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Very Low-temperature Growth of Graphene

Prof. Jun-ichi FUJITA (University of Tsukuba)
1. Background

B Graphene has great potentials for several next-
generation devices, such as the electrode pattern on
heavy-duty/industrial use printed circuit boards and the
transparent elements.

B The prominent fabrication methods of a large area/low
cost graphene, especially under low-temperature
environment, have been long-awaited.

flexible display

2. Newly Invented “Very Low-temperature Fabrication Method”

ﬁ The very low-temperature fabrication method is newly invented. \

B The technique can sufficiently reduce the synthesis temperature and combine
graphene synthesis with conventional Si-based processing.

B This “two-stage graphene growth technique” should prove useful for a wide variety
of graphene-based electrical device applications.
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High heat resistant and transparent bioplastics

Associate Prof. Tatsuo KANEKO (Japan Advanced Institute of Science and Technology)

1. Technical Summary
B A combination of microbial production and photochemical reaction created monomer (2).

@ We have established a microbial production conditions of 4-aminocinnamic acid (1), which was
generally considered difficult due to incompatibility of aniline compound with microorganisms.
@ By photochemical reaction of 4-aminocinnamic acid (1), the monomer (2) was synthesized in
almost 100 % yield.
B Polyamides and polyimide films have been synthesized from monomer (2). These films have a very
high heat resistance and excellent transparency.
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foor coom O ot . o e
i wct, Ph-Ty seems important to prevent fu
7 COOR another dimer ° 0 0 f;‘g_i:smg'lvrTman.;.mhttnydlﬂgMn

where mixture of cages was

|:> COOMe n snea of tha amaints of water in the effectiv
COOR O i

Polyamide (3a) Heat resistant temperature

NH, ?;@ii 370°C
(1 ) NHAc

- Conventional product

of (2) H H I AH in benzene. Lower concentration of 0.14

N ‘ N—C ‘ ¢ nol%) was er.ough to obtain Ty in high yield

H2N Q ‘ O NH, hoice of solvent when TBAF is used a5 the
Bassindale,

COOMe >:Qo | of Polyimide (brown)
COOMe CoOMe O 0 =l imi
Polyimide (4i) Polyimide (5i) 1out th.e‘ pathivay

Heat resistant temperature 390°C Heat resistant temperature 425°C [ solubility of

very limited

Biocompatibility
No interruption to
cell proliferation

Derivative

3. Comparison with the conventional techniques

Conventional Techniques

The melting point of lead-free solder 183°C~378°C
The heat-resistant temperature of Kapton® (DuPont >500°C
. P p. ( ) o film materials from somes
The heat-resistant temperature of fluorinated transparent About 335°C erived from an ester-cont:
pOIyamldes t1. Ladeasninana h!l’.’!rﬂmplhtate anh"dﬁdtf
. . . Various polyimide films processed in our
4. Potential applications works
e ™
Thermal decomposition temperature Maximum 425°C LED sealant
Linear thermal expansion coefficient *Flexible Displav Devices &
(The values are comparable with metals.) SO YL C tp y
Transmittance (High transparency) 88% @ 450 nm omponents . .
Young’s modulus (Strength of the material) 10 GPa Tempered glass-alternative materials
High refractive index 1.6 -Automobile, body material of the
Other Features: Ultraviolet degradation, self-extinguishing, aircraft
high dielectric breakdown resistance \ /
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Mechanochromic Fluorescent Polymers

Assistant Prof. Shohei SAITO (Nagoya Univ.), Associate Prof. Hiroshi YABU (Tohoku Univ.)

1. Issues to be cleared for mechanochromic fluorescent polymers

*Fluorescent color often changes when grinding the powder sample.

*By merely mixing the fluorescent materials with the polymer, fluorescent color does not change.
-Some of fluorescent polymers show an irreversible color change.

*Reported fluorescent polymer that shows a reversible color change takes 2 hours to be restored.

~>

We have created a rapid and reversible fluorescent polymers.

2. Material Properties

The fluorescent polymers were synthesized with monomers and fluorescent substance as a cross-
linking unit.
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3. Possible applications

*Visualization of material distortion
$ on bridges and tunnels

*Visualization of traction force
by undifferentiated cells

*Our polymer can visualize the tension.
*Our polymer can detect the distortion
or destruction of objects.
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“floats on water” AFS (Aluminum Foam Sandwich) material

Associate Prof. Yoshihiko HANGAI (Gunma University)
1. AFS structured Metal Foam

* An Aluminum Foam Sandwich (AFS) structure is a composite consisting of an aluminum foam
core with two dense metallic face sheets.

