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SUMMARY

. Titie

"The Developement of Multiplexer for Communications Using

High-7¢ Superconductive(HTS) Microwave Filters'

li. Purpose and Importance

Our main research is to grow the high quality HTS YBCO epitaxial thin films and
to implement the bandpass filters and the planar multiplexer which are the key
components and subsystems in the field of microwave communcations. Finally, we
characterize the developed them using the low-temperature measurement system.
Especially, we concentrated our rescarch on the following:

(1) The production of HTS YBa;Cu30:./MgO epitaxial thin films using pulsed-laser depo-
sition and hallow cathode sputtering methods and characterizations of the HTS thin
films.

(2)Using microwave filter theory and MDS(Microwave Design System), The optimal
design of the arbitrary parallel coupled-line type(APCT) multipole bandpass filters and
planar duoplexers/multiplexers were carried out. Observation of microwave responses
were achieved also.

(3) Fabrication of the microwave HTS bandpass filters, branch-type 3-dB hybrid couplers,
planar duplexers and multiplexesr are carried out using the photolithograpic processes.
Then characterizations of the HTS devices and subsystems were done.

(4) The Design and fabrication of test-jig for the low-temperature microwave measure-
ments of HTS microwave devices/subsystems were done.

As a result, we can pass through advanced technological barriers with HTS-devices/
subsystems and can establish the individual technologies in the field of microwave device

applications.
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lli. Contents and Scopes

<Development Contents>
The main research is to design and fabricate the small and light HTS microwave
element devices and system for telecommunications. In order to achieve these purposes,
primarily, we should produce a high quality HTS epitaxial thin films apt to the
microwave device applications, to secure the original microwave-device design techniques,
and to establish the processing techniques such as photolithography and dry-etching using

Cr-mask. we could fabricate the HTS microwave filters and multiplexers for microwave

communications and measure the low-temperature microwave properties of them using the

home-made test-jig and auto-measuring system.

<Range of Development>

(1) The production of YBarCu3O7x/MgO epitaxial thin films using PLD system and HCS
system, Establishment of processing methods and Characterization of these film, such
as microstructures, surface morphology and physical properties.

(2) The optimal design and implementation of the microwave HTS devices/subsystems,
such as multipole bandpass filters, 3-dB hybrid couplérs and planar duplexers/multi-
plexers.

(3) The fabrication and design of 3-components test-jig inserted K-connectors.

(4) The measurement of the low-temperature microwave properties of HTS devices/

systems and performance betterment of them.

IV. The results and Applications
(1) Fabrication of HTS epitaxial films

In order to apply the HTS films to microwave system, it is essential to produce the
epitaxial thin film, especially, YBa:Cu307.(YBCO) thin films on good crystal substrates
with the c-axis orientation by excellent thin film process-methods such as PLD and HCS.
HTS-MMICs are now being considered for insertion into many high-performance
microwave communication systems where a need exists for components with higher perf-

ormance, smaller size, or lower weight than devices based on convensional technology.



(2) Design and Implementation of M/W HTS Devices/Subsystems

It will take long time in order to practically apply the high-quality HTSC thin films
to the Josephson juntion devices and three-terminal transistors, however, it is expected
soon or later to come true that the microwave devices(with small cryocooler) are
practically used in the field of micowave communication system. Since production of
HTS epitaxial thin films are possible, we concentrated our effort to realize the HTS
microwave subsystems, such as filter-banks and mixers. The optimized circuit-patterns
based on the simulation results for production of microwave devices/subsystems were
transfed on HTS thin film using photolithographic and etching process. The measurements
of .microwave characteristics under low temperature were accomplished using 3-com-
ponents test-jig. Thus, our research is already approached to some steps of multi-know
how planar HTS microwave subsystem. Clearly, Producing a smaller number of higher
performance satellites inserted HTS microwave devices/subsystems could be a very
effective strategy for future space-based global communication systems.
Now, we were going shares with the vacuum industry to establish the HTS microwave
technology for production of film fabrication components, processing components and new

type fab.-system etc.
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Ao 850°C 7kA] &Ao] 715sle, HEY A= X-Y-z HF2R9 o]Fd 9
3 Aoj7t Fhesicl. A W& 243 5] AL dHolHE & Fo] 14
ns 9 excimer laser ¥ 29, XeCl 7}2¢] WA 4] o) 2R3} EFAZRLE L3 9
YR 4.02 eV R2n], B2 88 laser beam 9 EAZEE 45°, RAREE
eF 1 Jem?® g}

Bt e AZE ArY EAd A 4IFE viXE et Y
ARLE, 23 7|9 79 AR 2 &Y F kA 9EE W3R deE
2AH AANMEA AFE Psigcl yBcodg AR F R g LEE % 6
°C/min &} $E2 SZAZFLY, in sitw A= E 500°C oA 1 A7 F3s1gic}. WA,
ARLEE 780°C, AHA2E 200 mTorr ol ZAANFZ, et A} 7|F 7ke] A=E 40



cm 1A 55 cm 74X WA F|EA dtebg AAAFDL T8 ) § SAEE XRD
2 EYR S FAs ofde SEMAE #5353

IR 32000 B3 J1d e A (T-s ) ditd BE T2 H3FolE
et gl A 71 ARt 45 em ol st HA, T,7F FE8A Dol A
= ¢ 4 ddv 2 Al 7R e AT 50 em o] 3L ASNE T.9 3}
o] S ¢ & gt olHT AP FAHE ¢ & ARo] Az A€}
% 45 - 50 cm & HH o AXNNE A9, A4 vede 1.7 2L FelA AL S
¢ 4 st

