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Company Overview

SuNAM : Superconductor, Nano & Advanced Materials (A 'S, I EE)

2004. 11. 17.,
Establishment for commercialization of
2G HTS wire”
CEO Seung-Hyun Moon
Registered Capital ~$7 M
No. of Employees ~45 (~8 Ph.Ds)
H.Q. Anseong, Korea
Current Production ~ 50 km / month
Capacity (4 mm > 150 A)
2G HTS manufacturing
technology based on RCE-
Core Technology DR process.
NI™- base high field
magnet technology

" 2G HTS wire : 2" Generation High Temperature Superconducting Wire
** NI : No Insulation

SUNAN



Product Portfolio

[ Specification Table ]

Brass/ Stainless

_ Silver(+Cu...) Copper Polyimide tape(+)
Description Dry coating Wet Coating s'FeeI. Insulation
Lamination
Substrate Hastelloy or Non-magnetic Stainless Steel
Width Commercial : 4 mm, 12 mm.
[mm] Special Order : 2 ~ 10 mm multi width is available
Thickness HAS : 0.06~0.07 HAS : 0.09~0.11 HAS : 0.18~0.22 101
[mm] SS*:0.11~0.12 SS*:0.14~0.16 SS*:0.23~0.27 '
Final Silver Copper Brass or SS* Wrapoin
Process Sputter Plating Lamination pping
Piece Above 100 m, 200 m, 300 m + without Splice
Length
Min. Ic (100)/150/200 A+ @ 4 mm
@ 77 k S.F. (300/400)/500/600/700 A+ @ 12 mm

*‘r Stabilizer [Ag/Cu/Brass/STS)
. Superconducting layer [GdBCO]

Buffer layer [Al203/Y203/MgQ/LMO]
Substrate [HAS/STS]
-— Stabilizer [Ag/Cu/Brass/STS]




HTS 2G Wire Process of SUNAM

IBAD (Buffer layers) RCE-DR (Superconducting layer)
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Electro-polishing of metal substrate

AFM image of E.P. STS

- Power supply -

Do

Sophrastr Polishing
region

Average rms roughness : 0.87 nm

Separator
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Combmmg Barner Seed IBAD Buffer Systems m One

System for Al,O; barrier & Y,04 seed System for IBAD, homo-epi & buffer
T T T T T T Cutting side
3.0x10 ] —— 12 mm-width : 740 A ]
_2:5¢10°; i mmwidn Lo 1235 A || |
< 5 0x10 5_' 4 mm-width Right :240 A

1 Ox1 O T
5.0x10 " A N
0.0 ”‘mmmm ‘WW M 300,00 un] 500,000 ]

0 100 200 300 400 500 600 700 800
Current (A)

» We used to have 3 + 3 buffer processing chambers
- combined into 6 in-line chambers

SUNAN :> We can achieve higher yield > 70 %

After bending




SuNAM'’s RCE-DR process

m RCE-DR : Reactive Co-Evaporation
by Deposition & Reaction (SUNAM,
R2R) : Patented(PCT)

m High rate co-evaporation at low
temperature & pressure to the target
thickness(> 1 um) at once in

deposition zone (6 ~ 10nm/s)

. 10° gryrrrrr 2
m Fast (<< 30 sec. ) conversion from ok 7 A e "

3 10
amorphous glassy phase to 10° | 1o°
superconducting phase at high 10°fF 10"

. " -2
temperature and oxygen pressurein | § °F -o——— mop
f F o N i
reaction zone o E JI, Pume A e
. . ey - i W B x :
m  Simple, higher deposition rate & 108 R 10°
3 [ (repeat more &
area, low system cost 19°F  than >>1,000 times) 10
. 10°F 107 SUNAM
m Easy to scale up :single path P TN T, . e oo e DR path
70 75 80 85 90 95 100 105 el

10000/T (K)
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POz(Torr)

Growth mechanism of the GdBCO film by RCE-DR

8.|0 8.|5 9.|0 9.|5 10|.0
960 940 920 900 880 860 840 820 800 780 760 740 720 700 (C)
1 1 1 1 1 1 1 1 1 1 1 1 1 1
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(sz()? + L BER” \EE A ’é‘
‘-..\ i "t-u'
0.01 R —
3 +1E-5 ™
L ; o
~ o
~L
S
1E-3 iy N e
Gd,0, + GdBa,Cu,0, +L T~ 3
1E-4 | e
Amorphous
1E-5 .I\_HI\_III.HIIIH\_IIH_ ¢ ARERAI '
8.0 8.5 9.0 9.5 10.0