» The AFS structured material can be used as the light-weight structural components with high
stiffness and high energyl/vibration absorption properties.

2. AFS product appearance

(AFS structured panel) (AFS structured cylinder)

(a) (b)
3. New “Friction Stir Processing (FSP)” A1050 Tool

for fabricating AFS structure

Tin + ALO, Probe
powder

B The low cost “AFS structured material” i.e. / SPCC plate
panel, cylinder, pipe is developed by using the ()

“Friction Stir Processing (FSP)” .

Vs Tool

B Newly developed “metal bonding method” is 0.2mm
highly productive and NO adhesive is necessary
for “AFS structured material”.

4 Machined

Precursor

* FSP was developed from the basic principles of
friction stir welding (FSW), which is a solid-state

bonding process. (e) _ _
Jig
%
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New OLED Structure for High-Definition Display Panel

Prof. Hideo HOSONO (Tokyo Institute of Technology)

Succeeded in developing the higher luminance OLED than conventional OLED, by combining

New TAOS and Electride.

1. OLED Structure

Higher
ITO : tin-doped indium oxide Mass production Luminance PrOtOtype(New OLED)
a-C12AT:e- : electride Cathode(Al) Anode(Ag)
TAOS : Transparent Amorphous Organic emitting] .
Oxide Semiconductor 40nm Alqg3 layer Organic Layer |ssnm
55nm Organic Layer | Electron-injection sl a-C12A7:e- onm
layer
Anode(ITo or Al) Electron transport | ] New TAOS 40nm
|
Glass e Cathode(Al or ITO)
Glass
Vacuum Level
2. Energy Diagram
9y g 1 - Higher A
S_mooth I.Electron transfer for Low MObIIIty Luminance High Mobility
high luminance e- 3.0eV(\ <3.0eV - (\< 3.0eV
e-
i 3.1eV .
atev Alas b a1evih| 35ev Organic
10° 1CT v (Light New TAOS | a-C12A7:e- I('S:;f]:
Al s Emission) 1cm?V-1s Emission)
Schottky  Colored & Ohmic \T/ ‘s
Ch icall ti ransparen
Contact emically active Contact Chemically stable
3. Luminance
Comparison with a high z| '{"_
luminant conventional OLED 107 New TAOS LiF+Al
(LiF+Al) -  a-C12A7: e (normal,
C\é 3 [ @;bottom bottom gap
Material Stability 5 10° F cathode= ITQ‘ ¢ emission)
New OLED : Stable (&)  Ostop , I
LiF : Sealing is necessary to = 2 Cathode :
prevent deterioration 9 10 i 3
c [ .
. . [h] L 4
/~ Application for New OLED = 10" ;
- Display panel ’:E; =
= Lighting equipment (high luminance and thin type) — of
-Embedded light in a mirror and a window 107 i . . %
-Low profile interior lighting
-In the future 0 \?olta e ( 1{% 25 30
New application using a flexible g

\ printed circuit /
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Highly Efficient and Compact Leaky Wave Antenna

Using Non-Reciprocal Metamaterials
Associate Prof. Tetsuya UEDA (Kyoto Institute of Technology)

Non-reciprocal Metamaterial Technology :
A new concept that combines the non-reciprocal circuit with different transmission
characteristics by the propagation direction and the metamaterial technology.

1. Utilization of Non-Reciprocal Metamaterial Technoloqgy to Antennas

4 Non-reciprocal CRLHTL(*) (*)Composite Right/Left Handed Transmission Lines N
Bockward Wave Corward Wave Forward: Positive. refractive' inqex (RH) _
Backward: Negative refractive index (LH) =» metamaterial
Ly FIE‘::Ic?rfic Power RH Wave vector is the same direction regardless of the
mp| Non-reciprocal CRLHTL « direction of transmitted power
@K FlowofPhase K ® The new technology applied to antenna
. %

-1 Application to the leaky wave antenna [Non-reciprocal leaky wave antenna]

-1t can be reused the radio waves by having reflecting at the end.
= Radiation efficiency and directivity are improved

