1.4 B

b

19864 La-Ba-Cu-O AbslE24e 30K A9
1 AT 24" & 1987do)E AR A4
£ o)AoM ATAEL 2= Y-Ba-Cu-O(7.
=90K)7} W4A=dn, 1 F Bi-Sr-Ca-Cu-09
AAEE (Te=110K) o] 2EolA, Ti-Ba-Ca-Cu-0
ol 4 (T.~=125K) 0] mlZolla wAgelr o
$o] FEAtsHEo] o Ba-K-Bi-OA 2AEA
(Te=25K) £33 @A 2ol Cooll K, Rb

13 A
o Al HHE S 4 g THY 284
A9 24

st Aol thE A2 4AY ARE 44
Electronics, Computer technology, Power trans-
mission, Energy storage % wr=A9 245 ¥
A4 S48 Hybrid 27 § chokgh oA
A7t AAAA ez AYFHn ek weps] o]
wiolde 84 44 A7 47713, 9 7y

&
Aot wrebd &8 &M= 2w Low power
dissipation, Detection sensitivity, Fast switch-
ing speed, Low signal distortion 5 & 7%
Ao A wbeA] £ARel Aol e oA " £
Az 2A% Circuite E=|2¥ (Transistor)
2 Agdt dbEA fE 2zl ZFRFoE
oh2 Josephson AT On/Off switchingo] ¢
3 Digital levels(“0 or 17)o} ZAA=lnd oj2igh
E4L 2838 =A% Transistord 7fwe] 34

. 2Rz ohdz 1 £A(Analog

Tz 2

device) 24=  Detection,

Signal processing ] 2T 3§ FEE(HA=R
10~200GHz), SQUID, Infrared detectors 54
&AL ATl FHE T lom, mE uhete 54
© 2 A Interconnection, Signal transmission line
53 22 Microwave passive 435l g 4

o

Amplification,
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ZAE g o] & Circuite WL E 2
Al 4547 (Passive device) % 5&4AF(Active
device) & FH-3}o Azer 4 gich zAx ek
L ol&d FEaabz E2HEZAY Low loss,
Low distortion®] EA-S &85l 7o A&
ARG 2 2T A9G Tt
gl AT 4 9w Aol drk WAL

o] ool g od77F B3 Az glow

&
.
3}
=
=

w

-

(a) Line Resonator

-0~

(b) Ring Resonator

- — - = Center Line

(c) Coplanar Waveguide

~ff— Ground Plane

e 245 $ERoF B4 A3 U9A 443t
7

&4 AH(Passive Device)

(1) %71 (Resonators)
A7

A ]—‘:— Mlcrowave electromcsCﬂ] A wkpdlA
ap b Fe8 42250 R o] AL Filter
network Frequency d15cr1m1nator,

Wavemeter, Super-stable oscillator 5 8 &
ofel]l o]-&4 4 glvk FAI &
+ °]%3% Z2oZ Line, Ring, Coplanar type®
o] glow 7Zre] Az AAL S-&5le] "
2 %+ Subsysteme & FEoz o|dgct
(1-4

Microstripe-line

E YBazCU3O1-s 7K 9 4

1072

107°F
s
= L
107
i1
10 3 2
o : Nb 7.7K
I
10°¢
0.1 1 10 100
fIGHz)
15 Conductus/TIP 12 Lincoin Labs
10 GEC/ICI 37 Siemens
9 U Houston 16 UCLA
13 KFA Julich 5.6 U. Wuppenal
11.14 NTT

(d) Surface Resistance Vs Frequency of High Te
Thin Superconducting Film

< 2% | > Superconducting Resonators
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=7
= L
Q-factors MolZm 9k ol mEw 4
(Microwave range)oll 4l 2-& SizeZ & E&4

range) oAl whekel T F(Rs) & Fibed of

4537 givk 2812 ¥4 2 2dsA 4y
o7 AFFq o8 2F9 AU FA)e
Qfactor Zrozxe| Azl wubel FHA gL

T
£2 794 490 B 2edFE Aol

(2) o4Th7| (Filters)