10000/T (K)
* Very low PO, zone (~ 10 Torr): Amorphous Film

* Lower PO, zone (~30 mTorr): Gd,0; + Liquid (< 5 sec)
* Higher PO, zone (~100 mTorr): GABCO Film (< 20 sec)

500 nm

GdBCO growth mechanism: a seeded melt-textured growth!!!

35% Seoul National University

Department of Material Science & Engineering



Main parameter : Oxygen pressure

P2

[

\

PM4 oxygen pressure dependence of crystallinity at 860 °C
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® The same batch, PO, increases.
® Optimum PO, is 100 ~ 200 mTorr.

SUNAN

14000
12000
10000
8000
6000
4000

—2000



Main parameter : Composition

00 1/21G0d203

o I.>300A
o I.:200~299A
0.2 os © I.:100~199 A

/\ \\- I. <100A

0.4 06
U.SW\M

0.8

SISRFITRIN,

BaO
0.0 0.2 0.4 L 0.6 ) 1.0 CuoO,
BaCuO, BaCu;Oz

® The variation of the critical current according to the composition is very large.

SUNAN



HTS 2G Wire Production Example
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" Min Ic (A/cm-width) x L (m) > 0.6 Million A-m
" Production speed of 120 m/hr (12 mm width)
(1 km for ~8hrs)

SUNAN

(77 K, s.f)
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HTS 2G wire performances (dally productlon )

1000 T

900

800 AN o Py SN i g

700+
600 -
500
400 -

300 Length
200 @

Ic(A/12mm)

lc

Ic,max

IC,min

1 sigmal

1004 739

820

857

761

1.7

0

1000 T

0 100 200 300 400
Length (m)

500 600 700

900 +
800
700+
600
500
400 -

3004 Length
(m)

lc

IC,max

IC,min

1 sigma

Ic(A/12mm)

200+

100 700

800

865

615

3.4

1000 T

0 100 200

300

400
Length (m

)

500 600

700

900

800'M5“}Twmmw ™

700+
600
500

400 .
Lengt
300 )

Ic(A/12mm)

lc

IC‘max

IC‘min

1 sigma| -

200+
100+

728

820

866

729

2.4

100 200

SUNAN"

300 400

500 600

700

Ic(A/12mm) Ic(A/12mm)

Ic(A/12mm)

1000 —— ;
900 ]
800 '
700- ]
600- ]
500- ]
400- ]
3004 [ 10 | e e | T | 1 sigmal
fgg_ 743 | 803 [ 840 | €51 | 1.8 | |

0 e ————
0 100 200 300 400 500 600 700
1000 . engthim)
900- ]
800 ]
700 A
600 ]
500 ]
400- ]
3004 (X9 e | e e | lemn |1 siomal
200- ]
100l | 682 | 801 | 860 | 654 [ 32 | |
0 ——
0 100 200 300 400 500 600
Length (m)

1000 ———— ————————
900 ]
700- ]
600 ]
500 ]
400 ]
3004 9 1e | e e | Temn |1 sigmal
200- ]
100l | 718 | 800 | 869 [ 707 | 36 | ]

0

0 100 200 300 400 500 600 700

Ic(A/12mm) Ic(A/12mm)

Ic(A/12mm)

1000 T

900 A

00 Jpuelymridusogman

700 A
600 -
500 A
400 -

b Vot
L W/

3004 Length
(m)

lc

IC,max IC,min

1 sigma| A

200+
743

100 4

813

847 | 768

1.6

0

1000 T

0 100 200 300 400 500 600 700
Length (m)

900

700+
600
500
400 -

80°'WWWWWWWWMW

3004 Length

le

IC,max IC,min

1 sigma

200

810

856 | 713

2.2

0

1000 T

0 100 200 300 400

Length (m)

500 600 700

900 A

700
600 4
500 4
400 A

800 WWWWWWWWWM

3004 Length

I

IC,max IC,min

1sigmal A

(m)
200
100{ [ 10

804

859 | 716

25

0 T
0 100

200

300 400 500 600 700

( ~ 6 hrs deposition time (120 m/hr)) h(m)



