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Thank you for your information. | appreciate that you’ve given me an opportunity. My
name is Toshiyuki Kawaharamura. | belong to Institute for Nanotechnology in Kochi
University of Technology. Today, | would like to introduce “mist CVD” which is one of
the functional thin film fabrication techniques under atmospheric pressure.
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Background

There are so many electric devices
in our daily lives. Functional thin films
prepared by the system operated
under vacuum state are used for
most of modern electric devices.

The electric power ratio
of semiconductor plant

Process tool
30.2%

13.2%
Vacuum pump

2008 ISMI workshop on
Equipment Energy Reduction.

56.6%
Facility

Environmental load dramatically decreases
if functional thin film fabrication process is

converted from conventional vacuum process to
NoN-vACcUUmM process.
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There are so many electric devices in our daily lives. Functional thin films prepared by

the system operated under vacuum state are used for most of modern electric devices.

This figure shows the report of the electric power ratio of semiconductor plant. From this

figure, over 13% energy in the plant is used to just operate vacuum pump. As you can
easily understand, if functional thin films fabrication process is converted from

conventional vacuum process to non-vacuum process, environmental load dramatically

decreases.
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Motivation

Non vacuum process

Conditions required in order to fabricate
a high quality and uniform thin film.

Ady. Environment load; Friendly.
Utility cost; Cheap.
System construction; Simple.
Maintenance; Easy.

Homogeneous
Fluid control of
supplied materials

Growth rate
high-activity Composition
materials uniformity
Control of reaction

The conversion to a non-vacuum
process gives a big merit!

Weak High quality thin film; Difficulf.
Uniform thin film; Difficult.
Reliability; Poor

Precursor flow and atmosphere
temperature have to be controlled!!

A highly control technology!!

The novel non-vacuum fabrication
system using mist, “mist CVD".
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Additionally, in non-vacuum system, there are a lot of advantages, compared with the
vacuum process. Environmental load is friendly, utility cost is cheap, system construction
is simple, and maintenance is easy. So, the system conversion from vacuum process to a
non-vacuum process gives a big merit! However, in non-vacuum system, precursor flow
and atmosphere temperature have to be controlled in order to obtain high quality thin
film and uniform thin film. So, we need a highly control technology. But now, there is no
system with highly control technology under atmospheric pressure.

That is the reason why we have developed the novel non-vacuum fabrication system
using mist. That name is mist CVD!
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Mist & its fabrication system image

> Mist (chemical vapor) deposition
One of the thin film fabrication techniques under atmospheric pressure.

Supply unit Reaction unit | 1) In the supply unit
the precursor solution is misted by
ultrasonic transducers.

3) 2) In the transportation
the mist is transferred from the supply
unit into the reaction unit with a carrier gas.

3) In the reaction unit

SMEr=— - . o B " i
ultrasonic T thin films or particles are fabricated by
transducer heat "Lt exhaust | thermal decomposition.

> Feature of mist

Suitable for controlling the
behavior of precursor under
atmospheric pressure.

A.Floats in air
B. Evaporates with small energy
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Mist deposition is one of the functional thin film fabrication techniques under
atmospheric pressure. This figure is schematic image of mist deposition. In mist
deposition system, there are two parts, supply unit and reaction unit. Supply unit consists
of a solution tank and a few ultrasonic transducers. Reaction unit consists of a reactor
chamber and a heater.

First, we prepare the precursor solution and it is misted by ultrasonic transducers in the
supply unit. And next, the mist is transferred from the supply unit into the reaction unit
with a carrier gas. At last, thin films or particles are fabricated by the thermal
decomposition in the reaction unit.

The greatest feature of the mist deposition is using mist. Mist floats in air and
evaporates with small energy. These features are suitable for controlling the behavior of
precursor under atmospheric pressure.
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So, in this presentation, 1 am to explain a classification of mist deposition in the film
fabrication method and to introduce development systems. Then | am to deliver the
development of techniques for getting uniform mist gas stream under atmospheric
pressure and to announce the features of mist CVD. After that, | am to report on the
outputs fabricated by mist CVD.
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Classification of Mist CVVD

Kawaharamura etal., convertech, Vol.39 No.6 (2011) pp.111

Classification of fabrication method

Vacuum Molecular Beam Epitaxy (MBE)
Physical { Evaporchon Electron Beam (EB)

lon plating —— reactive, radio-frequency

Vapor
Deposition
~ Vapor (VD)
Deposition Sputtering (SPT)
non-equilibrium reaction.
Chemical
Vapor Plosmo enhanced CVD (FE CVDJ

Deposition cv[) T

(CVD) L ALD equilibriumreaction
E MOCVD Active precursor

M|ST CVD Ed%lldeE()ll/LdeLLU[‘;(}I

% S, thod Stable precursor
Solution Logiee k
Process Sol gel method —— spin coating, dip coating
Plate
From past experimental results, Mist CVD is classified
between MOCVD and Spray method
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This is a classification map of fabrication method. From past experimental results,
Mist CVD is classified between MOCVD and Spray method. | am to explain it,
comparing mist CVD with MOCVD and Spray.
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MOCVD vs. Mist CVD

MOCVD {N,O, H,O, ROH, efc...) Mist CVD (4, H,O, ROH etc...)

