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Fig.1 The tensile stress dependences of / retention
at 77 K for the Type HT-XX wires.
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Fig.2 The bending diameter dependences of Z retention
at 77 K for the Type HT-XX wires.
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Effects of first sintering under low £, on superconducting properties of Bi2223 tapes.
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Table 1 7. at 77 K of Bi2223 tapes re-sintered for 1 h
determined by /- measurement using a criterion of 1 pV/cm.

Cond{tlons. of 2nd LIA
sintering

air, 849°C, 1 h 122.9

5%0,/Ar, 815°C, 1 h 118.8

3%0,/Ar, 810°C, 1 h 122.0

5%0,/Ar, 815°C, 24 h 150.3

3%0,/Ar, 810°C, 24 h 147.2
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Fig. 1 ZFC magnetization curves for Bi2223 tapes re-
sintered under various atmospheres. Circles, squares, triangles
and diamonds correspond to 3%0,/Ar, 5%0,/Ar, 10%0,/Ar
and air, which are atmospheres during sintering.
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Fig.2 AM vs H plot at 40 K for Bi2223 tapes re-sintered
under various atmospheres.  Circles, squares, triangles and
diamonds represent atmospheres during sintering as in Fig. 1.
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Fig. 1 XRD pattern of as—deposition and after annealing
film of Bi,Pb—2223 thin film.
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Fig.1 Crystal structure of KFeSe2 and KFezSes.
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Fig.2 Temperature dependence of zero-field-cooled
(ZFC) and field cooled (FC) magnetization of
KFe(Seo.9280.08)2 tape core.
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Cooling capacity of magnetic refrigeration at room temperature by multilayered materials effect
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Development of regenerator of Ho-Er binary nitrides for 4K-GM cryocooler
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Ho-Er Z/b4 D 4.2 K IZHB T DB AR /)L HoCu, DENE I
0%, LLZNETORIEERM I, B LT 0K i
WAEUAZERMNRR T, EOFEENMERDNATD, ]
FHENT- B HPERE A FEFEL TR 3], AL, LS A
Wy DI B ERA R IFEFE LT IR b DT %
Wz, e JE A A S AL ER I Z XV IO BV 7= Hog o5Erg 75N
DERM BRI 72, 2SO B IV, F2E TOH B
BREAT O I HIERE O SE DN R AT T A R Wt 5,

2.8

FRFERMB DO EAH BN 035 & 0.54 wt%D Hog,sErg s 4
JBEK (¢180-212 pm) Z R B LT, @il s E (1550°C,
200 MPa) D N, FCELT AL Tl 2B L=, KD
JRFLA VR (T 5 TS AR E T HZETREL,
AR OERE A X BREIPTC, ikl & QWi Hi 2 SEM C, HLEL
% PPMS IZEoTENZIBIEI LT, TEHS 0.1W 4K-GM 53
F& (SHI, SRDK-101D model) |2 Pb:3kkl = 6:4 D&
ATHREL, 4.2 K T TOMBEAE N ZHE L,

3%% {t?‘ ) 3 A e ———
XBREMTIZED | 3BT NaCl A#iE 0D HLAH Hog 25Erg 75N T Fig.1 SEM images of Hoy,sEr, 75N spheres of ¢180-212 pm

BT LERER LT, £7- SEM 2 LABIZIC LY. B B O (a) with oxygen content of 0.54 wt%, (b) 0.35 wt% and (c) 0.35

75@%@%@0){&?}%:@%75%6 =z ):75%\75%»\7" s Llﬂﬁé% wt% after the ultrasonic process, respectively.

WAL LRI R DR ECELI 2R LT, (Fig.1)