Various roll to roll quality control system : Buffer layers

= RHEED spot vision inspection
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Quality Control : RCE Vision Inspection System

Metal tape 29 Multi-turn R2R :

CCD‘camera

pEaw ' e
P gy e
ot o e wwny Swn
almx s AlZ A2t AHal
:::—: OB NS Ll @ @ ﬁ;a [‘}—9;‘
Lw | Dwlay Tionn (4 VisberManie "\M ? e?
:-&.d'hlm Mmum 9: Ei
Min value composition |
0.087 1.15 1.24 361 - .
Array
R e —
Based on color dependence o e Croposd imsge 1 Cropped image 2
of composition DB, optimum o o o -
composition level is T - -
automatically controlled by o =
PC. (SlOW feedback) :;:.:'5 -E :? E r':';’-'"ﬂ'v Fromerm com 2 00 v wage wr 0 |
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Quality Control : RCE Vision Inspection System

" RCE Vision System will be introduced for increasing the uniformity of composition in
RCE-DR process. The control computer takes (RGB) values in three-dimensional
vector space which is transformed from the color of the tape surface.
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- o
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PR raEa e ET eSS EO P BTt eT B
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Various roll to roll quality control system : Superconducting layer

RGB value

Expected values

0 200 400 600 800
Position (m)
From RGB colors, can expect superconducting properties

0-
F)
@ 100 .
&D, L ---|--600 A
% - t-700 A
2 -200- :
(&)
b5 Measured values
5, -300-
[}
=
1 1 1 - '400 T T T T T
RGB color system is the most powerful quality control program in RCE-DR system 5 200 400 500 300
0m CC color Position (m) 900 m
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Integration of process notes & wire performanc

REVERCE | EP report
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Quality control system :
LB

Continuous dimension measurement system :
measurement speed ~ 10 m / min

Transport Ic measurement system with Bending-double
bending rollers :Measurement speed ~ 500 m / hr

Position (m)

Thickness of laminated CC

SUNAN

350 T T T T T
— . 3001 ;
E = Concept of
= 5 7] thickness . 250 - ]
$ "~ { measurement €
o 2 A B £ 2004
i i ——
£ < ] i <
O = 150
2 S <
- L —° 100~
50,
- : : O T T T T
0 100 200 300 400 5 100 200 300 400

Position (m)




|l enhancement by thicker SC layer

S

45cm

v It is needed to increase layer thickness without
compromising high J.

v We ‘squeezed’ more turns into the same deposition
area, and/or increased evaporation rates of metal
sources, and/or decrease the moving speed of tapes

v"Achieved ~700 A/lcm in 1.6 um film & ~900 A/cm in
2.2 um film

nvCsFovnR ¥



Thicker GdBCO layer for higher |

45cm 45 cm 301 ——Center: 428 A/ 4 mm 7
' Left : 407 A/ 4 mm
251 Right:435A/4 mm 7

20~

=

Voltage (uV)

Increasing superconducting layer thickness with deposition

layers, deposition rate, and moving speed. .
0 100

200 300 400 500
Current (A)

423 A/4 mm — 1,058 A/cm-w

1.3 um, 1.6 um, 2.2 um,
600 ~ 800 A/12 mm 700A/12 mm ~ 900 A/12 mm | 900 A/12 mm ~ 1200 A/12 mm

SUNAN

2.7 um, 600 A/12 mm




Critical current retention after tensile stress

-
2

/1
[

Loading direction
Conditions:

Q1. was measured at an electric field criterion
of 1 uV/cm in 0.05% strain interval.

Cu grip

U Ram rate: 1 mm/min

» when the initial 1, decreases by 5%, unload to
20 N, and measure the recoverability of |, with
a criterion of 99% I, retention

Current terminal - Sample
Measurement of ! |
Irreversible stress/strain limits ! !
U Loading and unloading scheme i P Voltage taps

{ -
;

Cu grip

Current terminal
: Double
extensometers

Loading fixture

|
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Critical current retention after tensile stress

» Sn-Cu double layer stabilized CC tape » Brass laminated Sn-Cu double layer CC tape
(both side)

Sn stabilizer (~ 10 um) Brass laminate — both side (=150 um)
Cu surround (~15 gum) .

