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Development of light-element analyses by active x-ray spectrometer for planetary
exploration
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Active X-ray spectrometer (AXS) is designed and developed to measure many
elements on site with high precision at the same time. In this work, Si3N4 film which is much
thinner than Be is used as X-ray window to reduce the attenuation coefficient of low-energy X-rays.
Because the detection efficiency of low-energy X rays increases by the usage of Si3N4 as X-ray
window, it is enable to make the analysis time of light elements (e.g., Mg, Al) shorter.
Furthermore, it is reported that the X-ray intensity of X-ray generator with pyroelectric crystal
LiTa03 depends on the inner-gas pressure under high vacuum.



% X C—19, F—19—1, Z—19 (Hm)

WFoEBR LA S )D& &

sthﬁAﬁ&W9$%i BHERBOTFEMRZNEST 2 FEL LT, 5FETIIELL DK
BRECHHAINTE =, REREOFEEIREI T, Wﬁﬁ LB IREF S ERM ORI L
FLDHTO, %ﬁénéﬂ%ﬁmwm@ﬁi\%ﬁﬁﬁ TR BETXLETMZELEND
Do DO, EERBICHEHET 2 BHKE I, BHAAOER 2572 ©, ATREZRIR Y /N .
LS ﬁVM&ﬁEﬁUﬂE%I%> EMMETH D, TZTRLNZY VY —REEEOFT, L%
< OILHEEHRAZ TS L, B THEREM S OME 5 - LT 2 TS AT 8E 72 2% o R RIRF o #T ik
BEOBEEHIBRD LB,
%i%%ﬁ?é%EKEEMé77*va(m)&ﬁ(%)®%wm\77vmﬁ®ﬁ%ﬁ
Wz Téa’ﬁﬁj‘zﬁq‘h CETAEREEZDTD, T DR ERTENB BRI O R EEH
BD—2Z EiFbhd, LaL, Mg L FDHE W%%%hé%éxﬁi BN X —Th
5720, XBRHET 4 RUTO X BROBEDKEV, 72 R TORME X BROBEZMNZ
T, BuEOREBERZM LI T RPXREREHE L THHETHS, ZZTHEDBe ¥ «
YR LHE LT, EEMN LR THIMIATE DYV arF A b4 FEHAWSZ L TET
VX =T X BN ERD . < ORROBHRAZ KIBICH ESE5 2R TED
LR E NS,

2. e EM
AFRIED HHIL, FFROBE “FFEERE 12T T, BEORIR & EILOMIIZEN 5 R EY
BoOuEERE I T D729, %@%f®mﬁf %L RIFRF T AN P REZR “REENARLH
ﬁ EEY DBIREITO Z L THDH, AL T, (RSO XBE L L EHESN TE 2
ARY YA (Be) TlxZe<, KOEIMIRAREZR “C Y ard A 74 FESiaN)” g0
XBEELEHAT S, 2k, B bX—0 XERHRN EH L, KoL F—X o
FHh=R O KEgE 22 m S EiFEcE 5,

3. WFEED Ik

ARFFE Tl X Mg & LT IRV R X —#ifH % — V_ﬁMT% (SN RE SE TS
N ERREE T 5V KU 7 Mg (SDD) 28H L7z, X OZHEITIT /A XL 72D
BA OHIENS X SRR T 272000 4 v RUBEETHINER S D, LrL, 2OXMHY
4V RUMENZ R A —ORME X EBESECLE I D, BrED X o2 R L
TW5, BHFOSD TlEBe#V 4 R E LT HRIIZHWD Z E23%<, Be V4 v RUTIE
Mg OFEME X BUTH 4 BIFEEEREE L, 7 v BUBEOBRITTRORHME X #UTIZ & A EFE L, K
M7ETIE, M 1LIORT ZODOFERRZRZANT, XEBEAEENS O XBEEHE L, X 1(a) i,
EERL (LiTa0s) Z Wz XBREAEE, X1 )X —RrF 7 F2—7 (ONT) 2 7= X #
BAEEETH D,

(1) HEEREA X SRR AEEE T, LiTa0; 2K EZEREE (F v o/ N—WNIZH A % 1Pa fijtk CH
AN) T, RANF=FT 5o TIEREZ (AT80 E) #5227, FORR. EaFEEHIZEEEN
AL, REZERENICHEET 2E TN, MihEm & 2EHE (Cuor Mo) & O OEL TINLE X
. RED LTSI ICEZE L, FrrE X234 9 5 (Brownridge 1992), £ DOFRAE LT
X#ET ¥ o3 — EERICERE Lo RIHER TRl 5, ZOERTIIEHAT LA (HEER, %
F) OIFENZEESE, 560D XfrEL i Lz,

