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1. SAXS Beamline of SILF Project II‘QQ,F

O For the sake of industrial agglomeration, functional differentiation, and complementary advantages, the first batch of 27
line stations will be planned to form a distinctive cluster of integrated circuits, biopharmaceuticals, advanced materials,
advanced manufacturing, methodology, and cutting- edge research line statlons
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TPS 13A : Advanced Cases of Beam Line Station Design

O 3D drawing of the primary optical components and beam path
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Source: D24

crystal monochromator

Monochromator:
’ Si(111) (DCM)/ multilayer (DMM)

Mirror: KB mirrors (4BCM + KB-2 for m-Beam)

Energy Range: . 4-23 keV

Focusing Position: Detector (USAXS) / Sample (Microbeam)

Performance: .SAXS/WAXS/ASAXS/ USAXS/MB-USAXS-WAXS

HPLC/Robotic sample loading/ stopped-flow

=l RO mixer/ humidity cell

Total flux (ph/s): 2°1013(Si111)/2°1014 (DMM)
In-vacuum Eiger X 9M(SAXS) / Eiger X

Detector: 1M(WAXS)

g-range (A-1): 0.0003 - 4

Energy resolution: 1.5°10-4 (Si 111) /1°10-2 (DMM)
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O Hardware system of TPS 13A
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O Software system of TPS 13A
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(1) Beamline for High-performance Fibers and Advanced Composites [ i
I B RN AR FIZHETRTTIR
O High-performance Fiber and Advanced Composites Beamline: Utilizing the USAXS-SAXS-WAXS coupling
technology to conduct multi-scale time-resolved characterization of materials, integrating various
experimental methods such as 2D-USAXS, USAXS-SAXS-WAXS coupling, SAXS-WAXS coupling, GISAXS-GIWAXS
coupling, etc., to study the internal multi-level structure evolution process and mechanism of samples under

different external field environments.
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O In-situ multi-scale research on the entire production process of fiber materials such as spinning, oxidation
and carbonization, as well as the service performance of fiber composites, can optimize key processing

processes and obtain higher performance fiber composite products.
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(1) For example, carbon fiber composite material technology:

SHENZHEN UNIVERSITY

ﬂolymer polymerization process

Fiber forming process

Including resin polymerization, spinning of
precursor fibers, water washing, drafting, pre

nearly 3000 process control nodes

Mechanism of local microstructure evolution and
polymer spherulite growth during material

stretching or fracture process(Number of fiber
diameters) um to dozens pm)

oxidation, carbonization, graphitization, and more
than 20 steps of procedures and processes, with

Thermal treatment and resin composite process

time-resolved
In-situ scattering technology with time

resolution up to 10ms
spatial structure

In-situ multi-scale simultaneous
characterization by USAXS/SAXS/WAXS

spatial-resolved
Up to sub micron by p- SAXS

In situ experiment

/

\ bench scale pilot scale o o o o/
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(2) For example, high performance rubber and its composite materials
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O Based on the advantages of the fourth generation Synchrotron light source, such as high flux density and high
collimation, the use of time resolved USAXS-SAXS-WAXS joint in-situ measurement technology, through the analysis of
the hierarchical structure of rubber materials and the evolution law between them, to develop high-performance

rubber tires that are "low-carbon, environmentally friendly, green and energy-saving".
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(3) For example, high performance polymer foam materials
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O Using the time resolved USAXS-SAXS-WAXS combined measurement technology, the production process is optimized by
analyzing the evolution law of foam structure at all levels, so as to effectively regulate the foam structure (size and
density, etc.) of polymer foam, and finally develop a "green" high-performance foam material
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(4) For example, high performance porous catalyst materials
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The Journal of Physical Chemistry C 120.3 (2016): 1488-1506.

O Synchrotron USAXS-SAXS-WAXS in-situ measurement technology can be used to analyze the pore structure (pore size,
pore size distribution) of porous materials in the full scale space (0.1 nm to 10 um), and can also conduct in-depth

research on the pore forming dynamics of macroporous materials.
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(5) For example, high performance alloy materials
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(6) Other technologies and applications

Abnormal X-ray Small Angle Scattering (ASAXS)
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Study of the structure of flux pinning
additive (BaZr0O3) in high temperature
superconductor (Gd, Y) BaCuO thin
films was studied
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Beamline Design
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Beamline Layout and Performance
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USAXS Workstation

- -
General beamline layout
KEHED KEHE KERHMED
| ! L o WAXS o
I P : i e Beamsto
LI, M - o mrEE
(I e —— -
i I i < I
K& ' CVD  BPM  pyMm DCM ;E-E | R - ® SAXS KL
B oy $oB $eB = ® N |
l U B B B L [ O R B T R w1 I R T L,
om Y28 20 30 34 3 38 ' 55 56 57 575 585 M s 85 85.5 o1 M 125m

Workstation: one line, two stations

HFM=56m | &3 /K-Fi &
VFM=55m RR4

XBER F: 60X 14 um?