<«— Oxygen source «+—— Oxygen source

«— Carrier gas
(Ar, N)
Carrier gas
C.H- «— (Ar, Ny)
MleH, B
Sub. e
[ ] == CHs Power
Heater Al — CH, F Source
exhaus = CH exhaus
i -~ Ultrasonic fransducer
Supplier : Gas bubbler Ultrasonic
Source _ Easily vaporized materials & Gas  Liguid & Solution
materials  *  Unstable materials Stable materials
Structure  :  complex for ensuring safety Simple

So, there was no techniques to transfer stable materials, in the past.

INn 80", a powerful ultrasonic fransducer was developed and solution can be misted.
Then stable materials were used as source of thin film growth.

Mist CVD is a technique developed for using stable materials.
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Schematic images of MOCVD and mist CVD are shown in this sheet. Both
compositions are almost same. Only source materials used and supplier are different.

In MOCVD, easily vaporized materials or gas are used as source. In other word,
unstable materials are used as source. Therefore, in MOCVD, complex structure for
ensuing safety is needed.

So, there was no techniques to transfer stable materials, in the past. Around 1980, a
powerful ultrasonic transducer was developed and solution could be misted. Then stable
materials were used as source of thin film growth. In a word, mist CVD is a technique
developed for using stable materials. So, the system is very simple structure, in mist
CVD.
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Droplet generation method

~,

" Elscliiein -

Atomization techniques

Amounf Initial
velom

Pressure-feed >10 1012 Techniques which can control a flow
should be selected in order to obtain

2. 1+ classifier 0.7-6 1016 ~ 1012 O :
A - the uniform flow.
3. Spinningdisk ~ 3-150 10 ~10° O )
4 UK : e In other words, the fechniques by
ol (=TT 00 - i which generated droplet is gotten no

5. Piezoinkjet 10~ 1012 ~ A initial velocity and is floated in air is

6. Thermalinkiet 10~ 1012 ~ R suitable for getting uniform thin films.
7. Electron 0.3-4 10717 ~1.0:13 X

8. Steam 5~1000 101* ~10°® X
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Now, the atomization technologies are shown in here. There are many kinds of
atomization technologies. Techniques which can control a flow should be selected in
order to obtain the uniform thin films. In other words, the techniques by which generated
droplet is gotten no initial velocity and is floated in air is suitable for getting uniform thin
films. For example, ultrasonic atomization is perfect for it.

ST, 2HHIT, WEBEAEEEZIIELE L, WEAREHEREAL ER 2 4120
RN ZHIEH SR D EM TR NIER Y A, TOEIIE., TEICHIEE 2 £
CHTEPICERGE S D EN TR EENE L WD EEXET, Hilx

A EE T,



Spray vs Mist

| These features are special of mist method and differential
| between other technigues and mist method.

Spray method

Generated droplets
have an initial velocity.
are not controlled, especially.
are attached to surface, directly
or evaporated in air.

Mist method

Generated droplets
have no initial velocity.
are confrolled and straightened
in order to obtain uniform stream
before reaction.
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In a word, in spray method, generated droplets are not controlled especially, and are
reacted or evaporated directly on the substrate. On the other hand, in mist method,
generated droplets are controlled and straightened in order to obtain uniform stream
before reaction.
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Mist deposition systems

Hot Wall type furnace
[z

(==

substrate
Quartz tube \/‘
/
Mist generator

(’ oocooOQC 0.0 ooo0o
N — ___’ﬂ/<3\ & 5 =)
dilutﬁ" G

carrier gas |

-

Isolution T Fine Channel type

Solution mist gas mixing part

Reaction space

% 1 mm height
Exhaust gas
A R i R |

00D OTO0O 0000
substrate heater

| We are developing the fabrication systems corresponding fo individual needs.

Hot Wall Type Suitable for growth of high qudality crystal.

Linear Source Type  :  Suitable for deposition.

Fine Channel Type . Suitable for deposition with chemical reaction.
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These features are special of mist method and differential between other techniques
and the mist method.

