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Fig. 1 Ni 2p, Co 2p and Mn 2p HAXPES spectra of the pristine samples at various charged states.
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KA AEY [ (FER %40 BIEENHN HAXPES BIE
(¥ Rz IRt Y— B 87, &K BE. Mk F5. TVo48354 7L HILAA

[ELHIZ: REVEERL RS LS EAEEETHEE % VCMA (Voltage Control Magnetic Anisotropy) &
REEEAHFRITANRIERESIEATE!) . VoCSM (BIEFIEIEIRE A=Y ZAE! | Voltage~Control
Spintronics Memory) DBIFM TN TUL VB[ 1], VoCSM [F:EIREIAFAZ LT=L Y MTJ (Magnetic Tunnel Junction) 3%
FHEEZENIL CRF D EIEE ZERA TSI LT, BHE Y D—ER S BRI ES IAA DY AIEET.
EENDEENLTMERMEAT) ELTEAFIN TULVS , SN ETIT X ERIRUNSHIEEREHT (XAFS; X—Ray Absorption
Fine Structure) |2V, SFID THIEBIC Ir @A 1155 SR BOFERMEN B bee #8E%F 15 . EX VCMA 1R
DEIFCE DT LMD O TUVB[2], SO I THERKID VOMA SHERFIRD 4D =X LOEBAIZ[IT. VoCSM BT
EEWRI CEBIEEINLI=FED AT 2B RBDELAHE S BHIT. SN o BRI aIs s tHa /ERIL |
EEFINSEH T TORE X #RAEF 5% (HAXPES; Hard X-Ray Photoelectron Spectroscopy) JBIFEZ AL 1=,

FE&: SHE. Tal@ nm)/MgO(10 nm)/CoFe(2 nm)/I{10 nm)/Cr{(10 nm)/MgO(3 nm)/CoFeB(2 nm)/Ta(3 nm)/SiO,/Si
EIRDBEEFE | Ta HEIEEIZHT-5, THENHMECKERZ B0, Ta BB A XEHTIUAUT
DEHECHELTINIL., SMEih o BEFIIIA ARG 2 MREL T Au s SR EERITT=AREERIL -, ChEEE
EMANAAD RIS —ZEREL . BEE-1.0 V~+1.0 V OB TEINNLT= HAXPES JBIEZE1ToTz. HFERDAIESR
I, FET ARV —:794742 eV, REFIRHEAE 89 E. /AXATRILF—:200 eV &ELT=,

R FEEFIHAXPESSEERI Z &> TEONI=NHEFARIMUIZDUNT, MglsZHIll 2. Mgls AR LODFERE (/N
9995 REELS N -RDESDER) THRHIELI-EDZFg 2, AELI-ETTRDHEFARIMLIZDLY
T, AR 2T SR EL TRV E BEE CUIABE — UL TR EFig2l 71T, Fig2hvis., #EZETH HMOBANT
BERTHRENCED DD\ 0Tz D TREELHBEFARINLOARINLIARIZ DL TIE, BEEHET S,

BiEE: COMEDO—ENL. NEFFEERIAZRFEEAN FIEHREWEAEUST) DOEFHIAZERRFRMEET DT S L
(IMPACT)D3EEZIT T2 D TH D,
References :  [1] T. Inokuchi et al, Appl. Phys. Lett. 110, 252404 (2017). [2] Y. Kato et al, Appl. Phys. Express 11, 053007

(2018).
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S-13 2015B5060, 2016A5060, 2016B5060, 2017A5060
BL16XU

BE X R EF L5 (HAXPES) [2&5
BREF A HISIO v/ \ AR ETEEIRD (L i SR REARAT
RZAE, ReHiZEFE 54— FBEEA. EEAHE—. HE—. SAREE? . EATH. TRES