A TV, #olc], A Fold Agse o
v A7) 2P e £ o 1 H7 Ag
sof 9ic}, vt me 2ATAE Qfactor?t
33 o]¢ Z-2 Insertion loss®] FA4L 7HRE=E

= 8~&3} o7 E HAFAN 5%

A | 71471 Ael 73t
o, Tl é“—ﬂ.-—% Terahertz®] ¥ 74 7}%
: Ho2 gy eolrt Al A~

A4e 9+ A Band-

A g3 Narrow Band-
w1dth°ﬂ/ﬁ ez s AFEa Adzin 2
Fabr 44 A3 5—5—3— Filter bankg 43}
A&l dA F2oz A== Filter
bank% Sizert 1% 2™, Insertion loss7} Z
7] Wl Boll REa A5 Ao FAY At o
Aek 2AEE o971 E ARdE A A5
TAAES 2T 5 o

|1!
2

[0}

<E | > Superconducting Microwave Passive Devices

o 7 7 B

Superconducting Passive Device

AT & T Bell Laboratories

YBCO ring resonstor at 4.74GHz

DuPont Thalium based ring resonator at 4.9GHz

Ford Aerospace

Dielectric resonator with YBCO thin film at 10GHz

General Atomics

Coated YBCO cavity at 10GHz

General Electic

Coplanar YBCO resoantor at 4.8GHz

High Te¢ Supercon

Bulk YBCO cavity at 10GHz Microwave power limiter

Honeywell

1X12 linear array YBCO tranistion edge IR Bolometers

Huges Research Laboratory

Six pole YBCO filter at 9.6GHz

HYPRES, Inc

2 nanosec. YBCO delay Ine, 4GHz wide

ICI Composites

Thick film coated YBCO cavity at 5GHz

Locked Space and Missiles

Thallium based thermal isolator

MIT Lincoln Laboratories

Six pole, 300MHz bandwidth filter at 4.7GHz

David Sarnoff Research

Four pole YBCO 50MHz B.W. filter at 9.3GHz

Superconducting Technology

Thallium based ring resonator at {.9GHz

TRW YBCO end-coupled resonator at 10.4GHz

Westinghouse R & D Center

Four-pole YBCO edge-coupled filter at 94GHz

College of William and Mary

Electropheretically coated cavity at 1.42GHz

Naval Research Laboratory

Five-pole edge coupled YBCO filter at 9.1GHz

Jet Propulsion Laboratory

YBCO low-pass filter with cut-off at 9.7GHz

University of Wuppertal

YBCO patch antenna resonator at 5GHz
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oj5}7lo]l = Lowpass, Bandpass, Bandstop,
Highpass 5 vl 7Fx¢] &7} 9ledd, o|4=<l
ol 5}7]= Zero insertion lossE 744 oF dh=d o]
A AL 2A=E AZd ekt sttt @A)
2ATE o|&4 o771 Narrow bandpass
77t F5¢ olFa glod, ofF 2HE o9
e A RE, Fahg g4 gt 3%
Br} 100 Ax zFe Insetion lossS RoF3
sk ®A| m|FellA AT
Temperature Superconduct1v1ty Space Experi-
ment) o it AF7IHEH Zzhe 7| To] A

[v]
e

AFe & 2A= Micorwave passive L4
2 FA79 57 g FFF B ool bl

palel

(3} Transmission Line
o] oA Po] uwel Electronic circuit?
SystemE<] ZAH 7} SHesiglon, =Y 44
Zo £E7 w2 Fkn gl AR
Chip-to-chip |7 o] dubAs] FE£o2 14]75}5191
7] wjfo] dAZA¥ e AL AFEF Distor
tionA] 7] DelayAl7l& TAAHL o 7]?54 &
A7} 2R A BT w2} 4 RFEE FopA e
% Interconnectiond EAE& A3} oF
o 48] 27]7} ZolAe] wat Capacitance
7re okntg zbolxlm, wepd 42 Response
timee] 7+& okubE FojAr}, =& Interconnec
tion lined] ##o| F7hgtel wet Linegsl &4
o] % Axe AgE AAGt 2=
Transmission lines AHshd o)#idt EAAE
< AAE 4 glov =3 Lines Ateld
4 4 glezz s bEd
zxdz2 Azt" Transmission
ojodo] Terahertz HH7HA A
] 7]_.‘0;—5-}_1;}.(9 11)