In mist deposition, the ultrasonic transducer is used in supply unit. And, we are
developing the fabrication systems corresponding to individual needs. For example, Hot
wall, Fine Channel, and Linear Source. Hot wall type is suitable for growth of high

quality crystal. Fine channel type is suitable for deposition with chemical reaction.
Linear Source type is suitable for deposition.
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Hot wall type Mist CVD system

This system is same as general CVD system.

1. Source material is fransferred to the reactor, like a furnace.
2. Film is grown on the substrate

O0000000CO00O0O0

substrate
Quartz tube \//‘ ’:I
)

00000000 0O0OO0

The object of this system:
the growth of high quality crystal at high temperature.
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This is the schematic image of Hot wall type mist CVD system. This system is same as
general CVD system. Source material is transferred to the reactor like a furnace. And

film is grown on the substrate. The object of this system is the growth of high quality
crystal at high temperature.

Next, | would like to explain about linear source type and fine channel type which is
suitable for continuous production on large size substrate.
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Problems of atmospheric process

Let me consider the problems of thermal convection & mist.

Thermal convection Conventional flow straightener
most important problems with using gas under
atmospheric pressure

Outlet condition
Pressure : 1.0 atm
Tempreture : 25°C

S HTTITI PITIS -;IIIIIIIIII
- —~—___[—\|
BASS O SSASSISNASSSSNASS
I W S
NN NN NN NN DN -

AN

N, gas 1.0 m/s

DN AN

EST_ESSST RSN ESSSYESSYESSYEadd

228, Y774, 774 Y773 Y774 ¥77A.¥7

—

Constfructed with baffle plates
to obtain uniform gas stream
by pressure loss.

The simulation result of a thermal convection

when N, gas is supplied to a hotplate in the Prevented mist flow and
general chamber, Generated dew condensation
Gas flow is pushed back by the thermal
convection. Growth of uniform thin films is For this reason, uniform mist gas
expected to be difficult. stream was not obtained!!
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First of all, thermal convection is most important problems with using gas under
atmospheric pressure. The simulation result of a thermal convection when N, gas is
supplied to a hot plate in the general chamber is shown in here. Heater set at 400°C and
supplied gas was 1.0 m/s N,. According to the simulation, gas flow is pushed back by the
thermal convection. Growth of uniform thin films is expected to be difficult.

Then, we used conventional flow straighteners in order to obtain an uniform stream of
gas including mist. However, the general flow straighteners are constructed with baffle
plates to obtain uniform gas stream by pressure loss. In fact, baffle plates prevented mist
flow and dew condensation was seen. For this reason, the uniform mist gas stream was
not obtained by the general straighteners.
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Nozzle for getting uniform Mist stream

The novel fechnique, namely collisicnal mixing, had been considered.
The novel nozzle using this novel technique had been developed.

Collisional mixing

The simulation results of flow ratio
in the chamber.

Mist gases are collided
in the mist mixing pool

&% o F L F Lo T 8T

20 g e =Y

- KX XXXXXXXXXXX 5 | ]

=15F :
ol x 0.0 mm

%1 0F - 1L0mm |4
k= ég mm
=} .0 mm

=>05F — 10.0 mm |7

r — 30.0 mm | 1

0 I USRI R N

0 50 100 150

Position (mm)

Their pressures are lost, rapidly.
The mist gas flows uniformly in
the narrow gap of plates.

Uniform flow can be obtained!!
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Then, the novel technology, namely collisional mixing, had been considered and the
novel nozzle using this novel technique had been developed. This is the schematic image
of the nozzle. The mist gas is collided by their own in the mist mixing pool and its
pressure is lost rapidly. And the mist gas flows in the narrow gap of plates uniformly. The
simulation results of flow ratio in the chamber are shown in these figures. The uniform
flow can be obtained with this nozzle, as you can see.
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Linear Source type Mist CVD System

A curtain-like flow was made

O

substrate

I
‘ curtain-like flow

Suitable for large-area substrate and continuous deposition.

Cu,O grown by LSM is to be infroduced in
19p-M6-13 (17:45-18:00)
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The schematic image of Linier Source type mist CVD system is shown in this sheet. A
curtain-like flow was made by the novel nozzle. This system is suitable for large-scale
substrate and continuous deposition.
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LS type Mist CVD System

mmnmmam@m
um it in enly @ fiew heurs
it o o minutes.

filims i @ fiew

 Ulirasoni¢ (UMIG-2010-01-55-A)

Bare sub. 1 min 3 min 5 min 8 min

L

PEDOT deposited on 5 X 5 cm? glass substrate.
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This is the linear source type mist CVD system carried and assembled in Universitat

Stuttgart by myself. I built up it in only a few hours and grew thin films in a few minutes.