AR, T-s7ke] A Ao & FTHFZY WIHE 29 3-20), 2(c), 2(d), &
2 ver et 264 & 4 e vkl €A s)we] Azl st WojR )
et AAEA(YBCO $ehe] AAFI} FARE ¢ 4 vk 2@z AR g
gE T, $A2E ¢ & d& HEo] ¥R J|@A el At 50 cm ©] 3o
HE oA GALE o] dojAE & & gk 23 I 3-2()9 FHA Y
ehd F9) Jelele AAA) LA 4E B&v)(bouldeHl, EDX & °]§ 3}
3 AEe E4F A YBCO 9€ € & T I vd 20N A
2 v AR G Astd EAS AT A, T, L0 A9 W)
DS AR 474 AR F de AL TH ad-cluster(EE adatom)E
9 W54 HF(dangling-bond)E Bol 7FAZ 7] o Td AIA L Les+=
DA de A =< 8 4499 ALz FE4E F A ALE dddd,
o)E ¥ slgel ZLEAE vreto] A9 ad-cluster(E+ adatom)2] FALAE F93)
Wie AFE gust gen AR A5Id dFNE & Eg0) ¥ AR
b330

19 A9AAE BEdE 1,9 gol AT & A F, 33 7| 739 AE
50cm & XAA o, o ARE AS FA8% Y 29 3309 8325 T8
9] A®YE 50 cm, FAEFE 200 mTorr & AL, AALSEE 710°C A 780°C 7}
A WA 7|HA YBCO 9t AR W wWe) dALES] AAE el o)
ZA3dl 93 AALESL 720C olstel A T.9 Fkel FAA dojAE & &
At EF AALE 720°C(T, = 88.9 K)E 71H L2 780°C(T, = 87.5 K)& W 3}A Q)
e, .71 234 g8 AE F@3T. IR 3-3(b), 3(c), 3(d) L 3e)dE
AALE] Wizl wg vrute] Fw A (morphology)e] W3E JeEl ). 1)




A & Qe vspe) AFLES Fh3tel 9d), 9 FAA Twe) SRA )
APHE A& ¢ & o

¥, 3719 &49 AA4E BEUE, €A B39 A(TS Ayt AL
EE 2AAINZ, Fagw HANEA 2T AL 29 3-4@99: €A
#F A& A7t 50 om, AFLEI} 760°C Awll Ahgte) Wste] wE T, WiE
el sie. o] Ao osid, st Adrwo] AL oA T, o] T3}
He A& € & o 283 23 3-40), 4c), B 4l ARA A2 W
of wt& W Fx YIE Jeuiglic ke Wd 23 S W)
(morphology)’t WM& A& € & Aok & 4d FFHE 100 mTorr = H& v
93 FdA EAE & dv AE(pin hole) v} Bz A, A: FFFE
200mTorr, 350 mTorr & F7FA71H EW e AF 9 s$rt Fristes AL € & 9
282 A2 A FHLE T.& AN dE RAE & F AT o) g 2
FE YBCOY EAE A7E w £ AAES S dy Az,
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Growing Termperature: 780°C
Po,: 200 mTorr
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Distance between Target and Substrate (cm)

29 3-2(a): B A 719 712 AEE 40cm A 55em 7kA W3 AR 99
(RAALE 780°C, 2% 200 mTorr & ZA) FALE(T)) W3l

1802

- 14yw208KU 18BE4 S744.57

29 32(a): B AF 7)H 29 AYF 40cm 22 FE& W9 ARALE 780°C,
2229t 200 mTorr & 2A) YBCO 2rute) E 9 3 el (morphology).



39 32(c): BT 718 29 AYE 45em L2 P& W) AALE 780°C
A&¢ 200 mTorr 2 324) YBCO ¥hete] 1 8 ¥ (morphology).

108E4 S747,97 1002
3 =

29 3-2(d): BAA F1F e AYE 50em 22 QL W AZLE 780°C,
A48t 200 mTorr 2 24) YBCO #Hete] Ew 3 ¥ (morphology).



29 32(e): B AT Z1F 7o) AYEFE 55em 22 WL W AALE 780°C
k29t 200 mTorr & &) YBCO HHete]l Ew 3 e (morphology).



90 1
[ ]
[ ] L ]
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86} |
3
!"084_ |
82 ) YBCOMO {
] Target-to-Substrate Distance: 50 cm
%0 Po,: 200 mTor
700 720 740 760 780
Growing Temperature (°C)

29 3-3(a): A& 200 mTorr, EFA T 71 B3] ALYE 50em B 252
AALEE 710°C A 780°C 74A] WHARE w9 T, W3}

14m200kV 18OE4 5745-97 1008

29 3-3(b): AALE 710°C(AAE= S} 200 mTorr, B4R 2183 A9 50cm: 23)
oA 42X YBCO W] E9 ¥ e (morphology).



29 33(c): ARLE 720°C(ArA ¢ 200 mTorr, B-R 3} 7127+ A€ 50 cm: IA)
A A7 YBCO ¥ete] E9 ¥ el (morphology).

29 3-3(d): AARLE 760 °C(AF2= St 200 mTorr, BT 7)1 A2t A 50cm: ZA)
ol A A7 YBCO %ete] E9 3 e (morphology).