[FLOIZ: HO,ZRF|ET D Hf RIEIFIEL. MOSFET DEERE LI SRRAIRDEFERS —MERIELL TEESh
55— T, BFEMNFIRT HEHEHRESN TS, s8EE5E MM LIS (Ferroelectric Tunnel Junction: FTJ)
B EITAEEL TERIFIN B K512 o71=[2,3], BHAREIHEA TLDROT A MEEEH L LR TS
FEAEED BT 10nm FRELBUV CHEIH S T EEE N RIRT 2 mhHEChH D, COICERFEETDRGE
{RBOAREERRATILT / A REFERLEICRIF TEETH DN, [BUVEIBELI IR CIREE IO A2 (34
HOFRMDEH D, T THEL HAXPES (2 & BN 8B ABD LS IRRE DT ARG LTz,

ER: SOMHE. SiEAREIC TN [RAHEFELT-1£. HISIO &% ALD X THERRL 1=, SHIZ EERTIN fR% 10nm HEFEL 1=
FIRFEMRED O DIERIE T —— L E1ToT=, SBIED L FRESIREEARATI Z (X, L58 TiN SEIEHL I 3RERE
SEIED LA SR AE L B I RT AE%7 HAXPES SAIRE (SPring-8, BL16XU, BHET )L —:794395 eV, E—L1E:
HO.05 X W0.03(mm?), BF7 754+ —: SCIENTA R4000) &, LLERMDT=8 XPS BIFE (Kratos, AXIS-ULTRA, #RJ&: €/
20 A-K a (1486.7 eV) . 74TB1E: %906 X 0.9(mm?), TOA:90 &, / SAIR)LF—:40eV (narrow) . BITESAE: Hybrid
(HE5HER) E— R &I TL THEMEL =,

$ER: HAXPESO@ERAYNE, 1) FREXFRTRILF—h8keVERK, kY RSITIRHIFENEIRTE, 2) XPST
[EARTREER \RBEERI D RRED ATRE TH B RIZH D, BIEIZREAL . BT/ 1 REELRFD 10nmEEL \TINEB
E TOEEN 8B RBO L ERESIRREEHRBIAR YN L CRIELT=FR. BBRE — MR TE = (Fig1) . 2L
B 2 F o THIDIET R ILF—RIDLEHREEAVHL T 2 Fh 5. TINIERIRRSFD AR AN A EARBON LA
BELTWSETEEINS, . SREB RN AIRFETIIsANRI ML E | SARXPSEE TRARIETI20 AR+
JUITHZ TEYSUT=FT. SMUERTIROENVETID L FE SRR L& R AT aTRE CH H B LMD CE = (Fig2) o
Tie AR N NEENEHET IV T4 T I & BEDBS TELR T, E—IR RO BN TiISAIEETAIE. &Y
REOB MEFES KT AT AIREE I IN D, LILE . ERFLRAFEED R\ EEEIHHLIIBt N -5
FENBOILFEESIRRERTE L 1=, SRR CERE AR ML R ERIRE Th A B L 3L 1=, B,
HRAB LKUTiIIsANRI ML DRIFEEEMET ML, SRFEAED LU ERG LS IREEHEL S cEHBL RS
M=, Bl HAXPESEHTI S . ERFDIELN IS EABD S LA ST B TH S,

References: [1]T.S. Boske et al, Appl. Phys. Lett, 99, (2011) 102903. [2] Y. Kamimuta et al, SISC., (2015) 6.10. [3] S. Fuji
et al, Symp. of VLSI tech, (2016) T14.3.
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Fig. 1 HAXPES (Hf3d5/2) spectra for Fig. 2 HAXPES (Tils) spectra for the MIM capacitor
10nmTiN/HfSIO/TiN MIM capacitor before (black) and before (black) and after (red) heat treatment for
after (red) heat treatment for crystallization. crystallization.
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EXHRIEE

& F 7 Jti% (HAXPES) 2L D

SRR BARHISIOF v/ N\ ABEIR B IR DL A RS S IR RE MR

iiXPJ (¥R)
e, EEmfE—

R

Background

< BRAIA—

® Ferroelectricity in doped HfSiO has attracted
much attention [1], since the HfSiO FTJ
device has achieved nA-range operation
current, and reduction of operation voltage
while maintaining high on/off ratio [2].