L s L I e
Forward radiation =~ Backward radiation 5 |- — Reflection

— 1 way

Improvement of
Radiation Efficiency (calculated result)

| Input : port 1

-10
-15
-20
-25

Radiation gain [dBi]

.3p U | R O T |
-180 -120 60 O 60 120 180
Angle ¢ [degree]

Non-reciprocal Leaky Wave Antenna

-2 Application to the travelling-wave resonator and the beam-scan antenna

*The resonance condition is automatically satisfied not depending on the resonator size by
connecting reflector on both ends.
=>» Possible to change the size of resonator, keeping fixing the resonance frequency.
Reduced size of antenna is possible.
-Phase gradient of the electromagnetic field distribution on the resonator is continuously
controllable by an externally applied magnetic field.
= Small and high radiation efficiency beam-scan antenna is realized.
I'=Np

Reflection | exp(8.) | Reflection Auplitiile
AP, =B,/ ' of E fickd

R s AL
Non-reciprocal

CRLHTL

AB=0

'“D“'* Port2 Enuul* Port?

AB<0 L AB>0

A =B/
H
Q
Amplitude: Automatically uniform 8
Phase gradient: Linearly change i
Pseudo-Traveling-Wave Resonator Beam-scan Antenna

2. Potential Applications

B Beam-scanning antennas for microwave and/or millimeter wave radar
B Beam-scanning antennas for compact wireless communication in which highly-directivity is not required
B Antennas for wireless power transmission
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Printable Elastic Conductors with a

High Conductivity for Electronic Textile Applications

Prof. Takao SOMEYA (The University of Tokyo)

1. Abstract

B New electronic functional ink which exhibits high conductivity and mechanical durability while being printed
on textile have been developed.

B The printed conductors by using the new ink realizes a conductivity of 182Scm-! at a strain of 215%, which
is currently the highest value reported for stretchable conductors that can be stretched > 150%.

2. Highly Stretchable Elastic Conductors
2-1 Fabrication Process of elastic conductor ink

Ag flakes s Slirfor 12 - The elastic conductor ink is prepared by adding Ag
Florng 1uhDie | i, FElastic flakes as conductive fillers to an elastomeric fluorine
(DAIKIN Daiel- Gacm conductor ink . .

Hy F» F . copolymer with 4-methyl-2-pentanone as an organic
R HE:C T solvent, together with a water-based fluorine surfactant.
4-meth\_.rl-2-pentan3ne

- The conductor ink can be readily printed with
conventional printing techniques such as stencil
printing or dispensers.

CH, 0
—_—]
ik
H,C CH,

Surfactant (Zonyl FS-300)

oo

Printed elastlc conductor

2-2 Conduct|V|ty Dependence on Tensile Strain of Printed Elastic Conductor

Optical microscopa SEM IOB wiew SEM cross-section
£

R ™ | 500 um 78 mm amn 104

Without surfactant

Rigid 0 mm T5m
;uynmw?dﬂ POMS)  Soh POMS. Elaste conducter

108 }

With surfactant

1825cmiat

215% of Strain

Eume : ‘ | 4 g 100 L L L L
—— - — ot
) i 0 50 100 150 200 250

Strain (%)

Conductivity (S em™)

With surfactant

Elastic Conductor Self-Assembly
by Phase Separation

(a)Evaluation Method (b)Conductivity vs Strain

3. As Wearable Sensor
Printed wiring Printed vital electrode A Muscle Activity Sensor Fabricated on Sportswear Material

5 - Electrode, wires, and via holes can be printed by a

single step printing process. The muscle activity sensor
was fabricated combining with an organic transistor
4. As Stretchable Organic Transistor Active Matrix

amplifier circuit.

Sportswear textile

Trialed Sample of 12x12 Active Matrix
[ r N

ngm
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InGaAlIN-Based Nitride TFTs

Prof. Hiroshi FUJIOKA (The University of Tokyo)

1. Abstract

B A transistor having an InGaAIN-based nitride semiconductor layer as a channel is newly invented.
B Even though the film is polycrystalline or amorphous, electrical properties are equivalent to those of a
monocrystalline film, in case they are designed in the range of suitable composition ratio of InGaAIN.

2. FET Having Thin Film of InN as a Channel

B The InN-based nitride semiconductor layer is a polycrystalline or amorphous film having a film thickness of
1-10nm. The InN layer having a film thickness within the range exhibits electrical characteristics equivalent
to those of monocrystalline film, even if the layer is polycrystalllne or amorphous film.

