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Background of the Invention

25 High temperature superconductor (HTS) filters
have applications in telecommunication,
instrumentation and military equipment. The HTS
filters have the advantages of extremely low in-band
insertion loss, high out-of-band rejection and steep

30 skirts due to the extremely low loss in the HTS
materials. 1In a typical design, HTS filters and mini-

multiplexers are comprised of spiral resonators.

Filter performance is highly dependent on the
35 frequencies of the resonators of which the filter was
comprised. In turn, variations in circuilt parameters

such as resonator patterning, substrate thickness and



difficulty in producing the desired HTS filter pattern
i ncreases as the nunber of resonators or poles in the
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resona
dielectric rod. However, since the resonators
generally vary in a random fashion, each pole of the
filter must be individually tuned and the tuning of
each pole affects every other pole in the filter. The

25 tuning process can typically take hours to perform.

Humphreys, U.S. 03/048,148, and N.J. Parker et

al, 2000 IEEE MTT-S, page 1971, disclose tuning a
microwave or RF circuit by directing a laser beam onto

30 the microwave or RF circuit so as to alter the
material properties of selected areas of the microwave
or RF circuit. Results are disclosed for a simple
microstrip A/2 resonator and a pseudo-elliptic filter
comprised of 3 simple microstrip A/2 resonators. They

35 disclose that it is easier to increase the resonator
frequencies than to reduce them.



providing a nmethod for tuning the characteristics of
such a filter by tuning individual HTS spira

WO e®ons08s s . Summary of the Invention This i nRENUS®N4/039332

provi des a nethod for tuning the resonance frequency
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resopaboeteoan.be decreased by ablating the high

t enperature superconductor at the inner end of the

hi gh tenperature superconductor spiral of the spiral
resonator. Laser trimmng at interior |ocations along

1othesﬁmﬁaryeapeﬁgguﬁgvgﬁgggﬁonductor spi ral resonator

results J i Tncreases or decteases in the resonance
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hi gh. The resulting resonance frequency shifts from
multiple trimmngs are additive. This invention al so

provi desTie neéS6Hahoe EuBiREntPecti htBigh temperature
erature SUpE[CondUCtor
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of 6H5éf"eﬁ5”5¥c%héhﬁigﬂggemperature superconductor
spiral of the spiral resonator. The resonance
frequency of a high temperature superconductor spiral
resonator can be decreased by ablating the high
temperature superconductor at the inner end of the
high temperature superconductor spiral of the spiral
resonator. Laser trimming at interior locations along
the high temperature superconductor spiral resonator
results in increases or decreases in the resonance
frequency depending upon the location of the trimming.
Increases in the resonance frequency result when
trimming at interior locations at which the current
density is sufficiently low, and decreases in the
resonance frequency result when trimming at interior
locations where the current density is sufficiently
high. The resulting resonance frequency shifts from
multiple trimmings are additive.



t enperature superconductor spiral resonators with a
| aser beam This invention also provides a nethod for
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superconductor planar coil by ablating portions of the
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the planar coil or at the inner end of the high
temperature superconductor of the planar coil. Laser
trimming at interior locations along the high
temperature superconductor planar coil results in
increases or decreases in the resonance frequency
depending upon the location of the trimming.
Increases in the resonance frequency result when
trimming at interior locations at which the current
density is sufficiently low, and decreases in the
resonance frequency result when trimming at interior
locations where the current density is sufficiently
high. The resulting resonance frequency shifts from

multiple trimmings are additive.

This invention also provides a process for
forming a high temperature superconductor circuit
element, comprising:

a) forming a film of a high temperature

superconductor material on a substrate; and



element .. The circuit elenment can be a spiral
resonator, a filter, a coil or any other useful high
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Description of the Drawings Figure 1 shows an -pole
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SandtheSof,the%ffpolefl_lter of Exanple efore ,
the |aser tTSHAHY F G hifkntsERErF ¢ie esupehewsductor

5the S and thelrd Hatl orpdl editdes of Exanplecdiafter
the | aser trjnmm of the invention. Figure 5 shows
the rect ang%]leé?_,erg%ﬂal resonat or used in Exanples 2-4
and the locations of the material renoved . Figure 6

ons, LOPBECROPRIEE CYLNER: Ryl LETUSREL SR O conatpr, o
spi an]rtffésoﬁétiéi usedany ekhapl vsebul hndht hemperature

10! 008LpeRSoAtuLbE- TBEREbALAEETOVEd. Figure 8 shows the
resonance curves and frequencies for Exanples 5-7.

Figures 9A and 9B show the rectangul ar spiral
resonator used in Exanples 8-16 and the | ocations of

LhepppLerbaL oregpyed Fyoie 10.ghons Lhe rectanaular
vari ous Fbgureohssbowshenr @epahgufal tepi campresedabdr .
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inter-reésonator couplers.

Figure 2 shows a rectangular spiral resonator
with some trimming locations identified.

Figure 3 shows the S,, and the S;; of the 8-pole

20 filter of Example 1 before the laser trimming of the
invention.

Figure 4 shows the S,; and the S;; of the 8-pole
filter of Example 1 after the laser trimming of the
invention.

25 Figure 5 shows the rectangular spiral resonator
used in Examples 2-4 and the locations of the material
removed.

Figure 6 shows the resonance curves and
frequencies for Examples 2-4.

30 Figures 7A and 7B show the rectangular spiral
resonator used in Examples 5-7 and the locations of
the material removed.

Figure 8 shows the resonance curves and
frequencies for Examples 5-7.

35 Figures 9A and 9B show the rectangular spiral
resonator used in Examples 8-16 and the locations of

the material removed.



and the locations of material renoved in Exanples 17-
20. Figure 12 shows an enl arged view of the inner end
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of the inv
frequency and the peak current density for each of the

near corner locations where material was removed in
Example 25.

Figure 15 shows plots of the shift in resonance
frequency and the peak current density for each of the
inner edge elocations where material was removed in
Example 26.

Figure 16 shows plots of the shift in resonance
frequency and the peak current density for each of the
outer edge locations where material was removed in
Example 27.

Figure 17 is a plot of the frequency shifts
observed in Examples 25, 26 and 27 versus the peak
current density at the location where material was
removed.

Figure 18 shows the S,; and the S;; of the 8-pole
filter of Example 28 before the laser trimming of the
invention.

Figure 19 shows the S, and the S;; of the 8-pole
filter of Example 28 after the laser trimming of the
invention.



Figure 21 shows the S and the of the -pole filter of
Exanple 29 after the laser trinmng of the invention.
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center frequency of the HTS filter as well as to hold
the center frequency essentially constant while

adj usting the response within the band pass region, or
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t hehigle oémpelaserebgapet@onductor spiral resonator.

20 This method provides for readily increasing or

decreasing the resonance frequency of the high
temperature superconductor spiral resonator. The
present invention also provides a method for tuning
the characteristics, such as the filter

25 characteristics, of a high temperature superconductor
filter comprised of at least two high temperature
superconductor spiral resonators by laser trimming one
or more of the high temperature superconductor spiral
resonators. This method makes it possible to increase

30 or decrease the center frequency of the HTS filter as
well as to hold the center frequency essentially
constant while adjusting the response within the band-
pass region, or to both change the center frequency of
the HTS filter and adjusting the response within the

35 band-pass region. When the HTS filter is further
comprised of HTS inter-resonator couplers, laser
trimming the HTS inter-resonator couplers decreases
the bandwidth of the band-pass region. Laser

7



abl ate high tenperature superconductor materi al
Typically, an HIS spiral resonator, or filter
weomsns®ed of spiral resonators, is prepared PCT/US2004/039332
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i
TR e $97 CeRSPEPEENCHERY FANExERg| BTS aRdTad
f urtdmsnalescrobeti ttere. Figure 2 shows one of the HTS

spsSpiral resonators. This spiral resonator
A novel one-step process for creating the HTS

filter from the HTS film is to laser etch the HTS film
to form and tune the filter. This technique can also
be used to create HTS resonators, HTS coils and other

25 HTS circuit elements. Preferably, the HTS coils are
planar coils, i.e. surface coils. A laser can be
programmed to direct the laser beam to impact those
regions of the HTS film that are to be ablated by the
laser beam and to avoid those regions of the HTS film

30 that form the desired pattern of the HTS element.

An 8-pole or 8-resonator HTS filter comprised of
8 rectangular HTS spiral resonators and 7 HTS inter-
resonator couplers is shown in Figure 1. An HTS
35 filter of this design was used in Example 1 and is
further described there. Figure 2 shows one of the
HTS spiral resonators. This spiral resonator

comprises a high temperature superconductor line of
8



conprises a high tenperature superconductor |ine
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rectangul ar, rectangular with rounded corners,
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Fi gpigcdd dactrasesntbalr epenaneeif Eeq¥eneYtune the
20 frequency of the spiral resonator. This tuning pad
can be a high temperature superconductor and can be
ablated during the lager trimming process to adjus?

the resonance frequency.

25 It has now been found that the resonance
frequency of a HTS spiral resonator can be readily
increased or decreased by trimming the HTS spiral line
at particular locations. For example, trimming, i.e.
ablating, high temperature superconductor material at

30 the outer end of the HTS spiral, e.g. at location 2
shown in Figure 2, increases the resonance frequency.
In contrast, trimming high temperature superconductor
material at the inner end of the HTS spiral, e.g. at
location 3 in Figure 2, decreases the resonance

35 frequency.

The resonance frequency can also be readily
increased or decreased by trimming at interior
9



The resonance frequency can al so be readily increased
or decreased by trimmng at interiorlocations along

WO b@sieEBsepi ral . Interior |ocations are any | OREL/USI084/039332
along the HTS spiral between the outer end 2 and the

ner e . I tions to_ 8 on ,Figyre . .
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st heqblkSe8BEr #h, tBESPcd6R8AMS eRWIELR rwh@% k%ﬁﬂ&h%@ at
is on the outer edge of the HIS spiral |ine
| ocitFGhLeY i?cﬁﬁlgﬂé'lﬁﬁgr (ddg8Cdf thRemaPgi Hﬁﬁapf the

Ilnéréngncyoch&hgés depefds 5naﬁﬂe810FaEHbﬁ along the
e 0 e nge_i.n_resonance frequ
1 Aar e 5ot IR F oCAERBLAR SBPUERe faBH« AAE = Siven

|nn1ng
d|fﬁE$EﬂnC€o@h@n@nshhaH§SdBpﬁeaénta@sbrdepeddBSbhlwhether

Th at .o u S er
10/ oot eelal ek oLl S bt Ef LIS Lt Bhelibrtis
out tned§e- gnd @ﬁﬁ%%oédéé @r PhetBESinNAE. engﬁ @fgthenHTS

amogpt rof 1Meherial gt rigpediohbese is g bhaeaF relation
between the current density at t he trlnn1ng ocation

and the change in frequency. Trinmming at interior
Iocation@haﬁ @epeﬁdéheecutrené drasgkyihsrkpvnbasel ts

At t
15:202% %ﬁeggfﬁﬁ Iaé%%rgéﬁrﬁgn?r58ﬁ§??|8§ thfe fact
naghh@@d@lﬁferﬁ@tlh@¢@asensnhaesodaﬁﬁerénquenrynt
becgogsi spak! errhiorethe §aU§r§QPHBR % Eﬁkgghegdﬁﬁ%ﬁty at

tripmng locations where the current density is
t 1t Her PRk ut eeat ires detprasehe nHT ReSPisahahine, fna

fremyemégn ghe dargeredihe §Hﬁr§ﬂheﬂe@§%éYO§ttﬁe HTS line.
tion, the Iam%u tPth decrease i n,the_resonance

zofredﬁﬁﬁ%y bhtai HE ot AMPEPF IR hl GFigHeEnt tBpTe is a
trilimemr relation between the current density at the

trimming location and the change in frequency.
Trimming at interior locations at which the current
density is low results in resonance frequency

25 increases. At trimming locations with somewhat larger
current densities, the magnitude of the increase in
resonance frequency becomes smaller for the same
amount of trimming. At trimming locations where the
current density is high, trimming results in a

30 decrease in the resonance frequency. The larger the
current density at a location, the larger the decrease
in the resonance frequency obtained from a particular

amount of trimming.