= [ovorn
® The effects of process, such as E.gﬁ\ —
doping material, film thickness, S
and annealing temperature [3] é “lovo
on electrical properties have s —
been eagerly investigated. ©
“Votage 1

[1] T.S. Boske et al., Appl. Phys. Lett., 99, 2011
[2] S. Fujii et al., Symp. of VLS tech., 2016, T14.3.
[3] Y. Kamimuta et al., SISC., 2015, 6.10.

Benefits of HAXPES measurement

XPS HAXPES*
® Detection depth O~few nm | ©~20nm
o Fitting A © easier

(ex. Si2p=Sils)
® Energy resolution (@] ©
® Signal intensity Ooro

*) Hard X-ray photo emission spectroscopy (HAXPES)

Example of HAXPES spectrum (wide scan)

s -:m:z‘

4E+5

Counts/s

2E+5

0E+0 =
5000 4000 3000 2000 1000 O

Binding Energy [eV]

® Here, precise control of the MIM structure
including HfSiO film is essential, since the
characteristics of the HfSiO may depend on
the process condition, such as thermal
annealing of forming thin HfSiO [3]. D,

© In the structural analysis of the thin film
after the heat treatment so far, evaluation of
the thin film by crystal diffraction was
mainstream.

$

® In order to investigate the structure of film
in detail, newly developed analyze method is

required.
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Excitation x-ray :7943.95 eV
Beamsize  :H0.05XW0.03mm
TOA* 1~ 89.5" (Incidentangle~0.5" )
Pathenergy  :200eV

Analyzer + SCIENTA R4000 Lens1 10keV
Analyzed area : H0.05X W4 mm (line shape)

*Take off angle (TOA)

[X-ray Photoelectron Spectroscopy(XPS)] Kratos, AXIS-ULTRA,Al-Ka (1486.7eV)

As deposited

) Aft. annealed
Schematic .

PVD-TiN 10 nm

HfSiO 5 nm
TiN 10 nm

Si-sub.

Cross sectional TEM images

XEURARHRFRR 7 )\ ABAAsE > 5 —,
*EFZ) . EHFREE. RREE

(B) ®|Z HARFEREIH-2)

Solutions and target

® As is well known, photoelectron
spectroscopy is regarded as a key technique
for surface characterization and provides
elemental and chemical bonding information.

® The inelastic mean free path (IMFP) for
conventional X-ray photoelectron
spectroscopy (XPS) (Al-Ka) is limited to a
few nm.

$

® Analysis of chemical bonding state of thin ‘

ferroelectric film buried within MIM
structure is necessary to optimize the HfSiO
ferroelectricity after the annealing process.

IMFP* for TiN

* Inelastic Mean Free Path, Tanuma et al., Surface Interface Anal. 21 (1994) 165

U
» < TiN
HfSI0 5 nm E 10
TiN 10 nm w
25l
Si-sub. s |AFKe " Detection
3 { depth:up!
g0l
L 2500 5000 7500 10000
Kinetic Energy [eV]
©® IMFP of TiN for HAXPES is several times
deeper than that for conventional XPS (Al-Ka).

XPS (Hf4f,,, +Hf4fs,,)

| PVD-TiN 5 nm |
RN - <
1E+4
Si-sub.
& 9E+3
8
)
3 6E+3
8
o | -
o 0E+0 =]
. 26 21 16 11 6

Binding Energy [eV]

® Since the Hf3d and Tils spectra are single peak
unlike the Hf4f and Ti2p, spectral analysis by
subsequent fitting is much easier.

® The HfSIO layer before the thermal annealing (left) was a
uniform amorphous whereas the layer after thermal
annealing for crystallization (right) formed some domains
within the layer.

® For the sample with 5 nm TiN film (black line), the Hf4f

spectrum composed of two peaks derived from the HfSiO
layer was observed, whereas for the sample with 10 nm
TiN film (red line) the Hf4f spectrum was not observed.

