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Study on Improvement of Heat Transfer Capacity in Nitrogen Thermosyphon Heat Pipe
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FIENZIE BBET D SFQ/AQFP A& —7 = —R& ZDif
D AQFP/SFQ A2 & —7 = —AD 2 % A5, KFET
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1 Introduction

X-ray energy dispersive spectroscopy (EDS) per-
formed with scanning transmission electron microscopes
(STEM) now plays an important role for compositional
analysis in nano scales. Presently, Si solid-state detectors
are commonly used for EDS. However, the energy resolu-
tion (typically ~130 eV) is often inadequate in order to
resolve emission lines with closely adjacent peaks. This
low energy resolution prevents to accurate analysis the
line intensities. In order to improve the energy resolu-
tion, we have been developing a detector system utilizing
TES microcalorimeters [1]. In this paper we report the
development of 8x8 format TES microcalorimeter array
for STEM.

A microcalorimeter determines the energy of an X-ray
photon by measuring the temperature increase with
a transition edge sensor (TES). The requirement for
STEM-EDS system is a good energy resolution (FWHM
<10 eV) in a wide energy band (0.5-15 keV) with a high
counting rate (> 5keps).

2 Development of TES for STEM

In order to accommodate the high counting rate, we
adopted an 8x8 format,64-pixel array while the detec-
tor chip size is limited to 5.2x5.2 mm? so that the each
component of TES array can be allocated as close as pos-
sible. We show the conceptual illustration of TES side
view and top view (Figure 1). The X-ray absorber is 2.5
pm thickness gold. Transition temperatures of our pre-
vious TES’s are all around 100 mK. However,we selected
200 mK to obtain fast response and to accommodate the
high count rate requirement. The energy resolution may
not be best but can satisfy 10 eV requirement. We did
all design and fabrication of this TES in house. When we
first fabricated the TES array prototype, they showed a
double-step superconducting transition curve. We con-
sidered it is due to super-normal-super conducting con-
nect (Ti-Au-Al) at the electrodes and removed Au at
the electrode. We then obtained a single step transition
curve as shown in Figure 2 left. The Au absorber is fab-
ricated with e-beam vapor deposition and lift-off process.

First we could not fabricated 2.5 pm thickness absorber
because of the taper shape of the photo resist. By chang-
ing the photo resist from positive-type to negative-type,
we succeeded to make a 2.5 ym absorber. That improved
the detection efficiency at 10 keV to 40 %. With this de-
vice we have fabricated, we have confirmed that all 64
pixels are intact . We measured the superconducting
transition of 7 pixels and found that it is almost uniform
at about 200 mK (Figure 2 left). We did x-ray irradia-
tion test of this device by using °°Fe radio-active source
in a dilution refrigerator. The FWHM energy resolu-
tion of one pixel is 7.8 eV at MnKa (5.9 keV) within
one pixel read out system (Figure 2 right) and 9.5 eV
within two pixels read out system. The decay time is
around 35 psec,this time is faster than typically TES de-
cay time(~100 pusec). Thus we consider that the device
meets all the requirements although we need wait full
read out test to confirm them experimentally.

Au Absorber
~

si- 1] Membrane \

TES(Ti/Au)

Al wire

/

Figure 1: Conceptual illustration of TES side view (left)
and top view (right)
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Figure 2: Resistance-Temperature curve of 7 pixels TES
(left) , MnK line spectrum of 5°Fe radio-active source

References

[1] Hara. T et al. Microcalorimeter-type energy dispersive X-ray spec-
trometer for a transmission electron microscope. Journal of Elec-
tron Microscopy, 59(1), 17-26  2010.

6

01 20154F BERFRIR 147 - @EES L

7



1C-p07

TINA X (2)

DIOSHEREICMIT1-TEEEE TESE X/ 0Ah01) A—42 DR

Development of a large array of TES micro calorimeters using multilayer readout wiring
for the X-ray astronomy satellite DIOS

SO EREE, B BN, SRR AT, K AR, AR RN, MR FEE, KAE Mk, A IR, JTEI th—ER,
I BEh(EER); WH FAJAXA), HE Bk, Vo HrEsEERAT)

KUROMARU Gensei, MIYAZAKI Naoto, KUWABARA Keisuke, SUZUKI Shota, KOIZUMI Yoshito, HOSOYA Shohei,
OHASHI Takaya, ISHISAKI Yoshitaka, EZOE Yuuichirou, YAMADA Shinya (TMU); MITSUDA Kazuhisa (JAXA);
HIDAKA Mutsuo, SATO Tetsuro (AIST)

