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Thursday, NOVEMBER 17, 2022
2:00PM-10:00PM Broad Room Open Time

5:30PM-7:00PM Poolside Lawn | R&D 100 Awards Registration
Coronado

7:00PM — 7:45PM R&D 100 Awards Plated dinner

Ballroom Foyer

Floridian .
7.40PM — 10-30PM Awards presentation hosted by the R&D

Ballroom G-L World editorial staff

2022 R&D 100
Awards Celebration”

Your hosts:

Paul J. Heney, VP, Editorial Directc =
Rachael Pasini, Senior Editor f » (¢
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BETARSERR Fr - SEGRE R EE R 2B Fm BT - BB AT AE
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SEHNAESER? el DHRRMEEARE  HET A ESHE SIES
R FIEE A0 [E A ARV ER - sCER ¢ ARUREEREIYE R - ME T EREE » T2
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( Quantum Supremacy ) FYFEES - 20IE 3 > Ht/EE0H o B IF#E A & B E T —(EEER
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Quantum Supremacy - 50 Qubits Outperforming the Classical

Age of the Universe

(=13.8 X 10" years)

Classical
Computing

Calculation Time

[ [~ —
2 50 ~ 1 O L5 Number of Atoms (to simulate) Total Atoms of the

Complexity Observable

States of N qubits = 2" states on classical computer

3 Google FT35HY 53 BTl es » EifE T8 (E 1825 Sycamore T S ER S fii 4

FIHES
PEB T am T - AieEInE@&Hs (topological insulator)fs{EEA(BiSb) M LA 2 Ry
SOT MRAM HYRZALEREEE R B LA - BB AR AT BRI - A B ARE -
THEESESAG (Topological insulator) [R5y B AT AN EINELAEIT 28505 HER SAVREE
RGN FTER MR ENAR BRGNS - (HERERAZE EH S BIVR 1
G o IHBEEGESM RN BT EmAVAE T B ALK (phase coherent length )2 {EES > 41
[l 4 -

STT (Spin Transfer Torque) dynamics ===
LLG Equation: S
dm =—-ym x H(m) + am X d;m —

7 "”'_ 'ﬁ é

(‘

da;vpmg 39
& !
During [§ [ ; I
[]
Current If M and p are Z '
not colinear ] S o e )
\ -

Pulse -
{"o

Spin torque
transfer to
turn the
magnet

4 H fief# % (Spin-transfer torque)/E—EAI FH H et b BRSO A R aa A PH (E



Our approach to observe Majorana Fermion: @01

= Quantized conductance: e?/h 4 /i
ohm'staw: R = — (Q); G =~ (S
= Almost no magnetic field (<<1T); QH doesn't work! DJ\/\/\/‘3 s taw 1 @ vV ©

» Quantum Anomalous Hall Insulator (QAH)
1
QAH & Superconductor. Pairing gap = A Single Channel Conductance:

°..‘.. ’ ? Question:
L i,\@ How do detect it?
SC LS

+ To separate the MF pairs

m TSC m * Quantized quantity
G _Topologmal Single channel quantum resistance;
transitions o
ucLa 2 Klitzing constant ()

Quantized conductance

Landauer- Biittiker (1958): Quantum Transport  « .
2

g=

h
p=z= 25.812.806 K0:

Simple model of topology in the MF or Nambu space 1.

2

T-Qubi T bgical uantum Com: i '‘QC
a r ek| 1
" e " m Gl o, /v
" /ap . 4 lp| | wmeemmeem | 7o N J(.’ll..-- G0
“+": Bosons ; “-": Fermions C=1 v C=0
(e.g., Higgs Boson) Ipatpa) = e o) S g 1L b R
v 3 : A(Mz)

Majorana Fermions

5 R T TEE TR R EH AV EA

FREPER SHERY UCLA iH5EE % > DL Molecular beam epitaxy, MBE 2442 » (=] %]
TSI ANE K 7 (Majorana - Fermion ) FlJH] Dirac formula pRIifigfE 7&K THYMEE -
AGCTENIE B HIFE - A8 S - fTEFH 2 B E—RYE g — 1 EERRYE
HYRH I e — R — R — Y= hl A BT  AY - EE0ER 28 A — (B & &
i AN SE 7= e (PRI SCER G

PATr T R i R SRR A M AR 4 G — 8 (Trilayen) S E 451 - A AT =t
AT A S R B i 7] B34S RIFAURR L N AT TREER MERY 70 A - PIEAR & RS R IRAVRE
Tyt I B AR E NS B AT B & ERAIEE » 5 B RSN e G - Hil
B $52 65 1) R 037 69 7 1 (time reversal symmetry) - G B (8 & 4 B 5 T 2 8 26 D SURE
(Quantum Anomalous Hall Effect, QAHE) ~ i1l 1-5&(topological axion states)F15 21144
oK (Majonara fermion) 2 SR IRAY & 1R - (NILHE RGBSy H IR U E P01
BT H e DL HTEHHVE S - BRI SR MR BB GRS R - SRR R AR Y 2
IS FIAERE & ) B AYER o -

—Z T - 1Y 11 H 18 HIAFERIININEE ;L - BF BB 4% £ Prof. Tse Nga Ng © {EHZE
sk FE S ERRRE T TR - (DR R ALIMDEERIZSHSE i E S E AR S
FEAEHFPA P-N Junction » ¥R AFALYMEEERL - R Q)EAEBRER s 2 EHETIT
HEREETUN -

Prof. Tse Nga Ng FRIIASZE /N4 BIRIEFREA TR MBE TR0 » H5oKd]
7€ 50%FETT2 60% » FRINITELIMERIEDEE SO RN ERUY - BB 2 #
[ IRV TR S (AR s RE i 2 R AR eSS T E I & AR ERR » B
B BHEARYIS A - J0lE 6 - M ERFIERATTINA — /@B ETRERE % - A AR ERRE
S o Ml HEE TN mobility 714 - RIELIET M EEBUS THEE IR S ROp R B K g #Hi ] -



& 6 FEAEAEW T« SAEY R MR R R RS

T o -
B — Dark LA =
/ 107 — 940 nm 10"} 300 °c
ac hﬂd&l’
= 107y = 10
A = = 1
E . 1077 = 107
] 107 § 1077y
Zno 107 = 10
T 10 P
<1007 S, ol USSR -0 05 00 o5 1.0
i Woltage (W) Valtage (W)
= 10 SWIR PA IR LI - E F
= 107 - Um0
L=
= = - - Sub-gap]
= 107 - states
= - =
g 10 MO
E. ™ Reverse-bl_as =002
10°% L . —a Forward-bias (0.2} Inter-band Intra-Band
(4] 1 2 3 <4 5 & T a8 transition transiticon
Mavalength (i) lphotonic) ibolometrich |
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Prof. Tse Nga Ng R I AL MR HIZSHTHE D S8/ » (LIS MR RIS DIE BRI —
TR - P EER G A - BRI - A - KON~ RERERS
AR~ REENZGEFFIE > HEEWAT 5 - K JERLSME (SWIR, IR-B DIN)
14~3 Gk > JKEVIRUTEE 1,450 ZRORBEEHTIEN - 1,530 £ 1,560 ZORE L EEIEHEEH
EEDEEEI - W] 6 -

Prof. Tse Nga Ng th /M 4@ G s n W WO AEfEl B sl B ek » A S ARz BT ] 081
JEIRERSRAYGRTS © EHATHY-FERE M 2% B I S b E Vit 254G R EEIAORL - 1T
AR EABARBZ HIBT I AFY AR HIES - FHER AR, - ZBaHA R A R ERRY
T8 =R (refraction index) » (NIFLZF 552 A (coupling) e HAyTiEZ 1 - A LA R EEME: -
HHEERE - B - 1 HBRDRREK > 406 7 > ATRER BB AN b > NS

circuit)Z -
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AR B HHY Ry 20 2022 SRR ARHSIRARTRIG £ E AR B SRR T
FrErR ZFEHY R&D 100 Awards » 54 A 60 A o TE0H e SFlahi S s=ayRHI T S8 B
K% FEERIR ETORRITEGiT T - PR 100 THER BB RN SR RO NEAEE
AR o BRI > E AT B e i an M (i 2 SRR AT - 400 8 -

“ERMR L AlAE (R&ﬁ ﬁ)?ivard
1963 % 115 RBOE, FEEH (R&D 100 Winners)
(68 #n#k L3 %) Finalists) % ¥ (100.4)
(100%)

8 IR ARH A% /1

72 2022 FCEEIEE 60 JE - fEH 2015 FHEESEE/EmEPEErE] - IR 2 PR TR
B NEFE 8 HIEATAES | FEELABSE - 05t 11 HRETHEITE 2 [E R S G DL A AR A%
(R4 - B EEAIE 7B 5 KM > 737l By Analytical/Test(73 4/ M) ~ IT/Electrical (53R
/& ¥-) ~ Mechanical Devices/Materials(f% M 25 & /#1#}) ~ Process/Prototyping(f£ F¢/J&H BY) Kz
Software/Services(#iga/AL1S) » & 2017 FHIEYIE 6 £ other Innovations(ELA & Hr#%) » 2E40
% 3o IR [FEAEEEIRHTHE Special Recognition Awards(FrH%5H) » 3248 H (A ERER AL
Fralaass - MIFHSSEE B THE R -

* 3 EEKE AR R 2

bl A el
Analytical/Test Analytical Instrumentation | chromatography, spectroscopy, analyzers, etc.
(T3 ER) (IriEEs) (et - St A EREES)
oscilloscopes, VOMs, spectrum analyzers,
Electronic Instrumentation digital multimeters, probes, etc.
(BT HEEE ) CToRZ RS ~ SHRE AT ~ B R ~ 3
HEE)
Imaging Systems/Devices | microscopes, cameras, telescopes, binoculars,
G LA/ AEE) optics, etc.

10



(FBRGER ~ IR ~ RFOLRRORE ~ &5
SRR ~ RS Z SR T )

Testing Systems

hardness, materials, tensile, physical etc.

CHIE 2 570) (BEE ~ KL~ 5R)T - ES)
fume hoods, cabinets, casework, lab animals,
lab automation, balances/scales, centrifuges,
Laboratory Equipment tubing/valves, mixers, etc.
(EE=H) CEEE - BRYIE ~ 6 - BREEY) - 8
=k %ﬁ/ﬁﬁﬂf %&/[}1‘;&% - EHE A

SURIP  JREHEE

Life Sciences

(ki)

biopharmaceuticals, DNA/RNA systems,
food & beverage, genomics, proteomics,
GMO, medical devices, medicine, medical
implants, etc.