29 3-3(e): AR LE 780°C(A& S 200 mTorr, EFA 7147 A€ 50 cm: 12A)
A AAANZ YBCO ¥Hete) X9 # € (morphology).
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W 1 a0 2 I M\

OickPressure(n¥am)

39 3-4(a): FH AALEE 760°C, €A 71B3e] AL)E s0em B LA}
A+4=9HE 100 mTorr A 350 mTorr 74x] VAR S o} 1.9 H3},

L um200kU 1

0eE4 5741,97 1802

29 3-4(b): ALY 100 mTorr & 2 8k3 RN YBCO ¥hete] EdH el
(morphology). &, AALE 760°C EtAF 7| #7ke] ALYE 0em E 24



29 3-4(c): AAEY 200 mTorr & FrA1 3t AAA D YBCO Hhute] W8 )
(morphology). &, ARA-EE 760°C €}3} 71 %7}e] ALE 50 cm = A

23 3-4(dy: A&t 350 mTorr 2 A8t ARAAN YBCO 2hete) Twl ¥
(morphology). &, AALE 760°C €A} 7| Bk AYE 50cm = A



. 222AX sputtered YBCO ¥4 @ EJRy

Sputtered YBCO ol#¥tet& 3 inch A L2 248 ILZAE U5 €A
+ ©]4-3l& hallow cathode sputtering (2% 3-5)22 ojwd whalg z) = s}
Ak AL ALAA 40A) A Z(SD slols Hel <k 50004 FA¢] YBCO
& 333 F(A4713e 224 MgO-plate), vebd 243749} AFM 24¢& %
3te] FA9) FUANE A E AF, A 40cm AEAA] A ddsA 3
& U592 o] AxE 29 3-69 () (b)el el el

¥4, EDAX, XPSE 448 AEne £X& :absle) F3d whae) JEw)
(Y-123)& z=Astg e oo W AxE: 28 3-79 ()9 (b)el Jehigdet. o
AR dste =AW E ZF9en 7BAY(T-SA)S W3t dsiAs A9 44
& ¢ 9 282 1-9x AA# 0.5 mmFAE ZE Mg0(100) ¢+2 A
F Y FF L£EE 720CE AT A 300 mTorre Ar + 0y 247}
YBCO utuhg 3417F 33 F(oF 40004 F71), XRD #2248 AANE zA s
Ak 23 3-89 (a)sh (b)AlA RE npst o] X-A AHAYANME HH9 va
7} (006), (005), (003) €22 Vel cHFo2 AT o9 utete] A4S
g8t XRD spo] £ 64 #ZE YBCO(103)d 719 g=art 90° 74 e
vetten, 45° 11749 slas velvx] grol A% 1-AxF YBCO #hehe ab-
B ew duedeA AAg Ao wutelg s,

44212 YBCO/MgO <l=)utute]l Zwl e & ARy 9)ste] AFME o] 43}
o oA E U+ v, YA ZWHHE & 5 Jdoon, o] AF}E 219 3-9
of et 282 23HE¥ YBCO/MgO oludtutel JASEE 86 Kojgle
W T-S Adel W& Tcgtel M3E B GE vHIR 3-10) FAT +/-20mm
HedAE A dAstd



Cu TUBE & PLATE

MAGNET

MACOL
WATER
_k SUPPORTER

Art0:GAS || 25(mm™
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DIA 75mm

L—ANODE

%

KANTHAL
WIRE
SUBPLATE
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TO ROTARY AND TURBO PUMP

29 3-5: Y93 YBCO 4Hetg A2sl7] $1% Hallow Cathode Sputtering
Azde] AgE



(a)

® 2000 AFM height profile
//#\\
1500 y ) . .
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a9 3-6 : (a) FAAZF YBCO/Si ¥ute] 3214 AFM o]n]x).
(b) AFM height-profileZ &€ YBCO o] T-SAT ¢ w2 S7w3



(a)

ATOMIC%

60

50

40

30

20

AT %
ELEM CPS ELEM
Y I 37.8800 18.85
BA L 54.2733 26.07
CU K 53.4200 55.08
TOTAL 100.00

2.80 4.@@ 6.00 8.00
BCNT 8.01KEV 18evV/ch A EDAX

Distance(mm)

a9 3-7 : (a) YBCO/Si ¥ete] AEuH) #4E& 938 EDAXY X-Al 249 EY,

(b) EDAXE A8 YBCO/Si wete] T-S Agel oig Z&v).



(a)

MgO(200)

(006)

(003) (005)

Intensily (2. u.)

(002) ©07)
w JUUL

28 (degrees)

(b)
YBCO(103)
£ R I D I
2 MgO(202)
S U | l

0 90 180 270 360 90
d (degrees)

13 3-8 : (a) YBCO/MgO ugrete] XRD #4 2 7(26 -scan).
(b) YBCO/MgO ¥tete] XRD #2423 (& -scan).



Multi Image Presentation

Mar 15 98 513,YBCO/Mg0O T Mar 18 98 51 8¢, YBCO/MgOTc-0.5
T2-1X1 Te-0.Ex0.5
scan area 1pmX 1um scan area 0.5/m X 0.5/m

1% 3-9 : YBCO/MgO 49te] AFM X% Morphology.
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100

Tzero (K)

-30 -20 -10 0 10 20 30

Distance (mm)

28 3-10 : YBCO/MgO ¥ute] T-S Ao @& Tclzero)2l WEH(R-T FAl)



A 4R vpolazsts e2AE e EAA Ao - 79
7t. vlola s 2 &=AX dqog53 4o A - 74
ditd oz YqES e §44 9 A F(pole)2E EFHW, wpola
23} LR & (resonant coupling) & ¥2o9)= N-e] FA7] 224 FAA}.
B AT AFA AL A EF Bel= 24" A /4 He)(A 1 e AEE
Ze FAZNEA TARD T T 2, 999 HolE Z: IAPAZA #
Bo2 FAEA. 29 4-16s deAe] #PAFAN P es AAY (a) 2-7,
(b) 4-H8, # (c) 6-5 AFE3} He9 2ALE A} A48 MgO 7199 a

7l 10 mm x 10 mm x 0.5 mmt (2-< H¥), 15 mm x 15 mm x 0.5 mmt

(4-5 2 6-5 "HE])ojr}.

