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1. YBCO thin films performance
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2. Application of YBCO thin films

« Microelectronic devices * Coated conductors
— Low Rs, Strong anti-interference — High filed, high Jc
— Low loss and high sensitivity — Mechanical properties
— Deposited on single crystal — Deposited on flexible substrate

28m
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Microwave device Josephson Junctions Cable Nuclear fusion Motor

Demand: Large area, double sided thin films  Demand :High efficient preparation, doping other elements

e
RN

O 0 LLLLLL S5>y

FELrrss

< Thickness: Hundreds of nanometers - —

ASSRLANY

(e

{{‘g -
ET Al TTH )]
T TN . DL VL VT UTTHITRET o




IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 56, March 2024.
Presentation given at ACASC 2023, 31 Oct. 2023, Shanghai, China

EXRE i Bl

« For Microelectronic devices Graghics T e
, YBCO film N J08 Advantage of Filter
HEEVIIN — m g a « Lower insertion loss
it .
substrate . 2 - e Smaller bandwidth
YBCO film °  Sharp edge steepness
NEVA| B N

Grounding

810 815 B20 825 B30 835 B840 B45 8BS0 855 8GO  BGS

Microwave'filter

Same thickness
e A « Double current
e I « Smaller volume
» Lower cost of cooling
Same current

 Half of YBCO thickness
Substrate polish — double sided . '
Protective layer —double sided Can we make all double sided structure? Easier to prepare

Buffer and YBCO layer — single sided

.

DOMMMIN Which technology suitable for large scale preparation of YBCO films/conductors? - ——

e For coated conductors

surface RMS>20nm

* Lower Lorentz force
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YBCO deposited technology-Sputtering (UESTC)

Sputtering For YBCO films
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Rotation with motor and
self turning in in-plane
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Double—sided deposition

Low deposition rate, 50nm/h Short vacuum time
Small scale 1 sample 2inch.
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4 10 Hz N

heater filaments 0.5 heat shields

quartz “ ”\
monitor '|
& & NS \ S &
. & 2 K 5 K N
v X I [ | !
to pump rate control PROCESS

High deposition rate 20 - 30
nm/min.

Evaporation for YBCO films

Single Step Time Whole Time g 20 7307 /740
620 o0

610
550

slit "seal”

One sided deposition
More vacuum time

Large scale 12 samples 2inch.
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PLD for YBCO films

830
Single Step Time Whole Time 7 O 10 820

735~ /-0

PRCCESS

Triple Pulsed Laser Co-deposition system(SLAB)

Middle deposition rate 6.7 nm/min. One sided deposition
More vacuum time

small scale 1 sample 2inch.
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YBCO deposited technology-MOD (estimate)

Post-annealing 800°C MOD for YBCO films

Single Step Time Whole Time

390

60

50 10 70 20 30 30

0] - (-

Substrate Heating Deposition Cooling! Anealling Coolingll Sample

Humid Gas

i Dry Gas Dry Gas films
‘ : PROCESS
L ) ) | J
i | if I
02 N2+02 4h15min N2+02 02

Low deposition rate 1~3 nm/min. Double sided deposition
No vacuum time

Small scale 1 sample 2inch.
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4-5, YBCO deposited technology-MOCVD (UESTC)

U-type nozzle

MOCVD for YBCO films

Single Step Time Whole Time

= ‘ lMeltaI o;’ganlics, ,:l\r, (=)2, N?O 'U

PROCESS

Planetary holder

High deposition rate 20~30 nm/min. Double sided deposition

_ _ Short vacuum time
Large scale 12 X 2inch or 6 X 3inch.
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4-6, YBCO deposited technology-compare

Technology Deposition Deposition Vacuu Equipment Cost of Large | Double
rate(nm/min) |area Investment materials scale sided

Evaporation 20-30 large high high easy

PLD 6-30 small high high middle hard No
Sputtering ~1 large high middle middle hard YES
MOD 1-3 large none low low hard YES
MOCVD 20-60 large low middle high easy YES

MOCVD May be a better choice for YBCO deposition
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02 Double-sided YBCO thin films on
crystal substrate with MOCVD

awawawws_  Srrrries wawwaws_  Srrrier



IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 56, March 2024.
Presentation given at ACASC 2023, 31 Oct. 2023, Shanghai, China

Ry EREENSSTERR NV
| (REEEEF2R) B i BelSoiE

_ Misfit to
Sub. Lattice(nm) tano
YBCO(%)

&
LaAlO, 0.3788 2.7 24 <5X10%
SrTiO, 0.3905 2.2 1900 3X107?

0.4212 8.55 9.6 4X10°
0.516 6.2 25 7.5X103
a=0.4763,
23.6 9.5-11 1.5X10°
c=1.3

schematic diagram of MOCVD system

> LaAlOjsubstrate small misfit
> LaAlO;suitable for microwave device
> LaAlO; substrate easy to recycle
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Optimization of deposition parameter on LAO substrate

Deposition
temperature

L
840°C
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o J S [ by AL [ T LAl [ D (L
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Optimization of deposition parameter on LAO substrate

(a) (b)
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@ dense film 000 2500
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Y

The growth evolvement diagram of YBCO film morphology with

Al 2 Y,0; — BaO — CuO ternary phase diagram. J. and R distribution
composition changes 2

depending on the film composition marked with various colors.

SV ECRCUVINIE o yidance LUIIELE  High quality
ternary phase composition
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» 500nm thickness » Forming a stable production process flow

deviation £10%
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4., MOCVD d_epo_sit__ipn 3inch double sided YBCO thin films

=

Equipment improvement: deposited 3 inch YBCO films
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03 Double-sided YBCO coated

conductor with MOCVD
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ls Challenge of double-sided coated conductor
O Which technology be choose?(buffer and
YBCO)

0 How to heat the double-sided structure?

O Protect back side surface when double sided
deposition?