(LY - RS IR 2

e~ BI&ERH} ~ FRNIHER » %ElzﬂfEﬁ

HN BAY) ~ Bk - B8 BFIE
AVIZ)

IT/Electrical motors, switches, lighting systems, power
(EVET) Electrical Devices systems and components, etc.
(BHEE) (52 ~ BARE ~ IR RS - BRSSOl
%)
computers, cell phones, printers, storage
systems, supercomputers, computer
hardware, operating systems, cloud
Information Technologies computing, big data, data mining, data
(&) security, etc.
(%H“< T~ VIR - fEFE RS BGE
B ~ ERISHEHRG - (FR 240~ BImiERE - K
Big - ERAEE - BERRES)
wireless, broadband, networking systems,
Communication routers, wearables, lidar/radar, space
Systems/Devices communications, etc.
CHNA/EE) (SRR - T - ERE R4 ~ BREs ~ PR
ek~ BE - RZEEE)
sensing, detecting, monitoring, alarm
Safety & Security systems, access point/portals, isolation
S \ \systems, barrklers, /etc. |
e CHIRD ~ (000 ~ Baf%e ~ ARG ~ UIARY
AL FEEEZEE ~ BED)
Beam Instrumentation X-ray, neutron, proton,ﬂ gamma ray, etEcl.
(%Eﬁ{%%) (X %g%f% N EP%%QSA’:% * E%%%ﬁ% N
(IGEE S ater))
CO2 lasers, solid-state lasers, LEDs,
Lasers & Photonics synchrotron items, etc.
(B RO TE2) TEAbBRE S ~ BIRREH ~ O TS
EEZEIEED)
Mechanical Mechanical Systems pumps, gears, transmissions, robotics,

11



Devices/Materials (F%H 22 %70) structural components, air-handling systems,
(HeESE /R RED thermal devices, heating and cooling
systems, etc.
(BUH ~ e ~ BRRES - fREs A - 45T
7~ RS ZY - BB OREERAE ~ I
KR HEGE)
Chemical & Gases chemicals, reagents, powders, rare gases, etc.
(L2 F R Ee D (B2 % ~ 500~ BK -~ A REEE)
metals, alloys, polymers, plastics, paints,
Materials ceramics , composites, adhesives
(F5kh (ol =R o A= 7| e i b S
% - Ok R
deposition systems, vacuum
i il & V| oS e b,
CHBARBZERID | (s - F7eslm/a - 2280 - 000
AR - FERG RIS
PV, fuel cells, nuclear, IC engines, hybrid
Energy .
Systems/Components . ,S;X;Stefnzf,?r;(i{gy modftllng iOft‘;frZ’ et};.ﬁ
GERasymE | O00 TR B RS EESE
RE R~ BTG E)
Environmental pH m;ters, filtering systems, precipitators,
Systems/Instruments . Ca; i)n ca\ptilre/, r;ercury caﬁture; etc. -
(S 2095/ 22) (BmmEst }E/Fﬁ?/%ﬁﬁf%ﬁﬁ ~ BREHHAE ~
KIFIES)
Process/Prototyping Process Systems mixing, formula‘upg, distilling, baking,
(P2 7/ (2P 24 coating, etc. \
T CE& ~ e ~ 7%88 - B~ FfE)
Additive Manufacturing 3-D printing, rapid prototyping
(FR/EHID) (3-D FIE[] ~ PRERRLA)
Supply Chain management, operations, etc.
(e (EH - #1F%H)
Process Improvement design, production, distribution strategies
CRAZ) (ET ~ A ~ EUR)
Software/Services reporting, simulation, visualization, process
(RAG/ ) Software and analysis, and chemistry
(FASHE ) (e ~ PRABE ~ ATHRAE ~ BRI ~ b

)

Safety & Security
(ZEM R REN)

sensing, detecting, monitoring, alarm

systems, access point/portals, isolation
systems, barriers, etc.

CHIZD ~ 000 ~ Bad%e ~ Eaan ~ VAR

AL [EEEZRSE ~ FRIET)

Military/Aerospace/Law
Enforcement Devices

(S RZEMEWIFURE

forensic tools, weapons, drones, de-icing
solutions, flight simulators, air traffic control
tech, etc.

CERETE ~ 35 - S A BRIREK - FRIKEE

HLE)

AHE ~ AT ~ 22 PGl E )

12



AR 2022 KRR S85 7 AR IS » ATl T arE Bl ) AL > ARTTER -

1 2050 FFEDRHEEPIATE - TTiE v EIE B E 2R ERT 5 [SHEERIEEE R EHk
Z5ehE - 28T TERIREE - BRENAZ B ERE OIIHEERIT ) CEISBAHL
Innovative, low-cost and low-carbon technology for mass-producing electrochromic glass) 25 >
& BB ESIH H NI — T 5 2050 JFEhRBFEESS -

Ry RMEERR R B R BB 2050 03B HER ) #88 » AP EReREL! - IEAR]
& H AT 2 2 s BLE R A E T > v T BRI eIk s R EEINESF  HEERE
st 0 BRI RAORR LI - BV B RTER AV IESE (sputtering) B4R » 3117 JE FH A
REEECEIREE D - WE 9 - BUFZPRSRME - 18 " By | RG>
SEFERERE 75% 5 11 " FEMAL |, HhAE T ek s E B IR EEUR » ARV ZE PR 3°C LA
b RBRERNSREEATTE ZAERE - o [SHIEIEESEE [ F BRI o BRI AR EEIR
KOBREE - ORGSR ERE =R Z JJOBE(LICON) &SR » FAEERE - RKE
EEETTETERE R E ~ (RCR Y BEERCEIREE - EAMNAEZE - IR - BUSE A
T =& ) (Win-Win-Win situation) -

Category: Mechanical/Materials

- i Core Value
INER Ditribution Innovative Mass Production Technique e e
(IDIMPT) ARC Plasma
O ] Technique *Replace exisited sputtering comprehensively
Submitting Organization(s) W *Green fabrication for low carbon emission - low

Institute of Nuclear Energy Research (INER). Atomic Energy power consumption - low produce cost

Council, Executive Yuan Counctl, Taiwan

dofl

v et e INER
Co-Developers: LICON Technologies Inc. Taiwan P . Electrochromic Windows
} _ ) LICON Product *Meet commerical specification
Developers: Chen, Po-Wen; Chang, Chen-Te; Ko, Tien-Fu ; * Affordable Price
Wa, Jin-Yo; W, Tzong-Daw; Chen, Eo-Shih: Hsieh, Cheng /
Chang: Hong, Hwen-Fen: Chen, Wen-Yi ; Cheng, Yi-Chi; Hsu, NE[
Sheng-Chu £
heng-(huan ”CON 3 Machine Mass Production

* Technology landing

Co-development of production activities and ecological environment :
Energy-saving omic with fast ability

Presented to

'cl:g‘anEnergy Research (INER),
nergy Council,
nCouncil, Taiwan

9 fr BIEIACR S b A B RS B AR I8 ) O B 4 S B ER i LA Lo RIT
& NEPREREEE CEIRE R A A | A E AR

et

i

S EEHMYTFTRALNA SR SEIH - 557X 2022 R&D 100 Awards EBKE AR
8% SEGEATIEERRS 12 E5UH > 1% 4> SEEHRE DONE— > EEEOH - 04 -
AE e B S T " SEEEY 28 Micro LED £ B0REAH | ~ THRJEHEE AT &
B B BT DA R B PSR AR FI i B s KT R A4fH(Microcircuit Materials : MCM)

13




ATIE{F TIKC GreenTape™ LTCC i 5G BEKIIBAELNT |3 20 TSI ALGHENT
B4 R EERITE 2B AR S BB RS T
BN A4 o R A A T L 2132 4 1 ADGD+RED ERE UGBS J: 4744PT Digital
MEZH/ BRI | " SILVTEA BEREK -

£ 4 2022 FERIREARHERTEE Y &S B A sk
A ELfir R
1 T IR ~ (R Bl B R (B30 B i
2 B 475 Micro LED 4B roidl
3 TH HREm 2 Al BN B (SOl
4 9K C GreenTape™ LTCC 7 5G 2ok sl
5 . ARSI Al R 240
6 e e R
7 I T BN 2450 B B A B T i) 24
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Page: 1) PRODUCT/SERVICE CATEGORIES

1) PRODUCT/SERVICE CATEGORIES

Title of your entry

Innovative, low-cost and low-carbon technology for mass-producing electrochromic
glass

Category

Mechanical/Materials ($550 Entry Fee)

Page: 2) R&D 100 PRODUCT/SERVICE DETAILS

2) R&D 100 PRODUCT/SERVICE DETAILS

Name of the primary submitting organization

Institute of Nuclear Energy Research (INER), Atomic Energy Council, Executive Yuan

Name(s) of co-developing organization(s) - if applicable
LICON Technologies Inc.
http://www.alight.com.tw/index.php?lang=en

Product/service brand name
INER and LICON Distribution Low-Carbon Mass Production of Electrochromic
Products (LCMPEP)

Product Introduction

Check here to certify that this product/service was introduced to the market between
January 1, 2021 and March 31, 2022.
Yes

If your submission is subject to regulatory approval, has this product been approved?
Yes

Price of product/service in U.S. dollars
INER is a research unit under the Atomic Energy Council of the Executive Yuan of
Taiwan, the Republic of China. INER does not commercially manufacture products

20



developed out of its research projects. INER instead licenses technologies to third
parties. Price for such licensing, and technology transfer when engaged, depends on
contract arrangements.

Short description of the product

Please supply a short description of your product/service. (Please limit your answer to 50 words
or less.)

The technology provides an innovative high-density arc plasma source and the machine,
for mass production, adopting this arc plasma source. The electrochromic window
manufactured by the technology can achieve energy saving and be fully in line with
the standards of green building materials. The technology can replace the currently
available sputtering processes for producing electrochromic products and the power
consumption of the machines for mass production can be significantly reduced in order
to achieve the objective of “Green Manufacturing (G.M.). Thus, the technology
provides the world with an innovative and optimized solution for mass-producing
electrochromic glass by low cost and low carbon emission.

Please indicate the type of institution you represent
Government or independent Lab/Institute

Submitter’s relation to entered product/service
Product Developer

Photo(s) of the Product

Our team has successfully authorizes LCMPEP, including the innovative high-density
arc plasma source, the novel porous thin film and the machines for mass-producing the
thin film, to LICON Technologies Inc (Taiwan) for manufacturing, producing and
marketing electrochromic products.
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Photo #1 (optional)

Technological innovation: Material innovation:
innovative high-density arc plasma source novel nano porous thin film

140

Balance of production activities and environmental sustainability:
low-carbon, low-cost and environmentally-friendly mass-production machine for electrochromic products

Photo #2 (optional)

LICON Technologies Inc (hereinafter “LICON”) is the only one Asian manufacturer
capable of mass-producing electrochromic side mirrors and rearview mirrors. LICON
has the third-highest market share of these products and their sales network covers the
whole world. The energy-saving, low-cost and low-carbon electrochromic glass
developed by the corporation of LICON and INER can solve the problem that the
popularization of electrochromic products cannot be achieved because of high unit
prices.
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Co-development of production activities and ecological environment:
energy-saving electrochromic window with fast electrochromic
switching ability and low energy consumption
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Page: 3)

3) PRODUCT/SERVICE DESCRIPTION

A. What does the product or technology do?
Describe the principal application(s) of this product.

This core technical feature of this technology is as shown in Fig. 1, which is a novel high-density
arc plasma source and the machine, for mass production, adopting this arc plasma source. Currently,
the arc plasma technology are mainly applied to producing coatings with high wear resistance, high
corrosion resistance or for decorative purpose. Our team successfully overcomes the obstacle of
applying the arc plasma plating technology to high-end products. In addition, our team further
improves the arc plasma plating process to manufacture nanoscale thin films so as to develop a novel
nanoscale porous material. Finally, our team successfully develops an energy-saving electrochromic

thin film with fast electrochromic switching ability.

The mass-production type electrochromic thin film high-speed plating machine developed based
on this technology has been successfully authorized to LICON for mass-producing electrochromic
products. Compared with the currently available sputtering processes, the thin-film plating rate of this
technology can be increased by 5-10 times and the power consumption of the plasma source can be
reduced to 1/4 of the currently available sputtering processes. Thus, this technology can satisfy the
low-carbon production, low energy consumption and low pollution requirements of the “Green
Manufacturing (G.M.)”, which can dramatically decrease greenhouse gas emission, alleviate global
warming and reduce environmental pollution with a view to promote the balance of production and
environmental sustainability. Moreover, this technology can effectively lower the cost of the
electrochromic products, which can enhance the competitiveness of the electrochromic product
manufacturers in the market, such that the electrochromic products can be more accessible and
affordable for most people. In this way, this technology can solve the problem that the popularization
of energy-saving electrochromic windows cannot be realized due to their high unit prices.