As you can see, uniform PEDOT film are deposited on the 5 cm? glass substrate.
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Fine Channel type Mist CVD System

Source Supplier ) ) )
e s The point of this system is fo set a substrate

| s in the fine channel of the novel nozzle.
. Dilution /

reactor

P ( é% ) | mist gas mixture

Camier @ ) j_y,) i Reaction space :
—f *‘{ L ¢ about 1 mm exhaust |
: mist | - = N0 T O | |
E J\—. D /,’r,’/,’/' (,’/,”,’4-’ ’ 'K/’_.”,’ O, O///O o O,Q [of ,’Q‘ O.P—| ;
l N L Sub.” Heater

: —~— :
"~ solution i :
= , Fine channel structure !

_________________________________________________________________

,,,,,,,,,,,,,,,,

to get uniform film by fluid dynamics

The fine channel gives sources a driving force to the substrate.
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And another is a Fine channel type mist CVD system. The point of this system is to set
a substrate in the fine channel of the novel nozzle. The fine channel gives sources a
driving force to the substrate.
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FC type Mist CVD System

Uniform thin film can be
: obtained easilyﬁby this system.

100 nm IGZO. thin film
on 4 inch substrate

FC type mist CVD system in KUT

By the way, why is the uniform thin film
obtained by this system?@
Is the film thickness influenced in a position?
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This is the fine channel type mist CVD system in KUT. This is a photo of 100 nm
IGZO thin film on non-alkaline glass substrate. As you can see, uniform thin film can be

obtained easily by this system.

By the way, why can the uniform thin film be obtained by this system? Don’t you
think that the film thickness is influenced in a position? For example, it is thick in the
inlet part and it is thin in the outlet part.
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Reaction physics in FC Wall temp. 400°C
N,3m/s
Thermal (gas temp.) distributions of cross section in FC
10 mm
Height | .
1 mm L
“=Emm
} Length 100 mm |
T (K)
~ e i From this result,
& [ SHERY Iy 7 same reaction rate can be obtained
g in all reaction area if enough precursor was
= supplied so-called "reaction limited".
_%
=L 1 | Inaword,
5 ; the distribution of temperature and reaction
= Reaction . ; : . ’
2 [ = 1 | is uniform if the system is designed well.
S [ limited =
8t ]
N T 3
1000/T (K7) . Additionally, another effect can be seen in FC.
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Thermal distribution of cross section in FC is shown in here. In the 10 mm height
reactor, the gas temperature near wall is increasing immediately but the gas temperature
of center area is not increasing. On the other hand, the gas temperature of all area is
increasing soon at even pass 10 mm in the case of 1 mm height reactor. From this result,
same reaction rate can be obtained in all reaction area if enough precursor was supplied
so-called "reaction limited". In a word, the distribution of temperature and reaction is
uniform if the system is designed well.

Additionally, another effect can be seen in FC.

T A F v FVNOBESHZ Z B OIORLET, 10mmOSGAIL, BT
PRI T ICHIR L ETHN, BEAFEDIE. IBENNRFELETA, —F
T, MEEAIMMOBEEIT. TRA LT AE—5IS MBS 11, 10mmEEE A7
EZAT, Bl —EREILRSTVWDLIENGNYET, 2O b, KIGH
WZIEEIR e DARRE A RO R HRNIE, Wb B SRR TR,
BEICH > TR URISEREZRES 2 ERHED ST T, 2F0, LFRICEEEY
ERIG UL, IBRELT LIS LT <20 77,

RIFINLET TR, VAT RTEH, b = 2HAVIRBRE SN
F L7,

18



Behavior of droplet on the hotplate

\iﬁﬁﬂﬁﬂ]llb; droppingfdropletsfontthe}hotplate?

Cangyoutimagejthejphenomenontarounditheldroplet:,
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Do you know what will happen by dropping droplets on the hotplate. Hotplate
temperature is 150°C.

1. So, as you know, some droplets are evaporated soon.

2. But, some droplets are not evaporated soon, with jumping up and down or float in
air.

Can you image the phenomenon around the droplet?
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Nature of mist CVD

J.G. Leidenfrost, Duisburg on Rhine (1756)

In a word, the mist droplet
gets some energy through heat flux from the heating surface, and
discharges vapor gas as mass flux to air.

N mpor fim 1. When the surface is fully heated,
(gas phase) the droplet is heated before
attaching to the surface.
2. Then the droplet is evaporated
and covered with steam film

Allocal high-pressure state 3 and the droplet floats and
An efficient reaction’

- / migrats on the heating surface.
\ \\\h\‘&%\\.j\\ /
N ' \\\ Thirfilm_Sub.
SEEEEEEEE

This is the reason why uniform thin films can be easily grown by mist CVD,
in spite of atmospheric pressure method.