*Y=
XBERBE: 11X10 urad? H*V=1um X 1lum

USAXSH & & SAXS#E M) & USAXS#HM 5%

v

0m 30 56 85 91 125 m




Institute of Advanced Science Facilities, Shenzhen
& aly = Input Iex!’ﬁ - Input/R = “* Inpul %* Inph

PP g
USAXSHE T, : E=10keV £
a SyreddalP o, % Inpyt = = Inpyt = '_J'é»,
O » 5
L)) <) &\
Undulator Light IVYU18 WE S1it(29m) CVD (30m)
Source
%I ¥, %X LT  Enersy Footprint Lz | Xz | RE | LT | Eeo
X e X+ Guad Xel & «
X,Z Footprint
600 0.06
400 0.04
200 0.02
0 0.00
—200 —0.02
-400 —0.04
-600 —0.06
~750 -500 —250 O 250 500 750 20 _10 o
%LZ  ¥.7 LY LT | Energy
X @ iv@ [A]|+ BB - %

Xz

slit2
362.0X266.2

400

200

um?
0
-200
—400
—-400 -200 0 200 400 0 2000 4000
%Lz ¥.,7 LY | LI Enersy
XZ@®lv@ X+ B K- .

Xz

Sample®
375.9X255.3
um?2

1000
AU.

—200

N1 (34m)

Footprint

IMMZ (34m)

Mz

575.2X483.8

um2

10.4 X 8.0 urad?
15.12X0.058

10 20

Info

Intensity

Total Rays
Total Good Rays
Total Lost Rays
FWHIE X [Hn]
FiH Z [Wn]

G X [Hn]

¢ Z [Hn]
centroid X [Hn]

centroid Z [Hm]

Info

Intensity

Total Rays
Total Good Rays
Total Lost Rays
FWHIE X [Hm]
FUHE Z (K]

G X [Hn]

G Z [Hn]
centroid X [Kn]

centroid Z [Mn]

87043. 692
1000000
843359
156641
362.0492
266.1733
200. 9844
175.6706
—0.2049
—7.0150

72006. 020
1000000
672673
327327
375. 9086
255. 2901
112. 6525
107.8982
0. 7046

-3.6393

2000
Xz

X,z

Ly

slitl (38m) ¥ (51m)

hFM (52m)

[ 8 % Inpuf
|

~, "% Inpui ° N\ Iy N\ Inghs ™ Inpuf £ — ~ —
v \_/ \___/ \___/

C-Rotation

slit? (63m) S1lit3 (83m)

™ Inpat V. e Inpat

Slitd (84m) Sample#l (85m) SAXS (91m)  USAXS (125m)

—

- -
2 [ ha — Input ?..e‘i 1\~ Inpuy/E = T |+ Inpuf %. m‘.ﬂ“'&j \ lopfy -
“ ‘ L k. i (