S~ FHUR et KRS LT, VTR 1 - i -
DRk A Fig2 (7T, SEOREID 4.2 K (215540 0HE ——Ho Er N (0.35wt%)
TE, 0.206 W Z7<L, HoCu, D 0.200 W % L[l Tua, 08 ’ ’
U LI BB BT 2 726 00 B FHURIE 52.5% g ®|- *=HoEr N (0.54wt%)
THY HoCu, @ 61.8%I255>TD, (KIREL T D £ HIZE = —8-HoCu
AWML 2 TR T 228 T, SOITEALZIEREDSS g 0.6 2
AT THD, &
SEXH 204
1. Y. Hirayama et al., J. Alloys and Comp., 462 (2008) §
L12-L15. O 0.2
2. REGEN3.3 package ; http://math.nist.gov/~AOGallagher/
auxfiles/regenstart.htm
3. T. Nakano, et al., Appl. Phys. Lett, 101(2012)251908. 02 7
43 Temperature (K)
AHFTE D —EBITATE I FVE NS A EVR LS M HIR AR 72 Bh ki & Fig.2 Cooling power of Hog »sEr 75N spheres with oxygen
DEMENTZLDOTHD, content of 0.35 wt% and 0.54 wt% and HoCu, sphere.
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WHEBIC TS, B IRORR L RELTIHIENFHT
HoHL, —RHNCHEZDZ TS, LTEEBN-TC, Btz
INEL T DB LTI FLLINEB 250, HILGLAEREL T
LEAMNCE IR B S D FEE A VDL, BT
HEITIERWEE R E 1S TN,

ZZTARNE, EWBOKIBMICETIv I AE MM & T
HUTAEIE A FF0 2 B GM B BEEIC I\ T, O FIEE)S
L, 12 BEAT — U COBBBE N HE LT RE RS T 5.

2. 2 BREEAREEDOBIRE GM AR

2 BEA BN IR Fig. 1177, () 35T, &
TR Pb BR, TRIERIC HoCuy BR, (RIEMNC T30 7 28K
MTH5 Gd,0,S (GOS) kK, £721% GJAIO; (GAP) ERANFEHA
ENTHD. Pb DEIEIE 50% —EEL, HoCu, EETIv A
B OB G5 AL ST REO W TR REZ LRI A L7Z.
() 1ZN—2F A ME% Po HNITHR ALTIREETHY, My
TRIRAN O Z R ZR I D3I 2> TS, FEASZR—27 T4
MEDOESIZ 7 em, BT 1 em THA. PbEROFIE R, (a)
DOFEIEXD 30 g 720300 g THD.

AHERICHEH L 2 B GM MilS, =—/L R~ R :RDK-
408D2 (SHI), JEAf#: C300G (SUZUKISHOKAN) T, X
ATNT 73 kW Thd, HiEEOENER 50T 1.2 Hz, ~Uv
LHADOYIHAE AJE 11T 1.6 MPa —EELT-.

3. ARMREHERAE-ER

SR DIEIII: GM ML, AT —IZBOAHT
ThHEXRE—XIZID, | BBAT—V% 40K, 2 BAH AT —
Tk 42 K IZEELRETHIE I ORIE N Tz 8.
Brik A Fig, 2 \OoRT. B, £I30 7 2E ML HoCu,
DEEGERT . BIIv I/ AFEBM P FTEI L TORVIREE
(0%) (23T, 1.28 Wat 42 K, 44.0 W at 40 K D RAE
EHL TN,

DEIZ, GOS ZARIRIHANZFIEL /2358, 2 BEHAT —
DIHEESIIE, GOS 78 30% Bt RE7m RGeS, 1.43
W at 4.2 K, ZFHH L7, ZOMEIE, 0% RFEiLTo0.15 W
DRESIEFETHY, 5 K AT HBDOE —2%F> GOS D%
WIRENTWD., — T, —EBRAAT—YOMHREENL,
BH/hEV, 37.9 W at 40 K, Th-o7-. 2, 2 B H 27—
DNIZRERBAT DN T2Z MR R THY, AT —I D
BRIV — RIS ND BLIR O E CITET b e
ZETHDHEEZLND.

DN, GAP ZRIRSHANCTRIHL ISR, 2 BRE AT —
CORERENE, 10% ETIHZEALB RS0, L
M TIERIEZR I8 E72 57, GAP DHLBADE — 21, 3.6 K £
I THDHID 4.2 K THEBE) ZUEET 2R3 o
WeEZx5. —5, 1 BEEOWMEEED, 0% JVBEE R TE
polz. ZHUE, 4.2 K TD GAP DB INEL, HH BN
IFERNWZ LR R T 5E e ORI NRIN ThHEE
b5,

OENZ, BTIv I AZ BRI 30% OEIEGIZHBWT, Pb Al

\CR—IFAMEZFRE A (Fig. 2 (b)) LRENHIEAEIT-72. W
TNOEED, 4.2 K DRRAESIIL Pb Z4F A LW A LIE
FRIBERETHAN, 1 BEBAT—0 40 K TOUHTRAE
1L, ZNEVKRERBEEE I DO TS, FRIZ, GOS D
A, 2.0 W OWEN RN, 2L, N—2I A MEDTE
ANIZED, BHFENA~TRAT DAY AOFE &SI Z S5
FAERTH2HLDOTHHEE ZHND.