KOCHI UNIVERSITY OF TECHNOLOGY Symp. EMé-7 20

o |
S5
=&

=3

This phenomenon is named Leidenfrost Effect, which was reported by Dr. Leidenfrost
in 1756. When the surface is fully heated, the droplet is heated before attaching to the
surface. Then the droplet is evaporated from the surface, covered with steam film and
migrated on the surface. In the word, the droplet gets some energy through heat flux from
the heating surface, and discharges vapor gas as mass flux to air. This is Leidenfrost
Effect. And this is the reason why uniform thin films can be easily grown by mist CVD,
in spite of atmospheric pressure method.

I, AT TR A RIRENVDNABR T, 1756521274771 A
FEAIZE S THREINTWET, BENEDITNEAI N TS & I EE
HIC M7= DRNCEED B, BEO LN EEITRm N LA L, ASEICE DR
F9, OF V., BEENSIA LBV L VRSB S FL, 1S DY
BRI X VIR ITRET D5 2 L0 £9, IR, T4 T 7 e A MR
TY, D, RRETECHGHREDL T, ZARICHERIZI A RCVDIETHY)
B ERLH S B B T,

I Z FCVDEETIE., ZOFEMEZFIH LT, EENAD FTIZHT T, WEARHE
2 VERI ANk £,
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Do you know Leidenfrost Effect?

Jpn. [. Appl. Phys., Vol.51 (2012) 036503
This phenomenon was demonstrated by mist etching.
ZnQO thin films were etched and patterned with mist of acid etchants.
The shapes of the patterned edge are changed depending on temperature.

1051@
e Low temp. K T}) , High temp. © T)
( - [ -
) Pl : ’ O ]
Solvent in the droplet does All or part in the droplet is gasified
not boil immediately and and covered with steam gas
directly attaches to the film. before reaching the film.
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In fact, this phenomenon is demonstrated by mist etching. In this experiment, ZnO thin
films were etched with misted acid etchants.

Please look these figures. ZnO thin films were patterned by mist etching. As you can
see, the shapes of the patterned edge are changed depending on temperature. At low
temperature, solvent in the droplet does not boil immediately and directly attaches to the
film. On the other hand, at high temperature, all or part in the droplet is gasified and
covered with steam gas before reaching the film.

ERERIZ, ZhiE, SANEHWCHEEO ™ v F 0 7 21T o T2 EZEREE RS A
LRV FE L, Z2HbLD0EEEZZTE NIV, BLERERE I A My T
VTR = A U TR R T, ARIE IR IS B S E 8, ERIC R
D EWHRDHMN A B ETA, DF V., KR TIE, WS EEBICEEAM LT
HEZEZBNET, —H T, ERTIEL, EEITEERICEMT L Z R0
24k H L IIAKEIZEDIVFEWD TV DIREIZ 2D £,
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Distribution map - ¢4 inch

The formation of uniform thin films grown by FC type mist CVD system
is caused by these phenomena.

AlO, 430°C

IGZO 350°C

87
96 97 99

93 99 100 102 99

97 99 100
95

The distribution of thickness
AlQ,, : almost uniform.
IGZO : =10%.
Zn0 : not uniform
Thickness dramatically decrease
from upper side to lower side.

The present system is designing based on the 400°C operation.
The uniform thin film would be obtained with design optimization.
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The formation of uniform thin films grown by fine channel type mist CVD system is
caused by these phenomena. For examples, there are the distribution maps of AlO,,
IGZO, and ZnO thin films on ¢ 100 mm substrates. AlO, and 1GZO thin films are almost
uniform. But ZnO thin films are not uniform. The present system is designing based on
the 400°C operation. The uniform thin film would be obtained with design optimization.

INHOBLEN, I A FCVDIETH— A2 RICE LN A2 HE T, FEERIC
EOREXERBENGEONHDTL L 9Dy, TV T LIGZO & b dhighisik 2
TERL U=, BEESHARN B0 £9, TAIF L IGZOMEIXIT E A
EH—TT N, BALAEEIIY —TIIH V £ A, HAEDMEEHL00°CE H 2%
FFLTHRY., EERELEITAE, W-REEAEONDSTL L 9,
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|ist of metal oxide producible by mist CVD

There is no thin film which was not grown in the past experiment.