HAXPES (Hf3ds,,)
Hf3d5/z anneal

SE+5
4E+5

3E+5

Counts/s

2E+5

2

1E+5

OE+0
1668 1663 1658 1653
Binding Energy [eV]

XPS (Ti2p,/2+Ti2ps;; )

SE+4 —as grown
Tizp Tizp. ,,,11.0,()
mnmm

4E+4 Ti2pu(TN)

3E+4

2E+4

Counts/s

1E+4

OE+0 : -
470 465 460 455 450
Binding Energy [eV]

® Hf spectrum from the buried HfSiO layer can be
observed through the thick top TiN of 10 nm.

® Asymmetric shoulder derived from Hf-N bond

disappeared after thermal process for

crystallization of ferroelectric HfSiO film.

® Ti2p is separated into two spectra of Ti2p,,, and
Ti2p;3,,., and TiN and TiOx is superimposed.

® Peak fitting is difficult and it is not easy to

analyze the chemical bonding state.

HAXPES (Tiis)

6E+6 ——PVD-TIN(as grown)
sese | TI1S —PVD-TIN(aft_anneal),
4E+6 TiN

3E+6 Tiox

Counts/s

2E+46
1E+6

0E+0
4975 4971 4967 4963 4959
Binding Energy [eV]

® The shape of the obtained spectrum was simple.
® Spectrum consists of components of TiN and TiOx,
and the shape changed after the annealing.

Conclusions

lObjectivel

Hard X-ray photo emission spectroscopy (HAXPES) analysis was employed to achieve depth characterization of the
chemical bonding state within buried ferroelectric HfSiO layer beneath thick TiN top electrode of MIM capacitor stack.
Results

1. Compared with XPS, HAXPES, which can measure the spectrum of higher binding energy with several times larger
inelastic mean free path, can clearly show the variation of the chemical state of buried HfSiO layer after the thermal
annealing.

2. Tils spectrum that cannot be measured by the conventional XPS method can be acquired by the HAXPES. Since the
shape of the obtained spectrum was simple, it was confirmed that the chemical bonding state analysis of Ti in the TiN
layer can also achieve greater clarity.

[Conclusion]
HAXPES is a powerful tool for such process optimization or reliability evaluation for the actual structure of FTJ devices.
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Evaluation of a commercial GaN substrate by X-ray topography and pn diode fabrication
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BB ~>RNEREIEEDD
VRNER
Z(EAVIA(GaN)[TREARNDT—ELTHRE \
\ | — GaNE#R

@’f@‘@ﬁ)ﬁ%s@ﬁb‘ W (SiDFI1015)
QFrrIBBENSL (SIOFI21E)

(3%%8] - GaNEMR-RIEKIERATINZ L) HL GaNEIRTORRIAL
(~105/cm?, 1&/10um(CAE=)  mmoem
'$ﬁ'fﬁ(i§ﬁﬂe&.mu@%ﬂig.tbf, E%Eﬁq3 (1) T/— F'E*IN(mlm)/A (200n m)
ZOMEEEEED (MOSHRE, RIAMIAIA-), =

" P--2IGaN (0.1um, Mg:8ELS/cm?)

ilﬁi XWTANL o PHGaN (0.5um, Mg:5E17/cm?)
o 10pum N"z_'JGaN PilOCVD
‘X#RNMR@BL16B2(C&D o 22 &
Ga N%ﬂio)ﬁﬁ'fﬁﬁﬁngmﬁ AR BT xR 0.2um NEIGaN (0.2um, Si: 2E18/cm?)
( 2 ) 9.16keV —
FIOASE ()

-GaNEAMR_E(CTERZRRL,

PN4 A A— RettVE - ST o NG
(3) X2. XERNRITSIOEIE SR 3. GaN PNAAA—ROWmE
(MHEERET @ ¥9750V)
fa R

XERNRNTSTLD, EALF—ARICHDTRL, BE(E3~5%x105/cm? (148/14~18um])
'Wﬂﬂ_(i775v_cu2n-|'t“3:30, RNER(E3NAEK N
‘PNYAA— RAA(CERN7(E114~190MBIFFTEL, BRfI1{EHZDFIT15~26pADIRNETR