1=10% ¢ t
2 i :- 8 P2 O mono crystal 0 i
Ty i @ polycrystalline 1
x P o A amorphous oy |
F=RERL 1o T
[ i [ % i |
Y S it M. S S S N < i
STk — |

M | - |
5‘ 1 ! i 0 E
2w i 0" |
@ i e ]
e | i |
§ 1107 | ry = I
4 | i o ; . = - |
© m:r<:>© 4 ‘s 6420246

N S i A A Vg (V) Vs (V)
L] ? 4 L] 8 0 12 14 16
los VS Vs los VS Vs

Thickness of InN film[nm]
Characteristics of a TFT Consisting of

Polycrystalline InN Layer

3. InGaAlN-based Nitride Semiconductor

B We have found out that polycrystalline or amorphous InGaAIN-based nitride semiconductors, which consist
of non-mono-crystalline films, have the same electrical characteristics as the case of a monocrystalline film

under the specmc composition ranges. ™ .

|V, from +4¥ 10 -8v p 10°F Ve = 1V ——
Trin-1  steps |"o,67630.33A|0N /

| Ing.6,Gag 33AIN s
8] Max. Current Density: ] 10
| y A J
; /
1 1

T = s
T — - -
. ="a-Hfg, _[Qrain £ /
\\':\\.\ T~ £ | / 1
e l,_«N (channel) 2 4 4
e = Source e | E | /
23l f

&)

_~"(Glass, Polymer, etc.)

3 1
%N/OFF Ratio: 1x104

-15 -10 -:‘_' 1] é
V, (V)

GaN

0 05 T 10" P T . .
3-phase composmam of In,Ga Al,N bl e 107 NosGa AN ]

\&4- Ing 3Ga, Al N 4 g f k.
Max. Current Density: 10 1 / 1
_ ) 107 f,!' |
Trialed TFTs with InGaAIN-based nitride semiconductor layer: E Z 1 / :
-The layer is formed by PSD(Pulsed Sputtering Deposition). €02 L :
-The deposition temperature is lower than 600°C. o I.“ 1
-The layer consists of polycrystalline or amorphous film. :z ond  ONOFF Ratio: 1x10s |
=>Good result of ON/OFF current ratio was obtained within 0.04 E M s

the specific composition ranges of In,Ga,Al; , N (4.y=10)- Voo (V) M
Characteristics of TFTs Consisting of

Polycrystalline InzGayAlmN Layer (examples)

These results indicate :
- Constraints in manufacturing conditions are significantly resolved.
- Excellent electrical characteristics are provided at a reduced cost.
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Nano-Rheology Printing Technology

for Metal-Oxide Patterns and Devices
Prof. Tatsuya SHIMODA (Japan Advanced Institute of Science and Technology)

1. Abstract

B A new device printing technology is proposed. This device printing utilizes a viscoelastic transformation of
the precursor gel when imprinted; it softens at a certain temperature during thermal-imprinting so that the
gel can be rheologically imprinted.

B Excellent metal-oxide patterns were formed by this method. Further, thin-film transistors(TFTs) with channel
length around 500nm are easily printed under normal atmosphere.

2. The Nano-Rheology Printing(n-RP) Technology

Process of the Nano-Rheology Printing:

(1) A solution is coated and dried to make a semi-
solid thin film.

(2) Loaded onto the heating stage of the imprinting
machine, after which a mold is set onto the
semi-solid film and pressure is applied.

(2)>(3)

When the temperature being increased, the
semi-solid film softens at a certain temperature.

(3) The imprinting temperature(T;,,) has to be :
maintained to complete the imprinting. Q) e

(4) The temperature being lowered and then the (MPa)
mold is discharged.

(5) The residual film has to be removed by etching

100 }---- PO c 3
in normal atmosphere.

3. Metal-Oxide Patterns Formed by the Nano-Rheology Printing(n-RP) Technology

b ITO as post-annealed

Substrate Semisolid film
’iolunon

Drymng

Semisolid pattern

Solid pattern

o

Etching residual film Annealing

Imp:'inlin

(2) Pressing with Py,
(3) Imprinting at Ty,

(4) Demoulding (5)Etching

residual film
== - *

@

(l)Dn ing
Temp
© -
T,
= (3)300sec

Pressure

Time —>

%

a ITO as imprinted

- All samples of formed metal-oxide patterns have a well-defined
rectangular shape.
- The deformation after the post-annealing is also slight.