>

~ ¥+ Inpuy * -\ Irofs T\ Ingfs A\~ Inpuf i — N
) "/ o,

N A\ Inpfit’ —— #\ Inpht —
|
/

-100

—200

—200

5litl (38ml v (51m)  hFM (52m) C-Rotation slitz (53n) Slit3 (83m) Slitd (84m) Sample#l (85m) SAXS (81m) USAXS (126n)
%Lz x.r LY %4 Enerzy  Footprint %I ¥, %X | Z,Z | Energy | Footprint
Info S Info
P t 2 X &z Jy Lo
Intensity 104670. 609 X - ”Y- @ L + N2 H é - - @ hFM Intensity 97499. 797
Total Rays 1000000 X.Z Footprint Total Rays 1000000
Total Good Rays 987650 600 0.06 424 6 >< 6 5 0 Total Good Rays 975779
Total Lost Rays 12450 400 0.04 2 Total Lost Rays 24221
FWHIL ¥ [en] 15.1193 200 0.02 u m FWHIL ¥ [on] 18.0597
FHHIE X [on] 0.0576 FHHIE X [en] 0.0425
G ¥ [en] 6.2919 0 0.00 80 >< 1 1 . 1 9 Urad2 G ¥ [en] 7.7706
G X [en] 0.0251 -200 -0.02 1 8 06 >< O 043 o X [en] 0.0199
centroid ¥ [cm] 0.2690 —400 —0.04 - . centroid ¥ [on] 0.0037
| _ entroid X [en] —0.0008
centroid X [en] 0.0000 _600 —0.06 Cm2 centroidiX’ [on
—600 —400 -200 O 200 400 600 = -
7,7 Energy B r.z | xx
Info Info
Intensity 72006. 020 Intensity 72006. 020
[3 I it3 Total Rays 1000000 kel P 1000000
Total Good Rays 672673 Total Good Rays 672673
382 7 >< 2 4 0 Total Lost Rays 327327 Total Lost Rays 327327
2 FWHI X [Hn] 382. 7232 FWHIE X [Hn] 376.0628
U m FHHIC Z [Hm] 274.0493 FHHE Z [Km] 250. 4664
o X [Hn] 115.8310 G X [Hn] 114.1851
G Z [Hn] 110. 0241 G Z [un] 108.9156
centroid X [Wm]  0.6501 centroid X [Wn]  0.6803
centroid Z [Wm]  |-3.7924 centroid Z [Mn]  |-3.7249
-100 0 100 200 0 1000 -100
7,7 Energy
S . Info z | Info
i@ X+ B BE - X7 ®iv@ X+ BB - x
Intensity 72006. 020 Intensity 72006. 020
Total Rays 1000000 Total Rays 1000000
SAXS USAXS
" Total Good Rays 672673 Total Good Rays 672673
] 300 . 1 >< 276 _4 Total Lost Rays 327327 200 396 1 >< 40 1 5 Total Lost Rays 327327
FWHE X [Km] 300.0720 FHIE X [Hn] 396. 1408
um? um?
FHHC Z [Wn] 276.4349 0 FHHN Z [Knl 401. 4552
G X [Hn] 105. 6627 G X [Hm] 1449778
G I [Kn] 103.9077 —200 G Z [Ua] 146.0294
centroid X [Wn]  0.8480 centroid X [Hn]l  1.6516
centroid Z [Hn]  |-3.1910 —400 centroid Z [Wn]  —0.6075
-100 0 100 200 0 1000 —400 -200 0 200 400 0 1000
X Tuml AU. X Tumil AU.




Institute of Advanced Science Facilities, Shenzhen

MSAXS Workstation

General beamline layout
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Experimental Station Design

LYk

JIB)#E : > =R ESY =
USAXS-SAXS-WAXSEXFR | POIAIZHE : 2 10 mrfrﬁ-%i%va , Qmin=0.000 95

SAXS-WAXSEXFH B89 %E : > 5ms , gmin=0.00633nm@10keV

SAXS Z[EIDHE > 2um , BJEIDHE : 2 Sms,
i qmin=0.0211nm@10keV

2D-USAXS Qmin=0.000 95nm1@10keV

SZ ESAXS SHER<0.02% @6-18keV
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Vacuum flight camera system

O The vacuum flight large pipeline and track adjustment system is a mature commercial customized product, widely used
in line stations such as ESRF ID02, LNLS CATERETE, MAX IV CoSAXS, etc; Domestic SSRF BL10U1 line station, TPS 13 line
station, and SANS line station of hash Neutron source also have successful cases.

4 We are still working on

- A . \ .‘.
data collection routines and pipelines, Mg 2 A (A . \ ING @SO L | . ~ s B > L 4"/ . L
6 m long, 2 m diameter

>

J

y

13A ok
Biological Small-angle X=ray Scattering

e
——-

//—\\ ~
‘@ BLIOU1@SSRF ATERETE@LN

12 m long, 1.5 m diameter

~__ IDO2@ESRF 14.5 m long, 2 m diameter

Pt W
"\h-‘\
o~

20.5 mlong, 2.75 m diameter 28 m long, 1.8 m diameter 30 m long, 2 m diameter 33 m long, 2 m diameter
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General layout of USAXS experimental station