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
H He
Li | Be [ Fabricating thin films Blcln!lolF|nNe
1 Non-metal element
Na | Mg 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 [ 1 | Xe
Cs |Ba | ™ | Hf | Ta | W |[Re [ Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn
Fr |Ra |*¥ | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Uut | Uuq | Uup | Uuh | Uus | Uuo

-

InO, Ga,O4, ITO, AIO, and IGZO
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It is the list of metal oxide thin films producible by mist CVD. There is no thin film
which was not grown in the past experiment.
Today, | briefly inform you about ZnO, Ga,0,, ITO, AlO, and IGZO thin films

ZZIZiE., T A FCVDIETER ATRER GBI (L iER O —E2# T ThH Y £
T TNFETOERTHRR D --HEEIIH D T A, AP IEMEEIC, B
gne. bV UL, BT A=A, BbA YU LS, BT A=
I, BfbA T LAY T AHENIOW TR LET,
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Status of the development of ZNO

The band gap of ZnO is about 3.4 eV. Step flow growth of the ZnO thin films
The application for fransparent on a ZnO bulk substrate
conductive film is expected. can be easily performed in a mist CVD.

In the past results 500°C
s T T T T E| 7120

— RS o NN T —
— \ = 3102' € 2
E e A >(c)/ 17 052
1. and &
A A 410208
\\ @) O\ ;10 g—]o 2.
PN o ] © oy
o SOl o 11098 5 3
—— E = [e]
] a £
I L L L L (lGJ ‘SU 4
0 IO]O 0

2 4 [ 8
Al conc. [%)]

In the latest experiment

Resistivity of ZnO grown at low temp.

is enough comparable to that of ITO. 0500 400 600 8OO [nm]
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The band gap of ZnO is about 3.4 eV. The application for transparent conductive film
IS expected.

In the past results, Al doped ZnO thin films grown by mist CVD at 500°C exhibited the
resistivity of 104 Qcm. In the latest experiment, resistivity of ZnO grown at 200°C is
enough comparable to that of ITO.

Moreover, step flow growth of the ZnO thin films on a ZnO bulk substrate can be
easily performed in mist CVD. This experiment is difficult in MOCVD.

B BN DN R v > F133.4eVER T, BHEER L L TO MBS
SHTWET,

I 2 RCVDIEDEE L LTI, TAI =A% R—s30 Al E L C5000C CEHL
L72E 2 A, 104 QemOBHIEZES Z LICKI LE LTz, mITOFETIX,
200°C CERYL U =@l gn o E M I+ e vwH Z & TF, £72, MOCVD
TUEHEE UV ER L IESN Fobl B~ D L NI D 27 » 77 o —EN I A b
CVDIETIE, iR TX ET,
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Ga,Ox

beV

In the latest experiment

o
o

s
o

Transmittance [%)]

Low temp: amorphous
Suitable temp.: single crystal

~o
o
T

0200

a-Ga,O5; can be only grown by mist CVD

wavelength [nm
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Sn doped a-Ga,0O4

2 4 6 8
Sn dopingratio (at.%)
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Next is gallium oxide (GaO,) thin film. The band gap of GaO, is about 5 eV.
a type Ga,O, can be grown by mist CVD. It has never grown with other method.

Additionally, its crystallinity is very fine! We can see Laue fringe in XRD measurement.
Moreover, in the latest experiment, Sn doped o type Ga,O4 thin film for transparent

conductive film is successful growth.

Wiz, b Y 72 (GaOX)IZDOWTHINT LET, GaOXxD /3 R¥ v v 7k

#15eV T,
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Indium Tin oxide (ITO) for TCO

In Source
Dopant
Solvent
Carrier Gas
Scan Ve | ocity
Substrate
Substrate Size

: In(acac); 0.
: Tin acetate

: Methanol + H,0 + HCI (90:9:1)
: N, 5L/min (c:3 + d:2)

: 5 mm/min
: Glass

: 25x25 mm?

02 M
0.002 M

Substrate Temperature : 300 ~ 425 °C
Nozzle Temperature : 100 °C
: 10° e :
. 600¢ i . ’g ;\3 100+ .
B NS | (A
;é r:',.- (—@ ‘10 ‘E‘ .g 50 _4252(:,
= | R oD .a <
- A, 2B —300°C
0500350 400 19 $00 200" 500" 600 700 800 90
Substrate Temperature ( °C) Wavelength (nm)

0
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And in the case of ITO, the resistivity about 104 Qcm.

BUIEEN L LT, ITOMMED (ERHDKE T, BRI, 104 QemEpE T,
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Aluminum oxide (AlO,)

AlO, is for Insulator & passivation film. AIP Advances 3, 032135 (2013)

It was verified that high quality AIO, thin films were obtained
with O3 assistance.

a2 R T R R L L B B B
5‘8* EDD 1~8rF -
'l cmoo | T

% Ijo e o%qjuﬁ o - Wik
@6— 43 O1E6r OOOO 7 Min.Temp. (°C) ~400 ~ 340
= _54; | Ego (MV/cm) 60 80
= © L e e, K (=) 6 7
z o £ Ly .
P = 12:] gz o | RMS (nm) @350°C 12 0.3
’;‘8 Lo © a ]
50‘“"“*"'"“-" 0_L~.._I.‘.l_l_l_l_|_l_i_l_l_|_l_

300 350 400 450 300 350 400 450

Temperature (°C) Temperature (°C)

O; contributes to lower the growth temperature of
higher quality AIO, thin films from 400°C to 340°C.
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Aluminum oxide (AlO,) thin films for insulator was successfully grown by mist CVD.