LICON is the only one Asian manufacturer capable of mass-producing electrochromic side
mirrors and rearview mirrors. LICON has the third-highest market share of these products and their
sales network covers the whole world. Via the corporation of LICON and INER in the future, the
energy-saving thin film with fast electrochromic switching ability developed by this technology will
be integrated with the high electrical-conductivity solid electrolyte and the packaging technique
developed by LICON in order to develop an energy-saving electrochromic window. This product can
be manufactured by a low-carbon manufacturing process and conform to the commercial standards.
Furthermore, this product is not only of low power consumption, but also achieves high heat isolation
and meets the standards of green building materials. As a result, this product can definitely reduce
the power consumption of air conditioners of various buildings and keep the indoor temperature being
proper. Therefore, this product can be more environmentally-friendly with an aim of realizing the
balance of production and environmental sustainability.
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Core Value

Technological innovation: (high-density arc plasma

'l source and nano thin film manufacturing process)
\‘“',?‘ Material innovation: (novel nanoscale porous thin film
material)
INER . . -
+ 2 Balance of production and environmental sustainability: (low-
carbon, low-cost and environmentally-friendly machine for mass-
LICON producing electrochromic products)
INE/?

17 % Co-development of ecological environment and production activities:
CO/V 3 (energy-saving electrochromic window with fast electrochromic
switching ability and low power consumption)

Fig.1. Core technical feature
1. Technology:
1.1Replacement: To Replace Existed Sputtering Process Comprehensively

This technology develops a novel arc plasma source, as the design shown in Fig. 2(a). Our team
carefully designs the shading mask, the target and the positions of the magnets in order to optimize
the arc plasma source, Via accurately adjusting and controlling the moving speeds and the sizes of
the arc points, as shown in Fig. 2(b), the energy density and the ionization rate of the plasma can be
further optimized with a view to achieve long-term and stable operation of the plating process. Our
team further integrates the above arc plasma source with specially-designed and optimized process
parameters: (1) precisely adjust and control the working current of the arc plasma; (2) adjust the
working air pressure ratio according to different materials; (3) adjust the magnets to the best positions
to effectively manufacture a porous structure applicable to energy-saving electrochromic glass
products capable of achieving high transmittance, fast electrochromic switching ability and other
excellent characteristics. The plating rate of the novel arc plasma source can be up to about
10~100nm/min in performing the plating process for electrochromic thin films, which is much greater
than the plating rate, about 1~10nm/min, of magnetron sputtering. Compared with the conventional
magnetron sputtering process for electrochromic thin film, this technology can achieve greater

manufacturing efficiency and higher production.
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Fig. 2. (a) New Design of Arc Plasma Source (b) Arc Plasma Discharge

Regarding apply this technology to achieve energy saving and carbon reduction, saving energy
can be achieved by decreasing the power consumption of the machines when the machines are used
to mass-produce products, such that the overall energy consumption of the factories can be effectively
decreased. In this way, not only is the expense in electricity reduced, but also the greenhouse gas
emission and air pollutant emission, caused by power generation and energy consumption, are
decreased. The energy-saving performance assessments and carbon emission assessments of applying
this technology to manufacture electrochromic window products are as shown in Fig. 3. Fig. 3 shows
the schematic view of the power consumption assessment and the assessment of the carbon emission
caused by the power consumption according to the aspect of energy-saving and carbon reduction. In
addition, Table 1 shows the assessments made according to 4 perspectives, including “Process”,

“Product”, “Power” and “Produce”.

N
P
5|3
Process for This Tech. Productfor Window
Saving 4 times Power Usage Saving 10 KWh /day
4 8 Fim thickness 500nm 60 @356 square feat
% IR VI
E Elﬂ o
% 2 g 30 @:\:c:;:x
consumptin ot
E 1 » o,
10
Power Consumption ’ - °
Sputtering This tech. None This Product
Saving 57000 ton CO,e Saving 50000 ton CO,e /day
80000 & 10 million house. 300000 & mlionhouse
s .E 80000 g:::ﬂ”h‘:"‘*::’;v 3 20000 @ 05kg €O e /kivh
0.5kg €O, &/xwh z
T3 o i I S
Q Q
. . : E 20000 k; 100000
Produce CO,e Emission| & [ | 2 om0
o 0
Sputtering  This tech. None  This Product

Reference:t Wang, . Ren, ¥ 2, . Meng, £ Wne, 2.; i, G cycle carbon emission modeling o cos-red power Energy. 2018, 12, 841-852

Fig. 3. Schematic view of energy-saving and carbon reduction performance assessment of applying

this technology in production
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Table 1. Energy-saving and carbon reduction performance assessment of this technology

Direction Assessment Cost-effective
Ene?gy Process/Power Saving 4 times power
Saving . i

The power consumption needed by g
the manufacturing process of this (Note 1)
technology
Product/Power Saving 10kWh/day of
. . power consumption for
The energy consumption, of the air each household.
conditioner, reduced by this product
installed in a building (Note 2)
Process/Produce
R(sgfl‘c’fi';n Saving 57,000 ton CO;
The carbon emission generated due e/day.
to the manufacturing process of this (Note 3)
technology
Product/Produce Saving 50,000 ton CO»
The carbon emission, of the air e/day.
conditioner of a building, after this
. . 2 Note 4
product installed in the building (Note 4)

Note 1:

Note 2:

Note 3:

Note 4:

it is assumed that the default thickness of the thin film is 500nm. The power consumptions
(watt) of two manufacturing processes for plating the thin film with the above thickness are
assessed. The power of the machine for the sputtering process is 1500W and the
manufacturing time is 2.5hr. The power of the machine for this technology is 3000W and
the manufacturing time is 0.3hr.

it is assumed that the air conditioner is designed, by default, for a room whose size is 365
square feet. Via this technology, the air condition of 8kW can reduce the indoor temperature
by 3°C and the average usage time is 10hr, such that the power consumption of the air
conditioner can be reduced (when the temperature increases by 1°C, the power consumption
may increase by 6.7%).

it 1s assumed that a unit zone includes, by default, 10 million households and the house of
each household is installed with four windows manufactured by this technology. The
desired production capacity is 4 million windows per month (production capacity=quantity
of householdxquantity of windows needed by one household). The power consumption, of
the sputtering process, for achieving the above production capacity is compared with that of
this technology, and the corresponding CO; emissions (COz e) are assessed based on 0.5 kg
CO; e/kWh.

the conditions are the same with those of Note 2; it is assumed that a unit zone includes, by
default, 10 million households and the CO» emissions (CO- e) is assessed based on 0.5 kg
CO; e/kWh.

Reference:

1.Wang, N.; Ren, Y.; Zhu, T., Meng, F.;Wne, Z. ; Liu, GLife cycle carbon emission modelling of coal-fired
power.Energy. 2018, 12, 841-852.

2. Yao, J. ; Electricity Consumption and Temperature. IMF Working Paper. 2021.
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Fig. 4 shows a low-cost mass-production type electrochromic thin film high-speed plating
machine developed based on this technology, which is a first larger high-density arc plasma system
for mass production in Taiwan. The picture at the right side of Fig. 4 shows the arc plasma source in
operating state. Currently, out team has mastered the conditions of the manufacturing process for
electrochromic thin films and the stability conditions so as to develop the energy-saving
electrochromic glass for the green building application. Our team will promote the localization of the
production utilizing this technology and the popularization of this product, and further promote this

product to the multi-billion dollar global market.

Fig. 4. (a) Mass production machine with arc plasma

The energy-saving electrochromic window (the area of this window is about 400x300 mm?),
manufactured by this technology and conforming to the commercial standards, is as shown in Fig. 5.
This window has the excellent characteristics of 4H1L, including (1) High Transmittance Modulation
(2) High heat Isolation (3) High Memory Effect (4) High Durability (5) Low power driving. Thus, it
is obvious that the characteristics of this window is greater than those of the energy-saving
electrochromic window manufactured by SAGE Electrochromic (world top company). In addition,
the cost of the machines for this technology is relatively low, which can decrease the manufacturing
cost and reduce the unit price of this product in order to achieve the popularization of this product in

various applications.
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Fig. 5. Performance of Energy-Saving Window (area: about 400x 300 mm?)

The novel arc plasma source developed by this technology focuses on “Green Manufacturing
(G.M.)” That is to say, the manufacturers need to minimize carbon emission and decrease pollutants
which may damage the environment during the manufacturing processes of their products. The only
way to achieve the goal “Sustainable development” is to make sure that the environmental load never
exceeds the environmental carrying capacity. In order to realize green manufacturing and promote
green production, our team successfully develops an electrochromic thin film manufacturing
technique via this technology, which can dramatically reduce power consumption and lower
greenhouse gas emission. Therefore, this technology allows us to be closer to the goal of “Net Zero”
with an aim of enhancing the value of green circular economy. In addition, this technology can
effectively reduce the energy consumption of the manufacturing process, such that the manufacturing
cost can be further decreased. As a result, the products manufactured by the manufacturing process
can have higher commercial competitiveness and affordable prices for consumers. On the other hand,
as the energy consumed in the manufacturing process decreases, the carbon emission can also
decrease, which can create a “Win-Win-Win situation” for the environment, enterprises and

consumers, as shown in Fig. 6.
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Fig. 6 Win-Win-Win situation

B. How does the product operate?
Describe the mechanism of action, theories, materials, composition or
construction.

The core technical feature of this technology is the novel high-density arc plasma source, which
can be divided into three major parts. First, our team precisely controls the size of the macro-particles
of the plating material to be nanoscale so as to develop a novel arc plasma nanoscale thin film
manufacturing process. Second, our team develops a nanoscale porous structure and applies this
structure to the electrochromic thin film, which can realize fast electrochromic switching ability.

Finally, our team develops a one-step packaging technique, as shown in Table 2.

The electrochromic window developed based on this technology can be manufactured by a low-
carbon manufacturing process and conform to the commercial standards. Further, this product has
many brilliant characteristics, such as (1) energy-saving (low power driving, great memory effect,
etc.); (2) high heat isolation (great infrared insolation ability, active SHGC adjustment, etc.). This
product can achieve not only energy saving and carbon reduction, but also can conform to the

standards of green building materials, as shown in Table 2.
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Table 2. Core technical feature

1. Innovative high-density arc plasma source

"% 1-1 Precisely control particle size to be
nanoscale

1-2 Electrochromic thin film with porous

. structure and fast electrochromic switching

ability

@ 1-3 One-stop packaging

2. Low-carbon electrochromic window conforming to

commercial standards

D 2-1 Low power driving
2-2 Excellent memory effect
e 2-3 High heat isolation
%% 2-4 Adjustable SHGC

1. Novel high-density arc plasma source

1-1. Precisely control particle size to be nanoscale

This technology can increase the total current of the arc plasma to be at least 400A by reducing
the size of the shading mask and properly designing the multi-gun discharge mechanism so as to
provide a deposition technique with high production capacity. Our team further provides 3 specially-
designed process parameters optimized for the deposition technique: (1) precisely adjust and control
the working current of the arc plasma; (2) adjust the working air pressure ratio according to different
materials; (3) adjust the magnets to the best positions to accurately control the moving of the arc
points, such that the sizes of the micro-particles can be controlled to be 100~200nm, as shown in Fig.
7.

Medium work pressure
High work pressure

400 o
3 T
5 300 B
= —_—
& 200 o
S e
o - —
g 100
= \J & " Loww ork pressure
2 o AW o o 4'

100-200
200-300 300-400 400-500

Particle size (nm)

Fig. 7. Control macro-particle size between100~200 nm

31



1.2 Electrochromic thin film with porous structure and fast electrochromic switching
ability

Our team integrates this technology with special-designed process parameters, and successfully
manufacture a porous structure applicable to energy-saving electrochromic glass products capable of
achieving high transmittance, fast electrochromic switching ability and other excellent characteristics,

as shown in Fig. 8.

Step 1: utilize this technology to deposit an electrochromic film and an ion storage film in order to
manufacture a large-area electrochromic device.

Step 2: the electrochromic layer and the ion storage layer have porous structures in order to enhance
their capacitances and coloring efficiencies.

Step 3: the porous structure of the electrochromic film can shorten the moving paths of the ion and
electrons,

Step 4: the energy-saving electrochromic glass has fast and great electrochromic switching ability.