» L, (USAXS) = 40m
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Overall layout of uSAXS experimental station
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Three slit collimation system (parasitic scattering)

sh/KFam  Slitl L i Slit3
A ds =
di

Ll

50m 5Im

Calculate Flux

Ly
I _ Caleculate Flux
Flux Calculation Results  Use of the Widget wWw' = L_(dz + d3) + d3
2 Flux Calculation Results Use of the Widget

# SOURCE

Y LZ +L 3 # SOURCE ————
Source Central Energy: 10000 eV PP L (dl + dZ) + dz
g:x:: IZ\]eIx"g‘;,.rUR:;ge © 9995.02 - 10005 eV Source Central Energy: 10000 eV

: N . . . PP'(beams WW'(&4E8( Source Energy Range : 9995.02 — 10005 eV
4 BEAILINE FOEE Slitl (mm~2) Slit2 (mm”2) Slit3 (mm”2) top) 4)(mmA2) R Source AE: 10 o¥
Shadow Intensity (Initisl): 1e406 H=50,V=To0 1.030x 1.064 0.064 % 0.045 0.098%0.079  ®lsmm  0.68x0.52  86.95% # BEAMLIKE
Shadow Intensity (Final) : 65648.1 § o
_ _ 0 Shadow Intensity (Initial): 1e+06
H=50 , V=60 1.0300.912 0.064 % 0.131 0.098 % 0.164 ®1.5mm 0.68x1.22 88.59% Shadow Intensity (Final) - 63232.8

Efficiency: 6.565%
Bandwidth (at the Image Plane): 1.2 eV H=5o0 , V=5.750 1.030x 0.874 0.064 < 0.153 0.098 % 0.185 O1.5mm 0.68 x 1.40 88.43% Efficiency: 6.323%
Bandwidth (at the Image Plane): 1.2 eV

# FLUX INTERPOLATION ———— H=4.250,V=5.750 0.876x0.874  0.152x0.153 0.184X0.185  ®L5pm  139%140  96.16%

# FLUX INTERPOLATION

Initial Flux from Sowrce: 3.77112e+14 ph/s/0. 1%bw H=4.250 ,V=60 0.876x0.912 0.152x0.131 0.184%0.164  ®lsum  1.39x122  96.32%

Initial Flux from Source: 3.77112e+14 ph/s/0. 1%bw

—|L d FL © 2.47566e+13 ph/
:;l(;{\icg]?::sityl;x : 1,37573::14 11:h/:/mmA2 é l_l_, — z;%%%{ﬁﬁmk EEIY‘{EE?J %Q/jjj —>|Integrated Flux : 2.38457e+13 ph/s

EIISIS —>|<Flux Density> : 4.43159e+16 ph/s/mm 2

(2.38457-2.47566)/9.17322*100%=3.8% —> Fewalvang Fover B39 %5




(2) Beamline for Flexible Electronics Advanced Materials [ e

RN SR RBTTR

O Flexible electronics is a disruptive science and technology based on highly interdisciplinary integration, providing
innovative leadership for consumer electronics, intelligent healthcare, and energy revolution. At present, the flexible
electronics industry is still in a high-speed development stage and is a new track for achieving industrial upgrading
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¥ Top-down ¥
Dip-pen Screen printing
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Beamline Industry Objectives

 —— T
T2k B, RIS BIES#FERF10ms
ML ERFREEINEE FEARGLREE - iR, FIED...
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MARRFERK. BRIPEEMNE

I ¥
0.1nm~1umiERERIE $i{d > 1000N
Bl R RFNEUEL IR {BETGE : -70-300°C
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Beamline Construction Objectives
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Beamline Layout and Performance

I B I
I -
ALETEE 7~18 keV - GREREE:
- > FRBEHERIE R, T TTARHS S E A A
A || b > REZEMBEE HTRNEGBR
BE 1x10% phs/s@10 keV o 'ﬂﬁ'ﬂfj’ﬁ%:
ﬁ‘(—,B(IRi’ 10 pm@10 keV > ggggﬁgﬁéﬁ%%%a %)ﬁﬁzﬁ\ %%ﬁﬁﬁg
B B) 5ok 10 ms
BRI dmin 0.01nm-?
R SCIGHRE

Om 20m 30m 40m 50m 60m 70m
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Flux at sample and transmission efficiency (DCM)

HEi0

=S HK

Y6iEy6iEE ph/s/0.1%bw
By5ikbge.cvD
DCMHEE

DCMEBEE TR
VFM3IER

HFM3ER

o= y6BER < umn2
Hm=uEE ph/s

HansiBEph/s
(with 4 degree phase error)

