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Fig. 1. Schematic diagram of photo-CVD apparatus.
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Thin Solid Films 77 (1981) 81

THIN LAYERS DEPOSITED BY THE PYROSOL PROCESS*

GERARD BLANDENET, MICHEL COURT AND Y VES LAGARDE

Centre d'Etudes Nucléaires de Grenoble, Département de Merallurgie, Service d'Etudes des Matériaux,
Laboratoire d’Etudes des Matériaux Minces, 85 X 38041 Grenoble Cédex ( France)
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French patent 2110622 (1972), low temperature
US patent 3840391 (1974),
Japanese patent 83-845-7 (1971)
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TABLE |
CONDITIONS FOR THE DEPOSITION OF OXIDES BY THE PYROSOL PROCESS

Coating  Source ' T, Solvemt Carrier Reaction Type of substrate
material (C) (Q) gas temperature  studied Thin Solid Films 77 (1981) 81
Q)
Fc,0, || Tronacetyl- 181 200  Butanol  Air 300-500 Glass, stainless steel Ai,,A:mm
acetonate
Cr,0, | Chromium Air 520 -560 Glass, In,0,-coated ﬂ__\
acetyl- glass Flowmeters s erosat'supgl
acetonate #70304 SUPRYY.
AlLO; || Aluminium 248 Butanol  Air 650 Glass Nozzle
isopropoxide Purified air selg Swstrafe..  § fepost;zone
In,0, Indium acetyl- 260 280  Acetyl- Air 480 Glass, alumina, silica Heateré (&)
acetonate acetone (plates and fabric)
Y,0, Yttrium acetyl- 190 Butanol  Air 600 Glass
acetonate e
v,0, Vanadium Air 300 -360 Glass ek
acetyl- Substrate holders
acetonate Fienocs l l \&
VO, Vanadyl acetyl- 180 200 Butanol Air 360 Glass
. acetonate Nozzle N iie et
(AA),OV VO
S$n0, Anhydrous Methanol Nitrogen,  300-500 Glass, alumina Aerosol supply Amsol Aerosol Amsox
stannic chloride air ®) © 9>100 mm 304 (100mm ¢ 30mm
TiO, Butyl Acetyl- Air, 400 Glass, stainless steel Fig. 5. Types of furnaces employed in the Pyrosol process: (a) conveyer furnace: (b), (c) rotary furnaces.
orthotitanate acctone,  nitrogen
butanol
ZrO, Buty! Butanol,  Air Glass, stainless steel
ortho- acetyl-
zirconate acetone
@ KOCHI UNIVERSITY OF TECHNOLOGY 19
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Thin Solid Films 232 (1993) 28
Properties of CdS films prepared by the chemical mist
deposition process

Gil Yong Chung, Hye Dong Klm, Byung Tae Ahn and Ho Bin Im

d Institute of Science and Technology, 373-1 Koosung-dong, Yusung-gu,

s

Department of Ele ng, Korea A
Taejon 305-701 (South Korea)

60 = v T
T 50
< 3
£ A
\5 40 >
o H
g o £
c .;
s 3
g bkl
S (@)
00 0 W 30 a0 0 J Laaal 5§
F; l.isﬂl‘mllic diagram of the CMD process: 1, flow meter; 2, Subsirate Tempero'ure (oc) *© » ° 7
caier gas line; 3, ultrasonic vibrator: 4, in-line pipe; $, mist injection;  Fig. 2. Deposition rate of the CDS films as a function of substrate 20
6. thermocouple; 7, hot plate; 8, out-line. temperature at various mist velocitics. Fig. 3. Xeray diffraction patterns of the CdS films deposited at
various substrate temperatures (mist velocity, 1.6ms™'): (a) 250 °C;
(b) 300 °C; (¢) 350 °C; (d) 400 °C.
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SRMEFBTBEAY w A, HEOXEIZ, BB TS, Solar Energy Materials 17 (1988) 407

Sb-DOPED SnO, FILMS DEPOSITED BY THE CMD N @) ® . (C)v

(CHEMICAL MIST DEPOSITION) METHOD

Hideyo IIDA, Toshio MISHUKU, Atsuo ITO, Koumei KATO

Taiyo Yuden Central R h Insti 562 Tsukanaka, Hongo, Haruna-machi, Gus:i. gws,

Gunma, 370-33 Japan A
. . Spray CVvD cMD

Mitsuyuki YAMANAKA and Yutaka HAYASHI (Ligkl droghei'  (Gow molecule (Mist+Gas)

Ele hnical Lab ry, 1-1-4, Un Tskuba-shi, Ibaraki, 305 Japan based) based)

Received 10 February 1988; in revised form 11 May 1966 Fig. 1. Difference between the CMD method and ordinary spray and CVD methods.