35 A location, such as an interior location, at
which the current density is sufficiently low such
that the resonance frequency is increased when the HTS
spiral line is trimmed at that location will generally

10



A location, such as an interior |ocation, at which the
current density is sufficiently |ow such that the

WO e@sns38e frequency i s increased when the HTSPGPUSZENN4/039332
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densiilly Hhatruillly haodueecamrentr caseiel deeredse gidater
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nTEed FBoFRoge o RhgblS FEr BVANErETeRy friigty observed.
IocaﬂongsthetHTG aperﬁérlenaughTaboagmmhe HfScumneﬂt
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I|ne at the current densities
arergﬁPﬂﬁéFéan?QHﬁgﬁYaﬂStﬁ@§e hewgieans inyardsdply in

resonaneedf EgquaBey dgppeases when trimed. A's
i ndi cat ed above, for a given anount of trinmmng the

decrease in the resonance frequency is nost effective
i n regi orsrobxhinghest tetimnénty dersittynslarger 6 are far

d f . for l aser

150 11 REERERap IPBEaENanaS, SRAran e SEer Fheatherarnd,
res@nét@recgnnehemhsneraedggh@f ther 8AS dpngsiefly liime, such
eXp@ﬁéedtﬁgd099§@ﬁ¥egen§9€9@%egrgosh%%ﬁc&%éEanz{gﬁp%t
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denaébyeabéﬁaWh@ﬂ BrimBECh hs Eﬁﬁhﬁ&%bdfb%gb%hefor a
corner, has the Igmest curre&é_ nsity of .these three
Hows'St

201 oceLYERs2MQHATt REr BFHPRL §CLREFFedl Sher Feppnance

resbnaguency is most effective in regions of highest

current density. Larger decreases in resonance
frequency occur for laser trimming at location 4,
which is closer to a spiral resonator corner where a

25 higher current density is expected and observed,
compared to that found for the same amount of laser
trimming at location 5, which is farther from the
corner and has a smaller current density. Location 6,
which is farthest from the corner, has the lowest

30 current density of these three locations, and
therefore shows the smallest shift in resonance

freqguency when trimmed.

The magnitude of the increase or decrease in the
35 resonance frequency depends on the amount of HTS
ablated. Choice of various different interior
locations provides a different sensitivity, i.e. a

different magnitude of increase or decrease in
' 11



frequency when trimed. The magni tude of the increase

or decrease in the resonance frequency depends on the
Wa@ems/53086 HTS abl at ed. Choice of various diffRCEEE2004/039332

interior |ocations provides a different sensitiV|ty,
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desF?é@miﬁquQQCVI mokewef bhehiigiévideafleHTEr egiendy
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deowehsebéhﬂmbﬂmﬂmddth of the band-pass region

20
The inter-resonator couplings between adjacent

HTS spiral resonators in the HTS filter are provided
by the overlapping of the electromagnetic fields at
the edges of the adjacent spiral resonators. In

25 addition, as shown in Figure 1, HTS lines can be
provided between the HTS spiral resonators to serve as
inter-resonator couplers. When HTS inter-resonator
couplers are provided, these couplers can be laser
trimmed to decrease the bandwidth of the band-pass

30 region.

The method for tuning the resonance frequency of
a high temperature superconductor planar coil is
analogous to that used for tuning the resonance
35 frequency of a spiral resonator with one exception.
Trimming high temperature superconductor material at
the outer end of the HTS planar coil increases the

resonance frequency. The resonance frequency can be
12



The method for tuning the resonance frequency of a
hi gh tenperature superconductor planar coil is

w@pasoses to that used for tuning the resonank€r/us2004/039332

frequency of a spiral resonator wi th one exception.
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end spiral resona he resu Tfhg
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In aflcé ghe enbodinenis desciibed,abgvencibshe in,

preferred that the high tenperature superconductor is

sel EEFFITD ??ﬁpiﬂ%ﬁpl%%ﬁ%?gt?ﬁgt%ﬁ JecpaEgeuio |
Tl Beefan &€y, F{ddidn Sy faud Qriaed (FiRh) Sy &8 gﬁgglnﬁEr

oSingle crysta strate is independent sel ect ed
O from (?heé gt ot pl%%ﬁsjf%???@t%¥ LaAlD re%glﬂg NpEonance
sappreqeerqdyr hi)ftandixgoartzltiple trimmings are additive.

In all of the embodiments described above, it is
preferred that the high temperature superconductor is
selected from the group consisting of YBayCu3Or,
TlzBapCaCup0g, TlBapCapCuszOg, (T1Pb)SryCaCusOy and
(T1Pb) SryCansCuz0g. A single crystal substrate is
independently selected from the group consisting of
LaAlO3, MgO, LiNbO3, sapphire (Al,03) and quartz.
LaAlO3 and sapphire are preferred. The presence of a
buffer or intermediate layer of an oxide on the
substrate before the depbsition of the superconductor
can be useful in promoting growth of the
superconductor f£ilm. Reference herein to “depositing
a film of HTS material on an appropriate single
crystal substrate” will thus include direct intimate
contact with the substrate as well as intimate contact
with an intermediate or buffer layer on the substrate.

13



LaAl O and sapphire are preferred. The presence of a
buffer or internediate |ayer of an oxide on the

wamsismse before the deposition of the supercpomius1004/039332
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can be useful in pronoting growth of the

superconductor film Reference herein to "depositing a
filmof HTS material on an appropriate single crystal
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bel G UTre 38WHddHSHent s of the invention on which the
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26 29 SHE SOMEICATTI DR ATE T 618 ity APEat 2
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trinming cHA LRI BY alhy appdidaRerd e, or i mage
projection nmask is used to configure the |aser

0 demagni fication to a 50 nm x 50 nm square

25
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In Examples 1, 28, 29 and 30 that follow, the
following apparatus and procedure are used. A 193 nm
excimer laser (Lambda Physik LPX,D 220, Gottingen,
Germany)‘equipped with 0.1 pm precision X, Y, Z, theta
stage and with in process and targeting cameras is
used for the trimming. A rectangular variable
aperture or image projection mask is used to configure
the laser demagnification to a 50 pum x 50 um square
spot. The laser voltages and variable transmission
ranges are configured to yield between 500 and
1200 mJ/cm?. Preferred is a 12x demagnification to
provide the 50 pm x 50 pm focussed square spot with a
yield of between 750 and 1000 mJ/cm?. The substrate
with the filter is mounted onto a copper filter mount.
A ligquid nitrogen fixture provides a reservoir for
liquid nitrogen and enablesg electrical connections
between the filter and the analyzer, an Agilent 8753
Vector Network Analyzer (Agilent Technologies, Palo

14



spot. The | aser voltages and variable transm ssion

ranges are configured to yield between 500 and 1200
wordidososPse Preferred is a 12x demagni ficati on POI/US2004/039332

provide the 50 nm x 50 mm focussed square spot with a
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The liquid nitrogen fixture i's nounted onto Y

, Putheda shaghand-pass| zegionTREORILAL B §&rﬂ9@eaﬁust
be pbasaivith the focal point of the |aser. Laser
gtest bursts are taken onto a non-critical area of the
The copper filter mount with the mounted
substrate is secured onto the liquid nitrogen fixture.
‘The liquid nitrogen fixture is mounted onto the X, Y,
Z, theta stage of the laser. The filter surface must
25 be planar with the focal point of the laser. Laser
test bursts are takén onto a non-critical area of the
filter surface to ensure that the laser is in focus
and both cameras are aligned. An aluminum cover is
placed over the filter and secured onto the copper
30 filter mount. The aluminum cover has an opening that
extends over the entire surface of the aluminum cover.
The aluminum cover provides a support for a quartz
window that is secured to the aluminum cover with
tape. The quartz window contains liquid nitrogen
35 boil-off over the filter, and prevents condensation
and/or frost from forming on the filter surface while
allowing the 193 nm UV radiation to transmit through

for trimming. A temporary liguid nitrogen fixture
15 '



filter surface to ensure that the laser is in focus
and both caneras are aligned. An al um num cover is

wp@b@smpsBoever the filter and secured onto the cPEPE82004/039332

filter mount. The al um num cover has an opening that

t he ntire rface of. the al um num cover.
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nlnutes RF cab s are then connect e i nput
out PERlBESEhe Pﬂﬁﬂéﬂ BhfregeRhésnet Rl éddﬁ@zep the

Li qui guiiit hegeBgks Shewliyeaddgdrigithankiiquiig Rist FOgenN
e Lesery gui d nitrogen

f
conb it RoLERoRRABRIEANHEB! heoPEheaRbuRe FRRLIEE: Foe
of famotnt thetl baiild offragenlf tkeulequedpaai-deen S

158t8@i££5§g Eé%@@k%ké%&'?@ &gn b?fl 88T'r§§ bgélgﬁglon can

observi ng Fesponse as darspl a
anab9z@@nflh@edehvophﬁ?rVﬂqgldhﬁlﬁﬂégem regponeeceger

I's aeopyedeantdy | ager 2£9¢ §e§nd @ﬁ@”ﬁ@h gnue. tlﬁgﬁﬁd
confirmed by _taking additional test sts ro he
qua?%Erﬂﬁﬁﬂ0§F5ﬁ8r6nF@VSrnéﬁcF?WPBQﬂ aﬂealaﬁerhéocus and

flIb@mmswli@ﬁmenﬁhérépbbﬁflfﬁéanﬂ%oﬁékﬂﬁgtB@d&thbﬁél test

20arebggg££e€g¥o£8£ Eﬁé"&hggtz ngow and onto a non-

25

30

35

critical area of the filter surface. The spiral

resonators of the filter are now ready for trimming.

Example 1

This example demonstrates the use of the laser
trimming method of the invention to improve the
characteristics of the band-pass region of an 8-pole
filter with the design shown in Figure 1, while
holding the center frequency and the bandwidth of the

band-pass region of the filter essentially constant.

The 8-pole HTS filter is produced using double-
sided T12Ba2CaCu§% films on a LaAlO; substrate and
prepared as follows. A clean, polished single crystal
LaAlO; substrate, 75 mm x 35 mm x 0.5 mm, was obtained
from MTI Corporation, Richmond, CA. Off-axis
magnetron sputtering of a Ba:Ca:Cu oxide target with a

stoichiometry of 2:1:2 is used to deposit, at room

16



Thi s exanpl e denonstrates the use of the |aser
trimm ng nethod of the invention to inprove the

w@b@sasioes i stics of the band-pass regi on of anPepPuUEm®04/039332
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filter with the design shown in Figure 1, while .

hol ding the center frequency and the pandw dth of the
bandSPRES FHEFor S6P The U 11 { 7" eQBeRP AN Fy PESHEFAE.
TheBap6heCHTSxfidkt é&r lims optodbottt wdideg ddullhesistédtiate.
Ba 2 [ on_.a~LaA.O t r-at d _prepar,

Fol [an. oepoans"BaP CalCOoRebr " a8 Beto o0 o
subsBigkeandshagh g &% ofmehioges rirmp fwadootst &i-Aed -f r Gine

MI pEeepeEali @Rl nRighimRd, t&A11%hhtad $yRIRRENARg it in
sputtering of a Ba:Ca: u oxide target with a

st ofchi bftet PROHF 201Mnusegsal 8§0depbli Fhegpresence of a
r oopbedper at utareab@ulr128h Qa, Cano AMRARNDUD Or oSO his

Ba: Ca: oxi.de fil m ontd. botR |?%s of the_ substrate.
Thi COURRF pRbOEBR: i DGobR e TF A0 nT S KBuF S80ERe Bowdex
t hi vkxandehadiffeseischicotrber prefuabout f21in 2ndTheacts

pregurgoE  f| LSl iat £6 %ﬁppaling it in
airﬁggﬁ anE%n¥8§wiE§$egﬁg%$%%b (G PEM% e presence of a
powder m xture of Tl Ba Ca Cu,0 and TI ,. Wen this
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m xture, diffudes’to fgé pr €Cyr so filmand reacts
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The sample is then coated with photoresist on both
sides and baked. The filter design mask with three
filters of the design shown in Figure 1 is prepared.
The -HTS lines of each resonator are 300 um with a gap
of 50 um between the HTS lines. The drawing in Figure
1 is to scale. The filter design mask is then placed
on the photoresist covering the Tl,Ba,CaCu,0, £film on
the front side of the substrate and exposed to
ultraviolet light. The resist is then developed and
the portion of the Tl,Ba,CaCu,0, film exposed when the
resist is developed is etched away by argon beam
etching. The remaining photoresist layer is then
removed by oxygen plasma. A dicing saw is then used
to section the individual filters. One of these

filters is used in this example.