Stepl m) Step2 = Step 3. m) Stepd

- Ol
- Colored Bleached

-

Deposited porous film Detailed porous tructure Acclelrated Li ions infout Faciliated to promote
by this tech. » high contrast

Fig.8. Using nano-porous structure to enhance electrochromic performance.

1.3 One-stop packaging

Our team has successfully developed a large-area electrochromic glass packaging technique by
utilizing this technology, as shown in Fig. 9, which includes an automatic glue dispensing device, a
glass positioning device, a vacuum injection device, etc. The technique can effectively reduce the
outsourcing conditions and expenses of commercializing this product with the purpose of further

optimizing this product.
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Fig. 9. One-stop packaging for electrochromic glass

2. Low-carbon electrochromic window conforming to commercial standards

2-1. Low Power Driving

This electrochromic product is of low energy consumption and can be driven by low voltage. The
operating voltage of this product is less than £2.5V. In addition, the current density of the
charge/discharge current of this product is only 10-100 mA/cm?, so the maximal power of this product
can be merely 2.5W, as shown in Fig. 10.

LA I WL WL P L WL N B L LT B LN
2.5
1.5
0.5

LA 2 SR O AR D R FEE P

.lnl.l;l.l.l.ll.

1 l 1 l L l 1 l 1 l 1 I 1 I 1 I 1 l 1 l 1 l 1 l 1 l 1

Time (5)

Fig. 10. Product was applied low voltage of -2.5 V for colored state and 2.5 V bleached one.
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2-2. Excellent memory effect

After this product is idle for 4 days without connecting to the driving power source and the
transmittance spectrum is the wavelength of 633nm, its transmittance is only changed from 22% to
28%. Thus, this product has brilliant memory effect, as shown in Fig. 11. Therefore, the power

consumption of the energy-saving electrochromic glass system can be effectively reduced.

100
Day-1
Day-2
80 |- Day-3
Day-4
Day-5

Transmittance(%)

(8] 1 1 1 1 1 1

300 400 500 600 700 800 900 1000
Wavelength(nm)

Fig.11. Electrochromic glass with good memory effect

2-3. High heat isolation

This product can effectively isolate the radiate heat and ultraviolet caused by sunlight, and can
provide high heat isolation. Accordingly, this product can decrease the power consumption of the
indoor air conditioning system. Fig. 12 shows the high heat isolation of this product.
A. When this product is colored, the transmittance of this product is 8% and the heat isolation of this
product is 99.1%.
B. When this product is bleached, the transmittance of this product is 60% and the heat isolation of
this product is 67.3%.
C. The transmittance change, in the visible light band, of this product is 52% (> 50% required by the
commercial standards).
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IV. PRODUCT COMPARISON

A. Describe how your product/service improves upon competitive products or technologies.
Currently, the most representative energy-saving electrochromic window manufacturer is SAGE
Electrochromics (United States). This company manufactures electrochromic thin films by sputtering.
However, this technology adopts a revolutionary method to manufacture electrochromic thin films by
arc plasma sources. Compared with SAGE Electrochromics, this technology has many advantages,

as shown in Table 2.

Table 2. Specification comparison between the product of INER and the product of SAGE

Electrochromics'
INER SAGE
Technique ARC Plasma Sputtering
Plasma source Plasma density 10'°~10% 10"~10
Plasma ionization
rate 65~90% 1~5 %
Plating rate 10~100 nm/min 1~10 nm/min
El.ectrochromic Structure Porous structure Dense structure
thin film Electrochromic
switching speed Fast Slow
Transmittance  in
colored state 8% 1%
Transmittance  in
Electrochromic bleached state 60% 55%
product Transmittance
change 52% 54%
Memory effect Last for 4 days Last for 1 days
Maximal power 25W 3W

Reference 1: Smart Glass Market by Technology, Application, Control Mode and Geographic Analysis - Global Forecast to 2027
B. Describe the limitations of your product/service.

1. Exceed the service life of the product: 10000 cycles:
The major principle of the product developed by this technology is to activate the

reduction/oxidation reactions via the intercalation and de-intercalation of the metal ions in the
electrochromic thin film, such that this product can be switched between the colored state and the
bleached state. If the number of cycles exceeds the service of this product, the variation between
the colored state and the bleached state may gradually decay or ineffective. (e.g., the variation
may be decreased to 93% when the number of cycles reaches 2,500; the variation may be
decreased to 70% when the number of cycles reaches 10,000).
2. Exceed the working temperature range of this product: -10°C ~ 120°C
When the user uses this product in a country at high latitudes and the temperature in winter

reaches -30°C, this product may malfunction because the metal ions cannot pass through the original
channels due to electrolytes.
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C. Summary

This technology focuses on developing a novel arc plasma source and our team successfully
realizes the plating process for large-area electrochromic thin films. This thin film developed by this
technology is integrated with the high electrical-conductivity solid electrolyte and the packaging
technique developed by LICON in order to develop an energy-saving electrochromic window
conforming to the commercial standards. Our team also successfully develops a mass-production type
electrochromic thin film high-speed plating machine based on the integration of the above

technologies and the technology authorization of the above machine is now in progress.

The novel arc plasma have many competitive advantages, such as low carbon production, low
energy consumption, low cost, etc. The energy-saving electrochromic glass developed based on this
technology also has many marvelous characteristics, such as low power driving, high transmittance
variation, great thermal isolation, great memory effect, high stability, etc. The high-quality
electrochromic glass can be applicable to the windows of houses and moving carriers (such as car

sunroofs, yacht windows, airplane windows, etc.) so as to balance daylighting and energy saving.

Moreover, this unique technology can further significantly reduce the manufacturing cost and
increase the production efficiency of the electrochromic glass. In this way, this product can be
accessible and affordable for most people to use this product in their daily lives instead of being only
applicable to a few high-end products, such as Boeing 787 Dreamliner. Therefore, people can not
only enjoy great daylighting and beautiful view via this product, but also reduce the energy
consumption of the air conditioners in order to achieve carbon reduction for the earth. This technology
can be helpful, from the low-carbon manufacturing processes for manufacturers to the energy-saving
applications for consumers, for the improvement of global warming, can create a “Win-Win-Win

situation” for the environment, enterprises and consumers.
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Quanta Image Sensor (QIS) Camera
Gigajot Technology, Inc.

In fields such as life science, quantum physics
and astronomy, the ability 1o image in ultr
light s critical — so scientists and engineers
can cetect and count individual photons. Unti
now, photon-counting sensor options have
had problematic Iimitations of higher naise,
stochastic noise associated with avalanche
qain, require deep cooling, cannot count
multiple photons, and have low resolution.
Gigajots Quanta Image Sensor (QIS) Camera

rew imaging platform to advance scientific

the doop sub-oloctron road noisa is achiovad with tiny pixels, magnifying lonsos aro not

requited, and ife science samples can be studied without expensive optics. I the fong run, the

small pixel performance of the QIS Camera will migrate from high-end scientific applications
‘er markets where low light performance is valued, such as cell phones, surveilance,
professional vidieo, industrial, and automative cameras.

low

sclves these problems and provides a powerful

research and enable new Giscoveries. Because

UniTOM HR Dynamic
Micro-CT System

Tescan Orsay Holding, a.s.

‘TESCAN's UniTOM HR Dynamic Micro-CT
System solution brings fast dynamic CT
imaging from the cutting-edge synchrotron
to the mainstream laboratory. UniTOM
brings together the most sought-after
micro-CT capabilites, giving researchers a
versatie solution that covers a broad range
of 30 imaging and in-situ applications,
handles a variety of sample shapes and
sizes, and enables 4D time-rosolved
dynamic experiments. UnTOM HR can
characterize newly developed materials

at the highest possible micro-CT spatia
resolution, a requirement for sub-micron
scale static 3D imaging. It can also provide
researchers with a better understanding

of how these new materials — and

Spectral Phenotyping with MirroRx

Lawrence Berkeley National lﬂﬂﬂlﬂlﬂly

MirtoRx is a biomarker
technology that
accurately predicts
isease status. The
disease phenotype is
analyzed by measuring
how the patient's
endogenous molecules
vibrate upon exposure
to infrared light. The
difference between

the vibrational profles
of disease and control
samples is 5o visiole
that the spectral process s like “cellular fingerprinting.” Aggressive cancers such as ovarien
and gliomas have low survival rates, but the disease cells have litle to distinguish them from
non-disease cells. Nather the presance of disease nor its prognosis s predictable. New
biomarkers ara needed if we are to improve the outcome of clinical trials or to develop more
effective therapies. Towards that goa, early results with MirroRx on  handful of samples from
prosymptomatic patients — who later developad Alzheimers — indicate that the tachnology
can spot Alzhaimer's baefore symptors develop, If this holds true in future validation tria's,
spectral phenotyping by MirroRx may, at lang last, provide a window of time for patients to try
experimental medicines that could delay or even stop dissase progression.

8 mDwWoRDIFALLZ022

functional ted from these
materials — will bohave under changing
conditions through real-ti not time-

lapse, visualizations. This dynamic capsbiliy
sets UniTOM HR apart from other micro-CT
instruments on the market. Many fime-
dependent processes are unpredicieble
and eapturing the most important aspects
of the process may not be possible in an
interrupted or tme-lapse collection scheme.
TESCAN has resolved this issue with ts
dynamic CT technology that collects data
throughout the entire process.

HIYRADNORLDONLINE COM

Continuous Tracking Surgical
Assistance System (CTSAS)

Metal Industries Research &
Development Centre (MIRDC)

Continuous Tracking Surgical Assistance System
(CTSAS) s the first-ever dodecahediral marker,

Full Field of View Atom Probe Mn:msuuue -
The Invizo 6000

CAMECA Instruments Inc.

The Invizo 6000 is a high
efficiency, symmetric
dual-lumination, deep.
ultravielet laser atom

30 subnanometer spatial
‘omation for
ts. It provides the widest field of view and the fastest cata collection rate of
any APT system to solve the logy
is playing an everincreasing role in the development of a long lst of compelling new
technologies that will improve our lives including faster, energy-saving computer
chips; more fuel-efficient automobiles and airplanes; safer next-generation nuclear
roactors; brighter and cheaper LED lights; improved energy conversion and storage
devices; and stronger,lighter, and longer-lasting metal alloys. Advances in these areas

combined with real-time images of i
vertebra and dynamic correction ravigation, that can
track and truly present the posture changes of each
vertebra. In the process of surgical navigation, only

on the capabilty to ch in 3D at the atomic scale. The
unique capabilties of the Invizo searchers in commereial, academic, and
institutional environments to gain new insights into the materials and processes that
willbe used in to make the world safer, more energy-officent, and at a lower cost

& single registration Is required, and
eal-time images can be provided for reference. It
can make detailed corractions to the fine posture of
each vertebra so that the navigation image is closer
10 the real spinal topography. It also solves the issue
of the traditional tracker being too large and aasily
causing mutual interference. CTSAS subverts the
ecology of the current tracking system and uses the
‘ogic of dodecahedral marker design to create a new
technology where each operated vertebra can bo.
positioned and tracked at one time. This brings a
new model of thinking into multilevel spinal surgery
navigation. Furthermore, CTSAS can be combined
with a robotic am 7o assist surgeons in inding
surgical sites more easly through Al path planiing,

WHWRDYORLDONLINE COM.

cryoRaman - Cryogenic Raman Microscope

Wirec GmbH
Co-Develaper: Attocube Systems AG

The cryoRaman microscopy system integrates confocal Raman imaging within 3 cryogenic
sample chamber. I was developed to bring the senstivity and spatial resolution of
chemical king at the edge of absolute
2600, Inhevently moduar, GyoRaman oflers IS to NIR exctation lasers, 1.8 K t0.300
Koporaing tomporatures and igh magnatic fods up o 12T Foatures that onhanco
dalignment
cspt asimert
rent excitation lasers and white light m\rmbpy

