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— Motivations —

Recently, numerous high-dielectric constant (high-k) oxides, such as aluminium oxide (Al,O3), hatnium oxide (HfO), zirconium oxide
(Zr0Oy), lanthanum oxide (La;03), and yttrium oxide (Y203), have received considerable attention to reduce a driving voltage of
metal-oxide-semiconductor (MOS) based devices.!-5) The physical properties of each material (which are reported with bulk materials or 1n
other reviews) are summarized 1n Table 1.5-8) There are a lot of reports of thermal stability about such materials since 1t 1s very important for
device fabrication. For example, in La,O3 and H1O», crystal 1s easily formed at low temperature®.19 and, in HfO; and ZrO., silicate 1s easily
formed for higher reactivity with S1.9:11) The crystal phase transition and the silicate formation cause a volume change and a roughness

increment on the tilm surface. Therefore, there are lot of  The physical properties of high-k dielectrics

researches about stabilizations of thin film state, such as a Dielocir Lattice Bond  Crestallizat Contact

post annealing process after thin film deposition or a Bandgap ° "ine emergy L ORn o (ecy . stability with  Silicate
mixture alloy with Sl, Al, and Y .4.9.11-16) Ultimately, S10 Eg (eV) & (-) AH], /n (e\/g) (blow 1000°C) S1 (°C)
and Al,Os has wide band gap, high breakdown field, and , (kJ/mol) (kj/mol)

high thermal stability. Also, S10 and Al;O3 thin films are :11%2 72 5 93394 2828 85'239 B 265 3 > 900

AUl . - ,0; 4 , . - .

used for a passivation owing to low permeability of water  ‘{o, 5 g 2795 5510 23 < 400 199 4 797
and ambient air. Thus, S10 and Al,O3 are promisin ZtO, | 47-58  11-25 5450 3.03 Monoclic 177.1 ~ 500
materials for both a high-stability gate insulator and a La,0; -6 25-30 4050 8.30 < 600 412.0 ~ 1000
passivation of electronic devices. Y20; 6 IS 4300 7.45 - 488.8 = 1000
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— Mist Chemical Vapour deposition (Mist CVD) - A means to promote a reaction
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A technigque promising as an atmospheric pressure process! L. Energy assistance from outside.

heating, plasma, radical, etc.

II. Lowering E..
Catalyst, etc.

[II. Lowering AH.

Material state 1s made more unstable.

Other. Post annealed

Reformulation after fabricted.

Fine channel type Mist CVD system It was verified that, when MgO

The FC structure, which 1s a depo. space of 1 mm-in-height, thin films are prepared by the mist
gives the thin films grown under a strong oxidation and high ~ CVD, the assistance of O3 1s eftec-

reaction efficiency due to high pressure in the local area [17].  tive to lower the substrate tempera-

= ture from 450°C to 400°C [18]. It 1s
. { i > \ 18) T. Kawaharamura, K. Mori, H. Orita, T. presumed that the decrease of
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Please refer [17] S10x and AlOy thin films at low
“StudyToI? m;st CV]?)haI?(Tlhlts ngplltlc?gon to thlg gtro[?vthzoo(t)‘g%nj() thn} films” | temperature with assistance of O3 [ wish the result gave the industrial
. Kawaharamura,, Ph.D. Thesis, Faculty of Engineering, Kyoto-Univ., in Japanese : . ”
http://repository.kulib.kyoto-u.ac.jp/dspace/bitstream/2433/57270/1/26041.pdf were carried out. world an immeasurable 1mp act.

— Fabrication & Properties of SiOx thin films grown by the mist CVD -
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SiOx thin films were able to be grown from the liquid source, such as TEOS, HMDS, and, ¢ %gto% %I;nleﬂg?nm) I :
HMDSO, by the mist CVD at temperature above 250°C. On the other hand, S10x thin = (x9.7) J N ]
films were grown trom polysilazane (alpha2), which 1s a relatively stable material, by the p——- — ,\ -
mist CVD at temperatures of 150-300°C with a reasonable growth rate of 12 nm/min at | ?XS 01 1C3’)H20’ 20 min (66 nm)
200°C. However, the residuals 1n the S10x thin films were observed. Then the S10x thin ¢ ' J [\
films were heat-treated with O3 or H>O. As a result, the S10x thin films were improved = Er———see———r———— r | =
dramatically. The resistivity was changed from 1013Qcm to 1019Qcm. And the refractive 4000 3000 2000 1000
index was changed to 1.45-1.46, which 1s nearly same as refractive index of S10. Wavenumber (cm™)

— Fabrication & Properties of AlOx thin films grown by the mist CVD -
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causes the degradation of breakdown tield (E£5p). With assistance of Os, the residual OH bonding 1n the AlOx thin film 1s not
seen even at lower temperature. And the Ep, dielectric permittivity, and density were improved. Ultimately, when the AlOy thin 7%
films are fabricated by the mist CVD, the assistance of O3z 1s effective to lower the substrate temperature from 400°C to 360°C. i
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