Sn stabilizer (~ 10 gm)

Cu surround (=15 um)

Ag cap layer(~2 um)
GdBCO (~1 um)
LaMnO; (=20 pum)
IBAD MgO (~10 gum)
Y,0; (=7 pum)

AL O; (-20 pm) R
Stainless steel substrate (~100 um) N

Ag cap layer(~2 um)

GABCO (~1 pum)
LaMnO; (~20 um)
IBAD MgO (~10 gm)
Y.0: (=7 pm)
ALO, (=20 pum)
| e— Stainless steel substrate (<100 gm)

» Cu layer stabilized CC tape » Brass laminated Cu layer stabilized CC tape (Single
side)

Single-side
Brsas larmirason ] = 150 pnj (Tape 1)

Cii swrrmianel |~ 15 v

Cu surround (~15 um)

Ag cap later (~2 pum)

GABCO (~1 pm)

LaMnO, (~20 um)

Homo-epi MgO (~20 nm)

IBAD MgO (=10 nm)

Y,0, (<7 nm)

ALO,; (~40 nm)

s Stainless steel Substrate (<~ 100 pm)

g cap layee | = 2 i

GABGG | = 1 i
Lalivds, -0 )
Horro-gpe Mgl | -2 nm|
LA WAL (=10 iy
by i F

Ay - 80 ne|

Hlgirless shewd Bolishsin |

s parvmand v - 1§ @)

g o b |-

Sl = 1
e ]
Hommn e Mgl (-3 s
[Ty i

Single-side
(Tape 2)

=
nsses stee e | - e ey
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Critical current retention after tensile stress

23

% Electromechanical Properties at 77K; Sn-Cu

1.1
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o [ irr. =Y. o o [ O = 667 MPa
ey 1.0 =0. 1 =2 1.0 s, =680 MPa
209 : 4 ©09¢t =
£ 08 1 € 0.8} § Testt o =628 MPa .
e I —#— Loading e —— | oading
5 0.7 O Unloading _ o 75 1 5 0.7 1 D O Unioading ]
O 0.6 | Test2 i 0.89% OB | © 06| o Test2 s, =630 MPa ]
© I —8— Loading © g —— Loading
_}_j 05 -_ O  Unloading = - 'f_.,- 05 - O Unloading -
T 0.4 [Tests 1 § 04| Tests i
[ —#— Loading 0o — % Loading
8 0.3 __ ) Unloading 7] g 0.3 O  Unloading 7]
N o[ Tests 1 M o2l  Tests i
© [ —8— Loading © = —— [oading
g 0.1 -_ O Unloading N g 0.1 O  Unloading T
2 0.0 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 2 0.0 . 1 . 1 . 1 . 1 . 1 . 1 . 1 .
00 02 04 06 08 10 12 14 16 0 100 200 300 400 500 600 700 800

Uniaxial tensile strain (%) Uniaxial tensile stress (MPa)
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Critical current retention after tensile stress

< Electromechanical Properties at 77K; brass laminated Sn-Cu Both-sid

1.1 T T T T T T T T T T T T T T T T T 1.1 T T T T T T T T T T
% 1.0 [ ] % 1.0 I cirr_=524MPa_-
©0.9] ] o9 )
€ 08 ] £ o8l :
2 07} ] B orf _
= 0.77 = I =518 MPa
© 06 4 © 06 s =523 MPa -
8 05} ] 8 o5} i
T 04) 1% o4l i
o L | Loading Unloading " | Loading Unloading
D 03— o Testt 7 5018 1 © 03F e o0 Testt 7
E‘ 02 [ |—=— O Test2 ——Lw. _ % 02 F|—™— O Test2 _
© @ | |—m— O Test3 |- ! —=— [ Test3 -
E 0.1F|—=— O Test4 <—‘ - § 0.1 - —8— O Test4 '
2 OO . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 2 00 L 1 L 1 L 1 L 1 . 1 .