—

10mm x 10mm 10mm x 10mm

YLVERLTUT:

(@ (b)

18mm x 15mm

md_,f' dfilm

(©

¥ 4-1: 9] FFAFA e o u g5 el 9 HZAYE : (a) 2-F,
(b) 4-F 2 (¢) 6~ d9%E7 HE (bandpass filter).

£ A7 A 2e] AAs elFEs) 7129 FIAa# Sk (parallel
coupled-line type : PCT)¢ "He]FZx9} FHEE= £ o]HL nlolazst A

—29-



(coupling)ell A s JI& F= FPAFA 218t AFF(coupling gap)&
71E F2e vt v WBmor AAT FUt ke glold. wEpA s9e) A
4 HAGRARE 28 £ de AAEH)E Fus § 5 7] W', ddEH
e & 7|9 37§ £9 5 93 KREE =3 AR sHedid A 995
e mlojlar2EY HEY F317] ZolE oz A, HPAFAN(EFAY)
79 AL d92 Fo2H Fold J% e F4(pole number)7t F7HE A o
53 e E 7E¥ £E don, AR Cdaute e HAY Z22AE wle)z
g3t &71e] 88 F/HA £ deB2E, ofgd HA - FE A+ Wy FLE
o} 2R 4-19) B %o BPAFAL 1A S Eold wlolaRsg AE ASA B
BEE €4 ¢ 93, &4 Fig IFEAE AT W& L&A FHEA 1Y)
A1 test jig)ol A9 21EdA] @olx 3}, 2 EFE L A(distributed device)e]
2R AvERY WE FEIRE FAZ & Aot ol F 1 de] FyZA{A 7
2) &) (arbitrary parallel coupled-line type : APCT) Z-2ZAX J9%3 Qg+
FAFRFIE 12 GHz oA B o] FFA 7AFE FF2E A F3dY
(pass band)*l 4= ) F(ripple)7}t 71¢] 125 AA 315l

Y. vfelzgs§ 2&2AE o5 dYg s 9€ 9 F35 $HEA
AAY FeAe 253} AAX 2% (Supercompact )& o] §3te] HAs
F, o] 2H44q rlelagst $HEHAEAAS ¢+ Sy, Sa FIE ARG HHAMA
g 2-F3} 4-F 9953} " (bandpass filter : BPF)S] A%, A F5:({,)0A
AdEAL 0.1 dB ofstd e, BAEALS 72t 15 dB ¢ 18 dB ol Ae: F£¢
. B Y ZL 2-F 7 4-F Helo) sl Z7} 2.5 GHz(18%) 9 1.2
GHz(10%) gt 2-F3 4-F d9 53 dej& AR G4 4dEAg sl
FANA WHIE A &= gy, 6-F e & 9FIF 4959
T}, FAe HAAFA B2 A EF Qe aIA R 6-5 W F7 UE
€ F57F HL 2-FF 4-Fo vstd A FFE 2F E(skirt) AL BT
th. 28y, 6-F 9 EH Helv $4E 2AE B4 o6 A5y HERA9
AfEA ) 48R RenR AMA 2 AN TS ASEHL Uk AN FH A
Ao EAEA A osid, & Aol MFA AT Pl g ZAe FPAH
g wAle] o g E3d e 4-F BPEAA 72 $48 5A4E 2edE A
& ¢ 4 9. 29 4-29& Ag-doped YBCO/MgO =94 wtulz} F Fn)A)
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@

()

(h)

fot

TAEEE(ZEYZI99),

fr

2% 4-2  ZLEAXE wolaRs}t 2AEL FH

(FEYZI29Y 33 9 EF A T4)&E AHEsto HHAAYD Ay
IS a¥ 4-39% T=36 KellA &3 deZole] g7
A BAY 4-F 953 FEY FS SHFEARYSA SnFt v 4 §))
vedidh 4% FHEAEE)E 115 GHz g2, 34395449 44
< 0.8 dBeldct. it olA Y 4-F W5 W (PCT-BPF)dA g 2
Z APCT-BPF2] #tAE&EA JA A= 4-F) aldste T4 P Adeep dip)o)
A ggtel olAL F5 e dlgste) THIAAE Hole AWM X /4 FAY)
FPAFA)E 7ixle BPAFA A (PCT) BPFE F34 $HEANAE o}

ot
o,
o

ok
4
o
S ol
o
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A
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B S|, ojghgto] qlejRo) HAFAFA A N(APCT) )= Y 53} LA
ZA4Y SEY A5 FPAFA A AP 1H & dgRE EYd #
2}, 39 (resonance}?l W37 A4 BRI dddd 28 L2EAE 4-
F APCT-BPFolA] 348 £7E(skirt) 5AL A4AT A} 2 $93&

2 %+ A%

O=
X
g..
3
s

L |
t
’ T""J [ JI_ N *
L a -l
_ (/ A |
i

: N/ IR\ -
L LN

B OIS Gz pp— .. B § 05

29 4-3: T= 77 K o] 394} 228, 7o) FYATY $A9) 4-F W g
gejo] vhol 2R SFEA(Sw, Su).