(1) A characteristic film quality is obtained compared with the spray and CVD
methods. Most significantly, a suitable surface morphology for solar cell applica-
tions can be obtained.

(2) High deposition rates and large areas can easily be accommodated by taking
advantage of the mist and gas. It is possible to achieve high deposition rates of more
than 10 A/s by an improved CMD system.
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33 3T V4 LREEIEY(Ga, Fe, In)
3.4 FEE7IL I =9 L(AIOX)
3.5 EibA VOO LAY) D LEER(IGZO)
3.6 BRE{EEY TT(MoS,)
3.7 HE
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Fabricated samples

100 nm IGZO thin film

100 mm glass SUDSIrate

230303-Ni0-02
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List of thin film producible by mist method

2019.04

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

H He

Li Be 1 Non .met.al element . B C N 0 F Ne
[ Fabricating thin film by mist CVD

Na | Mg [ Well investigating thin film Al | Si | P S | Cl | Ar

K|Ca|Sc|Ti|V |Cr |Mn|Fe|Co|Ni|Cu|Zn| Ga | Ge | As | Se | Br | Kr

Rb|Sr| Y | Zr [Nb|Mo| Tc [ Ru |Rh | Pd | Ag| Cd | In [ Sn | Sb | Te | T | Xe

Cs |Ba | ™ | Hf [ Ta| W |Re | Os | Ir | Pt | Au|Hg | Tl | Pb | Bi | Po | At | Rn

anoid

Fr [ Ra || Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Uut | Uuq | Uup | Uuh | Uus | Uuo

Metal : Ni, Cu, Ag, Pt, Au
Oxide : Li,Mg, Al Si, T, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Y, Zr, Nb, Cd, In, Sn, Sb, Hf, Ir
Inorganic  Sulfide : Zn, Sn, Mo

Carbide : W Organic : PEDOT:PSS, etc....
Nitride : Cu

| Among all the films that we tried, we were able to grow them without exception.
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T Fm 57 (15) 2038

Contacs ats avadatle  ScmcsDiect
Thin Solid Films

Journal homepage: www. elsevier.com/locate/ts!

Transparent conductive zinc-oxide-based films grown
at low temperature by mist chemical vapor deposition

‘Takahiro Shirahata *, Toshiyuki b, shi %,

ot e
* Beranch o, Ko Uy of g, K, o 708502 fopn
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History of Ga,O,

T. Shirahata et al. Thin Solid Film 597 (2015) 30

g
e~
| a-Ga,0; can be only grown by mist CVD | =
y S ]
C | S5 Q- Oeeeegenes0ieeen
g 7 1 00
El = T y T 2% a | J
= ° — 400 °C 5 & | 1
&, £ 5 100 ---415°C ... ]
> £ 38 — 443 °C 1 1
Z g S — 470 °C L T
£ 3 @ =80 _—500e 105r\‘ 1
= E 7 wavelength [nm .‘?A ‘Y 3
= 250230 210190 2E 105 E
3] 70 28 i o---Tor
< 60 - 6.0 i F o 7
20 20 60 80 £ E5.0 2 10fF oo 1
26 Cu Ka [degree] b= < 4.0 20F = 3
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5 o SR 3 o ! E
e 520 S BT o1 : :
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Suitable temp.: single crystal SE o o 1T
Absorption by excitons? ~ 101k ) L L
38 39 40 41 42 direct semiconductor? 2 4 6 8 10
26 Cu Ka [degree] Sn doping ratio (at.%)
2007.10.09 First poster Our research, the 14t International Workshop on Oxide Electronics, PII-54
2008.03.28 First presentation Our research, the 55 JSAP Spring Meeting 2008, 28a-W-2
2008.04.01 Growth of a-Ga,04 S. Fujita, JJAP 47 (2008) 7311

2011.08.24 submitted Conductive a-Ga,0;
2015.03.04 submitted Grown by other method

T. Kawaharamura, JJAP 51 (2012) 040207
Y. Oshima, APEX 8 (2015) 055501
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Fe, O, &%

Selective growth of a-Fe,03, 4-Fe;03 and Fe;0, at low temperatures and under

ambient pressure

Daisuke Kan'", Satoshi Sugano, Yoshihisa Kosugi', Kento Kobayashi', Nao Uebayashi', Tomoyuki Koganezawa®, and

Yuichi Shimakawa'*

"Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
2Japan Synchrotron Radiation Research Institute, SPring-8, Sayo, Hyogo 679-5196, Japan
“Integrated Research Consortium on Chemical Sciences, Uji. Kyoto 611-0011, Japan

“E-mail: dkan @ scliyoto-u.acjp
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Table I.  Growth conditions for iron oxides by mist CVD.