Options include precise software-controlled laser power
adjustment, automated switching between opical microscopy
and spectioscopic imaging, mult-wavelongth excitation
capabilties, an automated spactromster calibration light
source, time-correlared single photon counting (TCSPC)
modes, low-wavenumber Raman peak deection, and fll
polarization control in excitation and detection

The mocularty and freadom provided by

the extensive upgrade

possibilites will be of great
3 ity in various fields of
appiication

¥ y

between differer

)
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Keyence 30 Optical Profiler
with Rotational Unit

Keyence Corporation of America

NuSense Technology -

Y

Unlike traditional optical profiing systoms that
are hard to use and have material restrctions
due to low dynamic range, the VR 6000 affers
a smple place-and-press interface parered
with HOR scanning 1o capture highly accurate
data — even on glossy or matte surfaces.
The HDR algorithm automatically determines
optimum lighting conditions, adjusting
brightness and focus, to offer a dynamic
range that is one thousand times greater than
conventional systerns. Now any user, regardess
i, can obtain accurate and
repeatable data on any type of material, °
addiftion, entire surfaces can be scanned in
as ltle as one second, leading to quicker
trnaround times and overal improvements in
prototype development and inspections. User
an quickly perform pass/ailinspections and

of experience leval

High Spatial Resolution Optical

sensors for Harsh Environments

University of Pittsburgh
Co-developer: National Energy Technology Lab

NuSense is a disuptive optical fiber sensor tachnology
h i

&nvitonments previously thought impossibie o probe. ftis

a distributed optical fiber sensor for real-time, high spatial
@-cm, and mlti-parameter

energy and industry applications. The sensors perform

distributed temparature, hydrogen, and cynamic srain

measurements up to 850° C, with fast neutran flux up

t0 1X10M3 /sA2/em2, and H2 concentrations (0.05%

to 20%). NuSense technology provides vitalsensing

taois to harness valuable data in real-time with high

spatial resolution in the most challenging environments

previously thought impossible to probe. This tool anables

Us to understand vial chernistry related to key industria

processes, to optimiza energy prodiction processe, to

sofegquard criticalinfrastructures, and to buld reslistc digitel twin modiels, NuSense technology
will benefit a wide array of industry sactors and support carbon-free energy productions,

can accurately compare data to a CAD file or advan
other part scans. This system leads the viay in
this market with its ability to solve measurement

hydrogen economy, ¥
bseplianioi g place i harsh environments

g, and other

applications in nearly all incusrie from small
mecical devices to larger electronics snd
aerospace components

Park FX40 Atomic
Force Microscope

Park Systems

AFM s often cited as being
challenging to learn and to
operate by many angineers
and scientists. To cvercome
this reputation, Park Systems
has introduced The Park FX40,
anext.generation, resoarch.
grade, automated AFM
placform with ful\y automated
robe exchang

‘d beam alignment — and uses machine-learning technology to overcome
these fhPUngPt With simpifed sample avigationand an ntelge san algorthe, he

Park FX40 makes.

VK-X3000 3D Surface Profiler

Keyence Corporation of America

The VK-X3000 allows users to capture 3D
measurements with sub-nanometer resolution, even

‘on materials that are transparent, matte, or have
curvedistees slopes. By incorporating three different
measuroment methods: focus variation, laser confocal
scanning, and white lightinterferometry, the system
enables high-accuracy measurement and analysis

10 be performed on any target. Bacause the system
was designed to be easy-to-use, anyone can capture
accurate surface data at the click of a button, The VK
Sorios can automatically adjust to the optimum sottings
and accurately measure profiles, roughness, and film
thickness of an entire surface. With versatiity at the
forefrant of the design, the VK-X3000 tackles quality
control and research and development applications
across a wide-variety of industries, including aerospace,
automotive, electronics, medical devices, wafer
processing, and university research. The VK-X3000 is
truly an all-in-one device capable of capturing high-
magnification images and performing 20/3D profile
surface roughness, fim thickness, and
volumetric measurements.

neasurement

Thermo Scientific Orbitrap Exploris MX Mass Detector
Thermo Fisher Scientific

The Thermo Scientific Orbitrap Exploris MX mass
detactor i a built-for-purpose system designed

10 deliver high-confidence results for biomolecule
attribute monitoring, also offering compliance
readiness when used with Chromeleon CDS
software. The system is part of 2 multi-attribute
method (MAM) workflow that offers reduced
downtime and maintenance and provides
seamess method transfers from biopharmaceutical
development to QC. Offering HRAM data for
intact analysis of monoclonal antibodies (mAbs),
oligonucleotide mass determination and peptide mapping, the Orbitrap Exploris
MX mass detector s suitable for biopharma process confirmation. This enables
accolorated drug characterization processes in C and productivity improvements
by full integrating the Orbitrap Exploris MX into the MAM workflow, thereby
replacing multiple assays into one information-rich mass spectrometric assay. The
detector is based on the proven hardware and instrument control software of the
next generation Orbitrap platfom. It offers operational simplicity, compiianco-
readiness, reliabiity and seamless method vansfer from lob 10 lab, overcoming
the challenges with other systems of long downtime, high maintanance, non
compliance, high cost of awnership and high system-to-system variabilty.

proteoCHIP

BICO

Co-developer: Cellenion
Vienna Biocenter - Institute
0f Molecular Pathology
(IMP] - Karl Mechtler’s Lab

microchip made of Teflon and

avoid evaporation of precious

peptides during the sample preparation process. It enables the first commercially
available automated workfiow for single cell proteomics sample preparation (efore
Mass Spectrometry analysis) on the cellenONE single cell dispenser, including
image-based cell selection and isolation, nanoliter reagent dispensing, and on-deck
incubation. proteoCHIP 12*16 is the version dedicated to multiplex MS-based

with a thin ol layer to

an
experianced users alike. Park FX40 is an industry distupter s it pushes the boundaries of what

AFM can accomplish. The development of Park’s FX4D is a great contribution to science in both
academic and industrial applcations and should be considered for an R&D 100 award this year.

an end-to-end sample preparation workflow for single cell proteomics before
WS analysis, from cell isolation and lysis to papide fragmentation and labolling

10 sample pooling and introduction to the LC-MS/MS autosampler. It showed
outstanding results with quantification of up to 1500 proteins per run with no sample
carfier and outstanding signal to noise. It s already used by most key opinion
leaders in the field of single cell proteomics.
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Thermo Scientific Gallery Enzyme
Master Enzyme Analyzer

Thermo Fisher Scientific

As the first and only system to fully automate all critical
aspects of enzyme analysis across multiplo enzymes and
methods, the Thermo Scieatific Gallery Enzyme Master
Enzyme Analyzer marks a profound leap forward for how
enzyme assays are conducted. Through this new system,
the most crical pain-peints and bottlenecks plaguing
vaditional spectrophotometic snzyme analysi have
haneously addressed — from edge effects and
lempem‘ure i ztion faot 1 conbersernd mathod
development and transfer. All the while, new levals of
oparational smplicity, efficiency, and traceability have
been made possible. The system serves to streamiine
and democratize enzyme analysis. By lowering barriers
to enzyme adoption in various sectors — spanning

Evusheld: A long-acting antibody combination for
the prevention of COVID-19 in high-risk individuals

Vanderilt University

Co-developer: Vanderbilt

University Medical Center;
ralengea

./:vusn

Although many
immunocompromised people
d 2 COVID-19 vaccine
early on, their immune systems
often failed to generate proper
antibodies in response o the
vaccination, leaving this large sub-population of people exposed to infection.
Evusheld is an FDA EUA-approved antibody medicine for COVID-19 that is
delivered via intramuscular injection and provides lifesaving protection to this
highly vulnerable group. Evusheld is currently authorized for people who are not
infected with COVID-19 and who are immunocompromised because of medical
ding cancer, or who have a history of

e reaction to COVID-19 vaccines. The preventative medicine

is administered via two intramuscular injections of the neutralizing anthhodies
that comprise Evusheld and has been shown to provide at least six months of
protection from symptomatic COVID-19. Additional laboratory data from the NIH
demonstrate that Evusheld neutralizes all veriants of concern, including Omicron
BA2, which is curently the dominant variant throughout much of the world. in
addition, Evusheld showed up to an 88% reduction ir severe COVID-19 or death
in symotomatic outpatients.

SOFIA: Spectrometer Optimized for Facility
Integrated Applications

Los Alamos National Laboratory
(0-developers: National Institute of Standards and Technology (NIST),
University of Colorado - Boulder

Nuclear tachnology, such as carbon-free nuclear power generation and
nuclear medicine, is an essential part of modern Ife and is widespread
around the world. Correspondingly, nuclear safeguards are essential to
dater the sproad of nucloar weapons. As an oxample of the magnitudo of
this challenge, the International Atomic Energy Agency is responsible for
safeguarding 212,814 significant quantities of nucear material in 1,314
facilties across the wor'd as of 2018. SOFIA (Spectrometer Opnmw:ed

for Facilty ntegrated Applcations s th fst ulra-ighvresous

gemma soect hese
tachnology designed for and demonstrated in nuclear mcumes SOFIA
provides a magnitude of 10x
better resolution than standard
high-purity germanium detectors
in a compact instrument that can
be operated in nearly any faciity.
This technology provides 2 path to
completely nondestructive analysis
with precision and accuracy
approaching what is possible in a
destructive analysis laboratory, It
willind application in nuclear fuel

K-Modules: Capacitive Energy Modules
for Pulsed Power Applications

Los Alamos National Laboratory

Febetron (energetic X-ay and
elactron beam generating
devices) users face a threat to
their critical missions due to
lack of new, refable pulsed
power components. Both

the government and private
sectors are experiencing this
dilemma because existing
units that power Febetrons
are manufactured by a single
vendor. The design has not
baen upgraded in more

than 40 years, rasing serious
technical concems about
their continued use. To address this, Los Alamos National Laboratory
used sophistieated medeling and smulation software and COTS
components to design new Febetron-compatible pulsed power
unts known as K-Modules. K-Modules’ performance enhancements
include higher X-ray dose and extended X-ray spectra. When used
1o generate elactron beams, K-Moduies increase the electron flux.
This technology is serviceable and uses reusable and recyclable
componants. K-Modules ara adaptable and allow for potential uses

Modules

bey.md m.mnmu 25 powering X-ray devices in the medical
the per and gas
nv\d for sterilizing food and pharmaceuticals. K-Modules can
power E-beam devices used for material properties research as well
as nudear suscepubilly testing of milltary electionic equipment

cycle facilties, mediical isotope
production facilities,
moritoring laboratories and other
locations that require ar

nuclear and radioactive materials

both research and industry — the analyzer will enable

of more innovative and b al
products, created via less hazardous processes and with
reduced waste and optimized product yields, Ultimately,
through the broader adoption of enzymes made possible
by the Gallery Enzyme Master, food taste can be
enhanced, animal feed can be made mare nutritious and
more promising mediines can be created 2nd brought
to patients at pace

LightSlingers: Antennas that generate radio waves
from faster-than-light currents

Los Alamos National Laboratory

Every antenna since the discovery of radio has used, in one form or anather, the current density of free
electrons as thei radiative mecharism. For years, this approach was sufficient, though not without crawbacks.
s connectivity came to define modern life, frequency bands became overloaded, and as devices grew in
complexity, manufacture of their fragile parts moved overseas. Only a new paradigm in antenna technology can
eep pace with the endless prolferation of wireless devices. Researchers at Los Alamos National Laboratory have
developed LightSlingers, 2 leap forward in antenna design that promises to simultaneously declutter and secure
the sitwaves. LightSiingers uses the “other the polarization current — creating, i efiect,
1255 0f anterna with myriad benefits LightSlingers offe better coverage, efficiency, bandiwidth,
and securty than traditional antennas or phased arrays, allin 2 sturdier package with far fewer components.
Further, they have no geometry requirements — a LightSlinger anterna can be any shape and molded into any
device. On 5G local neighborhood neworks or the battefield, LightSingers are ready to make waves.

raciative mecharism -

an entirely new
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LOS ALAMOS
NATIONAL LABORATORY

Accelerating Partnerships for
Commercial Impact

santific Excell

Solving N | Security C through

R&D 100 Awards and Special Recognition Awards

Los Alamos has identified a broad range of technologies that have the potential to enhance an existing product, define a new produd, or
launch a start-up. Our technologies can give organizations a competifive edge. Los Alamos Technology Snapshots identify technologies that are
a different stages of development, some ready to license and others looking for a partner to help mature into a disruptive application.