—SEAMIE I VB ARERRNERZFREIETRL,
S1&, RNERFEEZR (R, ﬁﬁ%ﬁt) 2MDFELSHTHFE

1E+00

( RMmE(124)) X
HY—RER Ti(20nm)/Al(200nm)/Ni(40nm)

= 1E-02 | w
E__—:: 1E-04 - WE=775V
B 1E-06 - BhEFR-3nA ‘I:
10mm &~ 1E-08 -
%€ 1e-10 - -
1E-12 : . —
0 200 400 600 800 1000
FHREEV)
4. 355 NRD SR 5. PN A — RO T

ARKER(E, ISTOTALCA (Soimb MR FRCFMFEFE) MAFREE | SmiA0E
GaNZEAROEFE (JPMIAL1201) |O—REVTERMUR, FimzlL TOIZERUL

AIRARFRF I TFAFR ZRBNEIR, STIEFERETRESVLET .

147



SUNBEAM Annual Report with Research Results, Part 3, Vol.8 (2018)

148

S-16 2017A5080, 2017B5080
BL16XU

X #REHTIZ &5 ERAAF LED RO T
AECPTEHASH  HERE, M

[FLHIZ:

LED SERSDERET . EILWHBIRGERO REDH TIFEL, TOBEEM TH HHMFORIAEDR T vl
FHME, LED FyTDREAXZDLDIZLDFEBIGHORYCE o THREEESND, I TRBIC AL, B
RHCLHBROREM CKRELHZELTRIETENHY . TDEEEENFHALIEET S LIETEETH S,
LED FVTRERICH T IS IEHEDIR (L, 7 37— DIEEH THABMECEAA LY F v T D RES N =
RETH D=0 FEEZA—ZATUV=OELHBEN L D RETE T ERBRO RFERHT 5N H D, F=.
LED FyIMERSNTOSMED, /1 \W7r—D Do [E B THER TE LRV EDFRELHY . AIEDHZEL
=\, TR, BEE RV =SRED X SREHEEEI SR TE, My IVEAIEIEZT B BN R THH L, T/ \y
T—UMITTXBERENRIRS N S & GE M LTEIE AUV EHEA M EARRIREAED . AETIE. SHEEAD
W A X THAHBEIEFIFT HFIEY | RAEERITAVOGERIZETO X #REHTREEEMEL . SRR TOIS
NEHEE A 1=

eSS

BL16XU [CEXESNf=EITEEZ ALV T TO BB TERE1T oo ASTXROIRILF—ELT 20 keV ZFLY.
S5—2mrad [CTE—LZFEL Iz, ASE—LELTLRMEID 4 FIBR!) w24 50 um, #8100 pum (ZEELT=, 18
HUSBI CEE 2 RITHRHEES PILATUS ZRALY., S5 1150 mm DB ERELT-, R TORIERETT 51
&, FyT B, — ek, REELSREFERALz, FYT DY A X L0 1Imm, —REZED/ Sy —IBiiED
YA X(EO25mm THD, FVIET)vTFvTE=EIN  BAARUVEAETEHASN TS, Bragg E&L T(0008)
&, (10-18)EZERL . 0 RF ¥ IvE LT AIEEEMELT=, PILATUS EHEDEIELIXEHEERAT) b Image) 2
V=,

Figure [Z¥YEJ BT GaN(0008)Brage REIDE—I My T ENMEHTT . ENMBEIZTYE LS ST T
[BEEEL LT, ENEOIZEREITT VT B —REREIRIF A, ZRELIE 3 FLLEREL, FEIFOA
FARIZHL TERY S ARAIZDNTH, TREEFIBERENKEL, LI EDFERI S —REEDEFETREY
[SADEINS TS EEZ BN, COFETIEFRTOICHEHTEI S BERATHLSEEA NS,

(a) ()] (c)

06 06 0.6
0.4] 0.4 0.4]
0.2 0.2 0.2
E 0.0- 0- E 0.0
> 02 2. > 0.2
0.4/ 04 04

6 -0.