4. FL

GM WD 2 Bt B EW a0 N BTy 7 2E R
MAEFREL, 1.2 BBATF— 0B I 2HET 5L, GOS
RSO, 2 BEA AT —U0BmRe T k& ik
WRBNTZ. ZOWIZ GAP OE1E, KIEREIIKT &7e-
7o 07, 1 B HAT =V OWmMENL, T30 AE DM &
FHE T HZETRLIRDIEN 3T,

OFI, BIRMNCR—ITAMEEAFAL, BRSO E
MBS BT B AT, 2 BEH AT —V OMmBRRE /11T
WEIERIFRECHAN, 1 BrE AT —OBEEE T U= R
bz,

(b)
Fig. 1. Schematics of two types of the 2nd stage regenerator, (a)
three layer layout, (b) three layer layout with bakelite rod.

1.6 48

14 46

1.2

44

1.0 GOS+Bakelite ¢
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2nd stage power at 4.2 K [W]
1st stage power at 40 K [W]
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0.0 36
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Fig. 2. Experimental results of the cooling power at 4.2 K and 40 K
as a function of magnetic regenerator material filling rate.

BEE ARMFITIE, B B R (U SE(C)24561064) , 72
B ONEZ G B AR SE T — M 2L [RIAF 22 (NIFS13KECA022) 0O — 6
WX Eis Tz,

S5

1. S. Masuyama, Y. Suzuki, Y. Hiratsuka and T. Numazawa: Abstracts
of CSSJ Conference, Vol. 89 (2014), p. 115
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Development of linear compressor for compact 2K GM cryocoolers
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1. [FC&IZ

BREH R S 2T DO FERFEZ 5 ) 2 MK
IRm 2/ L Lo, Ot - B FHuEEICE T oM
VWG RR HVERE 2Rk T & DR (2K R) AR T
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JERER T = M, JERREAR S ZERBRE S 2D T R
V=R F AR L — NI AR RE S EILT
WD ZEMD, O A PR U7 SV AR O B
M—DODFNRTETHLZENREEIND ELEHIC
B OFELEBICARTRE L SN @R b H - ICAIH T
FREMEEZ A LTV A, I EAERE S LTV =T M
BEAsE L, 1 REMZ 3R EHIE U BIRGEG A BR 21T
72 ol=dDT, EORFIZONTHET S.

2. =T EAEE DO EHRET

2K I SN DY =7 [EAEISE 2 sk 5351720,
SHI BLEfE = N CNALL OHEELITIE RIBEDO R iR 20
TRE AK BFOPRERD NI LMt b 2% © L7z (Tab. 1) . &5

CIRTE LT i RIS LR AR O B AT 21TV, 2D
ﬁ]’z@g SER AT — A, WA T I X Y OREHEH R AT
Sz, FRFTTEE, ERERSOFEN 2SI 3 (RAFHI
AL, SOICE AR AL AN FFOESE), Z L CTE—H
Wz ey 7 O AL, & )5 A E# N L 22 ) Cfif

Table. 1 Specification of the first designed target.

Maximum Input power 1.2 kW

Operating frequency 50Hz

Mass flow rate 0.8 g/sec

High/Low pressure 2.25/0.85 MPa

Compressor efficiency >60%
Compressor P-V work >800 W
Discharge

Charge

Discharge
valve

Piston / Flexure
bearing

Fig. 1 Schematic draw of linear compressor.

Needle

He flow
meter
D

Fig. 2 Photograph of the test apparatus for the
compressor performance.