O Keep double-sided consistency?

O Achieve longNapes:prepanations O How to reel to reel the long tapes

O Achieve high performance ? O Biaxial texture, surface roughness and flux

Innina?
~1 pm YBCO-MOCVD pining:

—— ~50 nm LMO-MFMS _
~20 nm MgO-EBE v" Fully independent reel to reel system

~10 nm MgO-IBAD-EBE v Deposition of double-sided simultaneous
RMS~1-2 nm Y203-SDP

~0.1mm v Constant speed and tension in reel to reel system

Hastelloy

/ =
surface RMS>20nm Substrate self heating technology

: -
. ,I."‘--lr.-u-r'-u-n FaraYys r-)..\\

N EEEI S
AR SRR RNY FILEILr
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SDP
2, SDP technology for deposition of Y,0; layer ) — F———m
. Multilayer
Roller Tapes Dripping system  pymp
— R "
A T -2
— BIIRHIBE o
Roller Drlpplng system : : : | : :
__Ro Cooling system  |'I! E ! oller
Heater V Cooling system UL L[N
’ : TN — U Heater
Solution sclo ) e . o
v" Double-sided deposition of Y,O4 as isolating layer Solution Cooling

v" Increase stability of the solution (10 hours to several days)
v Keep solution concentration

(solution concentration drop to 40% to almost unchanged )

v Long tapes preparatlon (100 m to 500 m)
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2, SDP technology for deposition of Y,0; layer

30 ~

Coatings

—a— Side A
e Side B

/\

= s /
(7%0_5_ \/\/\ﬁ/\/\.// AN
=
o
0.0 T T T T T T T T T
0 50 100 150 200
Position(m)

ER Il

500m results:
Aside

RMS, ;.=0.46 nm,
RMS, .,=0.66 nm,
RMS,,,=0.95 nm
B side
RMS,;,=0.48 nm,
RMS,.,=0.66 nm,
RMS,,,=0.55 nm
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3. IBAD technology for deposition of MgO films with Auto flipping

( Reel 1

| — Roller

Roller 3

~—1{— Tapes (flipping roller)

X Traditional structuf

Roller 2

Roller4 - Roller 5

- Roller Auto flippin -
’ ' Deposition Back sided Srpote%tio Y
area —
- -\ Ny Advanced structu r’”ﬁﬁi’ﬁ; .
lon source SI;/Iugr(C)e RCL
Advantage:
[?oublg-sided R to R system: Deposition of double- v Reduce process(vacuum) steps
sided simultaneous

v Reduce atmospheric exposure

Back sided protection : protect the back side for cleaning v' Improve double-sided consistency

N e
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O films with Auto flipping
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4, Medium frequency reactive sputtering for deposition of LMO

(o

MgO template

Aw=2-3°, Ad=3-4°

@ High R to R speed (50 m/h)

€ Two metal target for double sided deposition

awawwwws_ Susiiais
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coated conductor deposition

winding winding

device device
...... | = , ] S——

€
€
3€

>\
7

<

electrode bar electrode bar

ondensing unit

1
[N

Double-sided YBCO coated conductor deposition system Photo of self heating system Photo of tapes heating

v" Self heating system was used for double-sided deposition

700 W/m, about 850°C

v Shower is very closed to tapes for Mo source utilization
No other heater

Tradition heater need 5 kW/m

v’ The self heating technology have Very high heating efficiency
v’ The self heating technology have Very high heating speed
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S. MOCVD for YBCO coated conductor deposition

9.0 400
350

7.54 S ]
— ~300

6.0 1 / -

4.5 1

J (MA/cm®)
/ |
R 1o
] (o
(=] [}
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& 30_" / — h
] -150
154 100
0.0 T . T . T . T -50
one layer two layers three layers four layers
Sample
1.2 1
10,' rrrrrrrr
0 8—- 1=328A/cm-width{
s
3 0.6- /
% 0.4-
= ;
e multilayer films of ReBCO fil - 24
multilayer films of Re iIms | s
/ 00 smidmmpmdimraes ™ Photo of MOCVD system
. 77K‘ OT, Single Slde IC :328 Ncm 160 180 200 220 240 260 280 300 320 340 depOSIted YBCO Coated
Current(A)
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coated conductor deposition

IBAD-MgO
. templates
J Crystal MgO :: Ao—1.5°
= Awn=0.4° K
YA YTV AN e WL <Y
16 1|8 2I0 = 2[2 24
Omega (deg)
T I::ﬂ%r:&g . Crystal MgO
astelloy I s /Ad>=15
TEM results of the YBCO coated conductor with self heating system ] , ‘ ,

-10 -5 0 5 10
Phi (deg)

Compare with-MgO single crystal
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6. Developing a narrow channel chamber to improve the utilization of Mo source

800 800
- = Thi m  Thick
Ag_W reaCtlon Cham ber IAgt V\:j -Il_-ir::l;?!e;?tsofThickness Lir:zaple:?tsofThickness
electrode elegiroae
600 - u - 600
— €
S =
A= o
400 L 400 8
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7. Improvement structure of Narrow channel chamber

[ IRy

New Narrow channel chamber MOCVD system
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different position of narrow channel chamber
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Double sided results of YBCO coated conductors
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Double sided results
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04 Conclusion
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For Thin films

1. Developed a double-sided deposition MOCVD system

2. Achieved high uniformity double-sided YBCO thin films

For coated conductors

1. Developed a fully double-sided structure for coated conductors

2. One-time experiment with single-source single-ion beam finish the
preparation of double-sided IBAD-MgO seed layers

3. A new narrow channel chamber has been developed for improving the

utilization of MO source
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