INFRASTRUCTURE
Creating a novel type of broadband antenna that generates radio waves from faster-than-light currents for broadcasting
precisely toward a target location, providing better coverage, efficiency, bandwidth, and security, in o sturdier package
with far fewer components.

MANUFACTURING
Applying additive fi hnologies for the si creation of a vessel and arbitrarily complex-
shaped three-dimensional tamper-sensitive features within its walls and lid to secure high value items from

disclosure, theft, tampering, and espionage.

NUCLEAR
Developing an ultra-high resolufion gamma spectrometer for nondestructive analysis of radioactive material in nuclear
facilities, and capacitive energy modules to support pulsed power applications for X-ray and electron beam generating
devices.

SENSORS

Producing nondestructive technologies for full-structure three-dimension nondestructive identification of subile material
flaws that can undermine integrity, and infegrated sensors and software fo detect damage and defes in large
structures, regardless of size, complexity, or access limitations.

SOFTWARE
Providing tools for epidemiological decision support analysis, screening millions of possible biopolymer combinations for
optimized materials, predicting metallic structural component behavior in extreme environments, delivering energy-
efficient machine learning for autonomous devices, and speeding scientific data analysis.

Additively Manufactured Tamper Evident Container -

ALArM: Acoustic Large Area Monitoring -
Pormmers: Chevron U.S. A. and Evident-Scientific/Olympus

ASSESS: Acoustic Steady-State Excitation Spatial Spectroscopy «« <<+« ««ex

BioManlAC: Bioplastics Manufacturing with Intelligent Adaptive Control -

EpiGrid: A user-friendly software tool for epidemiological decision making -

K-Modules: Capacitive energy modules for pulsed power applications - - - -

LightSlingers: Antennas that generate radio waves from
faster-than-light CUrrents -+« evmmmmmmnieniiniiieeieiee

On-Chip Neuromorphic Backpropapagation Algorithm for
Energy-Eficient Machine Learning « <+« <+« evvvmeniemmuiniiiiiiiiiny

SOFIA: S P d for Facility Integrated Appli .
Partners: National Insitute of Standards and Technology (NIST) and

University of Colorado-Boulder
0 Visit our website www.lanl.gov/feynmancenter to explore the wide variety of technologies available.
(< onsci hip and licensi ities, contact * RICHARD P. FEYNMAN
.;Q !1934 ﬁ!ﬂm,?,,% lho Los Alamos National Lebom!ory Richard P. Feynman Center for Innovation . CENTER FOR INNOVATION

ool oo/l

PO Bax 1683, Los Nomas, N 87545 » 505-687-5061 + wanwlonlgo. An €yl Opparniy Emplyes monoged by T Mot Secuy, LIC o the S st o Eergy's NNSAfor DOE and NNSA, (505) 665.9090 las Alamos Nainal Loborsory i proud 1 be @ pa of the RED 100 lnnovarion Nework.  LA-UR-22-30223
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Multifunctional, 30-Printable Inks for Energy Products (Energy Inks)

Lawrence Livermore National Laboratory
Co-developer: MilliporeSigma, a division of Merck KGaA

Energy Inks, 3D-printing d by Lawrence L by Ny
the market i three form properties,
enabling next gonertion,hgh peformance, SOuprinte devicesfor anegy sorage,casy,Biaton,
sonsors, and moro. Furthor, thaea dovices can bo 3D-printod fastor, at a lowor cost and exhibit highor
performance than competitive technolagies. Energy Inks meet 3D printing material flow conditions while
optimizing functional proparties of the extruded material, requirements diffcult to obtain simultaneously.
Such funcions nks enable he desig ofcustomizable, easiy negrared comoonents, an; hereor,
possible to produce using
aunent methods. Nakmg use of the dcslgn fleiiiy aforded by dirct nkwiting, stomiaable sioage
components can be produced, lowering the For
the technology rel d tme Imitations to spaed up marketplace introduction.

More sustainable Collation Shrink Film SABIC’S LNP ELCRIN iQ Upcycled Product
enabled by REVOLOOP and DOWLEX GM AX01 Portfolio Contributing to Net-Zero
Garbon Goals In Multiple Industries

Dow Packaging and Snuclall‘f Plamcs 4 business unit of Dow Inc.

Co-developer: Polyrafia SA SABIC
Using s unique materials science SABIC's LNP
capabilities and appropriately ELCRINIQ
connecting two differont tochnologios, portfolio helps
REVOLOOP and DOWLEX GMAX01, address a real
Dow developed a secondary waste problem
packaging with an enhanced by creating
sustainability approach, exceptional amarket for
overall performance, and suitable recycled plastics
shrinkage, making the mechanical by upcycling

commodity single-
use PET into high
value compounds

properties o outstanding that the
film gauge can be reduced, improving
seal properties, and keeping the

processability during film extrusion. that are used
Up to 49% of carbon footprint in demanding durable goods appiications. Compared to other
Savings:can be achleved by the machanical recycling technologies, the LNP ELCRIN i0 portfolio
ncorporation of PCR REVOLOOP in can offer consistent quality, a wide range of colors, and compliance
the film composition. In combination with DOWLEX GM AX01, improved with regulatory standards for food contact, medical devices, and
machanical properties were achieved, allowing downgauging, optimal smart chemistry. SABIC's LNP ELCRIN iQ portilio alse includes
shrink ability, and processability. This solution also brings exceptional susainability attributes to the product offerings to provide circular
optics — important to expand the marketability of the product. The economy tansparency trough the entire value chain. Responsiole
high-clarity and gloss obtained allow the package to showcase the source verified by third party and PCR content certificate for aach
intermal produet, without printing, saving costs and delivering a cleanar commercil grade are available publicly. Life cycle analysis (LCA) of
waste stream for future recycling process. This innovation that includes ELCRIN Q resins through critical review could provide a baseline
40% recyeled content and outperforms the incumbant 100% virgin benelitof carbon and energy fotprnt forthe porolo. The
,is easy to be imp! in ging chain, and dilo-10-gate LCA information t
addresses the use of waste into a new and neﬂen\y usable packaging. m-!lw 2 better decision toward carbon neutral goals,
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Digital M functional resin material: Dropson | PPG COPPER ARMOR Anti-Viral
where functionality is needed upon fabric and Anti-Bacterial Paint

Taiwan Textile Research Institute Corning
Co-developer: Sabrina Fashion Industrial Corp.,
Fu Hsun Fiber Industries Co., Ltd. PPG COPPER ARMOR is an antimicrobial paint that uses Corning
Guardiant copper technolagy, a biocide comprised of copper glass
ceramic particles, to continuously kill viruses and bacteria on the
painted surface, including Staph, MRSA, E Coli, and COVID-19,
within two hours of exposure for up to five years. The product is
low-odor and has zero volatile organic compounds — and provides
mold and mildew resistance to surfaces. Available in eggshell
and semi-gloss, Copper Armor can be tinted to more than 600
colors from the PPG paint palette. Frotecting our surroundings
from harmful viruses and bacteria is a challenge that unfortunately
will be ever-present. Introducad in 2021, COPPER ARMOR, is the
first virus-killing paint available in the U.S. The product efiminates
99.9% of viruses and bacteria on the painted surface. As  rolatively
cost-effective solution that’s easy-to-apply and readily available
Digital M Is a polyol polyurethane resin material with the function across the country, PPG

of moisture swelling and shrinking. When this material encounters s providing an extra
moisture, it will produce @ moisture swelling shrinkege effect, to create barrier of protection on
n “airflow channel* on the fabric surface. The channel can increase the. surroundings and interior
surface volume between the skin and the air to help the skin remain dry. surfaces — benefitting
The heights of the airflow channels depend on the humidity of the body. property managers and
This mateial can be diipped on the zrea of the cloth that needs irflow the everyday consumer
channel function, enabling the cloth to ga from normal to funetional, In alike — with this new
summer, the materiz| reduces stickiness by more than 45%; in winter, it breakthrough technology.
maincains the temperature. It is suitable for digital jetting use. Digical M
technology is working with Sabrina and Fuhsun, the fabric suppliers of
nternational major sport brands such as Nike and Adicas, to develop
one 1 spparel.

Low GWP Froth-Pak Spray Foam
DuPont

DuPonts Froth-Pak Spray Foam products are used to air seal and insulate various spaces
withinthe buikding envelops, These products historclly se hydrollorocarbons os

b ich are beiny use in spray foam prodh

of their high global warming poxenua\ (GWF). Hydrofluoroolefin (HFO) blowing

agents have been proposed as accoptable altematives. However, crtical compatibility
challenges remain between desired catalyst systems and some HFOs, specifically
1333 tew This results in loss of catal over time and
degradation of e challenge 1o invent
a solution that delivers.a significant reduction in groenhouse gas (GHG) emissions while
maintaining product performance, based on a novel approach using carbon dioxide

in adidition to the liquid 1-chloro-3,3,3-trfluoropropene (HFO-1233z3) as the blowing
st pasioge, T oraion semssokvedshallonge ool el orkia s mpsrion Aschnalogn e sesltimg nesont s kit
products are shelf stable, mainain all performance attributes, and boast a blowing agent package GW® reduction of more than 95%.
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Stable and High-Performing Sinale-Crystal LiNixMnyCo1-x-y02 Cathode Materials (SC-NMC)
Lawrence Berkeley National Laboratory

To meet the burgeoning international need for high-parformance lithium-ion batteries
(UBs), next-generation LI3s must have higher energy density and power density at  lower
cost, with better safety and longer lifespans. Lawrence Berkeley National Laboratory's
Single-Crystal NMC Cathode Materials (SC-NMC) advances the technology in every
category. Other efforts to produce nickelrich cathode materiais have fallen short, resuiting
in lthium rickel manganese cobalt oxides that fracture and produce side reactions on the
particle surface, degrading cathode performance. This cost-effective, scalable metho
enables production of SC-NWMC cathode materials that elminate the fracturing and
reduce the side reactions on the particle surfoce, Cathodes using the resulling product
romain mechanically intact. In fact, SC-NMC s expected to excead compatitors' ife
cycles by three times or more. The method's processes can be adopted into existing production lines, and SC-NMCs made with our method deliver
significantly improved performance and stability compared to commercial polycrystalline materials. No other methods for developing SC-NMC
cathode materials come close to developing a product that checks all the boxes necessary to meet the needs of next-generation LIB cathodes.

Brine Concentration with FilmTec KapFlo: Clear Polyimides without
Fortilife XC120 membranes compromising High Temperature Stability for
SisS— Next Generation OLED Smartphone Displays

DuPont Electronics & Industrial

Systems using the new
innovative FilmTec Fortlife
XC120, a spiral-wound
foverse osmosis element, achieve
water concantrations beyond
80,000 ppm to ~120,000 ppm of total dissolved
solids while operating within the pressure limits of
standard available reverse osmosis equipment, Reaching these
concentrations pushes the overall water recovery up from 90% to
93.5%, reducing the amount of water needing thermal treatment
by 35%. This provides an additional ~$0.08/m3 of wastewater
treatment savings. Unlike treating wastewater to discharge, MLD-
ZLD hybrid systems have the benefit of wastewater valorization,
The treated wastevater from a textile millin India has ~51.06/
m3 of circular economy benefits from the recovered fresh water
and sakts that can be reused in the dyeing process. These benefits
together with th recuced costof MLD-ZLD operation, and the
tive
with the standard eat-for-lischarge type operations practiced
in other parts of the world. Moreaver, the process provides the
environmental benefits of lowering the water and salt footprint of
e textile factory.

