¢ A Fetn FAdFE Bk LaNiOs 929 2271= ¢ 20myg o,
o] A7l XRD #lo|ae] wixjZ oz Ak g3 Ao dA)etgic

Fig. 29. Cross-sectional SEM micrograph of LaNiQs; thin film
deposited 8 times. (700°C, 0.1M).

100nm

Fig. 30. Surfaces SEM micrograph of LaNiOs; thin film deposited
8 times at Si(100) substrate.(700°C, 0.1M).
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Fig. 31. Temperature dependence of sheet resistance

of LaNiOs film on Si(100) substrate
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