Precursor Tron (1) acetylacetonate Fe(acac)s (0.004 M177)
Solvent 100% H,0 or 98% CH30H and 2% H,0
Carrier gas N, 51 min

Substrates (001) ALO3 and (001) SITiO3
Substrate temp 400 °C

(furnace’s tbe temp.)
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Air
Solute Al(acac);
Solvent (Mixing ratio) Distilled water, Methanol (10 : 90)
Concentration (mol/L) 0.020
Thickness (nm) %~ 50,200
Temperature (2C) 300-450
Substrate p~-Si, p*-Si
System 30 mm ver. FC system

Carrier gas (flow rate)
Dilution gas (flow rate)
Ultrasonic transducer

Air, 2.5 L/min
Air, 4.5 L/min

24 MHz,24V-0.6A,3

§8 5% -38— o3 .
s x

<6+ K Oodzget O% 43ooO
.l Ar | & O  Air
Saf {184} ]
(=

§ © § .03'Il-0.
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LONe @l .|
0 300 350 400 450
Temperature (°C)

300 350 400 450
Temperature (°C)

8.921 nm

3.439

RMS: 1.257 nm

| Air | o, |

Min. Temp. (°C)
Epp (MV/cm)
Ko (-)

RMS (nm) @350°C

RMS: 0.341 nm

>400
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S5 50 Solute3 Zinc acetylacetonate (Zn(acac),) a
= Solvent Distillated water, Methanol (mixing ratio: 10 : 90) GaAcac) 2
& i A S S SR S R R e Solution concentration 0.030 (1:1:1) mol/L A 5
185 B Thickness ~ 200 nm ZnAcac) $
r A Substrate temperature 250-400°C, interval 25°C
2 104 4 N 03 .9 A Substrate Quartz, Eagle XG
= E E L e ¥ Growth system 100 mm ver. Fine Channel type mist CVD system
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Behavior of droplet on the hotplate
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J. G. Leidenfrost, Duisburg on Rhine (1756) [in Latin].

L eide nfrOSt eﬂ:e ct B.S. Gottfried et al, Ind. Eng. Chem. Fundam. 5 (1966) 561.

T Kawaharamura, JJAP 53 (2014) 05FF08.

part of liquid begins to evaporate due to contacting or approaching the heated surface,

the momentum of the evaporation causes the droplets to float.

And an evaporation time is longer because the droplets are covered with the steam

which has lower thermal conductivity.

Atomic scale

Droplet /N e - product

©.

solute .

\ / solvent

Surface of thin fllm

Mist{droplet Vapor film
(liquidiphase)) (gas phase)

Heated surface .

-+« Thin film
Sub

AN\
G

The similar phenomenon is occurring in mist CVD.
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One evidence of Leidenfrost state droplet in mist CVD

This phenomenon was demonstrated by mist etching. {EZES MR (CVD) %
ZnO thin films were etched and patterned with mist of acid etchants.
The shapes of patterned edge are changed depending on the temperature. {_}
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Gas or Leidenfrost state @ high T?
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Droplets survive in the reactor

100°C, 100 mm :

@ 100°C, 100 mm

Diameter (pum)

Frequency (-)

It has been confirmed that
droplets definitely present 400°C

in the reactor set at 300°C. %o 100 200 300 400 500
position (mm)

5 10
Droplet Diameter (um)