b

c ol

e
ook
o,
tql
s
o,
r_>.~L
0—

(4) Phase Shifters
Phase array antenna 4|

I

28 SolA B34

AEEFBEET 1993. 6

2] HTSSE-1(High

Phase shifters ZA ¥ Analog® Digital
type2& TE¥E 4 gled £idids 1 2
A% whukg o|£3g Digital type, &3] Delay-
lines ©]%3d Phase shifterol Zdto] =317t

gich o] Deviced #54#2l+ Electromagnetic
wave & Phase® Velocity, Path length,

Signal
Output

Superconducting
‘__,Smtches

Signal
Delay
Section

(a) Superconducting Switching Components due

to Light or Laser Components

Gate
Current

Junction

/ Below Layer
—-

Constant
Current

\ Insulating
Layer

(b) Magnetic Field Effect Device

Path 1

Path 2

(¢) Typical Superconducting delay line
<O® 2>

_.19._



Reactance % & 7FA& W¥ A Switching ele-
ments®t &7 Al TFS ProcessingshE Ao|th,
HE Delay-line phase shifterel 1+ Pin-diode,
MESFET, MISFET 5¢ w4t=4l Switching
¥4 ol%stn k. 24 =% Phase shifterol
S&Ae OB 2604 HdFE A 3o
Switching 4453 Delay-line =5% A%
E4E SEsle] AT £ Yt a2# 2@
Lightt} Laser?] Excitationoll 23] Switching
¥ 4 9% Phase shifterg e, =23 2(h)
£ 998 Loopel ZE: ARE =Hde
Magnetic field effect £A-%5, 28 2(0)e A
A9l Superconducting delay line S 2o} F o}

(12-13)

(5) 2|t (Antenna)

=AEE ofeut Alade] F&sid  High
radiation efficiencys ZHe 22 T2 gk
Aze] 7hsstet. dA F4o2 AzE <t vE
{—”‘E' (Loss) Agro] et vte] Radiation atych
A7) wigel ®lZ34q Couplinge] ™ 53
a&F 3o A Conduction lossell 71918 Loss A &
ol W& o7 nFulg cHvEAE HIA

dtdoz oHuE ARl o 4 (13 2

o] Aol ote1le] Radiation efficiency7} #

n =

T RAR+E.

oy 714 R, -& otelvte] Radiation A&to]li R
2 cokelvte  Conduction loss, R»-& ®HA
Circuit\} feedline®] #gelet. ZH A& T9
Agro] 27] wifol ol Alx¥e &3
otevbe]  E4¢l  Patterne]ut 8}k (Dir-
ectivity)ofl J3s 2 oA %2 Radia-
tion efficiency & 71 & 4 AopH-19,

2AS <lHVE Receiver2A+ ¢ & #AA
o] gixlel A§E ®uj+&(Transmitting) <kelr}

........................... Eq (1)

Ae A AL A7 ZAGe] FoerE
EgAo|z] Rejeh 2AEE o] &3 okdlvie &
41, Radar system & %-& “d-"rM A ok 54
o2 AZH AR} Sized £93 3A4EH
3 aFal dodoAl FAo] ek A 2HEE
ol &3 otellibe) A ZE AAFelA s A
3 9lom = o2 wmFe] STleME 2 2

Ax wteH(Ti—based film) AH&shed 450l
Tz A Auck 104 ol (nswer=50%,
nw=5% at 500MHz) $3 < A28+
A Zale] shefatn glor] =g Al E9 Imag-
ings &l otevtE ArrayE A A EzAt ol 7o

Eretn vk O3 mFIoA AEE
Qe 1 2Ax wees AzE dHvdEE

212 %544 (Active Device)