The filter is then mounted and preparations for

trimming are made as described above.

Si11 and S;; are measured for the filter before

laser trimming and the results are shown in Figure 3.
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Ba 2 CaCu 2 O 8 filmon the back side of the

substrate. The sanple is then coated with photoresi st
woerososissi des and baked. The filter design nmaBKT/WE1004/039332

three filters of the design shown in Figure 1 is

prepared, The HIS.lines of each_reson are
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5theh89a£h§ntﬁé thac Ll @ée&ﬁch§’Ehh”tﬁépgg%@wwﬁ%%_b&ethe

resi st i s devel oped is etched by gon_beam
et cRPRG-PFAE Fedarhi R Eﬁét&lé%?ﬁ ersg?@?:lﬁélf/héﬁnstant

rean@dpbycegggageﬁlasnan Atékatmgesawblanﬁh%@s@&QdaﬂQy
sectgon t he nd|V|d al fkgﬁers e filt

SdsPfiS FPS 685 P LFRYy TREoPAER Lo SEn-
andTpispangt i enbefuon BtlhhenguEEE padeods thesepied of

oab°¥ﬁe f%PQE ﬁ&?aﬂeéﬁgBﬁQtEQr t@ﬁlé'E%ﬁ%e@?%%$hﬂé@%ﬁance

rrmmng an e resu are shown
spufaequéagﬁapér§h@fsphéaiurﬁépnaﬁ@érmeﬁrlmméng at the .

fol bovengehases bbhmﬂgdmgl @oH@nhEOEhmglenﬁes%f%%mance
provi ded bﬁ??ge anal yzer. The al is to inprove the

 haf 8 cReRFUFEASDE! St @ sh S %@%ﬁ%@p&%}m@f
t heintbiel brequandyuaddtirhembagdetdtheobuthe kaddof the

pa fon of the filt entially.constant
15 oS E eI B Re BB rpErafie B REt R L L BRRt PE ry S te
san@th@r eamhabfrehenspbrab-tesmmangrshemetusnstOPPed and

trimming is begun at an inner corner of the spiral
where the current density is sufficiently high so that
trimming would result in a decrease of the resonance

20 frequency. Trimming is continued at this inner corner
as long as performance improves. This process is
repeated with each of the resonators in turn until all
8 spiral resonators had been trimmed. The process of
trimming all 8 spiral resonators is repeated 4 more

25 times. The number of iterations is dependent upon the
filter performance achieved in comparison to the

filter performance desired.

811 and Sj; are measured for the filter after
30 laser trimming and the results are shown in Figure 4.
Comparison with the results shown in Figure 3 for
these coefficients before trimming show that the
center frequency and the bandwidth of the band-pass
region remain essentiaily unchanged. However the
35 magnitude of S;; in the band-pass region has been

lowered, resulting in improved filter performance.
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Trimm ng i s begun at the outer end of the spiral of
the first spiral resonator. This raised the resonance

wo e@qusiey of the spiral resonator. Trinmm ng apCT/Hig2004/039332
outer end is continued as long as filter performance

as and S continues to inprove. If initia
e ESQ 9Y4|nn1ng at the outer end of the spira

nakes pefhespnasemmbeseafrer chlmics edr cany uefinghsoatleer EM
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striamsngpyesl dregsdhtoirnagqdaeneaserat et el £5203ACE iy
freggencgﬁoTrlnn1 is continued at this inner corner

g™ G8°peRFor MATECPRYr BV eSNSTHIS ppédxedsrrsonator
r epatredawidhiseanbunt st BE pp3anabvar sti ﬁhteu bRt bhdablf

b t
bri Pasner LR 0e  Bhe  PaS 8RR Rr o PeTFT e bielu aThe
t|n@@bSHh@tﬁuh@@raothicbnassonﬁ Ds5depemdent] apdﬂeﬂbetric
10;'|é8ﬁ89§ﬁéoéﬁaﬁge g&hhgﬁeg f?aﬁgngﬁaésgﬂdtg %g? side.

|ter perfornmance desired are nmeasure
filtae %P%E@ll5@%@“@?@ﬁnﬂﬁglﬁnénth@aF@sGpﬂ§a§tewshbwnhe

In Frant esflde 6@”@Hé|§QBsﬂkéﬁetheAr§§tha shawa, '%hlch in
ure 3.for thf e oef% cients before trimmng _show
g?r?ﬁ%l%%nv%v dr BGudn éaahd ihe- baRBIBEAUSS HRE film,

bandspansthegb@@kreﬂaenoesshetsabbyraﬂéhanghd.gkbﬂ@déa

15thet8§996§%ge ?é é&&g wgf%%sgg ?Baséigggkgnaggsagfen
per$@$ﬁ%®%@nE&ﬂnﬁ$@5f20m Thesepérahpkresonatoraepi ed to

OUt h Ak NG gb1 EM:gpEtwar e, obtained from Sonnet
Sof t war e, %?EQ Li verpool, NY 13088, to sinulate the

performance of a HTS splral resonat or and denonstrate
the chanfe® FRCEdeIwbIBnERtEa} r 6gEePRyOBf ShawnHIg Figure

20 spi 5 al s r Sseeah Ofonf: Ofh¥agiuWBaei®HNt STRE abhat{,98:8L of
thqjggterlfg@ resonator are 308 um with a gap of 44 um

between lines. The resonance frequency of the spiral
resonator with no material removed is 1.8607 GHz. As
shown in Figure 5, material is removed at the outer

25 end of the resonator to simulate the removal of HTS
material there by laser ablation. The amount of
material removed is a cut of depth d and length 1 as
shown in Figure 5. In each example, the depth of the
material removed is the same, i.e. d = 44 um. The

30 lengths 1 of the cuts are 44 um for Example 2, 88 um
for Example 3 and 132 um for Example 4. The resonance
frequency is next determined for the spiral resonator
of each of the examples. The resonance frequencies
are 1.8613 GHz for Example 2, 1.8617 GHz for Example 3

35 and 1.8621 GHz for Example 4. The resonance curves
and frequencies are shown in Figure 6. The increases
in resonance frequency from the untrimmed resonance

frequency are summarized in Table I.
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the spiral. The follow ng nodel is used. The substrate
had a thickness of 0.508 nmm and a dielectric constant
woRo345meel had a front side and a back side. TPET/BEpI00a039332
resonator is in intimte contact with the front side
of the substrate. A ground plane, which in practice
woul d be a blank, i.e. continuous, HTS film is on the
back side of t he substrate. TﬂEEEgIounded top cover and
si de wal I % %he Circui.t mfﬁ |C|entgy far
fron1the spl f esonatorEed g hav&ﬁﬁ&ﬁ% g1 bt
effect. The rectangul ar sgiumal resonat@esﬂmmmma n
Figure 5 is chosen for the sinmulation. ths
5of t he spiTat—Tresomator are 308 nmw lﬁggaiﬁﬂgid%é%l
between |inés. The resortthce 4#equency of Phé spiral
resonator wisth no materigd xegmpved is 1.8607oGHiz. A's
shown in Figure 5, nateréfl is_.renmoved at the outer
end of the resonator to mal 5t® the renovat®of HTS
material there by |aser ablation. The anount of
mat eri al % ' c ept.h and_| engt a
10 shown in E?ggrggghﬁlg Hémﬁkgggﬁ% e%hFhéngg %ﬁeoﬁnt%ge
mat EpEahangrolsgabsneiieofapespiirel desomﬁtWWIwhEne
|enﬁ&Bérian1Eh8b§HEédaE§oé4tHE1Bﬁ%eﬁxéﬁa'%fzth%8
for Ex nd 132 nmm for anpl e The reson nce
freg %nE?SPgaﬁéﬁtfH@ﬂE?ﬁ?HeanF6?aﬁﬁé §SFﬁaﬁSr@§6ﬁator
of machrohlt he exaspkas. The resonance frequencies are
1.8613 Gz for Exanple 2 , 1.8617 GHz for Exanple 3
and 1.8621 GHz for Exanple 4 . The resonance curves
andExewgleachFeg are shown in Figure . The increases in

resonanc q 0 h - a

fro encgh%%é SRARNICE oL nEqll BUTDRE, B3R RAR sppe

Tri SE¥esphEvanseand Fhﬁ1Famésﬁﬁahéagﬂﬁéqueneyal
(N+Eésonator and substrate used in Examples 2-4. As for

15

20 the resonator of Examples 2-4, the resonance frequency
of the spiral resonator with no material removed is
1.8607 GHz.

As shown in Figure 7A, for Examples 5-7 material

25 is removed at the inner end 9 of the resonator to
simulate the removal of HTS material there by laser
ablation. The location of removal is shown in detail
in Figure 7B where the amount of material removed is
shown to be a cut of depth d and length 1. 1In each

30 example, the depth of the material removed is the
same, i.e. d = 44 um. The lengths 1 of the cuts are
44 pm for Example 5, 88 um for Example 6 and 132 um
for Example 7. The resonance frequency is determined
for the spiral resonator of each of the examples. The

35 resonance frequencies are 1.8605 GHz for Example 5,
1.8603 GHz for Example 6 and 1.8600 GHz for Example 7.
The resonance curves and frequencies are shown in
Figure 8. The decreases in resonance frequency from
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2 44 x 44 0.6 3 44 x 88 1.0 4 44 x 132 1.4 These
exanpl es denonstrate the increase in the resonance

wo e@aosey of a spiral resonator when materi al PEBUS2004/039332

abl ated fromthe outer end of the spiral . The

res ance fre ncy increased nore as nore material is
%du E%éwgﬁgsrgs?n?ﬁ8§e LERARENey are SHFYR&dzedt in

u5|ﬂgbﬂhe1§ane Sonnet EM software and the sane

rectangul ar spiral resonator and substrate used in

Exanples 2-4. A s for the resonator of Exanples 2-4,

t he resonance frequency ofTABEEs@'raI resonator wth

50 mat erfabnpeaoved | 5.4, 8607 Gl A Spshoun Ln i gure
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35

7A, for Exanples 5-7 mat er|a 5 renove Re‘'nner
end 9 of the resonator to (&Ml ate t heResppeakeof HTS

material there by |laser ablation. The kegghbARymz)
renmoval Ts shown in detail in Figure 7B wiere the
anount of nBterial remdved i*¢ shown to b ¢ut of depth
d and length . In each4axaﬂmme the deptm(ﬁ t he
material repoved is th 4S54 mn . The

|l engths 1 of the cuts are 4 nn1for Exanﬁi 5 88 mm
for Exanple 6 and 132 nm for Exanple . The resonance

frequenOYhé§ed§£§ﬁ§1@§ddéﬁﬁn§@fa§8'Eﬁ% a8898§E8r18fthe

each of the exanpl . The resonance frequencles ar

1. SEUFRFRCE oﬁrﬁﬁ%ﬂlﬁé ol 3 spoBabFesenakrunphens and

1. 8600=GHF1 f D& &kﬁaﬁé@ Ef@mT@Eerﬁﬁﬂéﬁnéﬁdcéfvﬁﬁeagﬂlral

frgﬂﬂgng $ 0 2L & € wn 1N Flgure The decreases in

resonance: Preguency” THoRthe ST cB8hant® FPEguency

ar eniginedl zeel remJedde |ThiTABREhdd E&RatphendTinsi ng

Sl 2& dKE88S € Fdhuency is subject to the proviso that the
depth d of the area to be trimmed at the inner end of

the spiral of the resonator is small compared to the

wavelength A of the propagating electromagnetic wave,
i.e. that the depth d is less than about A/50. If
extensive trimming is carried out at the inner end of
the spiral, i.e. such that the depth d is greater than -
about X/SO, the resonance frequency will increase with
increased trimming.