B

g/ 4=1>"

1.2895 1.5078 1.2026 1.5078
8.20e+14 4.72e+14 1.88e+14 7.92¢+13
78.22% 91.73% 95.36% 97.97%
11.96% 13.58% 14.31% 16.73%

1.2¢-4 (0.84eV) 1.2e-4(1.2eV) 1.3e-4(1.6eV) 1.4e-4(2.5¢V)
91.93% 93.16% 93.38% 87.62%
89.91% 91.70% 92.37% 86.71%
7.12%6.08 6.62%6.25 6.96%6.60 7.12%5.91
6.39e+13 5.02¢+13 2.18e+13 1.00e+13
6.11e+13 4.44e+13 1.93e+13 6.74e+12
7.80% 10.67% 11.58% 12.66%

8.5e-4 (21keV) 6.9¢-6 (30keV) / /
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General layout of the experimental station

Experiment Hutch

SDD max=15m
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Main experimental methods

SAXS/WAXS GI-SAXS/GI-WAXS

®EE1x108 ( DCM@10keV )

O TEDEE 10 um

OB 10 ms

& AT B R ERNSEE~0.63 um@10keV
€49=0.01~24 nm1@10keV

@ B {E] 95 FESAXS/WAXS
@ BT 8]9 HEGISAXS/GIWAXS
@ 23[9 HESAXS/WAXS
@ 89 HEGISAXS/GIWAXS
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Key equipment: SAXS camera system

i AR BOREB! REWEE!

Detector Tower

GISAXS Mode

Flight Tubes

0O EEsREmHE
ISmEBEHSZHK0.5m, Im, 1SmEEHZTI , HENEESIE ; EIRSDDR , K{TEEBEINERTHFIIHE

0O SEEiAamiEzE
XFFGISAXS ( SDD<6m ) 358 , MANERAETE , EEEEE&BAEARMAIEE , FaeaTHEESERENAENERE
O SDDHEEIEE :

JIREIIRSDD |, FRNSREEERLASAEEIRIELSR L | RIELIEIVAR |, SRS T s A ET

SAXSSEIE Xt flight tube FIIR MBI EIFEABRL, X BaILIREZIZTIBEIAZE]£50umBpT],
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Combined equipment: in-situ solution testing

B@%ﬁ&ﬁ( ZURER T

( b) UV-VIS
Raman
probe
N
sample
N4 holder

capillary
holder
AR S, 59 &R RS R 1 B Al B HUHESRBRE, BOBEREG, REERE
BEATEREMBRE. EWK0T. BHBEEH B EARAEEREMSYE, LI Raman\UV-VisH £ REH
SHEEIR = SHElR 8
B H 10 nNm ~ 200 mNm g 1 >5mm
B -10~120°C RESEE 5~70°C

T SiEmiEEEAET 1mm
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In situ coating equipment

SHan

B ARG TERIZTIRER R, WOKFHRE M. AR, LED. f2/R4<%
B ERTEREFRANR. BT RGN BFIRREFRE
B ATETR SR BT AR 0 T AR B S AR AR AT R AL TR

I
A
BARR
BT

G' NMBERERRAT

Cross-Tech Equipment Co.,Limited

LEBO

science

CLEY

TECHNOLOGIES

NANOUPE
(&

1~50mm/s
0.1mm/s
> 20cmx15cm

RT~150°C

nsm

Norbert Schiafli AG



(3) Beamline for Bio-SAXS

Small Angle Scattering(SAS)

Protein
solution

Incident X-ray Transmitted X-ray

—_—

Scattered X-ray

2D detector

Buffer

Simple equation, Big implications
a

b Scattering intensities, /(q), as a function of q
1.0, 1(0) == N(ApV)?