In recent results, it was verified that high quality AlO, thin films were obtained with O,
assistance and O, contributed to lower the growth temperature of higher quality AlO,
thin films from 400°C to 340°C.

MR LToT I FoERkE T, RO ERTIE, O, RIZE Y,
A0, DHEREAN A F. 400°C7> 340°C & 60°C & DGR CTIFRL T X 5 = & ViR &
nE L,
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IGZO thin film for high bilit . for TFT
Solutel Indium acetylacetonate (In(acac)s)
%,'; 150 i T T SR T Solute2 : Gallium acetylacetonate (Ga(acac);)
[o e P P Solute3 : Zinc acetylacetonate (Zn(acac),)
é ,E 100F - G Sl L Solvent :  Distillated water, Methanol (mixing ratio: 10 : 90)
=} Solution concentration ;o 0.030 (1:1:1) mol/L
= 50 F Thickness ;=200 nm
B n B 3 Substrate temperature : 250-400°C, interval 25°C
06 B ) Substrate : Quartz, Eagle XG
10° F & H  Growth system : (100 mm ver. Fine Channel type mist CVD system
2 3 . O P M Carrier gas / flow rate : Air, 2.5 L/min x 2
104 . S gt i - i
S 3 . 3 W Dilution gas / flow rate + Air, 10.0 L/min x 2
=} :E 2 E "x.,—" M Assistance gas /flowrate : 03> 8000 ppm in Air 1.5 L/min
£ ,:::: ]-O - oo ST R Ultrasonic transducer : 2.4 MHz 24 V-0.625 A, 6 (Frequency, Power, Number
b o8 3
3 S . : s
2F L . High quality IGZO thin films
- with few defect
- . Y E were obtained with O assistance.
E . el 3
E o- Sao E
3 ‘0-_\0 E Toshio Kamiyaq, et al.
E Degradation! 3 Sci. Technol. Adv. Mater., 11 (2011) 044305,
"1 ()
E = x 3
F < L7y E w
S e LI 2 10l
] | HQ a-IGZC
~8F |- / Improvel! \g\ a
2% 6 | S o, z
2=, / o ] z
C'N»"-' 4 i '.\ — 0, ‘g
=5 2 | A S I >350°C = 3 .
e R _g.-f-ol Ny “ e ., . ] Roughnessincrease e1EM 16205 Q#1020
T TR T Mobility decrease 1 TRTIET T E TR
250 300 350 400 107 107 10 10 10
Temperature (°C) Carrier density / cm™
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IGZO thin films can be grown. IGZO is expected as a high mobility semiconductor for
TFT. In recent results, it was verified that high quality 1GZO thin films with few oxide
defect were obtained with O, assistance.

IGZOHERRDERL Y, Hsk £ 97, IGZOHERIL, TFTHO EBENE 85K EHE L
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Fabrication flow of oxide TFT

We fabricated the TFT by mist CVD | | would like to provide brief information
(1) Gate electrode of the device fabricated by mist CVD.

Sub. (glass) _Gate (Cr)  Sputtering, 150°C, 50 nm |
| \ = | Photolithography and Wet etching

(2) Gate dielectric
Gate insulator (AlO,)

-

Under atmospheric pressure
MistCVD,430°C, = 100 nm

| |
(3) Channel layer

Channel (IGZO (1:1:1))
N

Under atmosphericpressure
MistCVD, 350 °C, = 50 nm

| | Photolithography and Wet etching
(4) Source/drain electrodes

Source/drain (IT0) Sputtering, RT, 50 nm
— 7

- Lift-off
(5) Annealing process
| | H,(5%), N,, 350 °C, 1 h
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I would like to also provide brief information of the device fabricated by mist CVD.

In the latest result, we fabricated the oxide TFT by mist CVD. This is the fabrication
flow of oxide TFT. First, Cr gate electrode was deposited by sputtering. And, AlOx gate
insulator and 1GZO channel layer was grown by mist CVD under atmospheric pressure.
And, ITO source/drain electrodes were deposited by sputtering. And finally, the TFT was
annealed in Hydrogen or N, ambient. In this process, the wet etching are used.