00 02 04 06 08 10 12 14 16 1.8 0 100 200 300 400 500 600
Uniaxial tensile strain (%) Uniaxial tensile stress (MPa)

s All of the tests exhibited the same behavior when it comes to irreversible strain limit even if they
were tested with 1 month difference.
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Critical current retention after tensile stress

% Electromechanical Properties at 77K; Cu
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Critical current retention after tensile stress

—
—

% Electromechanical Properties at 77K; brass laminated Cu, SC side

—_
o

09|
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0.2
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[ Single-Side Brass

| —— [ Test2

Laminated CC tape (Type 1)
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Normalized critical current, Ic”co
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1.8

Normalize critical current, I/l
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Critical current retention after tensile stress

R/

% Electromechanical Properties at 77K; brass laminated Cu, substrate side

=> Substrate side(Brass Lamination)
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0.8

©c o =
® © o

e =1.25% I o, =629 MPa
0.7 - 0.7 + -
0.6 - 0.6 _
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0.3 : i 0.3 | Single-Side Brass ]
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Summary of electromechanical properties

: : Irreversible strain limit, Irreversible stress limit, o;,,
Sample designation o -
Eirr, ( /0) (MPa)

Test1 0.85 667
N Test 2 0.85 630

1) Sn-Cu double layer stabilized CC tapes
Test 3 0.85 628
Test4 0.89 680
Mean 0.86 651
Test 1 1.10 524
2) Brass laminated (both side) Sn-Cu Test2 1.10 514
stabilized CC tapes Test 3 1.10 523
Test 4 1.10 518
Mean 1.10 520
Test 1 0.85 710
N Test 2 0.85 701

3) Cu-stabilized CC tapes

Test 3 0.85 687
Test 4 0.80 660
Mean 0.84 690
Test1 (Type 1) 1.40 734
4) Brass laminated (one side) Cu stabilized Test2 (Type 1) 1.25 676
CC tapes Test3 (Type 2) 1.00 629
Test4 (Type 2) 1.25 625
Mean 1.23 667

SUNAN B 335z0xa RIST
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Double bending exp.

Bending radius :

Bending radius : 10, 15, 20, 30, 40, 50, 60,
25, 35, 45, 55, 65,75, 90, 79

100 mm

Double bending test photograph Mandrel (3D model)
Double bending test: Manufacturing actual coil windings

Experimental method
= After the CC tapes are measured its dimensions, |, is then measured at flat state.

= After measuring the | at flat state, double bending was done at room temperature from 80 mm
diameter down to 10 mm diameter of the mandrel.

= After bending, I, was measured at 77 K with respect to the bending diameter.

SUNAN [ szusaxa RIST



Double bending exp.

% Double bending test at 77K; Cu

o 11 T T T T T T T T T T T T T T T T 100 T T T T T T T T T T T T T T T T

(3] r 1 L 4
— 0k #‘ ]
= 1.0 & - _ 90 | ]

~ 09 . - 1
ﬂ b b —
S osf ] 80 _
b |
S L . 70 -]
= 0.7 _ _ -
© o6 7 O 60| .
© i ] S I
o 90 : © 50Ff -
= 04t - ?
C.h? 03| ] C a0t e
L) Double Bending Test @ 77 K| | L Double Bending Test @ 77 K| |
g‘J 0.2 | ——Test 1,1 _=17544 A . 30 | —8— Test 1, n =53.59 .
— 0.1} —@— Test2,1 =188.37A . r —&— Test 2, n_=66.20 1
m c0 ] 20 | 0 n
£ oot —A— Test 3,1 _=191.52A i | —A— Test 3, n =62.09 ]
B 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " ] 10 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
=z 10 20 30 40 50 60 70 Flat 10 20 30 40 50 60 70 Flat

Bending diameter, mm Bending diameter, mm
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Summary of double bending exp.

Dimensions Critical Critical Bending
Sample Width/Thickness Current, I Diameter n-value
[mm] (A) (mm)
Test 1 4.04/0.137 265 15 56
1) Sn-Cu double layer Cu
stabilized CC tapes Test 2 4.05/0.138 264 15 65
Test 3 4.05/0.136 264 20 56.
Mean 264 16.7 59
2) Brass laminated (both side) oot + 445/0.430 230 15 61
Sn-Cu double layer Test 2 4.45/0.435 242 15 81
stabilized CC tapes
Test 3 4.45/0.434 243 15 62
Mean 238 15 68
Test 1 4.08/0.137 175 15 54
3) Cu-stabilized CC tapes Test 2 4.08/0.138 188 15 66
Test 3 4.08/0.136 192 15 62
Mean 185 15 61
4-1) Brass laminated (one Test 1 4.05/0.280 174 15 46
side) Cu-stabilized CC tapes Test 2 4.04/0.282 184 15 48
(Type 1) Test 3 4.05/0.281 184 15 49
4-2) Brass laminated (one Test 1 4.04/0.282 186 50 49
side) Cu-stabilized CC tapes
(Type 2) Test 2 4.05/0.280 186 50 48
Mean 186 50 48
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Effort to enhance J_ by removin [