Examples 8-16

These examples are carried out using the same
Sonnet EM software and the same rectangular spirél
resonator and substrate used in Examples 2-4. As for
the resonator of Examples 2-4, the resonance frequency
of the spiral resonator with no material removed is
1.8607 GHz.

As shown in Figure 9A, for Examples 8-16 material
is removed near a corner at the inner edge of the HTS
spiral line of the resonator to simulate the removal
of HTS material there by laser ablation. The three
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TABLE IIT
Example Trimming Size Decrease in Resonance
(um) Resonance Frequency
Frequency (MHz) (GHz)
44 x 44 0.4 1.8603
44 x 88 1.2 1.8595
10 44 x 132 2.3 1.8584
11 44 x 44 0.1 1.8606
12 44 x 88 0.8 1.8599
13 44 x 132 1.6 1.8591
14 44 x 44 0.0 1.8607
15 44 x 88 0.5 1.8602
16 44 x 132 1.2 1.8595
These examples demonstrate the decrease in the

resonance frequency
{

material is ablated

of a spiral resonator when

from an interior location on the

inner edge of the spiral where there are higher

current

reducing the resonance frequency for location A, which

densities.
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| ocation C . The material renoved is shown in detai
in Figure 9B where the anount of material renoved is

W@ b@aos53086 be a cut of width d and | ength . | n PEDNS2004/039332
exanple, the width of the material renoved is the
same, | cuts are

e. d = 44 . The lengths 1 of the

20 i PAPERRlnbPetE, COFRSRG T, “BE TPt S OBedn ol 2d ot

, l2eandt¥Siandxp82ten.f olLocEr&nphed 16. feheesdancehe
ffega§gg¥ %§tﬁege%ﬁ5@§% T QL8+ S Blchdl 5L SRR LW

eac of the exanpl es. e resonance curves are similar

i n shapéerodeRESasSRoWA FRSPRGTCEs fEcagNenCYTHOT the same
sresgRgpee bredueneies .andobhe idecrease s art He@SONBRGE the

fromthe untrimed resonance frequency are

frequenc n
sunﬁarn%édWFﬁhTSB?eSmﬁﬁie?ABEErFﬁPtE§§ﬁ§ﬂ§YT' iShgwed
Si zenhbegmaatestndBegenanee ipmrepoRaseraice guee@ye ey the

Freguenc VHz 44 X 0.4 1.8603.9 44 x 88
1 o 4PRCHs oAbt phats | dhsaabetaity iR Gegonhoe
1. 86@6qt2nds LoB8E@ABP1e8399183144sxthd2 0.6 MHE591 A4
lO44 éaéﬂ Qoga igﬁg7tﬁé #éséggﬁcg'%r%q%@%%glge%%eés£%?nmre
1.2 1.8595 These exanpl es denonstrate t ecrease iIn
t he2FeBBhRanBatEEdGleAby L6/MO¥SEpi ral resonat or when
material is ablated froman interior |ocation on the
i nner _edge of _the spiral where there are higher
curfﬁﬁﬂggﬁﬁsigiﬁg. Abl ation is nost effective in
reduci ngThheer egsampitee brequemneyetobultocatingn SAnnet EM
whi ghi se e ner hi r
1500 ot vashs: et rLnbll LEPhSondRs, BRTkEaRet I
f r ofivRsPool, NY 13088, to simulate the performance of a

HTS spiral resonator and demonstrate the changes in
the resonance frequency of the HTS spiral resonator
for various amounts of ablation at the outer end of

20 the spiral. The following model is used. The
substrate had a thickness of 0.508 mm and a dielectric
constant of 24 and had a front side and a back side.
The spiral resonator is in intimate contact with the
front side of the substrate. A ground plane, which in

25 practice would be a blank, i.e. continuous, HTS f£ilm,
is on the back side of the substrate. The circuit box
size 1s 11.264 mm x 7.48 mm x 5.0 mm. A rectangular
spiral resonator shown in Figure 10 is chosen for the
simulation. The line widths of the spiral resonator

30 are 308 um with a gap of 44 um between lines. The
resonance frequency of the spiral resonator with no
material removed is 1.88671 GHz. Various locations on
the spiral resonator are indicated by the letterg a-n
on Figure 10.

35

Figure 11 is an enlarged view of location a, the
outer end of the HTS spiral line shown in Figure 10.
As shown in Figure 11, for Examples 17-20, material is
23



corner wwth a smaller current density and showed
smal | er decreases in resonance frequency for the sane

waolegsos30ed abl ation. Location Cis farthest frpoT/UR®04/039332
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a”dtﬂédsﬁl§59”Eeébﬂ&tégdoﬁ Raek %Ed%ﬁeTﬁﬁaﬁph%@h.
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of FRECBABSEr GREVeRA fFBufduplake inngherei fopiEhesiecshown

woul fl Begarbkapkand. €. CQRE'@é@@ﬁanHESfEébﬁbnbie@nah@ﬁthe
back side of the substrate. The circ

e SBArriess 7 HgTRRPRRECE FREREAE, SO Shesp LA Tned
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simul ation. The Iine widths of the spiral resonator
are 308 mwith a gap of 44 between |ines. The

-resonance frequency of theTaBLEalVresonator with no

20shown in Figure 10.

25

30

35

materi al grappyed is 1.8867% G, Manious | ogakigns . an
the spiral resonator are indicated by the letters a-n

on Fi.gure 10. Figure 11 isR&FOBRP&Cged vi ewFgpquency
location a , the outer endrekdukeddiSnspiral |i(gz)

1.83 1.88854
18 1.01 1.88772
19 0.21 , 1,.88692
20 4.38 1.89109

These examples demonstrate the increase in the
resonance frequency of a spiral resonator when
material is ablated from the outer end of the spiral.
The magnitude of the increase depends upon the
location ;f the ablation and the amount of material

removed.

Examples 21-24

These examples are carried out using the same
Sonnet EM software and the same rectangular spiral
resonator and substrate used in Examples 17-20. As
for the resonator of Examples 17-20, the resonance
frequency of the spiral resonator with no material
removed is 1.88671 GHz.
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As shown in Figure 11, for Exanples 17-20, materi al
i srenoved to simulate the renoval of HTS materi al

W0 b@sos39g6 | aser abl ati on. The anount of mat eri BET/US2004/039332
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renoved in Exanples 17, 18 and 19 is a cut 44 nmm w de

and 88 mminto the end of the HTS |ine at | ocations a

, a and a , respectively, as shown in Figure 11. The
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1. 89109 These exanpl es denonstrate the increase in the
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rec angul ar splra resona or an substra e use
ExaﬁprﬁgslarzoslmléaﬁoﬁntﬁbapésﬁﬁatbpsﬁfSE@WﬁpH@SFlgureS

17-g0gnkhg .r e8ABaRE8onance frequencies and the decreases

in resonance frequency from the untrimmed resonance

frequency are summarized in Table V.

TABLE V
Example Decrease in Resonance
Resonance Frequency
Frequency (MHz) (GHz)
21 0.55 1.88616
22 0.53 1.88618
23 1.38 1.88533
24 1.60 1.88511

These examples demonstrate the decrease in the
resonance frequency of a spiral resonator when
material is ablated from the inner end of the spiral.
The magnitude of the decrease depends upon the
location of the ablation and the amount of material

removed.
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frequency of the spiral resonator with no materi al

renmoved is 1.88671 GHz. Figure 12 is an enlarged view

w@RoososmB6 on n , the inner end of the HTS spi rBCT/UBI064/039332

shown in Figure 10. A s shown in Figure 12, for
Exaggles 21-24, material is renoved to sinulate the
P S material there by |laser ablation. The
anount ofthimt exbableerisyedrrmcbxanml esi2y, t22 apthe2Fonnet
corLes u 4 n
of Fﬁegﬁﬁgaﬁgg Ang Ehé E%EWE%%t% %ugglng%bectlbggdﬁg%or
frOéme@j

e at locations ™ n

as shdwaubatEpger eseg 1T1h@X§m§’lll¢lS a7 -Rit-er iAS

5i N Eé@695€0%4o%0E&§%99@@s1&02@ Cyt A4 SHOHHR the
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of the HIS |ine_across the whole wdth of the HIS
andofn8heafBdrBy Fﬁ§0€96§§ WAtEhee HPEELHadf qﬁ%ﬁﬁ%@
12. 1Thesresonance frequency is determ ned for the
spiral resonator of each of the exanples. The
resonance curves are simlar in shape to those shown
in Fi gur®stérand isThenbasdndmceltmeqd@meteﬁdgajdﬂuxhe
10d€ec ses.iLnqr ance. fre k4 :
resgﬁgngé ?gl ¢3QRane t% QUERGY o d#@%dﬂg&g . %¥n in
V EXagpre Décfc@a§émuﬁaﬁéséﬂ?@n@@mé@énéﬁc@1ﬁ aqFereypl at

Ff e%H@BEYlBNE!%)Loﬁ@"%& 3bs@:5abha836H0 22Qm0 3l EREES

requency are summari ze

88533 24 1.60 1.88511 Th se_exanpl.es
niﬁgﬁFapgstﬁé B6@Fe&s ETReEhe T & gﬁgbggFéﬁﬁency of

a spesahategonatrbe \amemniaiosr nr@ltexaaablr@tre;dre‘d @ tdaeh

i nner_ e d of .the s y I e of

dec?easg agpéﬁds EEOn%thgﬁﬁoca i O o%% %ldggg%loghghEUt
t hebageaun® Sotimmaweri dlrome rincedea®esiyplocorner to the

location indicated and is 44 um wide. It extended 88
ym into the spiral line. One such cut is shown at g
in Figure 13. The resonance frequency is determined
for the spiral resonator with the material removed at
each of the gimilar locations near the corners b-k
shown in Figure 10. The resonance curves are similar
in shape to those shown in Figures 6 and 8. The shift
in the resonance frequency observed as a result of
trimming only at the location indicated is plotted in
Figure 14 for each of the locations b-k. Current
density data is obtained by simulating a 1 volt source
applied to the spiral resonator with no material
removed. Peak current density is readily obtained
from simulation data, and is used herein as a measure
of current density. An alternative, however, would be
to use the average current density at the area being
trimmed as a measure of current density rather than
peak current density. The current densities obtained
using the software are linear current densities. The
peak current density, with no material removed, at
each of the locations b-k is also plotted in Figure