DuPont has developed and engineered
novel families of fims and coatings

to address design and performance
requirements for AMOLED substrates

that have enabled display manufacturers

10 dovelop nextgeneration ecge-to-

edge flexble smariphone displays. These
materials have been engineered to provide
optical clarity while maintaining mechanical
and thermal reliability. A team of DuPont
scientists was able 1o break through the holy
grail of thermal versus optical radeoff and
developed clear polyimides (KapFlo] using
novel monomers. Engineers on the team
veera able to quickly scale up the production
of the monomers and polymers to get them
10 customers for tral runs at an exemplary
speed of 8:10 months. Commercialization
of this novel product was possible because of the richness and diversity

of small-molecule, polymer, and process chemistry knowledge within the
team. Partnering with custamers to understand product and process issues,
developing novel solutions for an extremely chellenging problem, scaling
up the chemistry at record speed and fterative customer sampling using
minimum viable products were some of the key factors for a successful
prodluct commercial zation.
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Drain-on-Demand Lithium Battery Innovative, low-cost, and low-carbon technology
for Long-life loT Devices for mass-producing electrochromic glass

Nano and Advanced Materials Institute Institute of Nuclear Energy Research (INER), Atomic Energy Council,
Co-ceveloner: Long Sing Technology Group (Hong Kang) Ltd. Executive YuanCouncil, Taiwan
Go-gaveloper: LICON Technologies Inc.

With the emerging loT technologies to ensure

wninterrupted and high-quality signal transmission without The technology provides an innovative high-density arc plasma source and the.

oss under 5G, loT devices require portable power supplies machine for mass producton, adopsing this rc plasma source. The novel : plasma
that are high energy-dense, high power, and long lasting Hias many ackartages.suh o low energy

1 allwoathor conditions. Drain-on-Domand Long-fife and low cost, The energ o ic glass developed
ER14250 employs lithium thionyl chicride chemistry based on jog  such as low fosi
that has the highest energy density, and which has been driving, high i cat t solation, great

engineered to overcome the shortcomings of conventional and high stability. The high-cuality cecochvomic lass can bo applcobie tothe
ithium thionyl chioride batteries. The oprmized structure vingenws ofhouses and moning cariers sch oscor sl yach windons, and
of the porous carbon catholyte host by the ving. Morsover, this uiqua
pore-manipulating agent provides a better discharge Iechnu\agy can further significantly reduce the manufacturing cost and increase the
efficiency at high current drain. The innovative “drain-on procuction eficiency of the electrochromic glass. In this viay,this prodluct can be.
demand” coating layer applied on the lithium anode resuits accessible and affordable for most people to use in their daily lives instead of being
 alag-free high discharge performance. Moreover, the only applicable to a few high-end products, such as Boeing's 787 Dreamliner aircraft.
corrosion-resistant coating material significantly reduces Technologcallnovatn Materas mnovation

seli-discharge of the battery even under severe conditions.
Thus, the battery is highly responsive toward discharge
upon demand and provides close-to-design power output
10 ensure a long service life of the loT devices. With
these features specifically designed to overcome the pain
points of current loT devices, Drain-on-Demand Long fife
ER14250 will empower a durable connection in 5G-loT era,

Toroidal Propeller
MIT Lincoln Laboratory

Muktirotor air vehicles have matured significantly from their recreational roots, with major aerospace
companies and technology ing significant resources in ezl takeoff and landing
(VTOL) platforms for delivery, traneport, inspection, and a host of other missions and markets. Howaver, public
oppasition to the wide-scale deployment of these low alitude aerial platiorms will be fierce and significant
ifthe platiorms are loud The Toroidal Propeler quieter — norably in

most sensitive to humans — than current VTOL propellers, while generating similar thrust for s power
roquirements. Its closec form design i customizable for a wide range of platforms, is easy to manufacture,
and s less likely than conventional propellers to catch on or cut objects, improving the safety and resilience

of these platforms. These features make the toroicl propeller suitable for crop-in replacement on current
systerns, and offer a new approach for developing new, acoustically quiet platforms in the future.
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Black Magic Carpet for Water and
Power Production (BMC-WP)
Advanced Membrane Materials Research Center (AMMAC),

National Taiwan University of Science and Technology
Go-Developer: King Membrane Energy Technology Inc.

Charge amplifier

“The Black Magic Carpet for Water and Power Production is the
firstinnovation that combines simuitaneous steam and power
generation using an intelligent membrane with dual capabsities.
PVDF/graphene membrne is used in the application of this
BMC.WP. This prodct uses PVDFigraphene solar evaporation
menbranes to ac
wave-diven power gensration. The membrana can convert
mechanical viave energy into electical energy. The PYDF/
graphene membrane produced a voltage of 26 V (1.3 V) and a
power density of 2.11 W m-2 in 1-Hz waves. In addition, under
one sun ilumination (1 KW m~2), stacked graphene and PVDF
developed a hydrophobic interface water channel structure with
 vater producton ate of 1.2 kg m-2 =1 and a solarhermal

e sun-driven freshwater production and

Tailored Glass Using Direct Ink Writing Technology
Larirence Livermore National Laboralory

Tailored Glass by DIW enables 30
prnting of s ca-based glass with gradient
mechanical ard optical properties in
unlimited, customized, structural forms
high complexity. By controliing the
concantration of multple specially
formulated glass inks throughout the
extrusion process, the rasulting glass
product
capabilies of 3D printing — while allowing
for continuous changes in refractive indox
or other material properties. Following
extiusion, a series of heat eatments
solidifies the glass structura ith the desirod
material or opt addition
to achieving high density and a range of geometries. This technalogy is
spplicable o reseach, consumer, nd industial markets sesking to hmess
h pabilitios that cut down
on the time end cost of conventional methods. This reduces expenses for
customers seeking low-volume glass manufacturing. Given design flexibiliey
and manufacturing precision, products ranging from laser system components
to microfhidics can be tested and brought to marke in a fracton of the tme
with, potentially, reduced energy requirements and less material waste.

benefits from the free-form

Rapidcure: High-Speed Electron Beam
Processing of Battery Electrodes

0ak Ridge National Laboratory

High- Beam Processing

184%. The pled was
within WHO drmkmg water quality criteria. The developers
constructed a product using a single soar evaporator to acquire
fresh water and create power simultangously
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is a low-cost, environmentally benign,
and low.carbon-footprin process for
producing thick Liion battery electrodes.
This novel marufacturing approach
eliminates the use of the solvent, a toxic
volatile organic compound and the high-
moleculaweight material used in the traditional PVED/NMP manufacturing
mathod. The NIMP salvantis exoonsive and toxic and fequires a costly sohvent
recovery process. In ths tachnology, the electron bear serves as the energy
source to chemically polymerize and crosslink small molecues into high-

o polymers. This ogy can fu the battery
cost and thus make them more affordable to consumers. This will mprove
economic, social, and environmental sustainabilty of the ithiumvion batt
use in electric vehicles, power tools, and consumer electronics, Ateios Systoms
has licensed the tachnology from ORNL for solvent.fres battery component
production using radiation curing.
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Siemens Healthineers Intelligent Emeraency Imaging
Siemens Healthineers AG

Pationt.centered innovation has bean and ahvays wil be at the core of Siemens
Healthineers, whose employees constantly bring breakthrough innovations to market
to help healthcare professionals deliver high-quality care and achieve the best possible
outcome for patients wor dwide. The Siemens Healthineers Intelligent Emergency
Imaging workflow powered by myExam Companion helps speed up the care pathway
of emergency patints with s comprehensiv set of Abased appications integrating
technolagy. The Ips and intalligently
orchestrate the diagnostic process of emergency patients by guicing technologists
through the acquisition of low-dose uality images — while enabling clinicians to
read prioritized hemarthagic cases directly at the scanner, The direct integration of
the applications in the scanner speeds up access to data for reading flagged brain
hemorthagic cases and depicting skull fractures and hematomas, allowing multi-
disciplinary teams to discuss and plan treatment faster. This dedicated end-t
workflow, unique to Siemens Healthineers, aspires to create better autcomes and
experiences for patients, futher improving their ives and farmilies.

Gremlin: Discovering Weaknesses
in Artificial Intelligence \

0ak Ricge National Laboratory
Gremlin

Gremlin s an acversarial evolutionary algorithm that finds
input data values or simulation scenarios that causes o
noural natwork modal to perform the worst, usually by
inverting the metrics used to train the model. For example, if the neural network is
trainad for driving a virtual autonomus vehicle, then training may seek
far the model can drive before crashing, whereas Gremiin wil find scenarios to minimize
that distance. The notion is to then retrain the models for those pathological scenarios.
to improve the model performance for those specifc situations, For example, Gremiin
might lear that the autonomous vehicls driving madel struggles with stop signs at
Tintersections at night in heavy rain, 5o the training data set may be extended to include
more instances of that specific scanario, and then the model would continus training
with those updated trairing dota. The technology can be used to discover regions of
poor performance for naural network modals — and than use that information to guide
subsequent model changes of retrzining or both to concentrate on those areas.

k to maximize how
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City Buildings, Energy, and
Sustainability (CityBES) Web Tool
for Climate Change Strategies

Lawrence Berkeley National Laboratory

Buldings generate 3% of global COZ emissions.
Decarbonizing the building sector and improving
climate resilionce of buildings are essential to the
global clean economy. However, evaluating and
prioritizing cost-effective technical solutions for
indiviclual buildings at city scale poses a significant
challenge for city stakeholders. City Buildings,
Energy and Sustainability (CtyBES) is a powerful
tool that helps users address this challenge. This
innovative, easy, and free-to-use powerful modeling
and analysis tool enables quick and quantitative
assessments of actionable recommendations

for decarbonzing buldings and improving thoir
thermal resilience against extreme weather at

the urban scale. CtyBES builds upon open city
datasets, international cata standards, the powerful
EnergyPlus engine, 3 library of 104 mitigation
measures, and 3D-GIS visualization 1o inform
decision making on city buildings, energy, and
sustainability. It lso can be integrated with other
urban analysis tools through its AP, ks potential
for carbon reductions s substantial — in U.S.

citias alone, it can provide energy effciency and
decarbonization pathways to save 3.994 quads

of annual primary energy and reduce 591 million
metric tons of CO2 emissiors.

nhy
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certara’s Secondary Intelligence
Software Predicts Likelinood of
New Drug Candidates Causing
Safety Concerns

Certara

0n-Chip Neuromorphic Backpropagation Algorithm
Los Alamos National Laboratory

The On-Chip Neuromorphic Backpropagation Algorithm
s the first implementation of the industry standard
for machine eaming on a neuromorphic computer,
consisting of computing elements that act ike neurons
i the brain. Inference and leaming are performed
entirely on-chip, drawing 100 times less power than the
equivalent algorithm on & GPU/CPU, Using massively
parallel, low-power neuromorphic hardware, LANL
reseschers have dovloped th st implemertation of
th

of modem ML and nmhnal intell \xcnnce lramewc'ks The
utiy of standard ML infrastructure i imited by ts power

vequvev' rents, but the On Chp Neuomorphic Backpropagation A\gaﬂwm (ONBA)

an cmp low-power \e.mh
brain, which consumes only abou 20 W
reduce the carbon footprint of ML nfrastructure, extend battery lfetimes, and reduce
system size, enabling autonomous agents of great benefit to society.

ty of possible architacturas. This
\qomlnr ings power usage closer to that of the human
of power. Thus, ONBA sarves s a model to

and visualizes secondary pharmacology anaiysas,
replacing manua, time-consurning work and
enabling the risk of new drug candidates provoking
off-target safety issues and potentially adverse
events t be evaluated and compared. It rates each
compound with a "low, ‘intermedate, o

analysis of linically used crugs that specifically target
that receptor, and on its predicted maximum plasma
concentration. Secondary Intelligence software
identifies key safety information about each receptor,