@)mwﬂ@xﬁ%iﬂ%fi %zx/& L LTONT # 5, WTCﬁ%F(%W)%
T B &L ONT OJemd BRI BN T, ZOMHSNT-ET% Mo JEITHT
7o E (3kV) THLE &+, %¥%mm3@*éﬁ5 LT, Mo DM X WA D, FAEL
7o XA BB ER & U2 #R SDD TRl %, Z DB CTld, Be &2 (JE& 8um) % V7= SDD
E SN (BEE 40 nm) & W X B HER 2 2 v XBROFHARE R 2 i35,
(3) X MEEL LTHEAT HHFEM SiN I, JEI2Y 50nm Rijtk & B CIRIER ! %<mn%wt
B, 1T H EFREOIREE B9 D IEIC DWW TREE L=, EFEDOT Y a7 L—AIZK 0
PHZ MR L7 SioN, e (RERLY) ZHE L. (PRI H 2 HE BRI O IRE) LR TShM
(J& X 50nm) DIHEEEER 21T > 72,



(a) (b)
ALER[A] % AL [A] %
XA XA 2
(SDD) . . (SDD)
BT v v 8~ . HEEF v o= o
P S HLIERZE AR RS ~2 x 10 Pa
P EJ A% €-—--
—_— ERN A —_—
1Pa~2x10°Pa

1
| 1
h 1
| 1
1 1
| 1
h 1
h 1
1 70 mm 1
1
! |
h 1
| 1
| 1
| 1
h 1
1
1

B _
(3 kV)
1

I

(500 V) . 3
Cu §/

B 1(a) FEERGA (LiTa0s) & MV XORRIEAESEE & X M HiZR (SDD) DA, (b) ONT Z N7z
X BRFE AR & X B S (SDD) DX, SDD 1% Be B & SiuWBOZNZENZHEL, Bk
ZNE[RE. Cu MUTHEHIPS. BAIL H. Nagaoka, et al. (2019) ISTS Web Paper Archives, 2019-
k=04 DF@mILH 6 —EHBLLET.

4. Wr7EEk R

(1) mEZRE FCEBMEMSE AV XBRAEEREZIT-7- (K1) ., ZOEBRTITEE
DOWFGE L S22 D120, X —7 v b5 E8BHEI Cu fE. MHEEHITIE Be v g v RoAl
SDD (XR-100SDD) & VM7=, ffSRIE. R DOFRHKIE 1% 1Pa B HEZEE L EIFCnE| 1.0
X10™" Pa Zifi 272 & 2 AT XMROBENESRRERD Lz (X 2) , EFHAZHNTEAT
HIEFEOFER L /e o7z, ZHUTEEENTRAETZ2E TFOEKE LT, EENO T A DM & B
MoOEEEICL2ERC L VRSN TEY, BEEEN ENRD Z ETER-ET ANV R kolz
R B EINDIETF ORI, MEN TR EEZOND, ORI X AL E %
BT HBRICE OB AR LT, Z OfERITEELSE Wi X #38EowE 7 a2
EREAA L7272 C <, FEHBIOCH LB A OB A~HEE 2 RmB A2 5 2 7, EiiERER L
Nagaoka et al. (2018) DfEFZ G T, REENVRHEE X BROMEEZ T L7-/E%, AL 3 U X
H @ Si, Ca, Ti, Fe DIRFE% 10%F5E CEHAIT 2 DICHERKIZ, 10 9BRETHHZ 1D
Mole, APk iL, EFESE (the 32" International Symposium on Space Technology and
Science) |ZTHBEREZIToT0, SIOLICRENREZRLE LTE LD, EFiAFRSCHEEE IR
HTh D,

X 2. EALTADES & X BRI DORMR. B
M. WHEERIZZE N E 0 300 5o, 7600 B4
1V A7 ETH £7 oy MIENEFNS A
\ I NVONNE, =T — =T DIERERAEEZ KT
VN RO, 1.0X 107 Pa TO 1 A 7 LD
! q) fETHKILLTHD. XIXH Nagaoka, et al.
\

I

]

AL U7 XMREH R (a.u)

-  EREX (R

O—
©- HRER 0y IN)
< RRZER (BATHFEE)

=R, () (2019) ISTS Web Paper Archives, 2019-k-04 0

SRS —ECLET. AT L Kusano et al.
(2016) TD 1A 7L (600 ) TOFEHE .

0.1 1 10

0.01 Lo - L
1x10% 0.0001 0.001 0.01

AN R DES (Pa)



(2) BFT Iy X —& L TONT ZH = ONT LoD X #RFEAESEE 2 IV T Be B L SioN, B
RS R 2 e UT-, X BB IZIZ, A—R T/ F2—7(ONT) & Mo B &b 7- X
FEATEEAHEH L Mo D LFEOT R F—(L2.29 keV) (1)) . ZHILSi LT
NN 5 Z EMNTE, AL, Mg IZII2 T, L VRRWIEEOFHANZEH L L2327
LTHDH, X BOFHANTIE Amptek #ETHER STV D SisN, 7 ¢ > K7 SDD (XR-100FASTSDD-
C2, SisNyJE 40nm) 2V T, mEZETF (10" Pa)lZ T, MIHEROMREZ TN L7z, FEBROREE,
TERD Be 250> SDD & He#k LT, SisNy ZZ2UZ V=2 SDD TIHE = R L X — I TO X HBim R 5
WZEHHY, Mo DL#RE LD SR BT L Z LN TE72, 4D ONT FAELERE & SiN, &
PHE YT X RO EE 2B ERE R (Nagaoka et al. 2016) & ki U784, Mg ORI
TR TEE & 72 B,