Example of TFT Fabrication by the n-RP Technology

4. Source & drain by
Rheology Printing

1. Gate by rheology printing
and etching

2. Gate insulator by coating

Insulator

f SnO as post-annealed
TEETETEEE

L/$=80/40nm

3. Channel formation by
coafing

Insulator

5. Electrode separation
by etching

‘-

Insulator

-«
E
2
=
=
=2
o
8
W
i
=

-6 -4 -2 0 2 4 6
Gate Voltage(V)

il

Fabrication Steps of the n-RP

Id-Vg Characteristics of TFT

- The nano-rheology printing technology can fabricate the functional devices, with a short process.
These devices can be made by using significantly less raw materials and less energy.
- It is possible to print well-defined patterns of several tens of nanometers necessary for
high-performance transistors and circuits.
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Precisely Controlled Nanocluster Assembly

Prof. Atsushi NAKAJIMA (Keio University)
1. Features of nanoclusters

Nanocluster means an assembly which consists of several to several hundred atoms or molecules.

first Second Third Bulk Atom Nanocluster Bulk solid
layer layer Iayer solid -
O ¥ w rreeee 1em
\Q@/ ——
M 1213 42/55 921147  1/10,000,000 AE>>kT AE=KT AE=0
AE:Interval of energy levels  kT:Thermal energy
m A high surface atomic ratio. m As the electronic structure is discrete, a specific

catalytic activity point or magnetism appears.
2. Preparation of Nanocluster

Our Nanocluster can be prepared by the method of high power impulse magnetron sputtering
(HiPIMS) in high yield.

Quadrupols lon Deflsctor Jﬁ.

Bl When the wave modulation is applied to the sputtering voltage,

the duty ratio is adjusted at the same time. . Nan_OCIUSter generator .
H An electric field which has been delayed in synchronization with (Trial machine by Ayabo Corporation)
the sputtering voltage is added at the exit of the electrode of cluster growth chamber.
20 N”mbE"“‘gAgamms 60 so 10 20 Nu";ger Ofﬁ am?cs 60 70
T T v T Ll T T T T
Number of Ag atoms
10 20 30 40 50 60 70 MWMWWWMMM&W 180Hz
T T T T T T T T T T T T T T s i
3.0
= LA s, SSOW | z i 150Hz
< 1 = c
(= c =
= 2.0 HiPIMS g M & \Mf ‘|\"Ji§"ﬂil}11\'~ "
g | (thIS work) E luMUuI“V r\ ’Mm‘n'v T s .§50w 3L ‘;:I|‘|‘|I|\|JJ|‘W|HI ] \“ i 120HZ
o S = &
=
290W
) AT MMMWMWM 100Hz
i ) v‘ FULOvY / 1nA
2000 4000 6000 8000 4 : - I r ’ 22IOW !MWM_.L‘:G&
Mass number (m/z) 2000 4000 6000 8000 2000 4000 6000 8000
Mass number (m / z) Mass number (m / z)

Mass spectrum of Ag nanocluster Size control of the discharge power Size control by the repetition frequency

By a variety of parameter settings, it is possible to synthesize the nano clusters and nano particle
size for the purpose.

parameter: Pulse power, Repetition frequency, Pulse waveform, Duty ratio, Voltage blocking electric field, etc.

3. Superiorities to conventional technique and .
Advantage of our technology 4. Potential Market

B 1 nm level’s nanocluster can be prepared. B New devices in electronic
(2-3 orders of magnitude smaller size than conventional cluster) or magnetic field

M It is not limited to metal. Manufacturing of semiconductors | W High-performance catalysts
and multi-element nanoclusters also possible.
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New Measurement Method for Materials

THz Nanometry Microscope
Emeritus Prof. Susumu KOMIYAMA (The University of Tokyo)

1. CSIP: Charge Sensitive Infrared Phototransistor : Single Photon Detector

X Basic configuration hyi Reset pulse (1psec duration)
Novel detection scheme gﬂ‘.J m o o i<—tRm—._d