(1) Josephson H&
1g 2AEAL £z 4L 2 FALF
Josephson A& Axdte A2 A74g 4 9]
oo A ARz HHA i+ Josephson =4
e AgE T '5:7] s G ofe] Wy
A55o] gr} Uduidoz we zAE W
Coherence length7} FA A5 AL 24
9] Coherence lengthell ®l8}A4 dff$ 4
AL 26 19T "4 &fﬂr & A3
o] Z|EH oz off ofic} i
L A4E Anisotropic3tx ﬁmoﬂ EAo] 4
St A solch mepd nE 2AE AT AFA
o 2L =AH e dtete] Josephson A TF (Y
oz SIS By AP e o FEEol o
TEof geh
2& 2AE Josephson HFe z7|ole Hhut
A4 AdHez 4R Graing  Aleld
Weakdt 9172< o|&3F Microbridge #e%
2 oled A axE ARGl A
Hog df ojglch svisted A% A4l 2

r]o o,

fr oxt h‘l 9 e mlo

W I
°

po

A
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Microbridge

1]

rf chokes

b

I\\'ire Bonds
to Gold Pads

(a) Bowtie Antenna

(b) Spiral Antenna
<223 3 > Superconducting Antennas

% Control3}7] o#

9 A" “”J" Az 4+ g7 “H-”rﬂ
ul

g "l
fow utepd 7 J&"I
1} Buffer Iayera' O]%ﬂ o7
son A Ae] 7455t
O 4w g 2AR dbg o] &5le] 9l
o2 A o8 279 Josephson T ¥
¥}, 2% 4@ Bicrystal Aoz HAZo
A2 e F Y 713 ddeA A o
2 Yol cxe 2AE Atk Aodle] HF A
olo] Grain boundary?} FAHA F A

Z9 Joseph

RBEFRWBESE 1993. 6

o% % 73¢9 Misorientation angleol
457+ %oiib Aoz 2HA gl
43 DS-SQUID9 7-% Noise

7 gHA glew, vlad
Typed] A¥Eot Xﬂﬁ"‘é oln ¥z £4
o] dom glek AT o] AL 7%k 7hFol

Jfw 2
2.
-
5,

AT S [ e
Mook pok A e
2
ot
ol
~

Grain Boundary

(a) Bi-crystal Junction

Normal Metal Or Insolator

Substrate

Superconducting Film

(b) Step-edge Junction

[001] [001]

[11(;1 L, 0
N

MgO \, STios

Sapphire:

(c) Bi-epitaxial Junction

<72l 4 > Superconducting Josephson Junctions
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A4Ae)n A4 23R o

HAAANE B Aol dwErh R 4bT
Step-edge A¥ ez 713 T9HZ lon milliﬂg"]
v} Chemical etchant® ste
e }_;5-15_ u_].ul.o ol-c,-n;] Step‘:ﬂ]/“] a_}.u_‘L__] F
g gk 3] 93]4 Grain boundaryZ} A
71 HEF o] &3 ZHolth of Stepedge A
<+ o Je9 HEEFH vfA AL a—b Plane
9] Coherence length7} 71 Z-& o|&3 Ao}
dulA e g Step-edge BTF-L Stepd F F9 o
A GAEE AeE dA gled shie Step
9 Concave folx ® thE ¥FL Convex
Hrolek, vt AG7AR o= HEo| Grain
boundary AE-E s+ 2 dA YA &
vt Stepd] ZE7b Az 45° oA of A
o g7t vehie o] Zric & de 3¢
o] obd c&9 Ggd dhho] HAEE Aoz
dziA glel. 18 4(c)e Bi-epitaxial Aoz
o] H3-L Bicrystal ATRcs & A Awy
Agutdlolnd  Z1at o]  9F2  Seed layersh
Buffer layers 4943t & w2 zAx wakg 4
abshed whube) AA o) A2 45° AR ol e A
AEE EAE ol48 Aol o] Fie EAL
713k 7ol oK % Ao 9\101 axe 1
AA &7} 7bsd ubd, be] E471 welA Al
AA o)A ¢ Ao] Brd a2} o] Ao a7
25 AL Aold Yoz 7)Esl ko]
wel dAd shs4do] Hrkm BEopt