(3) X MEL L THEATHHEM SiaN I, JES2S 50nm mijtg & B TIRIEFICH < Gz
. T D EFEORENE R A OWTREE L7, EFEOY Y a7 L —AICk 0 /E
A 2 #oR U 7= SiaN, M (BERLSL) ZHE L. SisNy (EX 50 nm) OMHRERBR AT 72, FH
TS BT 2 ME LRI O R, ) a7 L—ADOHRIZ R 6N o 72, EIZOWN
THIREIFIE CREREHEIT R SN2 o 72, HEDOAREMEIZ OW TIIMFT oA N E - 72,
R SiaNy ZTERT D BRIIE., MHgs ORE mFB I ERE SLN, 2 S S, 7L —AT
JEZ MR T 572 8 LT, IRENCHST 20BN H 5,

e E BTN

J.D. Brownridge, Nature, 358, 287-288, 1992.

H. Kusano, N. Hasebe, H. Nagaoka, M. Naito, M. Mizone, Y. Amano, E. Shibamura, H. Kuno,
JPS Conference Proceedings, 11, 040005, doi:
http://dx. doi. org/10. 7566/ JPSCP. 11. 040005, 2016

H. Nagaoka, N. Hasebe, H. Kusano, M. Naito, E. Shibamura, H. Kuno, Y. Amano, T. Ohta,
T.J. Fagan, 47" Lunar and Planetary Science Conference, #1837, 2016

H. Nagaoka, N. Hasebe, M. Naito, E. Shibamura, H. Kuno, M. Mizone, K.J. Kim
Transactionof JSASS, Aerospace Technology Japan, 16, 137-142, 2018



4 1 3 0

H. Nagaoka, N. Hasebe, M. Naito, E. Shibamura, H. Kuno, M. Mizone, K.J. Kim 16
Development of X-ray Generator for Active X-ray Fluorescence Spectroscopy of Future Lunar 2018
Landing Mission and Its Contribution to Lunar Science
Transaction of JSASS, Aerospace Technology Japan 137-142
DOl
H. Nagaoka, T. Okada, H. Kusano, N. Tanaka, M. Naito, N. Hasebe 2019-k-04
Current Status of Development of Pyroelectric and Carbon Nanotube X-ray Generators for Future 2019
and Planetary Landing Observation
International Symposium on Space Technology and Science, ISTS Web Paper Archives 1-6
DOl
Y. Karouji, H. Hiesinger, M. Abe, J. Haruyama, M. Ohtake, W. Carey, M. Picard, T. Haltigin, K. 2019-k-05
Hashizume, N. Hasebe, Y. Ogawa, T. Yada, H. Nagaoka, Y. Ishihara, M. Kayama, S. Yamamoto, P.
Pinet, C. Wohler, M. Landgraf
HERACLES Mission the Exploration and Sample Return of the Moon 2019
International Symposium on Space Technology and Science, ISTS Web Paper Archives 1-7
DOl
H. Nagaoka, N. Hasebe, M. Naito, E. Shibamura, H. Kuno, M. Mizone, Y. Nabekura, K.J. Kim 2017-k-27
Developed of X-ray Generators for Active X-ray Fluorescence Spectroscopy of Future Lunar 2017
Landing Mission and Its Contribution to Lunar Science
International Symposium on Space Technology and Science, ISTS Web Paper Archives 1-4

DOl




6 0 4

H. Nagaoka, T. Okada, H. Kusano, N. Tanaka, M. Naito, N. Hasebe

Current Status of Development of Pyroelectric and Carbon Nanotube X-ray Generators for Future and Planetary Landing
Observation

The 32nd International Symposium on Space Technology and Science (ISTS)

2019

H. Nagaoka N. Tanaka K. Shintaro M. Naito N. Haseb H. Kuno K. J. Kim

Current status (2018s) of development basic of active X-ray generators for X-ray fluorescence spectroscopy in future lunar
and planetary landing missions

15th Annual Meeting Asia Oceania Geosciences Society

2018

H. Nagaoka, N. Hasebe, M. Naito, M. Mizone, H. Kuno

Pyroelectric X-ray generator for active X-ray fluorescence spectrometer on future lunar and planetary landing mission

14th Annual Meeting Asia Oceania Geosciences Society

2017

H. Nagaoka, N. Hasebe, M. Naito, E. Shibamura, H. Kuno, M. Mizone, Y. Nabekura, K.J. Kim

Developed of X-ray Generators for Active X-ray Fluorescence Spectroscopy of Future Lunar Landing Mission and Its
Contribution to Lunar Science

The 31st International Symposium on Space Technology and Science (ISTS)

2017




Basic studies for development of active X-ray generators used in X-ray fluorescence spectrometer on future lunar landing
missions

2018

2018

Performance of the pyroelectric X-ray generator developed for active X-ray spectrometer on future lunar and planetary
landing missions

2017

2017