0. ———————— 0 6
-06-04-02 00 0.2 04 06 -06-04-0.2 00 02 04 0.6 -06-04-02 00 02 04 08
X [mm] X [mm] X [mm]

Figure <wE S GRIETD GaN(0008)Bragg REIDE—I T EME, @)F VT B, (b)—REE, (o) HREEE,
FOtE (T, IR EE(2) 0.02. (b) 002, (c) 007,



SUNBEAM Annual Report with Research Results, Part 3, Vol.8 (2018)

P74/5-16 (SO-02)

X#REIHTIZ &5 A ALEDEE R D IS ST

BEEFTIEMAST OBHRE, MimksE, ML

YRER Fﬁjjlat;ﬁ%uﬁ': TEMCFE
SHREHMENLELL
ﬁXRDiE'JE(::tZa%%EEI OEVIREE T OIS s lz st dr

HRIEN>BEMFBARER LS
BIEOHE AR, EBEET

PR O\ —UFTORINICEYEIHTEEIER

(SRTIXEE)
OF w7 DB A HMYIZ (BEHL B REICHE)
@ E LN DIEBSERHELPT L
SREMIB R Zscand AT 7AIL
SHRXRDEE 15
RyskHAZ: 3 &R
h=003mm = 1 éﬁmﬁa&lilﬁ%——\
w=0.5mm =
205
5 —
£
0
-0.8 -0.6 -0.4 0
Z [mm]
BL16XU s
ZokHAX: 3 xEH FoTHR o onie
h=0.02mm &8 1 310 #120um  a00t
w=01mm > #sioum ~ Y\ P
‘G Sapphire |
E )
S BHED Py Iy o4 02 0
LI AV E AT B Z [mm]

WAFYIVELTHER (AHH Aw)

<GaN(0008)Bragg>

EHE—L  THECARERE

Sample Ave. ag

FuTEM 28.60 0.02
—REE 2863 0.02
ZREE 2863 0.07

—REE , ZREE

010
.umz
006
004

002
0
-002
-0.04
-0.06

X -008
S o o -0.10
-06-04-02 00 0.2 04 06 -06-04-02 00 0.2 04 06 ~06-04-02 00 0.2 04 06 o012

X [mm] X [mm] X [mm]

FHEERELLTEREERT

EREmOE[{RIE

—REE ZREE

ZRRE AR

Z Lum]
Z [um]

1
0.
0.
0.
04 B

. 0! .
a0 vl Kbl %

i@ﬁﬁi?iﬁ%ﬁl:*_‘)ﬁ#ﬂi‘\ﬁ
> WA R ST AL
> AR RRESABEAEL

> EEEOURRHENARNERR

X YDELLEmm, ZD B [Epm

xR G - Z RITHR R

HE: SRR
OEBETHIMITHDOFIA PILATUS
@ - RITHRHIBEICRIE—IRRDHIH
ES

E—L54>:SPring-8 BL16XU
IHRILF—:20 keV(KK:0.62 A)
TR S RITHRHERPILATUS

B
FuT R — R EET
1.0 haryad 4
25 REER
AR+ LB _
Py
HIFAT 7=
(DUyIFYTERE) gﬂ,: :

—REEKOHFEFIVTS

HAAK (0004) 0797
I

073
-0.01 000 001
ax [1/A]

GaNE SR D ERAERIF AT i

d A i GaN(008)
531 = GaN(004) 29
g - caN002) P A4 __
151 s

“-o01 000 001
ax [1/A]

=GaN(0008) TwRA ¥+ I vE L J BlIEEEHE

(0008)

az [1/A]

HEREOREL

fEREDREDHE

Aw<0 Aw>0 180

w—wo<0  w—wo=0 w—wo>0

Ap<o Av>0 w

2 7 W [ wo Wo [N 0y
+z z Bragg
/7 B

Y= <5 dw A XY z
z 2 - + ¥
FRNDERICHEREEERE + + -
+ - +

FEDH

IYEVT B TOE—S TR FHAD
[EAEZREEODEBIRREEZLND
=SB (IEVVAREETO RS DA IS AT

EREOARILEICEY
AR EHIRN RO IKETHDHZEE T
P HERBECS DS NEMEHEE

HBOFE>
REAXDELGLHAB OB
EREPKAEETOAIE

149



SUNBEAM Annual Report with Research Results, Part 3, Vol.8 (2018)