t}. vlolazst§ FWY el FA A AA - 74 - A5

AA Y wlelagst FAE AGTE FokRA s foprt vlE HTS-MMIC
(RLZAE Bxejd] wolais A3 R) Mi o, X22AX <=9 9
e 2 MMICsE Adar] fdxe 271, F4, A5 §ol 71&9] vlojazs} 5
of vla) S-aeef stn, Alux o}&r1Ed HF FEF oo} T} oJAH, FA
4 HEA2HEF HE $8%8 A Fo st di%, 289l Fis AsE Y
A AFAA F g 98¢ e 28 EY Himultiplexer)e) et vhee Fuhg
F ZgsE 2dAdA HIe 5 FAFE AYspA dFe AHAEP] 7
ZYA(EE DU 28 EIA DN, o) F o) AFEHDAAE A =2
el Ed A7} gtEeiqlr
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*CIEHEE(multiplexer) : o8 9 327 9l ML TFoR o) L3le A
& Asted 223 FHE AR, F 4979 494 FAA o= s A
g35le] EYAMe) HojFE 75 "1’313}“ IR drg oz 2ni9) gz
nfel A9 g 14 Aoz ?**%D}(‘ﬂ%%-’ﬂﬂi‘aiﬂ s ARFA
oA, p224. RE)<AFEorY 73

* CEH SR (multiplexer : MUX) : ﬂl"lE] %4101]%1 o2 Mel dely A% IJAE
tFsste B 259 oy HAE Ty 9% Axon) BE WE Zea
2 AEEEAAY F 7T ok FALRE F73 7%, sy, Aol
B A% ol A(F=FA7E99 fil - JRFAL)AA, p225. F=)<H|
ole}FAl Hoke] A9>

AE)| S AA e vy yodEa) 3251 (directional BPFs)?] $&9¥+
MNdH e e hdsiet. 53], 544 DA E 2758 494 948 § 9= $353
ejolx)ul, o) Y5 e & FAsE TA719 A57 golx] BEEES

o

Aolst7] ogvks dAE kA WA 1A d95s) Qelhgs A5zA o)
A gol3ta, mlelaRs SHEANE FAND F YEE nlojmzR2EY M
A2 3-dB zelBHdE A{Y| Y BYAFA WA 53 & PAste] Pw
¥ FEAAE TE, A 0T FEYAES A AFAARAEALY rigid
microwave cableg® °]-$-3t.) thill'd (multi-channel) BE] ZSd A& 73l o}

11 4-49 (a), (D)ol vle]lazRst & FW38 FE2Y94 (duplexer)® FA 5 23
¥ (branch-type) 3-dB 3lelBel= Agr|s} FYAFA e 2-F W95} 2
BE 43 FH¥ FEYA (planar duplexer)?] 329 8AE& A3l

f,.,,i,i,ﬁ
| //
4 3 ,
£, 4

(a) (b)
29 4-4 : (@) AT 2AY 3-dB AW (b) FWY FEANY N2,




23 4-5q)¢ Lttt =S 7 ddAd a2AE HeEAA(FE
Ao AARA AFet vNPAs FAHLE FAY WY FJANE AYA Ao WAR
g F AT AL velais $HEAS JYehisid. SAAAE AXEAE P
of & A7 1 % ol LAY ANA & dAFH L, 53] Y&} deld 9
T 5T 2AE EMo] ¢-4EE ¢ F Ak 2Y L T Y (passhand) el
A9 AgiEAle] 1 dB ol e, o)A J1EY FH(AW Ty FEYA R
R 54T Adoln, LLZAE oY wtute] {5 THAHF(R)F 2R
AFR)E Y Wl F7] W&ol AAG F9E AHAE Al Qe

5 T ) T T l ¥ 1
—~~ 0 N .
% L simulatign / : ‘
- 5 \ H N
o -10 / % Jj;
g ' / \ \
= 15 |
o
5 | \
(. "20
(o]
i /
o 25 / i
C ™ -
O
a .30 Marked : 10.93 GHz %L\‘-\
O s Insertion loss = 0.7 dB M
A S T=32K |

40 L . . . ; . . ) .
10.5 10.6 10.7 10.8 10.9 11.0 11.1 11.2 11.3 11.4 11.5
Frequency (GHz)

39 4-5: HW¥ ZL2AE FEYAY wpolagst SRHEAGYT 2192 FH
AAE Ry FEYAY J2AESD)

g, AL2AE duuieten Az vlejawst Late w§ @2 EA(loss)

=2
3 H-AH(dispersion) W&ol £A e AGE JFAJCGEIARER), 2FAZE + &



thREARH). clFolA 4-TE 3|2+ Wk ZH 3] (directional coupler)t} 3ol X
g E(hybrid) Z2¥7)e F2 A-&5d. selBY=E Ayl BE LENG-AB) ¥
M71& 7122 AAEH, INhEZe 90°(=+ 180%)2] ¢4 =H(phase difference)&
Zerh. et YA3AE ol 4de AEE AFSAY AT VeE 23 T
19 4-6 vehd dTAAEAEIAA ¢ FF)L vhelasshg AxAE 90° 5
ol )= AFr)eln), AMi#(branch-line, 4 /45 7|E 22 §) WAL Y3l
EY A 90°9 AR E ZEF AAsgd. 2Ea £ ARl vlelaz2ET
Az K-AYEYE Agste] 7837 @2 A2y vtg 4248 & g

RF 9 vlolagst FAXN2HoA A5E B(ZEF) =T LG E 5 3
A e GE A3 GRS (front-end)oll & A 5ol 43 4F $£F52AE(FAE7,

A7), 933 U R AdFH W] 5 LALA) % opyt AHAN2YE

2% 4-6 : vlojaRSHE FAA B 122AE 3-dB steln = A7)
AEANGE-E AFA Tl AR ).



a9 4-79) Jepd AFA}SAEAA - FF)2 279 3-dB stelHyg=
g7 (coupler)$} 2712} 2-2 9 %3 Hel(bandpass filter)2 FAH PHy 2
ZAE FEYAC)YG B AFS 987 A3 F FAFIHE()7F 109 GHze) &,
g o] 100 MHz! Fu49] AF whE Add § A Fasgien, 454
o|u} o] %A MM (base station)§ A REFoZ AH£3¥},

FF’mﬁ

FeAe) AEAA(2)e) 3-dB stelu s Ags) e

29 47 WY LEEAE F
2709 2-3F W% & FAR).

