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ABSTRACT

Ferroelectric ReMnO; (Re:Ho,

Er) thin films were deposited on Si(100) substrate by Metal-Organic Chemical Vapor

Deposition (MOCVD). Crystallinity and electric properties of ReMnOs (Re:Ho, Er) thin films were investigated as a function of
thermal heat treatment process, CHP (Conventional Heat-treatment Process) and RTP (Rapid Thermal Process). ReMnO; (Re:Ho, Er)
thin films prepared by RTP showed higher c-axis preferred orientation and homogeneous surface roughness than those prepared by
CHP. The remnant polarization of ferroelectric hysteresis loop of ReMnOj; (Re:Ho, Er) thin films was strongly dependent on the c-
axis preferred orientation of hexagonal single phase, and the leakage current characteristics of thin films were dependent on the
homogeneity of grain size as well as surface roughness of thin films.

Key words : ReMnQs(Re:Ho, Er), Heat treatment process, Ferroelectric properties, c-axis preferred orientation, Metal-Organic

Chemical Vapor Deposition (MOCVD)
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Fig. 1. XRD patterns of HoMnO; thin films deposited on Si(100) at 700°C for 2 h and post-annealed at various temperatures by (a)
conventional heat-treatment process and (b) rapid thermal process.
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Fig. 2. XRD patterns of ErtMnO; thin films deposited on Si(100) at 700°C for 2 h and post-annealed at various temperatures by (a)
conventional heat-treatment process and (b) rapid thermal process.
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Table 1. The Degree of c-Axis Orientation and Ferroelectric
Characteristic of ErMnO; Thin Films

Annealing 1"(001)~ e (007) P,
temperature  f= owdor (nClem?)
(OC) 1—[, (00])
800 0.203* 0.386%* 120*  200**
850 0.100* 0.110** 90*  105%*
900 0.045% 0.105%+* - 100%*

*CHP(Conventional Heat-treatment Process)
**RTP(Rapid Thermal Process)
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Fig. 3. Hysteresis loops of (a) HoMnO; and (b) ErMnOj thin films by thermal heat treatment process.
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Fig. 4. Leakage current density of ErtMnOj thin films by (a) conventional heat-treatment process and (b) rapid thermal process.
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Fig. 5. FE-SEM micrographs of HoMnO, thin films on Si(100) deposited at 700°C for 2 h and post-annealed at 800°C by (a)
conventional heat-treatment process and (b) rapid thermal process.

(b)

Fig. 6. FE-SEM micrographs of ErMnOs thin films on Si(100) deposited at 700°C for 2 h and post-annealed at 800°C by (a)
conventional heat-treatment process and (b) rapid thermal process.

(b) RTP

Fig. 7. Scanning Probe Microscopes of ErMnO; thin films on Si(100) deposited at 700°C and post-annealed at 800°C by (a)
conventional heat-treatment process(800°C-1 h) and (b) rapid thermal process (850°C-15 min).
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Table 2. Optimum Condition of ReMnQO;(Re:Ho, Er) Thin Films by MOCVD

HoMnO; ErMnO;
Heat treatment process CHP RTP CHP RTP
Crystal system hexagonal hexagonal
Deposition temperature & time 700°C (2h) 700°C (2 h)
Post annealing temperature 800~900°C 850~900°C 800~900°C 800~900°C
Post annealing time 60 min 5 min 60 min 15 min

Remnant polarization

Leakage current density 10° AJem? (at 1 V)

136 nC/em” (at 800°C) 150 nC/em? (at 850°C) 120 nC/em’ (at 800°C) 200 nClem® (at 800°C)
107 Alem? (at 1V)

10 Alem® (at 5V) 107 Alem® (at 5V)
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< F UYe RMS I 64759 nm= ERstT
Kitahata et ol B394 ATz B} 293
AlFzoA B 53 T4 EAS Basgen o
e B AYH 22 AR494Es & & ddTh

UE 7743 ReMnO,

)

d

152

Pl ®, oo g

MFS 39 FeRAMOI| 283 4=
(Re:Ho, Er) Beh5 &4 f7] 348 SFHMOCVD)2
2 %3 5 CHPY RTPE GA sty gxg] 249
e uhere] 244 ¥ A71H S dis) Ak A%
€ Table 29 YERRATE HoMnO, et ErMinO; HFet
I 700°CAA 2417 el EAE] L% 800~900°C
o SuAA TS BAHAT ReMuOyRe:Ho, Er)

uteke] G B4 AF B gre SuAA R0
MBS % &g me} vt (00) WMol F4%
B AR BT 54 JHIRT w4 AR 54 9
A2) A2k 5710 ek Mn A7} Estet mA Tz 7]
Aste] 958 F4 AR S vehc