@ KOCHI UNIVERSITY OF TECHNOLOGY NERH, IS ¥ 94 (2025) 10A 5 53

SRAMRZEART S EDEHE

g /\
HiR- B E

‘@ KOCHI UNIVERSITY OF TECHNOLOGY 54




5 ﬁ@;ﬁ%wﬁtﬁﬁmﬂmﬁ
- BESEBEMiNb b TRE

514 F /550 — BT3B TRERBTOEA
52 BEZO1: 5UIRERGHEHE

53 BREZMN2: +/BEF~OHEIERK

54 BEHEZ03: JEAFEOHET

his FR 12

B UTUR.I IANCVD IZHF3,
=<8 48 -7 by 7 =ity N -
9110 BRRISS CIHES SRHNET [BE)
2025 Jl”ﬁﬂ' ﬁ ik‘
ﬂj) KOCHI UNIVERSITY OF TECHNOLOGY 55
B . /T /00— 2B AREFEORERADTES
&9 5ERZEFA
EMREAECERFOHE
T Tanroe’ | passive {;ﬁ?’ii&?
DEEERELEITS FBHEE -2 - EOEDEE
“®%%ﬂbl*w# i% 2 . 7717 7/ﬁw%
PR AN & AR GAER TR A%, 3
% Rt 5 2
g @ _RERFETIE, Kt BERE < ns %
= BUEANEBES ! ! AR > us
E Reactant T \JJ
HARE \\
l BREEA \\B K/\\a
Probabilit L Hix
density [1,3' 3] Reaction coordinate [t]
ﬂﬁ) KOCHI UNIVERSITY OF TECHNOLOGY 56
SAMRDFA : REFEDERRAKDERZRRTES?
&89 5EREFHA
EMEMAETCRFOHS
ZOLDERIET B [@@S’D@JW@ {%é;ﬂofgﬁéﬁk
OEEEERELITS REEE -2 - EHFEDOERE

«@%%#bl*»¥ i% 2 - 77x7 7/ﬁ»% g% 39
; ” HLHTBA
f IE'»a,i %MQ! 7
 @EaERDS e i'“;%°
m&m%%rmmﬁ e

< I fth A0 E

energy [G]

o@)4 )

re

~ Reactant \_

___________________ Producty _

géggfatgﬂ[%] Reaction coordinate [1]

KOCHI UNIVERSITY OF TECHNOLOGY

57



: 1o U VAORE I o 4 1

BE 201
& (Vo 2 0/ 0 PR /D SBEA (mistCVD) € B
R \ RuE ¢ RIS )
,,\x—v",v’\ ‘ = a® A
/_/ . f o °
IN
W ; - & ° > >)
LG, 6//6’ (L) _ Bum
e —— = BFEICB T B RIE5-EHHEERE
I = Ehi N
PRSSID s e D (8 # | 75x% | mamE
TITIEE SR AN RiGiE
Ar A ”, E ~lcm | ~1mm | ~ 10pum
N ot M .7/ ’ g’j§7 EE R
N Fasa N N Y RiEHO | - -
’ — \ /;_17‘-‘-.y—|.\ P /\/ﬁln R 0.1 ms 100 ns 10ns
R e T REHO
— LAY
a6 E® - ~0.1eV ~30eV ~0.1eV
N s
58
T Momose, et al,, JJAP 49 (2010) 05FF01,

@ KOCHI UNIVERSITY OF TECHNOLOGY

IL;\II_.\ ZTD2: T/ BEERANDHERR K

T Kawaharamura, et al, JJAP 63 (2024) 015502,
JIEFT, I FHYHE 94 (2025) 10 55

B Mezavne

Langmuir-
Hinshelwood
BRIG
_ ksKCp

T14+KCy

Normalized
reaction rate (-)

X

VVVVVVVV

(un -que) yadaq

©0000000000000000000000000000000000000000000000!

xjﬁ

x
385

F 7 YA ADERTIRTEER I T B FER BRI IE.
CVDWALDDF|AA ER,
MAEREEARMDRIDAKRELKEL DT/ BEAR~NDRKIEE.
thif & RIGTIREENE LS50 EE T oL,

COREDRRIT TRERISERIKE] (2T DT THHH.

B SERR TIERADEREA/NES T E H(~1kg/m?) 1=
HAERTERRL,
i, BERFAMRAKGSCHREINEESATINS !

K1 BEREOEE & HEBERE

sk IRk | BERR Bix
*’%Egﬁ? ~107% | ~107¢ | ~1078 | ~107%°
(k§§3) 1 ~1000 | ~1000 | > 1000

S X hCVDIEF / BEEADHEFERRDE LF? !