ZELZEAE odHuyetoz FHF no]laRs}l Lale wl$ B & G IR

& (low thermal noise) ®Wj &4 7 E(sensitivity), 28 E¥ <X (spectrum purity),

-t

4o FAA LR T8 &4 9 (range) T& FAAA 5 g w4
ESM(electronic support measures) 2 #o]t] Alxdle] TLZEALT RF(XHAX
2 o3& 714 4 . §3], ESM

)& A48 A, AT, 27 2 71 FelA

N2e g FAGE HARBL 722AE BFOI AT AS 7153 nEog
BER (delay line) &2, HE ¥ A(filter bank T+ multiplexers), ¥R M
FolA ddAde o7 sx] AH Fspee

(switched preselector) %°|t}. o] &



-
© 7% 3e AN %‘°] Hh 2 %51“33-(@51 EFY94) =& o5 AdetojAo|},
HE A22AE e ZAAE AAFA L ol FEA AT HARFeT 4
2 5 don 53], AAFHS AHLo] wol o] FAZl e EA J)RF 4
AYor FAsa Qek. 213 4-89 (a)9} (b= & A7HY AAEAEAA
IR o] 29 HAY [FIEAME ZA Aol B(rigid cable)® ﬁ
AAA FEF 2-A44 e ZIAAH, (b2 HEZTIHE AFFLL TR
213t low-loss rigid cableg A}£3 72 Lo]r},

A7 A48 FEAAY He A9 sJEo) HE exA
dtete] H7]= 20mm x 20mm x 0.5mmte) ), o]g & A$ U=
A%, IRTE 1At o, AF dqdA e v A4 AS JFEAde
HE|FH A7 7b5sleh. 29 4-9% o) d SFAEE UEAZL 4 = 948 o
TAY HEEHAH Adxeldt. o] A oY 1&2AE wete] =7+ 30mm
x 30mm x 0.5mmtelw, e wet FAAN2Q0 Az A4 AYgA 2D F&
gle] 2
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Microwave Bandpass Filters with Closed Loop Resonators and Coupled Lines

Using YBCO Thin Films
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We report the characteristics of a high-7. superconducting (HTS) 4-pole bandpass filter (BPF) with
center frequency of 3.9 GHz. YBa;Cu:Osx films were grown on MgO substrate (20x20x5 mm") by using
a hollow cathode sputtering method. To improve the stopband characteristics and to reduce the physical
size of a device pattern, we designed a new type microwave bandpasss filter consisting of closed-loop
resonators and parallel coupled-lines. In resonator structure and in connections between input/output
ports and resonators, the stepped impedance lines and the microstrip coupled-lines are used, respectively.
The measured microwave responses of HTS 4-pole bandpass filters were in a good agreement wth the
simulation result except a small shift of center frequency.

1. Introduction

Applications of HTS to microwave passive
devices have advanced to commercialization over
research stage!!l. Especially, HTS microwave
subsystem that can be used at the base-station of
personal cellular communication network is
promising. The subsystem consists of many
element devices, but the size of the available
HTS film is actually limited. It is desirable to
reduce the physical size of a device to the extent
of which the optimum performance is allowed.
We designed a band pass filter consisting of the
closed loop resonators which show considerably
high Q-value and low radiation loss. The
designed center frequency and bandwidth were
3.9 GHz and 140 MHz, respectively.

2. Experiment

YBCO films are grown on MgO substrate
(20x20x0.5mm’) by using the hollow cathode
sputtering method. Film thickness was about
3000A as measured by an a-step profilometer.
We deposited AwTi films on the top of
YBCO/MgO to reduce the contact resistance
between electrodes and K-connectors. To
fabricatc HTS filter. we carried out a standard
photolithographic and wet etching process using

0921-4534/97/$17.00 © Elsevier Science B.V. All rights reserved.
Pl S0921-4534(97)01324-5 —45

saturated EDTA aquous solution followed by Ar*
ECR-ion milling. Finally, we deposited Ag/Ti
films on the back side of substrate for
constructing a ground plane.

To measure the microwave responses of HTS
filter, we placed the filter into a test-fixture and
positioned on the head finger of measurement
system consisting of a vector network analyzer
(HP8510C) and a cryogenic system (RMC-LTS
1).

3. Results and discussion

Figure 1 shows the pattern of bandpass filter
using two closed loop resonators and coupled
lines. We calculated the values of components in
lumped element formm and reconstructed this
circuit using J-inverter.

I b I
Fig.1 A pattern of bandpass filter with closed

loop resonators and coupled lines (MgO substrate
of 20x20x0.5 mm*)
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Fig.2 The simulation data and measured data at
77K.

Using Norton equivalent circuit and Il-type
equivalent circuit, we transformed this circuits
into a distributed circuit with loop resonator and
coupled lines™. In analysis of closed loop
resonator, we used the network analytical method
on the basis of TEM mode. Simulated responses
were obtained using Supercompact™.

Figure 2 shows the simulation results and
measured responses of the device at T=77K. We
obtained center frequency (/o) was 3.92 GHz, and
the pass band loss was 0.42 dB, the band width of
140 MHz, and skirt selectivity of about 200
dB/GHz. The measured result were in good
agreement with the simulation. There was a
slight shift of the center frequency toward up
band by 100 MHz.