o
o
ﬂ
1r[
Lot
o

= iy
e

(2) sQuID

Josephson AL -8 4AEE age o
a&-gerAol w-¢- Holuy] wlFel 294 44,
153 AE7], AHA SolAY Ao Zsn
ek 22 =2 o] Sectionel4+ Josephson A
& &3 o HY 4RF 84 J1E g
o] dtHZ 9+ DC-SQUID(Superconducting
Quantum Interference Device)ol| 8] &8 wn

A gt

SQUIDE ¢xA 3= A" A7 v
Hdoko g M7= 4~AE £3] Magnetic flux
to voltage transformerzta Ee]efan 9leo]
DC SQUIDEx & 79 B¥e= °]-r°17ﬁ A
RF SQUIDsHe ct2A + A9 Fg+d +
(Loop) 2 °lFo1A 9lh. SQUIDe| DC =]
ol7bsl= SQUID Loop ¥l & #4e =27
o] wzt SQUID Loopels 434 77 A sk,
o] Aol 93 SQUID Loop W¥oll& =<9
Quantum37} @(Magnetic flux quantum ¢=
2.06X10™"* Weber or tesla-mt) ¢l A<ulS Fx
A Hch & g¥EEH off 2 A=
SQUIDe a1z} ® o] =& V-¢ curved 2%
AE o15A7IA s whebdq SQUIDAAME A
G HEE #HAE 4+ A Aok 2EE A
o] z7]9] $AR Eoprir] s dn
Geometry9] ZYZ AFE 2oy o=
Flux bias® #H3A71A el of AFe] gho
2A 3= A7) Aol Het, Al E SQUIDY
= Heisenbergs] 844 Aol oA Ao
B F49 AguAE Helle Ao 48 A
et AZ7A WA ZE SQUID =AY
Internal noisent-¢ 8% 7% RF SQUIDE
E.<10°%]/Hzz 8] 3¢ 7% DC SQUIDE
E.<107%]/Hzz ) 2 e o= 7oy w3
Hy 9. Jdse ¥ AR 4ed
Step-edge A¥e2 AzE DC-SQUIDS V-0
FAE L Fr

SQUID A& fqlof Hal ofz] 744 E24
o BAFel w953 glevl, 59 I/F #2L
A des At Barrier gtel4] Flux trapel
7193k Aoz oldfgn gler AA F 71
2 24 £ 9 AdAe dAARY
Fluctuationell 93] LAsl= I/F #golx, F
#AE= SQUIDY Bodyol Traped® Flux line®
9 % (Motion)o] & A7)+ Aeg 474
T e,

SQUIDY

12 ol = o %2 p
o2 b e

i3

2402 Magnetometer, Gra
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Narrow Gaps
Across The Steps

/

LaAlOs 1100)

High Tc Films

“a

]

c-axis

'as Double Step-edge Junction

135
;_"5
-
= 10
us
7
35
0
[
%0
{b) Typical V vs ¢ Curve at different bias conditions
<85>

diometer, Susceptometer, Gravitational wave
detector, Magnetic monopole detector, Small
signal amplifier, A/D converter 5°| 7153t}
SQUIDE AL AREE ahol= SQUID =4
o AgoldA T ohl ol5E FAHE

).?_

BErhel dAA Pl ATl duAE F4
e

o

=

{3) Three Terminal Device(Superconducting
Transistors)