14.
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This exanple is carried out using the same Sonnet EM
software and the sanme rectangul ar spiral resonator and

wgaaiwsosmBe used in Exanples 17-20. A s for thePCT/US2004/039332
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resonat or of Exanples 17-20, the resonance frequency
of the spiral resonator wth no material renoved is
1.88671 GHz. Material is renoved fromthe inner edge
of the I—I'I'$csrpi1rcaia’djic1$rela,t tﬂtmré ntera osmd bt ationsnth- k

sha t

maltCYegr}llé ag#Jcaese oca:f“ﬁ5 ons gelggeéﬁglgggt ?%%ftréach

t heeg@lllocﬂatcrm@set simebesenapehet refuehey HTSFepi ral Other
re%%%ﬁé&onéT@héﬂg&ﬂfeﬂé @@ﬁ@fﬁﬁl1§ef@Y§Qlﬂél$aﬁhgher and

location js a cut 44 mmw de and 88 mﬂdee g

beddif % Jrﬁnaave;a%ﬂ%w@t%@e%%%%tslebﬁer t G-t fedecrease
I ocailﬁs?]mce@tgﬁe@m@lncﬁ 44r.ovawd oe. gl haextradrtigB8st
mminto the iral line. such, cyt 1s_shown a

Fi Jite St Sjr%%o%%%ciéh? rgﬁ teRey (ig%cde &rni fie é? dntflce
t heEJSEmmemcy escohat orexatpl ¢ héemaretratesenbabdthe eachal

n e ruer 0 in

B oo e s QIAMLONEr D8N LV oC AR BEI g Pusc8TTHD
t o thbweirdowh YariPysrdasteriny 10q%%l@ﬂﬁf@ndntbﬁé PEhe

resopange &f eSuPnSYmeRser ¥ed asy ﬁvéﬁsdhbuﬁﬁ bEi MEtAagial
only at thelocalonlndlctedlsp nFlgure 14

{
f or CIBEYE of IERRPHD AR bR O?atfﬁﬁlr%?‘l tﬁ%néﬁ(}‘m 8fa s€
obt@h ngge byustamt adléngi gy lavothasolocetapplied to the
spiral resonator with no material renoved. Peak
current density is readily obtained from sinulation
datBxampbe i 36 used herein as a nmeasure of current

density. Tﬁ@saéigﬁ paLi ye. hppeygr puoykingeche Héﬁetbgnnet
aver age current enS|t at the area bei ng tri nmed as a

me a8 r @O BHEWRLE r 2RE E]éﬁs?f“ye r E?EEanHéﬁrpéﬁkré&r FERPRator

den&m&ysuﬂb@rgﬂér@@édd@ﬂSEkamﬁlgbtanngd USABgfbhethe

software are | pnear cyrren nsjiies.
resonator ok Examp 5 98 ££e resonance frequency

of the spiral resonator with no material removed is
1.88671 GHz.

Material is removed from the inner edge of the
HTS spiral line at interior locations that are midway
between the corners b-k shown in Figure 10 to simulate
the removal of HTS material at these locations by
laser ablation. The inner edge midpoint between end a
and corner b is designated as ab, the inner edge
midpoint between corner b and corner c¢ is designated
by bc, etc. The amount of material removed at each
inner edge midpoint location is a cut 44 um wide
extending 88 um into the spiral line. One such cut
for the inner edge midpoint between the corners e and
£, i.e. location ef, ig shown in Figure 13. The
resonance frequency is determined for the spiral
resonator with the material removed at each of the
inner edge midpoint locations ab-jk. The resonance
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peak current density, with no material renoved, at

each of the locations b-k is also plotted in Figure
wQ@Ze05083080cation b , there is a small current PENE51094/039332

and a small positive frequency shift, i.e. a snal

i ncrease in resonance frequency. For all other

| ocEET RS 2FR iffteAt dBnshepei sor ERaepyvERGWRi dReFighges

thegeahs @. negadi ¥piftegHenny ﬁéb&hanbeefréqd@ﬁb9ase
i n resonance frequenciE ch tion, has t he

I ghest .
cur PRATT WS E y? ahGst E%Wma greRg fh kg§o§8ﬁ8510n
fr etmeheyedhis pxanpké danﬁﬂgﬁrates fhat ethd sffi thk

! SOl Or £ gs0NARGE: LLEGUENCY ,6an.Re.ad] USLEALRY densicy

tl‘l ng a sInterror oca S an
anndataoisadPU@LnedtanéeSargbeénlanﬁaﬁmpéﬁ gat endalthe

[ eMBYEx gepeads agngmsyl0ﬁ§£h0ﬂoo&aEE@lgnl&@h@gea  8e

e current density at that | ocation,
Th.sa@&a@%|%h$slss@Fﬂ@aSoab u&i A Pﬁéosgﬁetssénép Ewsure
sof {mare and the sane rectangul ar spiral resonator and
substrate used in Exanples 17-20. As for the resonator
0of Exanpl es 17-20, the resonance frequency of the
splral resmomtbac&tianOahaaedihb rehevedairs $m88671

reculPHF Bhnbtsi YA, Lo BBk oac sdugtheh ey cue,
betmeen smeltonnersasesSh@wﬁes@nang@rérsquﬁ@cs'nuﬁéseall

theoEﬁQ9V§509E15E§ PRLeELReat H@ﬁ%@t&oﬁﬁtk%ﬂ%tQWely
| aser abl ation. The inner ed i nt betwee

15andhéghper Bnfisthesrghst adng agﬁvet%EeHHﬁQFyéﬁ t T.e.

m dpoistrbebween @ééﬂﬁbnbeaﬁdeqaéﬁey C m&edemquMQﬂé with
ter

o) B BlSonT 12, SHRAEL B TRLEL! Sy eARL 2 s 5o
ext erdbngn88 fwregneocyhe Fhilsakxkhinpée Crmongtiradgs frdet
- theyjongp; edge. oidpgint RRLAGSACENS LQLARS ©adNbe
20 adjusted by trimming at various interior locations and
that the amount of adjustment, for a given amount of
material remove, depends on the location of the
trimming, i.e. on the current density at that
location.
25
Example 27

This example is carried out using the same Sonnet
EM software and the same rectangular spiral resonator
and substrate used in Examples 17-20. As for the
30 resonator of Examples 17-20, the resonance frequency
of the spiral resonator with no material removed is
1.88671 GH=z.

Material is removed from the outer edge of the
35 HTS spiral line at interior locations that are midway
between the corners b-k shown in Figure 10 to simulate
the removal of HTS material at these locations by
ablation. The outer edge midpoint between end a and
28



f, i.e. location ef, is shovvn_in Fi gure 13. _The
resonance frequency is determ ned for the spiral
WO e@snsdes with the material renpved at each oPCT/82004/039332

i nner edge m dpoint |ocations ab-jk. The

res curyes qare simlar in shap to those shown in
‘3?2@82 ég IFRISTREE PR Phe SEET FeiFefEfPO1nt
obsbﬁﬁ@@eas carnesubt aofl toirmeirng cml yﬂe&tlg&ﬁ&eldocz@t en ,

i ndigat edrhs emehhedoenmgkgeasll§e&%% %gnof ghngfr

[ nner edge m dpoi nt [ocations ab
dat 899¢ BhfEPABE é§0§§9@ﬂ|b§da|QUEx&ﬁme 25 danextteading

5peak8cumr£ﬂtodﬁﬂélEﬁlrﬁﬂtmlﬁe mepae alchempyet, EaEhe
each of th Iocaélons ab- k is also plotted in Figure

15. OFBFT) % 4ti Bn PBBn’énBe weephgpe ﬁPé gmard &ber eprner
densj t i es. ahdcatmbh ppSs|, tweshbﬁﬂueﬁc}h§hﬁet 3$3.1 - @he

an eque al | other
OCaT T ORe Chet EOPRERET ALRaTEyor S P et ProFpenFRRERL
and-¢Prerates ulhbgehevmateeannrgmeheﬂtatleachaof the
Lodeco@ase daqé eRoBBBER: | SOUENCY gﬁﬁat;gggagggopﬁnce

t he hi gher curren denS|t|es ave d
regﬁﬁﬁﬁ%% FFRoBEREYAY THi sSkapapte @bﬂﬁﬁsﬁhaWe51nhEugures

t hes spidt a8 . r eBlOaERI FE ef*l@”@ﬂ@eréé@l?%l??%?’f?%ggtglﬁgﬁs nd
t varjous in
adJ Atﬂ?% exgvegrmcltélt ng%g%‘ﬂ?ﬁ Tt 1MRHRS 2071 Vet akBaniogption
natié?dla@atreedrwe plepesd sionFiderd otat f6n @échhsf the
t : c%{]ﬁ: c Py,
s I :Jl:daqﬁﬁ e&& f‘gb I %é(%%%oeglgss%ar ]ged og‘tlrﬁ?ﬁlﬁg
t hélSOe YSoter BV eoffaine@ amdeser Hoee mecEaangplerzs
spiaral mwwrcﬁ@eﬁywﬁﬁ useg g @ﬂﬁ%?g 17-20.

A S for Pe resonat or of Exa 'es 17-2 resonance
4

freé of2lt HAEpithIt fFees]d?Fa%%?OWt#bnoJk' is also
matpdrataled eimovieithurse 1188671 CGHz.

20
The dependence of the peak current density

with outer edge midpoint locations along the spiral
line varies considerably. The current density has a
moderate magnitude at ab’, toward the outer end of the

25 spiral line, increases through a maximum at location
de’, decreases to a minimum at gh’ and then increases
along the spiral line toward the inner end. The
frequency shift changes correspondingly. For
locations along the outer portion of the spiral line

30 the frequency shifts are negative, i.e. there are
decreases in resonance frequency. The frequency shift
is small and positive for gh’ and then becomes
negative for locations closer to the inner end of the
spiral line. This example demonstrates that the

35 spiral resonator resonance frequency can be adjusted
by trimming at various interior locations, and that
the amount of adjustment, for a given amount of
material remove, depends on the location of the
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Material is renoved fromthe outer edge of the HTS
spiral line at interior locations that are m dway

whedas®sinse he corners b-k shown in Figure 10 toPGi/IBioat/@39332
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the renoval of HTIS materi aI at these | ocati ons by
abl_at.i on. The ut er 0| nt betvve n.e
andEGFRE Y i's de?ng%g‘[ e&ug SR AT yg(;uattel&c'{nea ge

m dpeiatitidmet ween corner b and corner c is designated
by be' , etc. The anmount of material renoved at each

outer edge mdpoint location is a cut 44 mw de
ext endi ATBRTHACM MG thh Exgpilel 26 whoweh& e HEghmimg by

th%h%uts%rmee%%dﬂtd@@ Rt g}qe;éwq@dgtqcﬁpcalax@otﬂ@esplral
corner b, i.e. location ab’ I S shown | Fi g ﬁ-fgf
Thé 1F€s G c& ldqdeh FHite qdidemhsidd st Cﬁ%ﬁ ing
r e&&na&@td hairt hHéWQ:Lﬁ‘ﬁw iiad arle:mg/&dleatlr&mﬂ‘]h @igd hef the
outer edge poi. Nt atio The res
cuﬁ\}é? are tg Q=Y aperrksrmfnhlﬂsqe e lnnl ﬁfpﬁr es
6 é.n:d:atlﬁm@ giu fand thI He Fesomdrec @ d naﬁmlrtoa;dobselramﬁ
t d
d%lcrr%% ttfaemy r%mr e?rhetcﬂ?eﬂcﬁ%a 'ﬂhrﬁrﬁ‘ﬂ&g?aé@

otted |gure outer ed

m amem q%ﬁww& job’. aod Ment dedBragpata |s

obtaihad &6 1@?%Qﬁdllleq_ridiré§é@'§3|ﬁ1 &Sa@rteégck@r&eeak

current density, with no mater,i al, renpved

he G Bs dit GREETR S STHASEY B g 48 and
Thmﬁ&p@m@ﬁmﬁ'ofretshﬂumhhmwhm denssane vi¢drengerin
ed esm dpoj ntf]iﬁqq& s along the spiral line varies
consi é)er ent density has a noderate

magni t ude at ab' tovvard the outer end of the spiral

line, inRey eRsRHIIVAWR R MRUJIRIEMe | SE A hONEerent

decreases to a mninmum at gh" and then increases al ong

t hélenwiityl In we e tch & hen irdrf &sitd . O S r
shifide ltange o o rispandinvgint &mrtﬁmaimg)rsst al 1ongr 1 dve

ouéer Orc%riﬁgnaffrgf q_}épl ralaell |1nlené heF{éSQéJeW ﬁ,g“lléts
plot of the frequency shifts observed at the various
locapions in Examples 25, 26 and 27 versus the peak
current densities at those locations. The resulting
shifts from trimming at interior points along the
spiral line is approximately linearly dependent on the
peak current density at the location of the trim as
shown by the line drawn on Figure 17. It is believed
that i1f the frequency shift had been plotted versus
average current density the linear fit would be even
better.