Protein in solution

= P(q)
3 (reciprocal space)
S %l Ka) = NapV)2P(q)S(q)
e
Akt
0.01 Ui
0005 015 025 035 s(q)m
qA™
C Probable atom-pair distances
0.0012 4 K,
. 1 i % 19= 47[.[ max o(r sm(qr) i
o 4! \,\ gr
< 0.0006 ¢ \ 20)
I I ok : b
(q) relates to p(n) % i ‘:. '~.\' (real epsice)
_: Dmax
0 T T T T T T { pol

0 1020 30 40 50 60 70 80
r(A)

,zdlllru- nbd*.‘t?lﬁﬁﬁﬁﬂnl‘i’

Structural biology

/

\

A ,
N S i i
% P (Adenovirus) o
A oA .. Jon,
NomiOt S pylonic <

/
Spherical
)I,L ¥ & 1 ’ ~ ; (Influenza)
% “ Y. N Conformational $ & d - 9
o & . :3“::""' . . \ \’( Stability ks A
3 L
Lipids i ‘} 4 S 1 .
TR, .. po>ar ax “olloi 54 { Increased f"“‘ ool
% b = Colloidal e Repuls
{ i Stability -
@‘ B s 5 &3. < e
Solution n 4 2y & A% R n
Vicosity (n) ¥ S o~ ¥ '; ¥ J: 7""5" (Tobacco mosaic virus)

= \in

Conformation Modeling Structural kinetics
DDX21-AMPPNP-U15 DDX21-apo a . :
10° = : (s;::fde:::: o g; A models derived ffom NMA
- == Open model ( x*=1120) g #3“{4 g i@‘ —1§§E§
8 — A —s ~80A Initial  Model 2 ,':H\ = "m‘z:::z
it A iod S Full length DDX21 model = ':' ‘ \\‘ = model 4
, I g q.é% s N
\w‘o.o 01 o 02 03 | K;'i B 2 l @ Model 3 Model 4
4 Biomedical industry
Structure of carrier protein  Stablity of biomedicine Viral shaps

ﬁ‘

Complex
(Bacteriophage)
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O Scattering: SAXS/GISAXS/time-resolved SAXS/WAXS/MAD;
O Spectroscopy: XAS/XRF

XAS i
A
X o
(&)
X . g’ VFM  HFM  slit2  slit3
_ slit1
Wiggler it fiter Collimating mirror DCM Si (111)
— ——— 4 In situinstruments ( selected) )
Source In-Vacuum Wiggler ' -
Energy (keV) 4~25 o T
Resolution (AE/E) ~1x104 @12.4 keV
Flux (phs/s) >2x1012@12.4 keV
Beam size (mm?) <0.1x0.1 ( Sample@47m)




2. Data Processing 'V’

Trm——

; Detector
A

SER? Sp A R

0 50 100 150 200
ARA—=Y (mm)

H drawing direction drawingdirection  drawing direction
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Scattering Data Processing Software

B 2 20200 e B 020000000 e T

AETERFRYESK HFFEaHFE o

MR - BN EE AR ' ’ﬁﬂﬁ_@g;ﬂﬂ‘ =)

‘Efiﬁ'ﬁ L XS TR, ,-_Hf '3*':1{\7’3_ _t_‘_ MANTiD . EP%)?;E;FFE b e R T e

SIRSHIM ;| FoHE T ESIXGT &R ST AR IR e ' H J1G

SN e #S AEUEE N | ka Igor Pro . IgorE’\JZ—Z ' ZIKET-H)E% # (8

R —— r— Eﬁﬁ;&gg%ggﬁﬂﬂ B LA SRR
£/1 2 J . EEEAE o B
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RES Ry F Aﬂ i i
e e SENTRE TR SRR

R, B - FFR, a2k, PythonE : - HETREE(ERERN S A EET
- LEFFERREET, - TIFTSUeesdEE, 0 "] o- HUELIEZE |, LAPYFAIERER

HtWhgeAs=EE , IREM , BEvSE e HIRRSE , slinERAETNREERY

MEREIRE FEFIEE—% = WebfR , HIEEFAEHA. ITiz

- ERSABEE
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Materials Informatics

-
0 FR & SPr(ms:. )8
Holer (=
30 Structure of Siica . Cr % / Potyr Interface Polymer
- Structure
~cm ~pum ~Sub-pm ~nm ~Sub-nm
Rubber :
ire_ Micro-Scale  Deformation Silica Dispersion Failure Origin _ Silica  Reactions
Behavior Road Contact  (Properties) Network Point Interface /Bonding

4D NANO DESIGN
v

Separate Analysis
at Each Scale

ADVANCED 4D NANO DESIGN

= R R IR SIO 2GR FRI=HRFFISRIG S RSB | 518
4D-CT KAL) TR BERURTTEI6% |, IR IEREIRTT£99%.,




Institute of Advanced Science Facilities, Shenzhen

a
e
=]
W
(3]
=

0.25
—— : y- FeOOH
......... : Fe plate L 0.20
—— : Component 1
......... : Component 2 |

