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Microstructure and Microwave Dielectric Properties of ZrTiOs Thin Films
Prepared by Metal-organic Decomposition

shate! MEH'™
(Chang-Sun Park' and Ho-Jung Sun'?)

Abstract

ZrTiOs dielectric thin films were coated by metal-organic decomposition, and annealed by rapid
thermal processing up to 900 T for their crytallization. Crystallized single-phase ZrTiO; thin films
were fabricated above the annealing temperature of 800 T, but their grains were randomly oriented
without specific textured orientation. Best dielectric properties were presented by the sample annealed
at 800 T which had crystalline structure and flat surface. Dielectric constant of the film was
maintained at 32 throughout full frequency range up to 6 GHz, and dielectric loss was varied between

0.01 and 0.04.
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Fig. 1. Process flow for ZrTiOs thin film
formation.
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Fig. 2. (a) Schematic diagram of MIM capacitors,
(b) Schematic diagram of circular-patch
capacitors.
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Fig. 3. X-ray diffraction patterns of the ZrTiOs
thin films annealed by RTP at various
temperatures: (a) ©-2 © scan and (b)
glancing angle scan.
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Fig. 4. Cross-sectional FE-SEM image of the
ZrTiO4 thin film annealed by RTP at
800 T for 2 min.

Z} RTP £&=o]A4 EA 3 AHe Fd A4S
Fasl7] $letel @ FE-SEM £4& A A&}
o AE a9 59 vtk 19 5a) - 5(d)
ol & = e viel o] AAEE HA A @
A 800 T7HA A2l AlHe EH 3o A
o] fAbalgch ge] ¥ 3(b)e XRD sHEdA
gelatdy uhel 2ol 800 T EAe Ao A
AR o] FA QUdEd, AAgHA Fe v
g2, 600 T, 700 T €A A|Hy} vwdgS
Al B ¥Ae] zo]E WAty oy ole A
g Ed ATz dsbe] A I vAA
A ou|gel, 2@ 900 T EAe AlHe
ASoEs ®Hol & (groove)o] #REHL ol
B2 I 2EdA vute] Hudiy] FHF v&
& 2EFozA duty AA quAE ¥F7] 4
43 (agglomeration) @A4tell 71918 Aoz Bl

dxed g FHe Mg F o AA3 =
Abak7] 8 AFME& o] &89 ZrTiOs ®2 500
mx500 nm AAe ¥FAL #AdAC o A 2
¥ 63} Zo] A 2x7F F7HEel wel HA
A7 7} ZF7hgo] AEgA=EAen F 1A & F
gl uhel o] 53] 800 T < 900 T AlelolA
EAAA7I7F 5438 78 A . rms £ 045 9
A 436 o2 Fitsted wut guAAY] 54

3y s.

Fig. 5.

200nm

RTP €A &%k W ©& ZrTiOs
ututo] FE-SEM EW A}Z: (a) ©|EH
2], (b) 600 T, (¢c) 700 C, (d) 800 T,
(e) 900 T.

Plane-view FE-SEM Images of the ZrTiO,
thin films annealed by RTP at various
temperatures: (a) as-coated, (b) 600 T,
(¢) 700 C, (d) 800 T, and (e) 900 T.
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AFM Images of the ZrTiO; thin films
annealed by RTP at various temperatures:
(a) 600 T, (b) 800 T, and (c) 900 T.
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Table 1. AFM roughness of the ZrTiOs thin
films annealed at various temperatures.

Anneal temp. rms Ra Rp-v
() (nm) (nm) (nm)
600 0.56 0.71 1.69
800 0.45 0.56 1.35
900 4.36 5.86 13.80

rms: root-mean-square roughness
Ra average roughness
Ry-v: peak-to-valley roughness
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Fig. 8. Schematic diagram of MIM capacitor

using ZrTiO4 dielectric thin film annealed
at 900 TC.
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Fig. 9. Dielectric constants and dielectric losses
of ZrTiO4 thin films measured in low
frequency range (75 kHz - 1 MHz).
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Fig. 10. Dielectric constants and dielectric losses
of ZrTiO4 thin films measured in
microwave frequency range (0.5 GHz -
6 GHz).
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