Example 28

This example demonstrates the use of the laser
trimming method of the invention to lower the center
frequency of the band-pass region of an 8-pole filter
with the design shown in Figure 1, while holding the
bandwidth of the band-pass region of the filter

essentially constant.
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decreases in resonance frequency. The frequency shift
is small and positive for gh' and then becones

woe@atsines f or | ocations closer to the inner enBCDUS100€039332

spiral line. This exanple denonstrates that the spiral
resonat or resonance frequency can be adjusted by
trimm ng at various interior |ocations, and that the
anount ofhadBupbirentiI'sf dilaegi ven pawoweedofusaceri a
re”B%Sengﬁafﬂgsgﬂe Egﬁelggghbaﬂ %fa%h%%%ﬂnyﬂuﬁxdm(}e 1.
on the curren ensity at that ocation, Conpar i sOn
wth Exanple 26 shows that trinmm ng by the sane anount

sat a gi veRel geatibenial aRantle SPUr dhrebiaR@ Gy aud t

in quite different results dep%g%}n on whet her the
t unFRMMATg| 8RE TRES AfereEGge fREVFi-ne or the

outer edge. Trimm ng at inner edge |ocations gh and hi

i n Exanpl.e 26 ulted in |ar ecreases. 4,n_t he

r esonanc&¥ raé]éijgsf?éﬁrerrrﬁu?ﬁ’ﬁ% t Oo%ttgk%e elegietef%(r:ba fore

gh' lasdrhirimmiBgaapke t22 resulltedare simivin ilmcfigses 18.

ol N the resonance frequency. In contrast, trinmng at

i nner edge de and_outr edge de' resulted in about the
same decABgsEPiiatesEH oree@lerdy. Tid t@anvinsiarient

t he1bgRer taAgRi gl Lhe sCuihert dehsiby ith deifr Mdddigbed
the effect on the resonance frequency of .a .given
ann&ﬁtE&PmpgﬁnﬁfngHQWeWFFér@&PCIo&gﬁi@R?%ﬂﬁhufﬁﬁﬁaexample
spi nal thi teweki ghee chAtehowseguenoty of tthe foeguares

lSigia%élgggggéﬁg aEh%h?ﬁé%%gg%%.%&C%%%o§%ﬂd1 éﬁﬁon of’
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rsus curre lensi t1es at

t hosgel déateonessThs leddyl ciong tamith,t & imemng iRy at
it ghi 9hnRYI BESnaORE the $RiiRah dMmers mRpoddmial v

i nearly dependent on the peak current density at th

| oc ZESERAEPTL WBSKE fnhss CYRERR-toyelivd Ty Aé cﬁvd%wwdr?nt Y

Fi guighl so khaics thehingved wdald idedihe fifregueneyrediid tof
hadt%%egegggg%%% %%%%%ncy. Trimming continued at this
. inner corner as long as performance improved.
Trimming is then shifted to the outer end of the
spiral to determine if trimming there improved
performance. Each of the 8 spiral resonators is j
trimmed in a similar manner. The process of trimming
all 8 spiral resonators is repeated 6 more times.
Larger frequency shifts are accomplished with the
first few iterations, and finer tuniﬁg and
improvements in S;; and S, are accomplished with the

later iterations.

Su,aﬁd S,1 are measured for the filter after
laser trimming, and the results are shown in Figure
19. Comparison with the results shown in Figure 18
for these coefficients before trimming show that the
center frequency is shifted downward about 6 MHz. The
magnitude of S;; in the band-pass region has also been

lowered resulting in improved filter performance. The
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average current density the linear fit would be even
better. Exanple 28 This exanpl e denonstrates the use

w@booslossoB@ser trinmm ng nmet hod of the inventi onPCDUSZINW039332
the center frequency of the band-pass region of an

e filt wi.th. the design shown in_Fi
ol BRRGVERE bR RAARH: F26r PRESbARE: BRoE g ShFTé 211y
filtechesgedtially constant. The -pole HTS filter is
produced using essentially the sane procedure as used
in a hg 1, The filter is nounted and preparations
for are nmade as described above. S and S are
Smeasur edThop ehampilet eempapoiratessehet piseniong taed lelser

resgk&ﬁm§ﬁ§ %QEH@d‘BthHHrQn%éntIB% $Bi kal gesPRAlRES e
of er underwent |aser trinmng in a manner

si ntFafAuescynat BBscPpBedPrASEXSApPrE PL. 2hoRePerle filter
si ngethhenhgoaksk gnt BhewaxanpFeguset a ! sznet lﬂl@l@qlﬂlb‘EH:he

FBhaARta8h, P Ranc Azt L6 o 100, e shapu

10conesaeht1aﬂﬂynbngstanbegun at an i nner corner of the
spiral of the first spiral resonator where the current
density is sufficiently high so that trinmmng would
result iBha 8eppéasETSf fiheciredonBrodurecqyerdy.

Tr'@HbEHtEQT&ynHEQ §5mbhp§obaa§&ecg%nﬁ%e@$150@&a%®1e 1.
performance inproved. Trimring is then shifted to the

outer end of the splral to determne if trinmng there
15|nprovedTnerEQnﬂaﬂceS mEaabedf ahbep@eppirbiliohes arat or s
is trinmed rocess of

he
Lo bR eSS B8 etk 8 BRRAE B ERBEIT S % rore

times. Larger frequency shifts are acconplished with
the firsg fewd ts%{%&‘ ONRsa AL | f]'beﬁ 1154" glh@élﬁ before
|rrproveman S I n an are acco shed wt
laser trimming and the resu s are shown in Figure 20.
20
The gpiral resonators of the filter underwent
laser trimming in a manner analogous to that described
in Example 1. Since the goal in this Example is to
( raise the center frequency of the band-pass while
25 holding the bandwidth of the band-pass region of the
filter essentially constant, trimming is begun at the
outer end of the spiral of the first spiral resonator
in order to raise the resonance frequency of that
resonator. Trimming continued at this outer end as
30 long as performance improved. Trimming then shifted
to an inner corner of the spiral of the first spiral
‘ resonator, where the current density is sufficiently
high so that trimming would result in a decrease of
the resonance frequency, to determine if trimming
35 there improved performance. Each of the 8 spiral
resonators is trimmed in a similar manner. The
process of trimming all 8 spiral resonators is

repeated 6 more times. Larger frequency shifts are
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| ater iterations. S and S are neasured for the filter
after laser trimmng, and the results are shown in

wo2@a8308®@. Conparison with the results shown PET/BSp04/€39332
18 for these coefficients before trinmm ng show t hat

the_cent er .frequen .S shi.fted _downward. about 6 .
The HegMEL GECar i FEobAnAbals r GUran TS ) S8 haaneT
| owenednpesobt imgriovemepiteved Sii tard penfaresmeeomplished
Thepapdui-dLh. gt ckhe cbgadspass region remains

essent1 al 'yunchanged . anpl e This exanpl e

denonstrates the use of the |aser trinm ng nethod of

sthe invepti amhd &4 aise ddies ooy efodf ragency: of dher
le filLter with_the desi

band- pass regi qn of an -po _ n
shogﬁsﬁﬁ FF@%@énﬂx @H@iégﬁoF&?Hét§h@IﬁaﬁﬁH%HFPb#%€Wée
bandipassotpgiragonf wile thet eesedsenidhdwny iepnsiaite 20
The .8-pole HTS filter is produced, using essential
{ he T SRnBnEPhe BRGrd donTen o SR S H e (e the
i s peuherdfardupnepariat sbigtedr upwiamd rdpcarte il .as The
desgrL] 0 S s t fii r
odespLibi hdHRY
. befo%g Fggg? %?iﬁ%%ﬁg?gﬁgaﬁﬁe resu th% g&%ﬁgﬁ% %%éﬁ
Fi ghPeezed TREUSFANGl inedopacyes eenfermenacer The
undgeweit dkaser thicMband -k ss &%%ﬂ%h.&%ﬁk@gﬁu%éééﬂﬂﬁﬁlly
described in Exanple 1 . Since the goal in this
Exalpfe®f’§Sfo rai se the center frequency of the
band- pass whil e hol di ng the bandw dth of the band-pass
15regemampfiet Be filter essentially constant, trinmng is
begun atThE% %%g%{l%n% %E ! %a%%%r%%ﬁpkgg“%glgﬁg laser
spiral résonator Fn order to farse the Tesonance
f r equénwmyngf mehdodr edoraeo i nvENtinn § o drrineyed tde
LN 8hQubetoead asel 070 cRe BEHEOLERACE IO an 8-pole

Trinmm ng then ed to an_innér corner of the spira
of fﬁétgrryﬂt§p¢p§|de51gn shown in Figure 1, while

20 holding the center frequency and the bandwidth of the

band-pass region of the filter essentially constant.

The 8-pole HTS filter is produced using
essentially the same procedure as used in Example 1.
25
The filter is then mounted and preparations for

trimming are made as described above.

811 and S,, are measured for the filter before
30 laser trimming and the results are shown in Figure 22.
,
Since the goal in this Example is the same as
that of Example 1, i.e. to improve the characteristics
of the band-pass region of an 8-pole filter with the
35 design shown in Figure 1, while holding the center
frequency and the bandwidth of the band-pass region of

the filter essentially constant, the spiral resonators
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resonator, where the current density is

sufficientlyhigh so that trimmng would result in a
wale@sms®es of the resonance frequency, to det erP@TES1004/039332

trimmng there inproved perfornmance. Each of the 8

spiral _reson Qrs n_a,si.ml.ar manne

o 0B 5hEr PR EF AR HERarel eprPar FeebanG, Soretrially as
repdasedibednne ExamsleLarger frequency shifts
areacconplished with the first fewiterations, and
finer tuning and inprovements in and S are

acconpl i She@n@ tth: tdfe Ingasunace iRy drie fikes after

sheasHeed foimhhagf bhiethaf k@rsuhagearter Ik ,marqugh&% 23.
results are shown. in FI%UTG arison wth

' cobPTRZhERR PHER e 96%? ?H@y &aeﬁﬂg&r@n@é For
bef aheser tovEngcsbaws bbabréherﬁmmhag bmemu&@ey ithe

shlfte upwar d ahout The f in_the
pantchhet FEuERRY ahathPe Raral ARkl A 53 A Bass
i npregédnpeehaimesecnthelbandnicdehgef . th@oM@w@apa$@e

r egj : nscesse Bgﬁ$§ﬁ%ﬁg This
Oexaﬁ%ﬁnaggﬁ%néfrgfegg%ﬁgh%se of “the Iaser trléﬁégﬁf
net AeWesedy hanfniBat MeENE§UlRpPEy 821 HE dHig RGeS

of tBgibanHapapsehe@h@Real raBuipehg filhl iepreida ttheter
deS|gn shown in Figure 1, while holding the center

fr e§GEABY™ERASt he bandwi dth of the band- pass region of
the filter essentially constant. The -pole HTS filter

|s produ sing D dur ' _
used in ﬁggr% grl a%§%%%EPg|?er%g%h%ﬁn%fn%%%% gngﬁgilon is
prepaaaedoﬂs ﬁ@scrnbﬁdaﬁg gewpmagangs desdridied above

aeen§a§ﬁ§n§ea539§ﬂgt0£e59§ Ebhﬁ bsO& ¥ 6r bRk

trlnn1nE he resalts aré sho In Figure 22° Since
t heCEBAFL }lﬁe@rmé CEXARie GFROREE AP Ta iR oft 1S to be

Exatpberttobd€. uhdekBPEBLe sthectbatacketesidr@tion

20 explicitly provides to the contrary, that one or more
‘components or steps other than those explicitly stated
or described may be present in the apparatus or
method. In an alternative embodiment, however, the
apparatus or method of this invention may be stated or

25 described as consisting essentially of certain
components or steps, in which embodiment components or
steps that would materially alter the principle of
operation or the distinguishing characteristics of the
apparatus or method would not be present therein. 1In

30 a further alternative embodiment, the apparatus or
method of this invention may be stated or described as
consisting of certain components or steps, in which
embodiment components or steps other than those as
stated would not be present therein.