Substrate
Stabllzer ... o Stabilizer > Substrate
Superconductor layer . e, 3 I g ‘e,
. o Superconductor layer - :«. Stabilizer
lllll L 2 LT RN RN
Substrate » Substrate ne Superconductor layer
Remove bottom substrate

Soldering thin substrate on top of CC

Laminated
cC

Removing
Bottom
Substrate

Substrate

Removed
cC

v Thinner substrate = higher J_, but cause problem in our multi-

turn depo. system
v Remove substrate = thin laminated metal acts as a substrate

I " E e vEe v



300 300
250 4 250 4
i E ‘W
E o] r«d\/—u—"’\hw,_‘\ E o]
_ Stabilizer _ .
E 150 4 Superconductor layer - E 150 . 45 pm-thick
% ] ---:.." &; ] Substrate
o 1004 Substrate " _o 100+ Stabilizer
1 i 1 Superconductor layer
0 100 pm-thick 0
O T T T T T T T T T D T T T T T T T T T T T
0 2 4 5] 5] 10 12 0] 2 4 6 8 10 12
Position (m) Position (m)
6000 8000
GdBCO(005) GdBCO(103) v :
4800 - FWHM=1.69° sa00l FWHM=3.09° IC Only S“ghtly
degraded
3 300 S 4800} v v g d
S ©
Z 2400 2 3200 ery go'o ;
@ I
g 5 crystallinity
| ooy j\ v Mechanical strength
P R TR R ol e to be verified with
14 16 18 20 22 24 50 0 50 100 150 200 250 300 350

o (degree)
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SuUNAM'’s activity in magnets
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SUNAM’s magnet; overview

| ' I '

» Large bore magnet 4267, 35mm @®18T,74mm
- Cryogen-free Dark-matter detgctor
- Properties measure system ¢ > High field magnet
7 - Over 20 [T] at center T
21T, mm . : . '
:'_é' ® 35 - Liquid helium cooling | -~ *,,,9'4 T, 100 mm
= 100 - 47, 205 mm - /400 Mz NMR
> . Property meas. system A0 ' -
E] J ' j , ,
) 1 » Homogeneity magnet
L% 1 - Ra/g;etrack/: | - For NMR application
. (Demo Ver.) - Cryogen-free
9 4T, 100 mm 7
— . 7
L
> Field coil for levitation _
g 105 - Motor application iw b2 :
] - Cryogen-free {1 k30 Minz NMR -
L
S - .
< ] -
; , / B @ Large Bore Magnet
- J R ; K A W Field Coil for Levitation Train |
acetrag: P K NMR Magnet
(ConceptVer.) & 4 @O High Field Magnet
]. T | T T T | T | T | ' | ¥
2012 2013 2014 2015 2016 2017 2018 2019
Completed Date [year]
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Long-Term Operation (203mm Magnet)

» Cooling time (operation)
: 4.5 years
I, measurement
> Total field charging time Insert cryostat
. > 250 times, > 800 hours

» |--B-T-8 measuring times
. > 4,500 points

» Quenches 203mm RT _===1
: more than 6 times 4T magnet &

< 1-(B-T-6) measurement system >

SUNAN



Racetrack Coil for Motor Application
Ret.) C.-B Park et al, “Development ot a Small-Scale Superconducting LSM...,” [IEEE Trans. Energy Conversion

» 2 Poles and 3 double pancake colils per pole
» Peak field on the rail : > 1 Tesla (65 mm apart from magnet bottom)

[1] p|a14 onaube

< Linear synchronous motor > :
(small coil) Field profile at AC copper coil on track

v" Smooth but powerful movement
v No voltage fluctuation or field decay

SuNAM KX i



26.4 T all HTS 2G one-body(non-nested) Magnet

(World highest magnetic field (all HTS))