3
I — T
25 —PVih
<2
Sis5 |
o
g 'l
505 |
0 1 Il Il
0 5 10 15 20

Volume (cc)
Fig. 3 P-V diagram of the compressor

WTW5. Fig. 1121, V=7 MO SR ARSI TS,
FHERERLD, WARIIEANAN SRS I
WCRRIEL, ZNZENOE TR RO E X > T,

3. RBEBLULUICHEFER

FHREAERA T 1 YK:%WE%@;%:J@J’E%TTU‘ i B
ROVERERBRZAT -7, Fig. 2, 3 121%, BRIEE O TEL
P-V MR INENEIRENTND. é'-é%)\jj 1.2kW —E&L
T, JERE S 50Hz, &L RE 2.41,71.01MPa, B &
£ 0.8g/sec FFIZ P-V 11:55 830W B, ZOWEDXR%h
#00.90, B—FZhE 0.72, B 0.97, AR 0.76 &
R0, [EAEHERN R 0.48 LI o7, [EAGHER R B A LB IR
WERELT, SN THMELD S REE—FEHENRG
il (0.8 LL_E) I0BIRNZ &, EAR SN & CTEh )N RN

AR NMEN LIS Db DEE XD,

4. FEDHESHBDFE

V=T JEHERED 1 RV A R LV E LM b H AR ST
RBREITOVIREORE A2 T-72. 5% Boni-fi Rae i,
EAERE DR AW ESg DI, FEEE O ARk
IR QWK TETHD.

AWFZEBHFE L, () 15 s (3 P20 AE (NICT) D ZFEar
%8 (- T B G B EEE TR AT A0/
{LHARIZ B DI JEBA FE) IZ KOS DT R T

S Xk
1. M. Xu, et al. Abstract of CSSJ conference, Vol.89 (2014)
p.39

H90m  20144F BERKFRIR T2 - BHE AR



1D-p01

LTS 734 A

SiO £ Dolan A THERIL=U/M Al PO R ILESIINTOESEHEOY —4

Homogeneity of tunnel junction properties fabricated using a SiO—assisted Dolan method

{1 S i A
TOKUYAMA Takato, SHIMADA Hiroshi,

KAt FiE (FE i K)

MIZUGAKI Yoshinao (UEC Tokyo)

E-mail:tokuyama@w8—-7f.ee.uec.ac.jp

1. [XC®IC

Dolan JEIT, /b KRS OVERLIZEB W TES VLD
T[], 2/ L VAN EREERIZY Y 7T 74— TS
DLV ANEREREE R LRl R AR LB LI o b
zw@’%f’ﬁ%f%éo 7720, ZOFETIHE, hor s
P ARE NS T BT, BAEIIRPEE AR RIET

WHENKELIRD, %®E5%%{&iﬁﬁ“é7‘:&b—ﬁéﬁ i, Sio
Dolan EIZOWTHEVAA TWB[2], fEkiEE Sio ERET
Dby FNABEE WA % Fig. 1 ISR, ERIETOR 2
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1. G.J. Dolan, Appl. Phys. Lett., 31 (1977) 337

2. A. Ushizawa et al., The 74" JSAP Autumn Meeting,
(2013) 20a-C11-5

3. J.P. Pekola et al., Phys. Rev. Lett., 73 (1994) 2903
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Fig.1 Cross— sectlonal view of shadow evaporation process
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(S LT BB A E AL L L, FOBFEERSIEICBITS
LOIREFRETHBEIE 0.15 VIZBITFS [EZRIEL, 2
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Fig.1 Positions of measured 5 mm—square chips.
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Fig.2 Measured ./, for 20-pm-square Nb/AlOx/Nb JJs in a
3-inch wafer.
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Fig.3 /. distributions in a 5-mm—square chip.
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1. Introduction
Single-Flux-Quantum  (SFQ)

superconducting electronics-based technology for constructing

logic [1] is a

ultra-fast and low-power-dissipation integrated circuits. With
tremendous high-energy efficiency when compared to CMOS
technology, the SFQ logic comprises a promising perspective
in building microprocessor.

The main contribution of this study is to implement a
single-flux-quantum (SFQ)-based hardware algorithm that
performs an exhaustive search to verify the Collatz conjecture,
and demonstrate the first SFQ-based system combined with
SFQ processor and SFQ memory working at high clock speed.
16-bit
high-frequency clock generator, and a central processor. This

The circuit consists of a integer register, a
design can perform at up to a maximum clock frequency of 90
GHz with a total power consumption of about 0.85 mW based
on the AIST 10 kA/cm? advanced Nb process. The assessments
show that our design can process 2x107 numbers every second
with an energy efficiency of about 5x10'° numbers per Joule.
This application can further be adapted to investigate the

stability of a relatively complex SFQ-based system.

2. System Design
The Collatz conjecture is concerned with the iterative
behavior of the function 7(n):

f(n) = n/2 ...n=0(mod2)
V3041 . n=1(mod2) M

(n denotes the set of nonnegative integers).