35

Where the indefinite article “a” or “an” is used

with respect to a statement or description of the

presence of a component in an apparatus, or a step in
34



of the band-pass region of an -pole filter with the
design shown in Figure 1 while holding the center

wo e@gosnsy and t he bandwi dt h of the band- pass PemUSI000639332
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the filter essentially constant, the spira
resonat orsof the fjlter underment Ias t.rimm
esfemsdqdy &F ddsict i POt Beanft &= Jﬁ% %mg%éStOOd
meagilresss fdte tdtendfdhdrer calf tchassct:as;mldmiemphgcmﬁyt he
results are sh in Fi r he
resti¥e sl(g oW |O‘:\rl1¥~r;| |Cg%r%te ‘forha% esegc%ée f?%v: gélr%(t:%
befiorde ftimiite rarshole tdees thet ceimer theqpeareynendof hehe
& I ssgNthathy
un&%ﬁ%ﬂmmﬁ%ﬁ’@% AR s i
bareehd, rteyi e b BEEET over ed, and t he nagnltude
of S in the band-pass region has been rai sed resulting
in inproved filter performance . Were an apparatus or
method of this invention is stated or described as
conpri sing, including, containing, having, being
conposed of or being constitutedby certain conponents
or steps, it is to be understood, unless the statenent
or description explicitly provides to the contrary,
that one or nore conponents or steps other than those
explicitly stated or described nay be present in the
apparatus or method. In an alternative enbodi nent,
however, the apparatus or nmethod of this invention may
be stated or described as consisting essentially of
certain conponents or steps, in which enbodi nent
conmponents or steps that would nmaterially alter the
principle of operation or the distinguishing
characteristics of the apparatus or nethod woul d not
be present therein. In a further alternative
enbodi ment, the apparatus or nethod of this invention
may be stated or described as consisting of certain
conponents or steps, in which
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enbodi nent conponents or steps other than those as
stated woul d not be present therein. Were the

WO p@ssieé e article "a" or "an" is used wth reepEs1004/a39332
a statenent or description of the presence of a
conmponent in an apparatus, or a step ina nethod, of
this invention, it is to be unde od, unless the
statenment or description explié&éﬁ@gprovides to the
contrary, that the use of such indefinite article does
not limt the presence of the conponent in the
apparatus, or of the step in the nmethod, to one in
nunBBACCLAI NB2ees is:clainmed is: . A method for

stuning the resonance frequency of a high tenperature
superconductor splral resonat Qr, conprising ablating
portionstof tAeTREGRt ERFetaPing $hfcresREAECcs taequsmcy
hi gbft ama@gﬁt Ué&p&ﬁaeﬁ@f@n@Ul@te@bo&.@hlb@brofsptlﬁﬁls riiers@nator,
resonat or Wt g g er beam, } e h gag
1, SREpEiAtbhoaPie ﬁ&ﬁcEOFFé8&§n8 5% hdeBadEmogy = fure
abIaUpagcbhéuhtgh ténpeerathupgd seppecondoet eupatrdoineluctor
out gf. - ' e I r rco 0

tog; 5 E43 BEERE Hliat SHRRRLILE SRR S IRy "bean.
resonance frequency is decreased by ablating the high

termer atgre Syper ;epddel efF @t atihe 1l Npgkrend ehel E%sonance
hi g erature, sugerconductor spiral, wherein the

dep Heau PCYhéSatBSTEESEE PYi ARe@CARSt k&S Righ end of
thetbmgbrheaperanpéec&nﬁabtamdutt@hesbuték kesid @FS the

tha out I/50 where | IS vel ength of the
propaégt#ng Pefe Panﬁgﬁgfﬁgnmgﬁg%r Spl%ﬁg'nethod of
Claim1, wherein the resonance frequency is tuned by

abl atingsthe EhghmEEHBSV@EUEQaiﬁpﬁrC%ﬂ%E%%ﬂrth% §%sonance

| east one interior |ocation al erat
sup&¥BEHBUEY of SsBRFHPased bYTﬁélﬁﬁfLﬁadtbfe @lﬂrhm 4,

whet einpetBeuBDHObe®bonductor at the inner end of the
20 high temperature superconductor spiral, wherein the
depth d of the area to be trimmed at the inner end of
the high temperature superconductor spiral is less
than about A/50 where A is the wavelength of the

propagating electromagnetic wave.

25
4. The method of Claim 1, wherein the resonance
frequency is tuned by ablating the high temperature
superconductor in at least one interior location along
the high temperature superconductor spiral.
30

5. The method of Claim 4, wherein the amount of
current density at the interior location of the high
temperature superconductor spiral is sufficiently low
to result in an increase in the resonance frequency as

35 a result of laser ablation.
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current density at the interior |ocation of the high
t enper at ure superconductor spiral is sufficiently | ow
WO 005053086 i n an increase in the resonance fr epUBPOISN0&639332
aresult of |laser ablation.6 . "The nmethod of Claim4
, Wherein the unt _of curren t . densit

i nterior®tocatTofi BFtERE R gh FéWpéraWﬁFEeln the amount
sup@fconduehbrdsnsﬁay &8 shéfintemntiby hoghttonr efukhe

P ﬁig§?£§%§g¥agu£ sﬁS%ﬁngﬁgﬁﬁoagqggtﬁglaifas%ngcaently

t hehigsohancestleqlensydesreneeeasetdhbyrabbatinng t he

hi g tyre,s ngdec t nore of the
ol T on g oAt ane (e ot R DLRRToSRa"ar the hi gh

tenperature superconductor spiral ; (b) at the inner

end of the hl@Het@a@ﬁb@t@feC$ammr@onduék@&nsahéakesonance
wherein the

e, are 0 d at the
ey T Re R ERCeEHEF ehr i e bonBag oy
spi tahpésatess shparabndtuctbblavhene bri sorbeof the

mavg%f?gwgng l%@gt ggagat|ng el ect romagneti c wave;
t

oné interior |location of the high
t enper at &t sapetbendutesrengi pil the Whpbhtehperatprest

density L§,eWbbhe8RbLYshopatio result in an |ncrease
in the resonance frequency as a result of

| ase
abl ati on{P8 . afhehaeiRBETrofE Qfnflhe, higbr é?ﬁpﬁ-ﬁéture

reSOﬂanCQuﬁéE@@ﬁﬂﬁ&tbﬁ gpereasedhbycahl ahengepha A g the
t enper at ure_supercopduct or. a e or_nore_qof th .
15 ol | ow B FBeap BRars Layd: SF nBlnABPoEna gf OFhe i BHion
t enper at teepsupenrendupéocosgiicabyr whéreilnishéedepthad
of the a&BéuE°A?§ot&§8¥dea£st@ﬁF'QQ@ 18H8tﬂfokhﬁhﬁ'9h
t enperature supercon uctor spiral ess an
propagating electromagnetic wave; and
(c) in at least one interior location of the
20 high temperature superconductor spiral at which
the current density is sufficiently low to result
in an increase in the resonance frequency as a

‘result of laser ablation.

25 8. The method of Claim 1, wherein the resonance
frequency is decreased by ablating the high
temperature superconductor at one or more of the
following locations:

(a) at the inner end of the high temperature

30 superconductor spiral, wherein the depth d of the
area to be trimmed at the inner end of the high
temperature superconductor spiral is less than
about A/50 where A is the wavelength of the
propagating eiectromagnetic wave; and

35 (b) in at least one interior location of the high

temperature supérconductor spiral at which the

current density is sufficiently high to result in
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about |1/50 where | is the wavel ength of the
propagati ng el ectromagnetic wave, and (b) in at | east

wo@r@®siosoes i or | ocation of the high tenperaturePCT/US2004/039332

superconductor spiral at which the current density is
sufficiently high to re u t ina decrease in the

resonanc@ ﬁ%g gﬁ@ylﬁs Sr BEGPIABFS dLERYSP Yt PSn2 gesult
A net hodofollatemi agleaheéohilter characteristics of a

hi gh tenperature superconductor filter, which is
conprised of at |east two high tenperature

super conduct o mpihal fesohunong, thke fndtkod

scon@ﬁaﬁeee@%e&bggo@oy h@@ﬁ PEn {roaga%iu% *s%ge gu%%tor

super conduct or of 'the hig ature superc ctor
spi Falte¥ s onbisk ﬁﬁr@oﬁprﬂﬁ@dsﬁﬁréF ﬂ@ééﬁaﬁ@@shﬁﬂﬁh a

| aseempeaatuil. stperashbadcot shairan drewhineh oREoVicges
a resona reg ncy

| t
B SRR ek eIency L Pac Bl D el e ngl O
f r egeepeyavfireheupandopdastol bhiethiel hegh tdmpElature

1ogft$§§§?£oﬁbébgb% SP%@SESFE Lhe gS%%%gC%ff%%%uegéxgaf

20

25

30

35

one 0 resonators s increas
ther@%@@@t@§8c@mtbrafiéqaénbyamy abl ating the high
tenperature superconductor at the outer end of the

hi gh tenperature superconductor spiral .. 12. The

net hod gf Ocl at At 1BSthAEr 8F nCLRé™r 8soWRAEE PESYIEREY 20f
at reashanoe @teqhenaplbaleaeﬁoaatehé B@l@@@reéééﬂat@rs

the el ected cen g bl atin
ten%%?atﬁ?eegﬁSE& é %é g¥c?¥e%9nﬁeﬁegﬁﬁg f F%Qter
h|gﬁr¢@upecatqfethapbandﬁﬂassoofspheaﬁ;lWhene|n t he
depth d of the area to be trinmed at the inner end of
the high tenperature superconductor spiral is |ess

t han abolt-|/Bhewnekbofl ¢§ echaimalbl ewhekedn the

propagahhA8e frequency of at least one of the spiral
resonators is increased to the selected center
frequency by ablating the high temperature
superconductor at the outer end of the high

temperature superconductor spiral.

12. The method of claim 10, wherein the
resonance frequency of at least one of the spiral
resonators is decreased to the selected center
frequency by ablating the high temperature
superconductor at the inner end of the high
temperature superconductor spiral, wherein the depth d
of the area to be trimmed at the inner end of the high
temperature superconductor spiral is less than about
A/50 where A is the wavelength of the propagating

electromagnetic wave.