No-insulation, multi-width, and compact !
v' Multi-width Double Pancake Coils

4. 1mmW 51mmwW 6.1mmwW 7.1mmwW 8.1mmwW

v’ Stacked Double v Fully assembled
Pancake Coils :

264T@242A |
/

300 e SRS
Ramping Rate A:;r.r'a:/;c-::ij 115 mA/sec
M »w » 4
» = A s
250 | Y, Jog: =
' g = P \ S
: ac) I W, ' ] =
£ 200 - : ag 120 @
: = L
% = LN i o [ %
~ ' . _3150 - Field Mapping 415 <
: Q
3 % [ | ] (&)
3 ! ("_) 100 |- : 4110 @
_— 03’ : —=—Power Supply Current] 1 \\ 1 (%)
; 8 50 | _ =~ Magnet Center Field : {5 =
p ; L [ ield Mapping : .\.L‘
i : 0 T Y T ¥ T ¥ T L, :{n_ 0
: 0 240 480 720 960 1200
O.D. 172mm 4 - p— 1 ATICOMAL HIGH Time (min)
[.D. 35mm T .
AGN ETIC Immersed in liquid Helium
FIELD LABORATORY
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World 1st All HTS Commercial Magnet for Axion Detection

100

18 fﬂi Difference - 95

T T T T T T [ H ' - . - ] -
19 - : Delivered to 1bs Institute for Basic Science

- N

X
= SRS N ¥ -
2 17 90 N A
o 1 f/ Difference R | m_
5] g <7(%] S V-

(@]
@ | 14
= ﬁ’ X T F
15 : go & =
d @207 [A] g
——Test #1 :
14 4 —O—Test #2 75
|
; ; o ; ;
-150 -100 -50 Q 50 100 150
z-axis [mm]

> Field Homogeneity (on z-axis)
10cm:99 %, 20cm : 93 %

476 [mm]
300 [mm]
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18 T HTS magnet for Axion detectlon Spec

Coil Configuration Unit M4 M5 M6 M7 M8

Coil Configuration
Tape Width :
(Thickness 0.12 mm) [mm] | 4.1 5.1 6.1 7.1 8.1 i
Cold Bore; Magnet Height [mm] 70; 476 3]
Winding 1.D.; O.D. [mm] 74.0; 155.6 3
Number of DPC 28 4 4 4 4
Total DPC; Turn per SPC 44: 340 :
Total Length lkm]| 6.87 | 0.98 | 0.98 | 0.98 | 0.98 !
Operating Parameters Unit Value E
Operating Current, |5p [A] 199.2
Magnetic Field at Center [T] 18.0
Min. Magnetic Field in Cavity Space m 16.7
(r< = 30 mm, z< £ 100 mm) (92.5 %)
Inductance [H] 18.9
Stored Energy [kJ] 375
Magnetic Hoop Stress [MPa] 276 < Detector Magnet >

: ¥8% Seoul National University -
U MK Department of Material Science & Engineering Confidential 40



400 MHz conduction cooled NMR : Magnet Assemble

» 400 MHz NMR Magnet Assemble

= )
Ea & - a
% =
a - = ‘
Metal current lead o
r 2
S
g
§ £
S g
> (=]
r s
E (<]
/7 £ e ar '": :.
L DPC Winding Magnet Stacking y

» Ferro-Shimming Technique

Before _
shim




400 MHz conduction cooled NMR : *H NMR Signal

IANPLITUDE N

# __‘,hl

\ s
T bl .
> I-H-.".%'Lr'i'*ﬂ,ﬁf -.ﬂi’fl*.i‘-..-'i‘iﬁﬂ't \ i T PEBOALL VO NP TP 19

wa PR e

® Future works

v Faster charging rate
v Investigation of field profile
v Shimming

SUNAN
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Summary

m SUNAM has been producing high-I- tapes consistently
with low-cost, high-throughput process.

m Various Q.C. measures enabled production of uniform
tapes with high yield.

m We have clear roadmap for capacity increase to answer
the customer needs.

m We’ve manufactured many magnets with varying size,
shape, field-strength, and cooling method with our tapes.
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Thanks for ﬂﬁ
Attention! “~

SuNAN  wwwi-sunam.com