4.8 £

F4 #7] 38 FFYUMOCVD)LE ReMnOs(Re:Ho,
Er) ¥FeRE Si(100) 713 el 700°CllA 2A17F 33 5
800°C~950°CellA] dxg] &% 2 dxg] uhdo] ua vt
ote] 244 2 A28 B4 thale] 2AHI%TH ReMnO,
(Re:Ho, Er) ¥F2r2 800°CollA A& ¢ o5 4

B S

e vdehliglod, 94 =7t S7Hgel e o

& A WIS ZastAa AR de] WA Aol
3= AT}, 8, CHP(Conventional Heat-treatment Process)

A2 kel

Bt} RTP(Rapid Thermal Process)Z &
3 & FAMEEE JERN R
Z Fzkol A e, 23 Y

27] 8 &9 ALY PR e FHAF 54

< VeERAITE HoMnO; HHHe RTPHO.E 800°CelA] 5
B S 92 A 2R BF@)S 150nClem’, A A
=
£

Y= 107 Alem’(1V)°]129, EtMnO, ¥ RTP
HoZ 800°CellA 15% F<F 4 Al I/ EFP), T
4 AR WEE 742F 200 nClem?, 107 Alem?(5 V) FHE

=1

HERf AT

REFERENCES

1. N. Aoki, N. Fujimura, T. Yoshimura, and T. Ito, “Formation
of YMnO; Films Directly on Si Substrate,” J Cryst.
Growth, 174 796-800 (1997). '

2. N. Fuyjimura, T. Ishida, T. Yohsimura, and T. Ito, “Epi-
taxially .Grown YMnO; Film : New Candidate for Non-
volatile Memory Devices,” Appl. Phys. Lett., 69 [7] 1011-13
(1996).

3. F. Bertaut, H. L. Yakel, W. C. Koeiler, and E. F. Forrat, “On
the Crystal Structure of the Manganeses(IIT) Trioxides of the
Heavy Lanthanides and Yttrium,” Acta. Cryst., 16 957-62
(1963).

4. N. Fyjimura, A. Shu-ichiro, A. Nobuki, and Y. Takeshi,
“Growth Mechanism of YMnQO; Film as a New Candidate
for Nonvolatile Memory Devices,” J. Appl. Phys., 80 [12]
6497-501 (1996).

5. K. Werner and D. A. Putinen, “Cleaning Solutions Based on
Hydrogen Peroxide for Use in Silicon Semiconductor Tech-
nology,” RCA Review, 3 187-206 (1999).

6. S. L. Miller, J. R. Schwank, R. D. Nasby, and M. S. Rodg-
ers, “Modeling Ferroelectric Capacitor Switching with
Asymmetric Nonperiodic Input Signals and Arbitrary Initial
Conditions,” J. Appl. Phys., 70 [5] 2849-60 (1991).

7. W. S. Hu, Z. G. Liu, and D. Feng, “The Role of an Electric
Field Applied During Pulsed Laser Deposition of LiNbO;
and LiTaO; on the Film Orientation,” J. Appl. Phys., 80 [12]
7089-93 (1996).

8. D. C. Yoo, J. Y. Lee, L. S. Kim, and Y. T. Kim, “Effect of
Post-Annealing on the Microstructure and Ferroelectric
Properties of YMnO; Thin Films on Si,” J. Cryst. Growth,



ReMnO(Re:Ho, Er) Blte] Z1gadoll vl @] 3-8l & 769
233 243-47 (2001).

Films,” J. Mech. Phys. Solid., 44 [5] 657-73 (1996).
9. H. Kitahata, K. Tadanaga, T. Minami, N. Fujimura, and T.

11. H. Kitahata, K. Tadanaga, T. Minami, N. Fujimura, and T.
Ito, “Ferroelectricity of YMnO; Thin Films Prepared via Ito, “Microstructure and Dielectric Properties of YMnO;

Solution,” Appl. Phys. Lett., 75 [5] 719-21 (1999). Thin Films Prepared by Dip-Coating,” J. Am. Ceram. Soc.,
10. C. V. Thompson and R. Carel, “Stress and Grain in Thin 81 [5] 1357-60 (1998). '

A 4274 A 112(2005)