From the measured S;; data, we could find a
dip around 3.82 GHz in Figure 2. To check the
origin of dip, we simulated our pattern by
sweeping the values of components in our filter
to the extent more than fabrication error
involved, but no dip was resulted. Package
resonance was excluded because its high value of
40GHz. In simulation, it must be considered that
relatively near component coupling not included
in the current calculation could contribute. Also,
the dip could be resulted from incomplete
coupling between adjacent resonances. The
origin of the dip is under study.

Figure 3 shows the change of S-parameters at
various temperature. In this graph we can observe
the typical character of bandpass filter as the
temperature decrease below the superconducting
transition point(T.= 90 K).

WX
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' x\"
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i
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Fig.3 Measured S-parameters at various

temperature,

We can observe a very rapid change of S-
parameter around T., but find little change from
the temperature of a few Kelvin lower than T..
This phenomena is believed to correspond to a
change in penetration depth of the superconduc-
tor which shows a rapid variation at the transition
temperature and a little change below the
transition temperature. Since the kinetic
inductance decreases as temperature decreases,
we believe that the reduced inductance of the
loop makes resonance frequency (f;) increase.

In summary, for the first time, we developed
a HTS BPF consisting of closed loops and
coupled lines based on microwave circuit design.
We observed that our filter has 3.9 GHz center
frequency and low insertion loss (~ 0.42 dB) and
200 dB/GHz skirt selectivity. From T. down to
36 K , we found that the microwave charcteristics
of HTS filter underwent little change.
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Characteristics of High Power Capability for High Temperature
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ABSTRACT

A high temperature superconducting (HTS) multiplexer consisting of two branch line hybrids and two identical
parallels coupled line type bandpass filters was fabricated with a center frequency of 10.9 GHz and a bandwidth
of 100 MHz. We used single sided YBa;Cu;075 (YBCO) epitaxial thin film on MgO substrates prepared by using
in situ pulsed laser deposition. Electric connection between adjacent multiplexers was easily done with a
microstrip transmission line at the terminations so that the size and weight of the multiplexer could be
significantly reduced. The multiplexer showed approximately 0.8 dB insertion loss and 100 MHz bandwidth in a
range of -10 dBm to 30 dBm. We observed the third order intercept at 94 dBm and the fifth order intercept point
at 86 dBm by using intermodulation distortion (IMD) measurements at T = 80 K. Our results demonstrate the
possibility of realizing a narrow band HTS multiplexer for high performance.

1. INTRODUCTION

High temperature superconducting(HTS) passive
microwave devices have drawn much attention because
of significantly lower microwave surface resistance in
HTS thin films than those of normal metals that have
been used long as essential materials for conventional
microwave components [1-2].  In particular, the
insertion losses(IL) of HTS microstrip type filter,
antenna, and multiplexer were found to be much lower
than those of conventional copper devices.

The passive microwave device is a very important

- f '

%50 Q

Ground Plane

Fig. 1. The layout of optimally designed pattern for the
HTS multiplexer.

component for microwave communication system as
well as a radar and an electronic warfare system, Among
them, a microstrip type multiplexer plays a key role as a
signal channelizer in a frequency domain. It consists of
a set of bandpass filters with different but nearby
frequency passing bands. A function of multiplexer is to
sort out different frequency components from the input
signals. In order to put more channels into a given
frequency band, the bandpass filters are required to have
a narrow bandwidth, a low inband insertion loss, a high
offband rejection and a very sharp skirt property. A
multiplexer made of HTS thin films can be satisfy
sufficiently the above requirements and can be an
attractive alternate to much bulkier conventional one [3].

In this paper, we report the fabrication of the HTS
multiplexer, which has a very high microwave power
handling capability in the microwave range.

2, EXPERIMENTAL

We prepared YBa;Cu;O7.5(YBCO) thin films by using
in situ pulsed laser deposition(PLD) [4]. The films were
grown under oxygen atmosphere of 200 mTorr at the
growth temperature of 790 °C were annealed at the
temperature of 550 °C for 30 min. A HTS multiplexer



was patterned by using a standard photolithographic
process [4]. Prior to etching, we deposited Au(300
nm)/Ti(10 nm) bilayer on the edges of YBCO/MgO film
to form contact pads with K-connectors for microwave
measurements. Top of the Au/Ti/YBCO trilayer was
coated with a photoresist (AZ5214E) of 1.4 pm thick.
The contact pads of a Au/Ti bilayer were formed by a
single etching process using an iodine mixture gold
etchant. YBCO etching was carried out by using both
ethylene diamine tetric acid(EDTA) and ECR Ar-ion
milling. Finally, we deposited a layer of Ti(10 nm)/Ag(2
pum) film to form a ground plane on the back side of
MgO substrate.[4]

3. DESIGN AND FABRICATION

Fig. 1 shows the designed pattern of a HTS multiplexer
composed of two bandpass filters and two hybrid
couplers [5]. For designing filters effectively, we used
the insertion loss method, in which the amplitude and
phase of an electromagnetic signal were manipulated
easily both in the passband and in the stopband because
of a high quality factor of HTS film. We introduced the
2-pole bandpass filters in the multiplexer design which
were composed of parallel coupled-line resonators with
a A/4 line length.