13. The method of claim 9, wherein the resonance
frequency of at least one of the gpiral resonators is

tuned by ablating the high temperature superconductor
38



el ectromagneti c wave. 13. The nethod of claim?9,
wherein the resonance frequency of at |east one of the

wa@piosak3osesonators i s tuned by abl ati ng the hiBgT/US2004/039332

t enperature superconductorin at |east one interior

ggfgéigg ?E%n$hthe hlggrggggﬁrat r.e su ercon?FhéPr

annuﬁmp@raCuKeeﬁup&ensndycabrtB@lmaﬂerlor | ocati on of
the high tenperature superconductor spiral is
sufficiently lowto result in an increase in the

r esonancé4fr egheéndpthsdaofeShpi mofl 3, agdre ralinattihen ambBint

5Theoﬂebﬁ@geﬁﬁ @Eﬁbﬁt%sat“@ﬁéehﬂtEQQOQWQ%%%tq Y &Rk

10hi gh tenpsratgpe sUPRLGORAUEY

g gt the interior |ocation of the hig
n‘E t bFBPSLAEFEENFHRESFOBPIFAPTY] SPAdRd; é|SeﬁMfyflm1@ﬁltly
to tesutd resaldedheagseihbrktBeer @nomARCcbR@WRRACY as
ar t ser abla 6. The hod of claim9
mhe?%%é ?ngt & resgﬁgékeoFriaﬁgﬁc§bggképnreast one of
the spiral resonators is increased by ablating the

at .t h d of
the high tenperature su ercon%%@tgﬁ s%ﬁ%%%ﬁﬁ %g (gﬁount
t heOt eSBRERBE fpBEEENHCHCoEhat 1REasEosndosahernobtt ibe

Splhﬁéhr@é@ﬁék@tﬁréssﬁﬁéfééﬁégcE%ragbékh@g1%h%u%fgglently
nEh? ture SUﬁE conductor at an.interior |ocation of

h*PehBEPaFure uPerEsnatctBr tEFi FEPOREIGRI ch
thefrequentydaasatyesalsuéflEaeetlubmagmoho result in

sa decrease in the resonance frequency as a result of
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| aser abl atiion. 17. The nethod of Caim9, wherein the
resonanckéf r efbenogtbpdart| ehsimohe whetrhénsgi)akhe

re&@@@éﬂéﬁcéka@&ﬁ§ﬁ§§doPya@biQ5éegohgeo@'gp ﬁgiral

t enper at ure supefcondlctor at one or more o
f ol %%?%@t?ﬁﬁa%?oh§cr%%§e%tth@bbGFéﬁgeﬁbeohlghe hi gh

t enpetpébd®ure superconductor at the outer end of the
high temperature superconductor spiral; and (b) the
resonance frequency of at least one other of the
spiral resonators is decreased by ablating the high
temperature superconductor at an interior location of
the high temperature superconductor spiral at which
the current density is sufficiently high to result in
a decrease in the resonance frequency as a result of
laser ablation.

17. The method of Claim 9, wherein the resonance
frequency of at least one of the spiral resonators is
increased by ablating the high temperature
superconductor at one or more of the following
locations:

(a) at the outer end of the high temperature

superconductor spiral;

(b) at the inner end of the high temperature

superconductor spiral, wherein the depth d of the

area to be trimmed at the inner end of the high
39



superconductor spiral; (b) at the inner end of the
hi gh tenperature superconductor spiral, wherein the

walepsioswsof the area to be trimed at the i nnePCENS2004/039332
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t he hi ght enperature superconductor spiral is |ess than

about |1/50 where | is the vel ength of .the
pr opagat IS SEPE A o R L %9%% i 1§59
one i nt elbicwit I>\d<5a>t wineref M hes hilgh weangerrsgtir ef the

super conduct or. t ent sity is
suffici é)ntq% %1 resttlrwag}’arglﬁjngﬁ%se |an%t?h
resonande)fr equeﬁcylea@ta ores dint esfidraslarcadislcat ioh. thes,

The net hadpf LRl f@t%rewwp%&amd@pm%ﬂ rBIUANCIH
of at |east one of the spiral resonators _is decreased

by abl atthey qwqmtgﬁee@ﬁﬁéf dtsurd igeheddnidutdr W it
or nore igf drhericald- ne leatddansiad@ BAteddEhdngs a

end of the gh nper at super conductor spiral,
Wherelnrtemgéﬁ&ep‘)ﬁ‘lf:ﬂ‘?L t#’%ﬁé%lto be trinmmed at the
i nner end of t he hlgh t enper at ure super conduct or

spiral gt qg&ﬁ%ﬁmg 'dfgﬁﬁm%r%wkﬁéiﬁ'khe resonarnce

wavel en “hé propagat i ng 't romagneti ¢ wave;
andr(eba)uancyatoﬂ @astlegsd ianeerdfortho @RIt glegdratingh is

L eRRRL AL 3%%{&%%@ S R T H @mﬂ@ﬂaﬁﬂlﬁ@e current

density 1s s |C|ently hi gh to result decrease
i n SRS HCESBRMHEF FArle QIhGF 0%E S e o
abligld=i.onsl®. A process for formng a high

ten‘pe_rat<:1?d 51-) canductorcf [Cuit %1931%@ém}3eraafture

conpri si Mof & hi
super coraupﬁmomhtcemralsmrrat,suﬂmr&nre tlandldph d of the

abl ati ng, ?d% &G ir&ﬂe‘iﬂ ¢ thes highef eRerdt Wigs high
super COﬂ tOf a | aser
temperature superconductor spiral is less than
about A/50 where A is the wavelength of the
propagating electromagnetic wave; and
(b) in at least one interior location of the high
temperature superconductor spiral at which the
current density is sufficiently high to result in
a decrease in the resonance frequency as a result

of laser ablation.

19. A process for forming a high temperature
superconductor circuit element, comprising:

a) forming a film of a high temperature
superconductor material on a substrate; and

b) ablating selected regions of the high
temperature superconductor film with a laser
beam while protecting from ablation other
regions of the high temperature superconductor
film that form a pattern of the circuit

element.
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beam whil e protecting from abl ati on ot her regi ons of
the high tenperature superconductor filmthat forma

w@aiosesiseof the circuit el enent .20. The proceBET/0§2004/039332
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claim19, wherein the high tenperature superconductor
circuit _elengnt is a high_tegperature superconductar
fiiter 251 Fhe BPoceSe’Or CUaiM 30, WREVEiA THE righ
t enpepatataersupapesnduduiotolr kbtieruis edrpeintedsofa &tigh

l e L.gh r r u ductor spira
reg%%g%%ggﬂ%QZE&ggﬁgoggggggg %ﬁﬁgggrn119, wherein the
hi gh tenperature superconductor circuit elenent is a

hi gh t epper apyce,sHRELEOBRUEH QL 1L, whe3eiFh@HY OGERS
of claim 22, wherein the high tenperature ,
supere6HatEt6r SUBPFCPRIHCRPEh fidivSer dfuFemprised of at

supeagendust Bighl aBapetathre 2épehcBRiied orokpiuailNg

t he resonance ?requency of a high tenperature
suﬁ%?@gﬁgﬁgﬁor pl anar coil , conprising ablating
portions of the high tenperature superconductor of 'the

hi gh tepgpera e ondu ._plana s W .
lager belm SHerRLBEEE B e Y n Rk o
r esenmpRrethireqgeneycpadintprasddcly talameng tise shibgigh

t?EE%F@%HE@r%UeﬁbEQBQHeheEo§tchQ.OUtef end of the
hi gh tTenperature superconductor planar coil . 26. The

nmet hod of C aim 24, wherein the resonance frequency is
I ncr eased .byTabl gi-bhgskhefhicgb ireaper &hefein the high
su ercondﬁctor at the i,nner en

Lo

d.of .th i,
EperarEe, shbebnanbaEos il db'R Bigh copperature

neshpeérebn@uacor2glankher ecnlt.he resonance frequency is
tuned by abl ating the high tenperature superconductor

in at least one interior |ocation along the high

t enper akére dupetBefAdiierotuning the resonance frequency

of a high temperature superconductor planar coil,
comprising ablating portions of the high temperature
superconductor of the high temperature superconductor

planar coil with a laser beam.

25. The method of Claim 24, wherein the
resonance frequency is increased by ablating the high
temperature superconductor at the outer end of the

high temperature superconductor planar coil.

26. The method of Claim 24, wherein the
regsonance frequency is increased by ablating the high
temperature superconductor at the inner end of the

high temperature superconductor planar coil.

27. The method of Claim 24, wherein the
resonance frequency is tuned by ablating the high
temperature superconductor in at least one interior
location along the high temperature superconductor
planar coil.
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pl anar coil .28. The nethod of Caim27, wherein the
anount of current density at the interior |ocation of

WO b@slos3Be t enper at ur e super conduct or pl anar coPCT/1IS2004/039332
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sufficiently lowto result in an increase in the
resonance frequency as a result of laser ablation. 29.
The nmethod of Caim 27, wherein the anount of current
densi ty2at tTaei meehbdr olffoCatkiion 20f, whersigh the amount

t eAPELALULE, S 58%%9890' UEL @ PLANAL Q) b IS S Tt /At v
high to result in"a‘decrease’in the résonance
f r edgbntpmasratpasubupet coasactal aliopar IViITHs

nmethed;of cGhai,m2d, cuwhetehArt Ne LeSARARCE JJ qauenRgy is
i ncreased by ablating the high tenperature

supeFepAaGet bregteBRE 8F Aoresoiltt RE fasEgniaRfation.
| ocations: (a) at the outer end of the, high

t t il; (b), at th
mner ofd-of - LRE REGROe R drt e 2upePEsmigerde anount
pl affacueaeht dedsity Bh &he datterdos iluicertion lodcatheon
f.ot ' t il at

N L s T

r esufff icacanlynbichs&oi rephd tr dgomavesresguanmcyFies a
resubbnahcbagseeqakhatll an. a3lkeslNe Bt hadeef H1aitnst.

wherein the resonance frequency is decreased by

abl ati ng the high tenperature superconductor in at

| east ogBe.i ntraei aethedabiforlefind 2a hiviiededmpeaitat ur e
su%erconductgr %Ianar caj l, atémy thgﬁﬁ%rggntt e hich
de ?FP?apges FF.EF&H¥|§ShH&ﬁIi€ & s&pi | 5 &§£r$%s§'g
i ntehperesamanseprtreguducyoas ad cesuldr gbrdeaser the

ablegathans 324 bigh t.enperature superconductor spira
resonator ungﬁaby £hé met hod of any of clains 1-8.33

A hi gia enpér har evsegerash@fcttlie hillghetemperature

superconductor planar coil;

(b) at the inner end of the high temperaturé
superconductor planar coil; and

(c) in at least one interior location of the
high temperature superconductor planar coil
at which the current density is sufficiently
low to result in an increase in the
regonance freqguency as a result of laser

ablation.

31. The method of Claim 24, wherein the
resonance frequency is decreased by ablating the high
temperature superconductor in at least one interior
location of the high temperature superconductor planar
coil at which the current density is sufficiently high
to result in a decrease in the resonance frequency as

a result of laser ablation.

32. A high temperature superconductor spiral

resonator tuned by the method of any of claims 1-8.
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conprised of at least two high tenperature
super conductor spiral resonators tuned by the nethod

w@Rooatny3086 cl ainms 8-18. 3 . A high tenperatur ePCT/US2004/039332
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superconductor circuit elenment forned by the process
of claiml1l . 35. A high tenperature superconductor
filter conprised of at |east two high tenperature
super condact on Bpghatempsenatees shpetredndyctibe grocess

of claim.21.. 36. igh, t erature superconduct or

o aFaMbEsRES Birah boeke ERBChaEY SrERERRIBE 0"

hi ghupempendtiotersepéredntdecbortpiranauned byt tihed meyghod
the geLhgd ef a0y Qf gch 8l ms 24- 31.

34. A high temperature superconductor circuit

element formed by the process of claim 19.

35. A high temperature superconductor filter
comprised of at least two high temperature
superconductor spiral resonators formed by the process

of claim 21.

36. A high temperature superconductor planar

coil formed by the process of claim 23.

37. A high temperature superconductor planar

coil tuned by the method of any of claims 24-31.
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