FLUFEE~NDERRE
@ KocH! UNIVERSITY OF TECHNOLOGY 59
. FEIEIE EE =
BE 203 : fEaEokE
(a) « (b)30 thin [13]
~ Z A
=} Slongitude : u
=) 2 7lat|tude v
820
= 3
- Al ¢
(=1
o
X 101 thick
pl
Flélw 1 -p3
direction _p2
I e .
<~ 30 mm _— 0 10 Fine channel reactor
position (mm)

JNRAS, i R EE 94 (2025) 1085

60

KOCHI UNIVERSITY OF TECHNOLOGY



6. F&OH

61 =SXIMCVDOER

62 I X MCVDIZET 15

6.3 Ef::EEBESLHL

6.4 BEAFEPEMN : SEMIEIAMCVDIRAT LA

Al
|

SEE
EiR-EmE

Existence of droplet in the fine channel reactor

@ KOCHI UNIVERSITY OF TECHNOLOGY

— o T T T T T T T T
=X FCVDDERE (b)
A ultrasonic spray pyrolysis d
1504 Aerosol-assisted CVD =}
\VT O Mist CVD ]
g r a
d=) i A A
5] 3 AL
= 100F AA 2 N
,g L A4 AN
[s¥ [ F:YVN A A
o t 4
S) | J
b as o
250 A So ]
= r a
5 o0 o
Z A e 00°
A 000
0 Sorond ./\AAAQAUUOV
‘80 ‘90 ‘00 ‘10 20
Publication year
SO ORIZ A
WODMEIZA — 2 HEAl
eS| IAA N
@ KOCHI UNIVERSITY OF TECHNOLOGY JNRAS, IS FAEE 94 (2025) 1085

= X FCVDIZBHT 53R

NEA B

S 2 hCVDiL & ZDBILEMNFRBRADGAICET 5HE
RERFERFR TEHER F L/, (2008)
https://repository.kulib.kyoto-u.ac.jp/dspace/handle/2433 /57270

Toshiyuki Kawaharamura E E
“Physics on development of open-air atmospheric pressure thin film fabrication technique using .

mist droplets: Control of precursor flow”

Jpn. J. Appl. Phys., 53 (2014) 0SFF08

https://doi.org/10.7567 /]JAP.53.05FF08

Masahito Sakamoto, Tatsuya Yasuoka, Kanta Asako, Tamako Ozaki, Miyabi Fukue, Mariko Ueda,
Shota Sato, Giang T. Dang,

“Growth mechanism under the supply limited regime in mist CVD: presumption of mist droplet
state in high temperature field”

Jpn. J. Appl. Phys., xx (202X) XXXXX

E
Toshiyuki Kawaharamura, Misaki Nishi, Li Liu, Phimolphan Rutthongjan, Yuna Ishikawa, E E
L]
https://doi.org/10.35848/1347-4065/ad0faa E

@ KOCHI UNIVERSITY OF TECHNOLOGY



TG £EBEEL

MERAAREEZC355(ZRE
LT, DEOHEHICELET
A EFEET 5,

TME:C

We drive industry

NAADBFHET

SA=F:i
@ A LRER S

KocH1 UNIVERSITY OF TECHNOLOGY

@ KOCHI UNIVERSITY OF TECHNOLOGY

Bin £BEHL

“T tw—4 | #EmE || #xE | mesa [ 2@0E || o | S=

% e BATEF IR MABEERRE wis “”ﬁ*q m% Contact me ot
| l"%" BATHRP 250 THR MRS ATATERE motemor Toshiyuki Kawchaomua o cor oor oy ose

BEFORR " ] —
e
48 ) < > 2025%F 118 ~ (KR
8 A * * * & +
— 2 27 28 29 30 31 118
EETRAS
= T
o == 2 3 4 5 6 7 8
HEBTFREFHERE(UQD) L TMmist] )13
S RN EREE
(Lab. AMDT) 9 10 1 12 13 1 15
BAUIMAY CH C355 [16) 7 18 19 20 21 22
- / (1 5 23 24 25 26 27 28 29
= -1
- ﬂ 30 12818 2 3 4 5 6
@ KocH! UNIVERSITY OF TECHNOLOGY 65

B 3 R 4 Al

B -SEMEI X FCVDYRT A

b
@R
MAZE-MAZEKI A\

dg. ‘J\Eixijxhamber-)

KOCHI UNIVERSITY OF TECHNOLOGY AL, FBEEGWHE (2025) 8p-P10-5 66



	montagex-001
	montagex-002
	montagex-003
	montagex-004
	montagex-005
	montagex-006
	montagex-007
	montagex-008
	montagex-009
	montagex-010
	montagex-011
	montagex-012
	montagex-013
	montagex-014
	montagex-015
	montagex-016
	montagex-017
	montagex-018
	montagex-019
	montagex-020
	montagex-021
	montagex-022