150

S-17 2017A5380, 2017B5380
BL16B2

XAFS (2 AHBBEAF LED HyLAD L1t
BHE{EETEGASt W B EFnE GlER

[FL&HIZ:

M-V iEZ{ e Eiisil4 AL V= LED (Light Emitting Diode) (&, &8 LED DBAFLIE, $&1184IZHIZEAEA,
SFELGRE—RTHRIBIEDMLE, SHAEA SN TETIE, BREIZEBLWV ) — T\ RELTHO I
[EGREL TS, EUbIT, R LED LZDHETHIRBDHALFERAEHEDIBIZRYERLI-B/ LED (4,
FERAFA LED LLT—MRFRBEICETLCERL, 2HFADAIRILF—EIZHELTWS. LHLEDLD, COARE
FULV-Bf LED [THL\TIE, BREEER ODA+HS, BEHRECERD OZLE, BEHRIF (R ICLSIHR
ILEX—OR, REREGEE-RE) CLDE1E, BEDRBENEINTEY, THHDRREI X SERED—D&
LT, HEAAREAROBENEELEH>TLS. METIE, HAAENBLT EADh=XLD5E—FEREE XAFS BIFEIZ&L
YBASMNZLI=-DTRET 5.

=ER:

SREIARIZEEND Mn DBFEEIZDUVT, BLI6B2 IZHEEEENT- XAFS EEX ALY, LITOESETEER
ZEMELT=. Mn K IRIUHT A JLF— (~654keV) [ZDUVT, BIEXAFS AIEEEMLT-. TRILEF—DFES IEHIE,
6500~6650 eV ELT=. E/UO#ERIE Si111)2ERL, ASE—LAIXR)YMIT 12X12 mm?*FEEICHERLT-. &
HiZSd 19 FF SSD ZALY, ASt X fRERHDLT HAZE 45° LLT=. BT THZIE REX2000() A7) ZAL=. %
&, RN, BilECEIESNIREEOEAFE ALY, BAADBIET BREIHRICDONT, TN ENTBREMEMEITo
1=

=R

TRIZ, EHRLIERIERD Mn K IR XANES TOT7 4 ILETRY .

BFIZ(E, BEAASIERT & ThEN, 3 BT DBIELI-TOT7/ILEERESLTHY, TOT7(ILDEL
YD, BIED/NS VX (TINSNEHIERTES.

F1E1£(E, 6550 eV DREAHMEMLTEY, M DIEMAHEESNSD. Ff=, Ak SEM-EDS BIRE, FTIR /Hi7es
Mo, REFANIKFET CTHIET HEEFRERLTHY, ERANSIET DEREIRESMEE L DBEHRIZ DL TEH
EMAL1=. RRE—FHERTIE, BMADBIEAN=XLE, SYFEEBHFEER DL THE THRET .

1
E SREREE
£
S
8
% Mn2+0)ié§7]l]
o]
2 | #iei SR
<

0 1 1

6500 6550 6600 6650

Energy [eV]



SUNBEAM Annual Report with Research Results, Part 3, Vol.8 (2018)

XAFSIC KX DERBALED=R YGRS L5 D

~HRBAFL EDE A~
Ml (& [YORel ICE<ikE

B&LEDICIEH SN DEE (R
Ty RUDA  PIVZZON « FI—Ry SERIC
BUDLERNUE YAG: Ce

BENERRL, SROBBTHIEBNERKTD.
BHETBENERER GHUBe=8#N21D)

—73, BRHNIBLNVRREDNEHRTD
- SRR
« BOLEDIRE
« BYEDHER HEER
AINICHIN  Ever Researching for a Brighter World. G
~ENHARDBIE~

hERsRER CRE121TC, JSEE100%, SHE2atm, EINITmMA)