Email: gensei@phys.se.tmu.ac.jp

1. [ZC®HIZ

Fex DT N—TTIX20208EHOFTH BiF & HIEL TS
D/ NRRL A DIOS ~D #4362 171 F 72 TES (Transition
Edge Sensor) BIX#R~A /i) A—2T L ADRHIFEEIT-
TW%, DIOSHTZIL, ¥ — 7~ Z =R O 54728 W
DPLFH DT 4T A Mg & IEfEICR — AT AN T
SN TVWABWHIM(Warm Hot Intergalactic Medium)&FE X5
P R ERIT W B A KB A2 e HINEL T0A([1,
22 IR A3 o T-WHIM DB 0O FE Bl S S8 M 2 i HH 9572
OITIE, T ARG E 0.5-1.5 keVT eV LW )HHH
V2 BT RV — i RE A S 4 2 T2 IR AR OO X HH A=
DLELI D,

ez DI N —TFTIIDIOSHOZ NS DE R A= 79,
TESHIXHR~ A7 vl al) A—2 DR & D TD, TESHRrY
A—HEH TN AR LTZXIR A T O R F — 2L AR L
{bLAHBARE B B DR E - R BB G T ORI R
{LEFIAL TR T 550 k4 Th b, MBIRIE CEESE 52
LT FEECIE ~1 eV BT RIF— e S5k
MNAHETHD, FAxILTNETIIMHI, SlIEW-7e{E3ER K
OERRHF, JAXATFTH2E L I LN — 2 b — AT
FT ORI % BAIELTETZ, TESFE 1L TiEAudd JgE b
YNNI TLIS OO R AR KR A BEHEL 7o C
HRBIREZ ~100 mKICHIEIL CTD, XERORIIRIZIFZAU
ZHWTWS, ZHETIZ 16 BEZ BT LAHFDIFEFITO
W, 5.9 keV DOAFXHRIZHIL T 2.8 eV O R/LF—55
figse (FWHM) ZgpklLiz[2], Fiz, IR RHEDOL cm £
IZ 256 BB ERBELETLAROIEZETFITONT 4.4 eV
ZREpk L7=[3],

T2 1 IBEDIOS/NELR 5 1 cm AHIZ20 X20 B2 &
JVOBLE A BT RL BB EPEIE A T U ELRR T
AL DEAFEZAED TN D, ARG TIEFR 2 DR B RS TEST
Xie A7) A—2 2N, B OB A BN T 5,

2. BInETEERR

DIOS v arDERZM-47-0121% 200 pm AHEF
(28D 20X20 B 7RIV TLANMETHD, LL, @ Ol
FRCHEA I, BRIy DA =N LW B, B 7'
NV BEESHERO FEREN T 72> T, BLfRZMALHE A
TR LD 7B AN— T O BN TE7IR D V)]
BN ELD,

ZOMEZ AT D720, Fexld Fig.l I[ORLIZES 70,
JEBRHRETND  BFETORY MU F— Bl A HE iR
THATE FICERDT VA 2L, kT
YRAR=ZANFAD L, JeAN—TCH C AR EA L Z TS A
LD T WO BL S Z DN TED, BRI T V1
FEALIZ AX4A 7 BATLAD TMU284 310 X H R4
FEER T, TR =S MREE~100 eV EENE DD | FEERL
RBATHD TXBEFEMRHE L,

Au2pm

Au 110 nm
Tid0 nm

Al200 nm

5i0,180

Al 100 nm

Fig.1 Schematic view of a multilayer readout wiring TES pixel.
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Fig.2 Cross sectional view of a tapered upper readout wiring.

Fig.3 Picture of a multilayer readout sample wiring for a 20 X
20 TES array.
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Fig.1 Microphotograph of SQUID
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Fig.2 Dependence of the thickness of Tcusie
4. B

ZOMFZEI JST-ALCAME =R X —fF i bV — 7 H
K R BB A S AT I 7R OSBRI H HAR AT
7% C(26420306) Db ETIThiLZ,

SE

1. S. Nagasawa, et al. “High—frequency clock operation of
Josephson 256-word X 16-bit RAMs,” IEEE Trans.
Appl. Supercond., vol. 9, no. 2, pp. 3708-3713, Jun.
1999.

2. S. Taniguchi, et al.: Jpn. J. Appl. Phys. 54, 043101(2015)

3. K. Ishikawa, et al.: Abstracts of CSSJ Conference,
Vol.90(2014)

HEOLIE  20154F BEARF R T2 - B

A
EA



1C-p09

TINA X (2)

PECVD-SiO, M Nb Z2#ETOtE X~ A
Nb standard fabrication process using PECVD-SIO, films

AR F—, ek L, B R (EERDT)
NAGASAWA Shuichi, SATOH Tetsuro, HIDAKA Mutsuo (AIST)
E-mail: s—nagasawa@aist.go.jp