Transistor®] £4-& Current gain, Voltage

AEBERBESE 1993. 6

gain, Isolation, High speed, Low power & 2

2 24 Low power 284 B3 F83
Al odAA Soh AR dhzs] £AF FFA]7
+ ol 4 Voltage =71 Lad o]+ 24
=5 ALT o Zo2 S mV Scaledl v
Power £4l0] 2 9fulshe #} ol & FTE3
93sled wix A A£xF9 Dimensions 9o
Aol ZFstnat shgivk, 2B ZE Aol A
*5d BT 2D Y 2ARE o3 wE
Aot 2Ax2 Hybrid system® A4 AT
AAGATY TIH FHoR AgA HeE o
T7k Ao gt

a# 62 ZHA A|xHe] $w Supercon-
ducting three terminal £AE¢ & HodFs
k. 23 6@} Superconducting-metal base
transistor (Super-HET) o] ¢}, dk=4]
transistor?] 7<% Minority carrier’} Base
layer2 Diffusion % s A|Zkef| &Ja] £x7}
Algs 7] wgel oA A U Base
layerg Zolv W€ A2 A3 gt 3
Auk A7} Fhagkell whet Base layerd] A 3ol
A 7] W%, Base layerE ol %% Super-
conducting layer2 tHA|gozy 4zbo] £% 9
Current gaing &8 4+ ot 2 60e
Superconducting-Base Semiconductor-Isolator
Transistor (SUBSIT) Qld| o] 4xke] ZE9e)E
Uuk4 ol Bipolar transistor®t #t} %, Emit-
ter% %3] Minority carriers$ Base2 F9 3t
3 Majority carrierg-& Collector®. Rt
Zolct, fUdg Aol"& SUBSITS 74-% Base
Majority carrier7t  Superconducting pair elec-
trone & T4 ¥ o] Based Aol AZ7} & A
o2 oZHn, wets w9 2 Current gain(>
1000) % %2 Cutoff -Fat+E 71T 4 Sk
2% 6(c=  Josephson Field Effect Transistor
(JOFET)2A o] 4xe 25dze ddbdal
FET £#k8} 7th £ Gate voltages 2435l
Channel carrier¥] Concentration® &3 7

Bipolar



(a) Superconducting-Metal Base Transistor (Super-HET)

Tunnel;

Superconductor ~_ Simiconductor

Barrier
T

VES VBC'

(b) Superconducting Base Semiconductor- Isolator
Transistor (SUBSIT)

V0%

Semiconductor

|

Substrate

(¢) Josephson Field Fffect Transistor

Superconductor

1— Collector

Junction
Injector

_j_ Junction

Superconductor

(d}  Superconductor-Insulator- Insulator - Superconductor-
Insulator-Superconductor(5I3IS)  Transistor

Gate

Superconductor

-~

(¢) Injected controlled Link Device

<% 6 > Superconducting Three Terminal Devices

— 24—

o7 o] A= 2AEAY} & AT HZE
3 9% o (gt ez MetalolH ks A 2)
Za 31 Proximity effect® |48 Zloleh
28 6 @€
Superconducter-Insulator-Superconductor
(SISIS) 24 o] £2k2] Collector®} Outputel 4
9] Gaing Electron® Hole9 Mixing™ Recir
culating  ©]$3 Non-equilibrium supercon
ducting 3% $&3&= Zolrf. o] Deviceol A
Injectorgt E2lE JunctionE H¥e] TorBz
Excess quasiparticle®°] F7F Mo % o] 5% F
AEE 5t7] 2#4= Energy bandgapitt =2
Bias voltageel 4 z%53ch 83 Collectorsti
2= Junction® A= Aelo] Quasiparticle]
93 Current7} 3255 3}7] 93 Energy gap
B} -2 Bias voltageo| 4 Z-E3kcd. 28 6(e)
= Injected-Controlled Links £3}24 ZAx
ElectronE-2 Gatezls A5% FH4 939
Quasiparticle® 243l 7ole} o] Ax=EH

Voltage gaing &% 4 glow, L 24X

Superconductor-Insulator-

2

(8) Detectors(Mixers)

Josephson A §e] wFate] tdl Response £
Az 17x EAE o]&g 2AX Recelvers
2AEANY £A FEo T FEFY el
o wheba nFal dejeld ALE 4 gl AR
£ Receiverg AFstia FEE =8 72
skon] 53] o|z{g 4£xE2 YL Bandwidthe
7123 9le] Radio astronomyvt Z=Hex® 9
HEA A 2o AZE 4 9t