=

m
]
|

80

X-diff. [arb. unit]

40

20

. Y-diff. [arb. unit]

Relative Luminosity [%]
2

10

Operating Time [H]

FERIET

00 1 1 i

Operating Time [H] Operating Time [H]

BEET GERYI M

SEI\/I/FTIR DITEICKD

XAFSICKDEHARLBIEANZILEBSNNCTD

NICHIN  Ever Researching for a Brighter World:

~#ER GEMMIC) ~

Mn_Kim#FEXAFS Jino
N0,
1 0 i 0-Mn,0,
- Mno,
£ IRFhBE | ’
g £
£ i
2 s KMnO,
S Lk o ]
2 E (7 S{L AT Mn ol
<
0 . | | )
6500 6550 6600 6650 6530 6540 6550 6560 6570
Energy [eV] Photon Energy /eV
el

MnzOg4 MNO, MDIEN0

hitp://support.spring8.or.jp/Doc_lecture/PDF_090127/xafs_1.pdf
EX)

MNICHIN  Ever Researching fora Brighter World.

~ENEBIEANZ T A~

STAENDRBIL T DRDEZ SNDRM

KQSiFG - 2K + SiFe’ (1)
2K + SiFg2 + 2H,0 — S0, + 4HF + 2KF (2

KoMnFs + 2H,O0 — MnO, + 4HF + 2KF (3
4HF + MnO, — MnF, + 2H,0 + F, (4)

KDNEFETDHICKD, (2)(3)DRILHHET
XAFSHIERN'S, MnO, DIENZEER
BT 7 A IVERID'S, MnF, DOIBNETER

MINICHIN _ Ever Researching for a Brighter World ]

~ 5~
BELEDDHI T
HARIE+ 30 e
(R8I
LEDFw T /
BT
AT A
EHiR —
’eﬂﬁ B My= -
Iy —IDBSIROE UE
SABIE+ 8 e
(W NICHIN  Ever Researching for a Brighter Worid. 1 e
~RERFE M~
SUNBEAM @BL16B2 XAFS%E
SEIER omy
- Si(111) IRy —IDBIODHE UE

+ Energy : 6500 ~ 6650 eV

« MN_KIRIRIG (6540 V)

+ 19FRFSSDHFEXAFS

¢ Ay RST 1.2mmX1.2mm [T

« ASIXIRICT LER 45° AR

« @RITV D b REX2000 (UJAD)
ASIXIR

AR +EHYA

45°

HHXAFSHIEZEENE
19%7FSSD
BT TRLF—REDGEIC L DHATDIE

WRAT CHBLIC, BFRRRICE DA A — I BRI BENSHEN DS

W NICHIN  Ever Researching for a Brighter World

SHEEKSFICEENSD Mn D
XTEM-EELS (Electron Energy Loss Spectroscopy)

~fER FEESHIC) ~
Mn{EEYIDXAFSTOD 7 1 )L aRIOT7 P
Mn02 ; S i
6 :
Mn304 d
5 :
- Mn203 / S
3 Ll rown 21t
é 3 o Lt
I i 6530 6550 6570 6590
: : L | ists | gt 00
. VinF2 : & o 1 206
2 0 ' 7 MnO, 001 04
. FED T ] 9 M0, 002 08
6520 6540 6560 6580 6600 17, Mn,O5; 000 00
Energy [eV] L MnF, 019 82

WNICHIN  Ever Researching for a Brighter World.

- (REAABBLEDICANSNDEMIRICDNT,
BBREEXANESZNY FILOHZERNMEFHE &
TOO71IVERICKDFEEE ZEFBUEL.

< CNICKD,
ENEBIEANZZXLD—EREH[SHCULE.

« B8O “RHED” T OKSFMNEAL,
KODEFET DRERCHRNT, MnBHEMDHTHET 2.
BIC, NOTY (P B, SENFEEDRERESED.

c RBRELCMZ SDHBEDIRDHEND.

WNICHIN  Ever Researching fora Brighter World,