1. [ZCHIZ

Feox ik, REBZDBAEEMREIKOMIEEL HMELT,
Nb ZHET BB ADSEERFE AT > TIHY, ZD—2IZ Nb
T a e A (17385, fEk, 20 Nb HEHET m& A0 JE [l
TRIBHL, /SAT ZA R ZTIERL LT Si0, fiafl L TE 7223,
4[5, PECVD (plasma—enhanced chemical vapor deposition)
D S0, EABMLE Nb EHEFav 2E2HELE,
PECVD-SiO, EIZ, /AT AR S Z P L~ TR S 0318
SV, THEIBEARZ — U OGN BAT, AL — RS R &
WEEDFIEAH , EAIZEY Nb T o AD(F fEkm -
DEIRFSIND, AHE TR, HHICEEL T PECVD DR
R EUER R ONAERE AW Tk R 5,

2. PECVD-SiO, [E 0D 78 s

PECVD-SiO, 5, tna(JD%fﬁu,ﬁﬁ%érﬁ\ % JE i i
TIE T 2RI U 7e BRI ORI — 2 23 2 0%
HEFTBEHMERNDY, ZOFNOMFELTT2,

K112, Si0, /3T AA/ & PECVD CTIERK LGS
D RETGAIR OWT NG [ 275 9, /AT AA Sy 2D Si0, 5
13, FEPRCARO B ZER TR 45 [E DB BERIDJERLE N
%, —J5, PECVD [, Tl e/ 4 — 2 OB L B AT
ThHHN, B Ty Y RHA IS NS, F72 THE
ORI (R Lum BLF) 56 FER IO IR 23
FREHD, ZORRARE A ORI IE PN MR T, T
® Nb Fifp Ty T 7T AR, Ty T U 7 FRONIEAELS)
WEWIZENS DT, BREO BRI ORI Y — 213
IOy F TR THEE 260D,

3. WER

ZZC, PECVD D —7 70y I I TN I
REORMERRY — QBT HDOHIEE R LT,
212, BEER OWrim TR Z7R T, K TiE, 400nm O Nb /3%
—AZRFL T, 400nm @ PECVD-SIO, Z %45 (a) , RIZ
Ar 2% =Y 7 TR 53 (200nm) O SiO, ZFRZET 5,
OB, B AICH LTy o FE R 45 JE O FEE IS E L C
T e R E RS 72 3DV 7 E1TH, ZHUSEY Sio, ©
VTR U ERETE AL ARKE TR —%
BAZERHFRS (b), HBIC, BELZEEE (200nm) 45 D
SiO, & CVD TiEMTHZET, FIHOIE CAL— X7 K M
EHR0Y—%ALIZPECVD—SIO, AT T 5N TET,
ZHUZEY, BB O =y T TR0 <AR0 | R B A
EEK U7z B EBECAR I OV — 27 ORI A iR C &7,

4. Nb #E:Ej’ntx(swz)f\wiﬁm
[ 3 |2, Nb U & Z (STP2) DF /A A 277,

STP2 Tld, FEIEZEDH S Si0, B MHaREI L, RES/BAS &
fi]o> 100nm, BAS/COU JEfE® 400nm, COU/CTL JE[E D
500nm THY, BT T 25 BIOSEERO T v 254
FUITFET, ZHITEY, STP2 OF SAAREEIZIBOTE &
J& TORMY—2 L) PECVD-SIO, 50> RRE S A k4%
ZEMMRE, STP2 ~Oii A& vlREIZ LTz, HHID B TH
SR RIZBIL T, A BEIRLRIEZITWEHMIL T
NWENWEEZ TN,

(a) SiO, film formed by bias-sputtering

Etching residue at
sharp edge
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narrow concave region
Pl

\

Nb Nb Nb
-
1pm

(b) SiO, film formed by PECVD

Fig.1 Cross sectional view of SiO, film formed by bias
sputtering and PECVD.
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(a) SiO, film deposition by PECVD
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(b) Etching by Ar milling
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(c) Additional SiO, film deposition by PECVD

Fig.2 Improvement of PECVD SiO, formation.
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Fig.3 Device structure of Nb standard process (STP2)

Table 1 Process conditions for SiO, layers of STP2

Sio, 13 PECVD | Ar Milling | 2" PECVD
RES/BAS: 100nm 250nm ~150nm
BAS/COU: 400nm 400nm —200nm 200nm
COU/CTL: 500nm 500nm -200nm 200nm

B
AWFGED—E81% . BHFE (26220904, 23226019, 26249054)
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1. S. Nagasawa, et al.: /EEE Trans. Appl. Supercond., Vol. 5,
(1995) p. 2447.
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Fig.1. Configuration of a small
size resonator
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Fig.2. Configuration of a duplexer
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Fig.3. Frequency response of a duplexer which
configuration is shown in Fig.2.
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