GaAs upll(lnm] = 04
X X "‘:d“'""g TR —— 400fW
Conventional photodiode oyOn s fFrie 5 T oo
(85nm) 0.0
w\mmmf Sraded Al xG8 (. -\suounm t S —— 250fW
e Al g gAs o 02 —fggm
hv +e |E2'I""‘ y numm“m] X «)Douh\e QW structure 5} o4 100fW
D & (escape to reservoir) A"(go;ﬂ,ﬁ)’ w % :::i”
- + - §-doping 3 v o o6
e - oo,
R —— oo Intersubband transition 7 05 Ty en
_e Charge-sensitive device E; - Eg = 84 meV (15um) 1 - - - -
One One i Timole)
ad | <o [ Satone ] & W - 3 7
f ] H
. _ : : £
v e 0 np : 5y pe Photon counting § |
g = =—eG A o s
] A sig K g ] v c ER
_ v | h I j @1 S .
7: quantum efficiency D 3 ) B] g
— " - . . o
P: Radiation power Photoconductive-gain G == 1gs~1 010 ! ] Microscope 31 Dark switching g AT
hv. Photon energy Tirans : ‘4 image 3 Wave Length (um)

o

25 50 75 100

S. Komiyama, IEEE J. Select. Topics. Quantum Elect. 17, 54 (2011) Time (s60.)
Ime (sec.

2. Application: THz Nanometry: "passive” near-field microscope

. . *s-SNOM: Scattering-type Scanning Near-field Optical Microscope
Passive s-SNOM™*  _y kajihara, et al., Opt. Express 19, 7695-7704 (2011).

Cryostat
CSIP (4.2 K)

sharp metal probe

Opt. microscope Passive Far-field Passive Near-field

scattered photons

Multi-Color

Required Specifications: d S - e objective E(r 0, B(r Y
1.  Detector > CSIP* N\ W probe (modulation) M—M /

2. Resolution 2 Near-field microscope ( Evanescent Wave / /&
3. Remove background noises 0 }

Resolution: 20 nm !

electrons g ;
Metal ((0<(0p) Origin: Thermal charge fluctuation |

3. Tabletop ultrasensitive THz detector

Compact Structure by using the Mechanical Refrigerator Far-Field

DC Current:
9 mA

THz waves

Far-field [nA]
- 3020
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298.8
[
2972

. "
F 294.0
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650
| B
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| 300
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Low-Energy Inverse Photoemission Spectroscopy

(LEIPS)

Prof. Hiroyuki YOSHIDA (Chiba University)
1. Abstract

B Electron affinity (LUMO Level) is the key parameter for the R&D of the organic electronics.
Bl Conventional Inverse Photo-emission Spectroscopy (IPES) has problems:

Target materials are easy to be damaged and energy resolution is low.
B Low-Energy Inverse Photoemission Spectroscopy (LEIPS) solves the problems.

2. Principle of the Invention

Comparison of the Method of Measurement LEIPS features: N
- Bl Use of low-energy electron reduces damage
UPS t  IPES ( LEIPS', to the target material.
—-— e . .
e —> Damage: negligible
‘- E. s 1%y ¢ B Emitted photon energy(hv) shifts from
hv IE hv | 10ev « hv|<sev IEk‘Me VUV to NUV region.
Vacant 0 S I— E, - VUV : Vacuum UltraViolet NUV : Near UltraViolet
states _| E, c : Ey — Eg — Easy adaption of the standard
(LUMO) , ‘ spectroscopy technology
Valence ¢o O=0= “Time reversal O=0=
(Hémtgs) o oo PracessolUPS onon B Detection precision/resolution is improved.

— Resolution improved a factor of 2 (< 0.3 eV)