The HTS bandpass filters were designed to have a
strong coupling between the first and the second
resonators so that provided a sharp offband rejection to
improve the isolations. The 2 pole bandpass filters had a
center frequency of 10.8 GHz and a bandwidth of 100
MHz. )

The hybrid coupler is one of the fundamental
components used in the microwave circuits such as
balanced power divider and
combiners. In general, a coupler is a 4-port device with
two ports being mutually decoupled against the other
two ports. We designed a branch line type coupler
whose coupling value is 3 dB. The hybrid coupler is
good for the DC continuity between all the ports as well
as the high power handling capability. The length of
shunting branch arm was represented in terms of
admittance 7./4 line length for the physical and electrical
construction. As shown in Fig. 1, the hybrid coupler
had two sets of arms with different line widths and
different impedances. For a 350 € coupler, the
characteristic impedances of the microstrip coupler are
Z. =3535 Q and Z, =50 Q, where Z. is shunt branch
impedance and Z, is a transmission branch impedance.

amplifiers, mixers,

When microwave power(P)) is supplied to port 1, a
standing wave is generated through the branch ring with
total circumference of A. This standing wave makes the
mismatch between Z, and Z.. Therefore, the A/4 section
between the ports 1 and port 2 with impedance Z, acts as
an impedance inverter. The phase difference between the
port ! and the port 2 is 90°.

The output power between the port 2 and the port 3
becomes to Pi/2. The output power of the port 4 is zero
for out of phase. If the bandpass filters and 3 dB hybrid
couplers are optimized, the next step is link them
together to form a multiplexer. Our microwave HTS
multiplexer was fit into MgO substrates of 20 mm x 20
mm x 0.5 mm.

The HTS multiplexer is optimally designed to have
twin bandpass filters called as a contiguous design. In
the simulation of using the Supercompact™ software, we
assumed that the microstrip lines had infinite
conductivity (a perfect conductor) and the system
impedance was 50 Q using a dielectric constant (g~
9.88) of MgO substrate [6]. The simulation results were
a center frequency of 10.8 GHz, a bandwidth of 100
MHz, and an inband insertion loss of 0.5 dB.

4, RESULTS AND DISCUSSION

Fig. 2 shows the measured and simulated responses of
Say parameter of the HTS multiplexer. The measured
results from the port 1 to the port 4' exhibited a center
frequency of 10.9 GHz, a bandwidth of 100 MHz, and a
minimum insertion loss of 0.8 dB, respectively. Fig. 3 is
the microwave transmission properties from the port 1 to
the port 4 of the muitiplexer.

Fig. 3(a) and Fig. 3 (b) are the measured and simulation
data, respectively. These measured frequency responses
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Fig. 2. The measured and simulated responses of S4
parameter of the HTS microstrip multiplexer.



agreed well with the simulation within the error
ratio(Aff;) of less than 1 %. As shown in Fig. 3 (a) and
(b), the multiplexer revealed a dip at 10.9 GHz in a
broad passband due to the phase difference of a hybrid
coupler and two identical bandpass filters. For example,
if four frequencies £, f, f;, and f; are applied at the port
1, the energy at frequency /£, is divided equally between
the two side arrows of the hybrid coupler on the left,
they pass through the two bandpass filters with the
center frequency of £ and a phase relation of the two
couplers, the signals are canceled to zero at port 3'
because of out of phase, and all of the energy at
frequency f,, emerges from the port 4'. Meanwhile, the
other frequencies £, f, and fo are reflected by the
bandpass filters.

For practical microwave application, it is very
important to know the power handling capability of HTS
materials. Unlike normal metals, HTS materials show
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Fig. 3. The microwave transmission properties from the
port 1 to port 4 of the HTS multiplexer: (a) measured
data and (b) simulation data

nonlinear effects even at moderate power. Because the
conductor of HTS microstrip resonator has a very
narrow penetration depth and a high value of quality
factor, even if the incident power is very low(of the
order of 1mW), it would generate a very high current

density as high as approximately 10° A/cm’. Figure 4
shows the microwave power dependence of the insertion
loss of the HTS multiplexer. The results were used to
investigate its microwave power handling capability
from the S-parameter measurements,

We observed that the insertion loss of the multiplexer
varied as little as 0.2 dB at 32 K while the incident
power changed from -8 dBm to 25 dBm. It means that
the HTS multiplexer could be used for a large
microwave power dividing, combining and matching
network with the compact monolithic microwave
circuits. The nonlinear effects caused by a high input
power are a major concern for certain applications such
as telecommunications.

They include Ry or Q value dependence on the input

power, harmonic generation, and intermodulation
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Fig. 4. The insertion loss of the HTS multiplexer as a
function of the input power.

distortion.

We measured and plotted in a log-log scale the
fundamental output power Py, the second harmonic
output power P,, the third harmonic output power P; as a
function of the input power Pi, as shown in Fig. 5. In the
low and intermediate power regions, we plotted graphs
of both the Py versus P;, and the P; versus P;, from two
straight lines in a log-log scale. The two extended
straight lines intersected at a point called as the third
intercept, which provided a single number to represent
the harmonic generation due to the nonlinearity of the
device. As shown in Fig. 5, we obtained the third order
intercept at 94 dBm and the fifth order intercept point at
86 dBm at 80 K. The values were similar to those of
either a dual mode type filter or a dielectric resonator
filter [7].

5. SUMMARY
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A high temperature (HTS)
multiplexer consisting of two branch line type hybrid
couplers and two identical parallels coupied line type
bandpass filters was fabricated with the 10.9 GHz center
frequency and 100 MHz bandwidth. The microstrip type
multiplexer was designed to be connected with a
microstrip line between the termination channels. From
the high third order intercept of 94 dBm at 80 K
obtained in the intermodulation distortion measurements,
we expect that the HTS multiplexer could be used for a
large microwave power dividing, combining and
matching network with the compact monolithic
microwave circuits.

superconducting
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