Grideye
Situational Awareness System

P
GridEye

A Wide-Area Power Grid Real-Time

= University of Tennessee at Knoxville
&3 Go-developer: Oak Ridge National

' Laboratory

The integration of renewable energy and

power electronics devices has led to an

allowing drug developers to focus on how a test
compound interacts with that receptor. It ranks the
likelihood of each off-target interaction during clinical
use, color-coding it red, amber, or green. Secondary
Intelligence also pricritizes "receptor interactions of
concern” in a variety of data representations — and
rarks compounds against each other enabling drug
developers to make informed decisions about which
compounds to progress.

ncreased ere andt comple
avents in power grids, such as genoration tips
and load shedding. GricEye is a wide-area
GPS-synchronized power-grid menitering

and analysis systern that provides real-

time situational awareness and post-event
analytical capabiies for power industries,
‘govemments, and ressarchers 1o anable
effective preparations and responses in a fast
spaed. It has been on the market since 2021
for wide-area power grick. GridEye is the only

productin the industry that provides stuational awareness services for power grics at such
alarge scale. Also, ¢ has event location and MW loss estimation capabsiies In additon
s % Fil

the system can pr t

cechnos

large:scole power grids. For exampie it pmv\dh DOENAERM with event reports and raw
iop o5 — and it provides NERC

vith event -J.L povrer grid and analyss,
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High Resolution Full-Color Point-of-Care Al-DR

Micro LED Display for AR Glasses

Co-Developer with Micromax ™

DuPont™ GreenTape™ 9KC LTCC
and Ag Metallization for
mmWave 5G Wireless Devices

TR o g ooy
Institute foc innovation deve
ITRI

ool

such as UMC and TSMC,

wewtri.orgleng

Envronment and sifes o strengihen ineligentzation Enabim
applications. ITRI is slso dedicaled to incubating starups and spinoffs, including wall-known names

Halnchu, Taiwan - San Jose « Tokyo - Berlin

y. The
Smart Living, Qualty Health, and Sustainable
to support diversfied
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Airborne Collision Avqinance System Driver Monitor System for Advanced Drive
for Small Uncrewed Aircraft Systems AISIN Corporation
MIT Lincoln Laboratory Toyota Central R&D Labs. Inc.; Toyota Motor Corporation; Woven Core Inc.

Co-evelopers: Federal Aviation Administration, MITRE,
and Johns Hopkins University Applied Physics Laboratory

This
that uses coaxial comeal reflection for gaze estimation. Improved robustness

world's fist diriver monitor system (DMS) for consumer vehicles

of pupil and comeal reflection detection in a vehicle environment and better
implementation in an in-vehicle electronic control unit were achieved with an

OF PARTS FROM
THOUSANDS
OF SUPPLIERS

ol
camera and LEDs produced a more compact DMS design. Assessments
vertical saparation performance demonstrate that gazing frontward, viewing
a navigation system and locking at the horn pad were distinguished correctly
in more than 99.7% of ults indicate detection of visual di
in the frontward direction without any concem of felse d

P = o

Ei= e o
- o N 70-82% of i tors'

voidanc ¢ ) devices. E/v‘;ﬂa,cdm
provides an innovative and effe c : Toyota's Advanced Drive,
provide small uncrewed airrftsystems sUAS) with tha 1his newy develo

capability to safely avoid other ai traffic. This system is the DMS remarkably improves
key tachnology required to allow expanded commercial and ence and

level 2 driver
e systems.

practical, making it the only mature and demonstrated
system to provide this capability for SUAS across all use
cases. k provides an interoperable and sdaptive capabill
o most i needs o it oy cornt S0, bk ot
PRICING & AVAILABILITY DATA SHEETS & SPECS SOURCE & PURCHASE future ai ssors, and procedures thet cen easily be
Get real-time pricing View and download product Compare options from z:“:ow'f'ﬂ:M:"fr:':f;uzf,;j :Eﬁz:z‘f::u
and stock info from data sheets and technical suppliers and buy direct across the full range of vehicle performances. No other
authorized distributors and specifications. from distributors and current or proposed system provides this capability.
manufacturers. manufacturers.

Timely Address Space Randomization (TASR)
DesignFast is a search engine for finding engineering components and products.

With DesignFast, engineers and sourcing professionals can quickly search for MIT Lincoln Laboratory
D Es I G N FAST products, compare prices, check stock, view data sheets and go direct to the
Sogiicted i BSOS Wit el Bjock ook o8 i byl o

supplier for purchase. and the homogenecus nature of com systems. TASR is 2 technology tt ks
Linux-basad applications and servers by automatically and transparently rerandomizing brifsizs
content. The outy d rerandomization technique provides protection inst information-leake
HOW DOES [T Doslenratagasgstesprocuc it romthousancsfsupersan istrtors Ty e e s i R
/LD and makes it available for searching. DesignFast provides pricing, availability and attackers often use to bypass one-time randomization techniques like ASLR. TASR is the first technology

WOR K’ product data sheets for free download that mitigates an attacker’s ability to leverage information leakage against ASLR, regardiess of the,

= mechanism used to lezk information. TASR is lightweight, seamless to use, and easy to install on each
sing 1t 1o secure clouc-running contain Docken)
SR provides memory-cortuptin protection for a large user base. It

ine. InfaSiftr, a cloud development company,
use Linux is widlely usec
can also be impl

designfast.com
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Machine Intelligence for Review and Analysis 0activ
of Gondition Logs and Entries (MIRACLE) Mitigation System (PIDMS)

Idano National Laboratory Sandia National Laboratories

Carbon-free nuclear energy is essential n the effort to curtail greenhouse nerwoRx

gas emissions and hit the nation's carbon reduction targots

ancial considerations, some utility operators are choosing to not
aving the U.S. more dependent on energy from fossil
Machine Intelligence for Review and Analysis of Condition Logs and

very condition report at nuc
speeds up the time needed to identify and addross prot
spective on plant and industry performance. This offers

a way for plant owners to improve profitabilty, efficiency, and safety.

On a broader stage, although the system is intendied for use in nuclear
mes leveloped inits creation should be valuable
hat requires massive volumes of docum
MIRACLE offers savings and efficiencies; this is good not only for the
nuclear power industry bu the world

abroader p

TO THE 2022 R&D AWARD

WINNERS

edge phom\u'a\r smart inverter and ot

ource systems. It s a disrbuted
e solution; cyber and physical data are automaically
using network insaection tools and custom machine
thims to detect abnormal events and correlate cyber.
O R « . PIDMS software is a suftable cybersecurty solution
A for DER cwners, operators, and aggregators who may have Imited
resources compared tolrger uiftes I can operate on  ow-cos,
single-board computer aither as a bump-in-the-wire solutio

DER equipment or co-located within equipment software. It uses
machine leaming analyses and network intrusion detection system
tools to collect and process cyber and physical data. Adversaria

behavior is detected using this hybrid
e actions are deployed by the

2022

from the detected disturbance. It also provides proactive response What is the R&D 100 awards program?
lecting an appropriate response
10 prevent further risk t

he system. It has.

beon tested within a cyber.  environment and

proven to effectively mitigate against various sttack scenarios, 1963, the RED 100, “the Oscars of Innovation” The R&D 100 features winning products and
thatarethe that o better place y
Each year hundreds of from around th 4 ur team of judges.
R&D 100 Award winners come from the major national laboratories, Fortune 500 industrial companies and
theworld's ond

2023 R&D 100 Awards Banquet - Date: November 2023 (Excct date & location: TBD)

FOR MORE INFORMATION & TO SEE THE FULL LIST OF CURRENT & PAST WINNERS, GO TO:

WWW.RD100AWARDS.COM
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CASE STUDY

Ohio

growsinfoa

globally
recognized,u

R&D hub

Alook at how this key Midwestern state pl
manufacturing prowess infoa unlquo’lnno'\'r‘iﬂé'ﬁfenhr.

CASE STUDY

About the R&D Center Grant Program

The gram el

that determi

5 er you're sharing photos,
video, or reels on Facebook or I

stry driven, value

laborative and innovative global

e supply chain network

Military
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‘Withtop-notchuniversities, fccicral rescarch institutes, leading
companies from nine major indusiry sectors, and 14 top-ranked
ystems, Ohio is a “quiet giant”™ of innovation in industrial
d fife science. Ohia has the fifth-highest number of
and Fortune 1000 companies — and is home to
E/Nasdaq companies with 2 combined market
capitalization exceeding $1 trilior
Ohio government executives attribute the state’s growth to
goverment actions that help businasses succeed and the research
RBO) investments that lay the foundation for

3 challenged JobsOhio, the state’s
elopment corporation, 1o uncover new

opportur

saw a need

the sta L ond heslhcare
snd universiy partners, JobsOhio lsunches e-prong

wlent. In collaboration
innovation st

ONE: Innovation districts
Through partnerships with leading research institutions, universiies,
private corporations, and local, regional, and state economic

development leaders ationally comper

3, they anticipate more than 47,500
jobs, and up to $9 billion in
the next 10

pathogen resesrch and human health aligned with the $100 billion
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In Taiwan, the diesel bumer drying technique is generally employe
tion, noise u environmental poliution. The sold des:
for better st

desiccan r\mm s manufactured us r“‘

to adsorb moisture from the garl

tion kinetic experiment. The adsor

of time at 25°C and
1s twelve minutes. The maximum a
wheel is divided into two

A trial run of a solid desiccant wheel (diameter 500
mm, height 200 mm) dehumidi

geric with the cepacily of 4,000 kg is ex

of waler from the gerlics is removed in the period of
14 days and the operation fime is 10 days shorter
than the traditional diesel

drying process

safety and nuclear back-end
Radiation applications for people's livelihood
Green energy and system integration

Drying of Agricultural Products Using Solid Desiccant Wheel Dehumidificat
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eel dehumidification sy
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Atmospheric Plasma Sprayed Metal-
Supported Solid Oxide Fuel Cell
INER (Institute of Nuclear Energy Research) hed devoted to the
opment and applicat the solid oxide fuel cell (SOFC) power
generaling technology. A fab
cell unil of solid oxide fuel cell by a
on metallic substrate for high structural durabilty and fast warm up is
developed From powde we establish a production proce-
dure to manufacture Sofciner-MS cell units by many
techniques. INER's proprielery almospheric-plasma.-spray-si
technique allows suw to overcome its m‘ itional problems in
and thermal s Now, at ( 0

jons o

luster. named sofciner-MS, for
mospheric plasma spray-sintering

550°C vh‘[marau;us* 0x10c? Sofciner-MS

348, 26.7 and 16.
07V and 65

fively. The maximum power outputs al
488 and 28 8W.

3%kt INER aims {0 be a strong
technical support to the industry

le the commercial produc-
tion of SOFC in Taiwen. SOFC
contbutes importantly to energy
se Sofciner-MS makes SOFC
more practical for
real-world  applications  like
transportation

Plasina spayed et suppo
salid oxide fuel cell

Low Thermal Degradation
Micro-CPV System

Since 2009
developed Hi

The Insiitute of Nuclear Energy Research (INER) has
oncentration Photovoltaic (HCPV) system fechnolo-
epilaxial and processing, concer
module processing, solr tracking device, system inlegrli
and monitoring, and module qualfication. Concentration ph
(CPY) syster ystem uiizing an optical system to
sunlight onto a small slar cel o redce the consumption

ncluding IILV solar

of expensive solar cells. Now, INER has successlully developed
m-mw-vv 'cr'\'\ong» th a fully automotive fabrication proces
conversion effic INER's micro-CPV. module is
performance test of NERs micro.COV system and comm:
fed in Taiwan,

V system maintaned
toh energ ied 1 67.5% and iFY

ergy yield
clic power in  high soler inaufance
e

developed by INER |

s fabriclion process
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