15314 Heterodynee|+} Direct receiver?]
Az aA F oA g A el o
3l Single particle e8] oo} AL 24
=45 o]gst: Helrh SIS(Superconductor

KEERHE 1993. 6



Insulator-Superconductor) A¥e 7% gy
8B AlF Abole] Coupling efficiency s 71H4]7)
7] ¥8) F2 13318 Waveguide components
£ ol&slgdom, Receiver E5-S Fol&d 9
oM 714 olel® FAFY Shiel s #f
g Eol7] $sted Tuming componentsZ A
Sliding backshorts & Screw tunner &
Waveguideo] Z&A|Zch 2z} A2 =A% 4
£ ©]-83 Receiver= 44 Helium$ U422 35
7] Wl Fell o] Receover=S of$ Agdoz

£5o] geh af 2HEA9 472 Receiver
o] FEerE AP FAH AAHLE vpFE 5
9lo] Receiver®] Noise performanceZ} do] 2o
5 E7sn, 1 2dEAelA dFEHe 2

L

olo

ol
Energy band gap# #5-&% d¥e] A& 24
=342 Receiver®t} 17 3-%¢ Receiverd A=

M

7beAdg dET 4 9k 2384 44 1 2
Az 49 e Coherence length(Hek 2~204)
9} Single particle tunneling £3-% |43 SIS
Ao A4 FA Wi nFoE 1AE
Receivers] 280l Adx 1 §ict

% t}E  Receiver A& e 2E  Quasi-
optical /)&% o]£5tE 7AW o] wHez 3
Falol 4 2] Waveguide %49l &2 2% Band-
widthe} A|zH4e] ofH & F2F F ek o
7142 Flexible antenna$t Active detector &
ol&dh= oz o <dHY Falgol Wide
bandwidth® 7H4 4 Y& BHe] o

2+2 Buk £&

¢ 2AEAY Bulky dubd oz e o
A AF2E (Critical current density) e} 2o
o md YAAFE 959 A= odled F5
3 Astdch 2@y} Processing technology”t
dA o] oz} dAE £FE fopld 2AE

£-4-2 Magnetic Resonance Image (MRI}, A7
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FAds), 2R FAAL S Fol glo
o] EEelAdw dA spA wo] A= AH
AR 7|HEE Fobe 7dd AestiA gt
2&2AE Bulk $&%okF MRIY 4|7l
M A A8 Aoz sdHa gled 23
5 MRIE Conventional resistive magnets®t}
a2 A3, Large volume, Uniformity, Stability
Sol4l Aol Yo} o] AxgL AT 9
AL 22 2AEAY QAL AR ok @
. 24 Bulkd o2& $%0° 2% Supercon-
ducting Magnetic Energy Storage(SMES) 7}
olt}. o] SMES A|&¥oj| A+ Energy’l =& 2]
Az AAHs o2 ovA Storage AAHM
o o1} Loadingel] $lel @& Al7kele] =+
%2 Efficiency (90~93%) & 71th8 + Uk of
714 Response AlZke] & 7€ Stabledt
Utility system®] Az 7bg4& olulshd @
02 AR Folde wg% SMES Alady
e Al Aol A AHE sbgE AL e A&
g sfdbe] FHen Yo <100MW-hr).
Transportationo] el =Axe $&2

(<]
1
.

ot B

Maglev system, Motor, Generator 5-°] 2%
Az A7) RAradstel g dyrh sk Rge
AP ek A7) RAdA= F RS Ay

—

NTH)

£ sz AdE Qe shiw wl2Ads F
Ao o1¥ (Attractive force) & °]-&3e H2LE
Axst Y Aold ZhAe] Hemz FAY ¢

A% Agg 4 de T2 Agg AL X
AR 4 9= Control Al&do] Hgsic} =
2 Ay fAdxe zAx 239 b
(Repulsive force) < ol gdE Aoz zud
1 RAdR2A FhsAle] w4 2t WAy AH
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