~

—_—
(3]

Intensity
magnitude

o
to

1

7070 7090 7110 7130 7150 7170 7190 0
Energé/at/a g;/rvlsing
et

Normalization

@

Extracted XAFS Larch

¥
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ratio of component 1
ratio of component 1

Multivariate analysis (NMF-SO methodzlE £ i [ 47 i)

! Reference
Spectrum | M Visualized 0 standard
Mapping . Reconﬁguration. Score value spectrum

Compare and Explain

Materials Informatics

F e-.O
(a) XANES and (b) RDF score map of steel surface after 3 hour corrosion test
((323 K, 10* ppm NaCl, 0.5 mm / pixel).

Fe3* 7
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3. Measurement Informatics > g

Mathematical Information

M easurement Science (M I M S)

Coarse scan

: A
9 &
s
ol &
= = o T -
goreeeevereeen'es: M
Control System Piezo Scanning System

VIR EyiRaEakiilify &
RAK

o *‘t ‘.':" . ‘i;: N>
; € ) oAP e

s JY

Machine Learn. 109,327(2020).
FEBS Lett. 593, 2535(2019)

I AT BRI R AR 1
2HEL, IR &E
H T 0, R X
Wian s IR AL .
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¥ Auto Cluster System

DIGITAL 1/O Analog IN | | Transter 0] v | NN | | ., b ——r W
. CG
F10F
RF generator RF Fwd, W ‘ ‘ (R s
£ o BTG | F—_——— ) — cheek] | | | 2 5 s
RF Ref. W ‘ g [ 3
I RF: REMOTE ef. il ) e T § o \ 8
k £
Pres, (Ar) 0.10 [scem] | S 1o &
Gas Valve Control | i) 0% S e S| S 100
SET (Ar) 49.80 [scem] | 0 - - - u 10
¥ Argas | 0 SAMS22 0 s 10 3 2
= Pres. (N2) 0.44 [scem] | Fe Time [min]
N2 gas A .
5 *
M £l Control SERANAY I 1235 [scom] | Sample ID SAMS22 - o Adpres) -
ass Flow Contro! =2 o Nalprest P2
Pres. (Ac02) | | -0.06 fsccm] | Current Position TEL, DepoStage § s mz.-:es. s §
I~ MFC(Ar): REMOTE X5 e s
WA SEV(AC2) 9.88 {scom] Status |GV dlose $w Lo §
™ MFC(N2): REMOTE PHASE 50.3 [%] — ¥ . s §
™ MFC(ArO2): REMOTE z 50.7 (%) =, ol
| | | STAGEMONITOR  seTTemp. e _____ g
Depo. Control X 2 56.9 [%] 0 5 © 5 2 s
2 l 50.0 [%] | Pres. Temp (oC) Set (oC) Rate (oC/s) Time [min]
™ lon Gauge = 00
% ‘ 120.30 10.0 1.0 150 o o —
¥ SHUTTER Analog OUT [ | ton Gauge (pa) CG (Pa) Pos. £ Rer . Qo
€ 10
” | seripowl| [ 000 w1 | IG off 001 | 1000 g
VAT Valve Contro! = < 5l
SET (Ar) 9.90 [scem] } Stage: Z Position DEPO ORIGIN ; >
SET (fix) a 4
| sl it 1.01 [scem] | | gupe: poTATION ror. | oricin 0
_IW(FBI bl _mwou 10.20; [scam} ‘ Status Set Temp (Oisplay): 206 [oC] L
Deposition # 26 Start AUTO strI
Condition Ar/02:10.10 [sccm], Power: 112.0 [W]
Status 35: Wait for cooling... Bayesian
OPT.
Fin.{Expect) 2020-10-04 05:28:17
— Display
roml| 20y | 22 | et | | (latest)
Evaluation #» 25 Start = . p———
Roef™) | 210) | 20} | Teld) A 5o
Res.(Ohm) 1.5347¢+02 —]
Status EVALUATION DONE

DEPOSITION History 26

Sam.#

£01:[A](000,50)=(0.48 sccm, 125. W)
#02:[A](176,00)=(18.0 sccm, 75.0 W)

-> 2.7589¢+03, 03-2
-> 4.5528e+07, 09-2

8 209:28
8 23
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