This conjecture asserts that the repeated iteration of 7(n),
starting from any positive integer n, eventually produces the
value of 'l'[2].

In this design, we built a bit-serial-based system consisting
of I/O register files, a high-speed clock generator and a central
calculation unit. Memory size of this system is 16 bits and the
processor consists of two processing units to compute this
mathematical problem. This system can stably work over 50
GHz by using the AIST 10 kA/cm® advanced Nb process,
which was built with 2815 Josephson junctions and occupying
a total area of 3.4 mm? (2.52 mm x 1.35 mm). The total bias
current is 339 mA. A micrograph of a fabricated Collatz
processor is shown in Fig.1.

3. Discussions

So far, several chips have been tested. Correct functional
test results have been obtained, which demonstrate the
successful iterative calculation capability of the system at low
frequency. However, at the moment, this capability has not yet
been observed at high clock frequencies around 50 GHz.

To get high-frequency results and investigate the stability
of the system, we have designed high-speed test circuits to
check the circuit operation corresponding to one iterative
calculation step at high clock speed. The measurement of this

RTIIIT,

Fig. 1. Microphotograph of a 16-bit SFQ Collatz conjecture
processor chip. Processor: a central processing unit. Register
files: two 16-bit shift registers, where the upper register is used
for writing data in and the lower register is used for reading data
out. CG: high-speed clock pulse generator.

high-speed test system is currently in progress and the results
will be reported at the presentation.

4. Conclusion

We have presented a computing system that performs the
exhaustive search to verify the Collatz conjecture using
SFQ-based technology. Functional test results show correct
iterative operations for all tested patterns at low frequency.
This is the first step towards demonstrating a computational
component with a memory subsystem in superconducting
technology.
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Fig. 1 Layout design of shift register with 4 bias feed ports.
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Fig. 2 Bias margins of shift registers with different bias supply
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< Operation/ Travel System >

In—vehicle superconducting

motor system Steering —| Wheel
Break

< Electric/ Motive Power > < Motor System > Drive
Charging Battery Invertor | Superconducting
— Motor
System System

‘ < Cryogenic System >
Cryo Controller C> Cryocooler Cooling

Fig.1 Superconducting Motor System

)

Cooling
Element Unit

Superconducting Superconducting
Coil Motor

Fig.2 Superconducting Motor

Tablel Specification of Superconducting Motor

Specification

Permanent magnet synchronous motor

Motor type .
P (Superconducting armature type)

Lig.N, refrigerant cooling system

Cooling system . L
& sy with Stirling cryocooler

MAX Power 100kW

MAX Torque 650Nm

MAX Speed 4,000rpm

SEHK
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2. T. Shinzato, et al.: SEI Technical Review, Vol. 75 (2012)
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Fig. 1 Photograph of prototype Stirling cryocooler.

Table 1. Experimental and Numerical results.

Symbol Experimental(W) Numerical(W)
W, 1733 1767
W, 208 330
W, Not measured 327
Q, 150.5 168

%’ 200 --©--- Cooling Capacity 0.10

3 QQ 1 0.08

Q -

8 o 41 0.06 o
g‘ 1 0.04 O
© 41 0.02

<)

o : 0.00

30 40 50 60 70 80
Cold-head temperature (K)

Fig. 2 Cooling capacity and COP VS Cold-head

temperature.
160
2
o _ 155 |
S =
- ERPCRTEEETEEY S
§S 150 (92 2
2R 145 =J]- *
8 ° 140 ‘ ‘
(&] 0 90 180

Expander inclination (deg.)

Fig. 3 Cooling capacity VS Expander inclination.
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Back space
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Fig.1 Schematic diagram of compressor unit

Fig.2 FEM models for motor and flexure bearing

Table 1 Calculation values and experimental results.

Item Calculation Experiment
Compressor P-V work 1767 W 1733 W
Back space P-V Work - 23 W
Joule loss 298 W 255 W
Mechanical loss - 26 W
Others 85 W 116 W

total 2150 W 2153 W
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Fig.1 Thermocouple arrangement of AMR bed and
experimental apparatus.
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Fig.2 Comparison of temperature distribution in AMR beds
between experimental results and numerical analysis results.
Heat exchange time is 0.4 sec and flow rate is 0.8 L/min.
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