Mz T, TABFCVDIETHERLL 727 /34 ZZHOWTHIBM Lz, Filf,
A NCVDIETHEMI N T > VA —ZERILE LT, BRI R T VA Z—D
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Characteristic of IGZO TET s sue sonai o

(2013) accepted
The demonstration of initial oxide TFT was successful. But the properties of the oxide TFT
are less than those of oxide TFT fabricated by conventional vacuum process. Then,
each fabrication process has been improved with O3 assistance. As aresult, the
properties of the mist oxide TFT are almost same as those of conventional oxide TFT.

(a) Initial (110927) (b) Improved(121130) (c¢) Current(130214)

16Z0(111) 1IGZO(111) 1GZ0(423)
W/L = 30/45 WL = 20/45 W/L = 45/45
104 T T T T ] T 2 15 =
o B
<2 1 =
=% 1102
GE) 5 3
g %
av I s b i N ¥ gl =
0%, 10 20-10 0 10 20-10 0 10 9
Gate voltage, V; (V) Gate voltage, V; (V) Gate voltage, V; (V)
(@ [ [ ;
Mobly, g [cn?V-s)  Tnear & 42 8/ 11.5 %25,15000 nm
Saturate : 40 83 11.5 -0 nim
S (V/dec.) @ 10-100 pA : 0.55 032 0.44
Hysteresis, AVy (V) :1.47 047 0.72
Ion/logs Ot Vgs=30/—10 V : >108 >108 >|08

Gate leakage current @ V=20V : <10712<1012 <1012
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The characteristic of the oxide TFT were shown in here. The AlO, insulator is around
100 nm and the 1GZO channel layer is around 50 nm. Interestingly, the demonstration of
initial oxide TFT was successful. But the properties of the oxide TFT are less than those
of oxide TFT fabricated by conventional vacuum process. Then, each fabrication process
has been improved with O, assistance. As a result, the properties of the oxide TFT
fabricated by mist CVD are almost same as those of oxide TFT fabricated by
conventional vacuum process. In latest results, mobility of oxide TFT fabricated by mist
CVD is around 12 cm?/Vs.

VERLL 72 b TFTORME 2 = b HIR L4, B{EMTFTIZIE, 100 nm7T /v
S BRI & 50nmDIGZOIEMJE A Rk LTz, BURIEWZ L1, #1D CTERLL 7=
BV TFTOERENZ KN LE L=, Lac L. IERDEZETE TR L -t
TFTORME & i35 & I A FCVDIETHERL L 7= B TFT O 1345 > T
oo 2T, ORI VIFRTEZSKE L., BIEWTFTORM DM L2572,
ZOFER, I A FCVDIETER L= LM TFTOREIL. BZE FIECTERL L 722
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Organic film deposited by Mist Depo.

solvent organlc
nozzle Sub. Temp. : Low

Sub. Temp. : Suitable
solvent orgamc
nozzle
evaporatlon
...... evaporatnon
ubstrate | ........

solvent organlc ;

nozzle Sub. Temp. : High glg Q
evapor?.t'{pn | \ I l evaporatlon SUpsgae

. A schematic image of the fine filim

o s @ © @ @ fabrication with mist deposition is shown
in here. If we want to deposit fine film,
| substrate | we should find the suitable temperature.
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And finally, I would like to introduce organic films deposited by mist deposition.
A schematic image of the fine film fabrication with mist deposition is shown in here. If
we want to deposit fine film, we should find the suitable temperature.

ZLT, SAMNETEBALEFEREICELTHLHEAMLIEZY, I A NBMAIET
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Experimental data of Organic Mat.
Organic thin film Organic Solar Cells
prepared by mist D and demonstrated
deposited easily and as compared with spin coating
patterned with a hard mask. —
§ o
Room light - p
g 7
= (o~ mist-depositied
§ — spin-coated
70 02 04 06
Voltage [V.
% 1.34 1.27
HCE) P3HT.PCBM
FF 0.42 051 e
Voe (V) 053 054 | ITOorZnO
Jsc (mA/cm?) 595 4.66 | Glass
2 T
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Uniform organic thin films were easily deposited and patterned with a hard mask.
And organic solar cells were prepared by mist deposition and demonstrated as
compared with spin coating.
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Conclusions

High quality and uniform thin film can
be obtained by mist CVD.

G

Homogeneous

Vacuum process

There are problems still, but those
solution are becoming gradually clear.

=
0

L
a
<
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Mist CVD is becoming a powerful tool
for functional thin film fabrication.  |====--""

—
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High quality and uniform thin film can be obtained by mist CVD recently.
There are problems still. But, those solutions are becoming gradually clear. And mist
CVD is becoming a powerful tool for functional thin film fabrication. Let’s study on mist
CVD together!
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