3. LEIPS system and Measurement Data

Precise Determination of the Electron Affinity
0 1 2 3 4 5

LEIPS system

éa O v=ao7ev :
Vacuum Photomultiplier 10 J\/ CuPc: Copper Phtharocyanine
y v,
system wN .
Vacuum 4466V | >>j\ \,é
) 20 e
window S A
e-Gun < ) v WA
8 4] 4agev | !
2 20 Electron Affinity: 3.09%0.05 eV
§ v
0-4eV € c Ty | Precise measurement of the
Bandpass filter 40 I L Electron Affinity is enabled by
201 changing the energy level of the
\ sample 0 detection photon.
0 1 2 3 4 5 (hV - EB + EK)
electron kinetic energy / eV
Damages to an organic material LEIPS available at low vacuum:Y,0, Source & New Optical System
IPES: 10 eV, 1.4 mA LEIPS: 0-4eV. 1.4 mA Emission current variation with Time
-9 -8
— Omin — on BaO cathode 3 x 10 Torr Y,0; cathode 1.5x10-8 Torr AE(measurement)
w|—10 | — 6h 1.6 | 3 e _
S|—30 S| — 14n 14 r 25 7 = W: 0.56 eV
5|90 s <12 / <, P S BaO: 0.25 eV
3 3 21 = 8 Y,05: 0.35 eV
=2 2 €08 ———— 12hours —— €15 =
8 g g 06 — 0hour g - 0 hour )
FE) g H 0.4 — 12how 3 1 // 10 hour §
= 02 0.5 /
" " " : - - - o ‘ 0 4. 0 1
o 1 2 3 4 0 1 2 3 4 0 1 2 0 1 2 kinetic energy / eV
electron kinetic energy / eV electron kinetic energy / eV electron kinetic energy / eV electron kinetic energy / eV
4. Application

For R&D of organic electronics such as organic light emitting diode and organic photovoltaic cells
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Spin-Polarized Electron Source and

the Applications

Prof. Toru UJIHARA (Nagoya University)

1. Abstract

Highly spin-polarized electron source with strained superlattice photocathode has been developed.
It can provide high beam brightness and high energy resolution due to the narrow energy spread.
Since the electron spin direction and temporal structure are controllable, various kinds of electron
microscopes such as transmission electron microscope has been constructed.

2. Principle of the Invention

Heavy doped
NEA Surface Gaas '= R

—~ ]'_ electron beam
@ch Gaas/
= o GaAs, 6Py 5
@{CS ) Superlattice
Conduction 2 -;‘ 12 pairs
Band @ (CS 1 .
M- - : Laser light R = |
CaAsgePoy GaAsP-buffer S
\
Eg \
hv Gahs layer \,
N\, Focus

: 1-
G T GaP- 2 um
Valence substrate
lens
Band \ electrode

Microscopy Vol.48,No.1(2013)

<Scmiconductor> <Vacuum>

Spin-polarized electron source

Generation process of spin-polarized electron with GaAs/GaAsP strained superlattice photocathodes

@ In the strained superlattice layer, spin-polarized electrons are excited to the conduction band
due to a spin-selective excitation rule by illuminating circularly polarized light.

@ The polarized electrons in the conduction band drift to the surface region.

@ The electrons extract into vacuum through an NEA surface with applying a negative
electrostatic field. (NEA: Negative Electron Affinity)

3. Comparison of Brightness in various sources 4. Application Examples
Spin-Polarized Transmission Electron Microscope
Beam Brightness(A m2sr1V-) P P
/ _‘i K1 08 Cold field emission source (W)
Polarized electron AE (energy linewidth): 0.3eV
beam source - Al (current stability /1hour): > 10 %
7] : ..... ~108 Thermal field emission source(W/ZrO)
~107 Transmission light absorption type AE (energy linewidth): 0.7 ~ 1 eV
electron source (GaAs-GaAsP SL) Al (current stability /1hour): <1 %

AE (energy linewidth): <0.3eV

Al (current stability /1hour): < several % 106 Thermal electron source (LaBg)

AE (energy linewidth): 2 ~ 3 eV
Al (current stability /1hour): <2 %

~105 Thermal electron source (W)
AE (energy linewidth): 3 ~4 eV

~104 Conventional SPLEEM (GaAs) Al (current stability /1hour): <1 %
AE (energy linewidth): <0.3eV X
Al (current stability /1hour): < several % Non-Polarized
- electron beam
k Microscopy Vol.44,No.2(2009) source

Other Applications;

Measurement & Analytical Instruments: SEM, AES, EPMA, .....
Electron Beam Lithography
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About JST \

The Japan Science and Technology Agency (JST) is one of the core institutions
responsible for the implementation of science and technology policy in Japan, including
the government’s Science and Technology Basic Plan. From knowledge creation—the
wellspring of innovation—to ensuring that the fruits of research are shared with society
and Japan’s citizens, JST undertakes its mission in a comprehensive manner. JST also
works to provide a sound infrastructure of science and technology information and raise
awareness and understanding of science and technology-related issues in Japan.

Mission :
We contribute to the creation of innovation in science and technology as the core
implementing agency of the fourth phase of the Science and Technology Basic Plan.

Visions :

1.To achieve innovation in science and technology through creative research and
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2.To maximize research outcomes by managing research resources on the virtual
network.
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