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Influence of LaAlO ; surface topography on rf current distribution
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A laser scanning microscope with a thermal spot size of abquin4s used to measure a quantity
proportional to the rf current density in an operating superconducting coplanar waveguide
microwave resonator. The twinning of the LaAlGubstrate produces a meandering of the current

at the edges due to irregularities in the wet etching of the ,@BgO,_ film associated with
substrate twin domain blocks, and ar-20%) enhancement of the rf photoresponse at these
locations. These irregularities are candidates for enhanced nonlinear response from the device.
© 2002 American Institute of Physic§DOI: 10.1063/1.1530753

Compact high-temperature superconducting microwavdailed to see an expected redistribution of currents upon in-
filters made from thin film resonant devices still suffer from creased rf power. They also observed qualitatively that there
significant intermodulation distortiochThe source of nonlin- was a correlation between the length scales of rf current
earity in many of these devices is the large current buildupvariations and the granularity of their HTS fih Other ef-
experienced at the edges of the patterned fimidhe non-  forts to image rf current and field distributions in supercon-
linear response is dominated by the edges becéoseex-  ducting resonators have been done with relatively low spatial
ample the third-order nonlinear response scales with theresolutiont*1°
sixth power of the currerftAlthough edge-current-free reso- The geometry dependence of the nonlinear response of
nator designs have been demonstratedl analyzed for their superconducting coplanar waveguid&PW) has been ex-
nonlinear propertieSthey may be too large in size for use in tensively investigated by Bootat al® They find that nar-
current applications. rower, shorter lines of smaller thickness tend to have the

LaAlO; (LAO) is a commonly employed substrate for greatest nonlinear signal generation. Dahm and Scalapino
high-temperature superconductifigTS) thin films used in  have demonstrated theoretically that acute edges on strip
rf applications. It has a modest dielectric constant-&3.6  conductors can significantly enhance the local nonlinear
at 77 K and microwave frequencieand is lattice matched responsé’ In this letter we study the effects of substrate
and chemically compatible with many cuprate superconducttwinning on the rf current distribution in wet etched super-
ing materials. However, the substrates commonly fwind  conducting microwave devices, based on microscopic imag-
produce a surface corrugation that can be more than 25 nm idg of the rf currents.
height on lateral length scales of 1-4@n.° The HTS films A laser scanning microscopeSM) is used to image the
also generally twin at some temperature between the deposif currents in a superconducting CPW resonator. The LSM is
tion temperatur¢~800 °Q andT, . Prior work has explored = schematically shown in Fig. 1. A laser supplies about 1 mwW
the effects of etching on surface resistdficand dc flux  optical power at 670 nm light wavelength to the sample, and
entry," but the effects of twinning on the rf properties of the the beam is focused to a spot about 418 in diameter. The
HTS films have not been extensively investigatéth par-  intensity of the laser is modulated at a typical frequency of
ticular the changes in edge current distribution caused byog kHz, producing a thermal spot size of aboupd in
twinning, so crucial for determining the nonlinear propertiesgiametert® The sample is a Ag-doped YBau0,_ 5 film
of the device, have not been investigated. with thicknesst=240+28 nm, deposited by pulsed laser

Microscopic techniques have been employed in the pasfeposition. The LAO substrate is 5@0n thick, and the film
to image rf currents in superconducting microwave devicegs \yet-etch patterned with dilute phosphoric acid into a CPW
with some successS™*° Culbertson and Newman imaged rf resonator with strip width of 50@m, gap width of 650um,
current distributions in superconducting resonators, b“bround plane width of 4 mm, strip length of 7.75 mm, ca-
pacitively coupled through 50@m gaps, and mounted in a
¥Electronic mail: anlage@squid.umd.edu brass microwave package. The resonant frequency is about
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FI_G. ‘1. Schematig diagram of LSM microscopg. The ir_13et illustrates the % 0 2 4 6 8 10
principle of operation of the microscope. The sdlithshed line represents
the transmission response of the unperturlgerturbed resonator)S;,3 X [mm]
(|812\f) is the transmission coefficient of the unperturlipdrturbed reso-
nator at frequency. FIG. 2. Top inset shows a cross section of the CPW, bottom inset shows an

LSM image of rf photoresponse over the length and breadth of the CPW
strip conductor. The image was obtained at 79.5 K at a frequency of 5.2133
5.2 GHz with aQ~ 2500 at a temperature of 78 K. GHz. The figure shows a longitudinak() line cut (circles of the image,
. . ... . taken along the upper edge of the YBCO strip. The line cut and image are on
Itis Commonly assumed that Changes in the kinetic INhe same horizontal scale, and the solid line is a fit of the photoresponse to
ductance of the device dominate the response of the resonge form codkx+¢).
tor to the laser beart?:1° By applying a fixed frequency mi-

rowave signal he inflection poi f th f)|? _ . .
crowave signal at the inflection poirf of t e'|812( ) ated with the surface corrugation produced by substrate twin-
power transmission curve of the resonafeig. 1, inset, and . o . .

ning. Such behavior is not seen in regions of the sample

. . 2 . el
measuring changes if8;5(fo)|* as a function of position where the twin domain blocks are parallel to the edge.

(x,y) of the laser beam perturbation on the sample, we im- . :
age a quantity proportional ta2(x,y) Jrzf(x,y) S\ Here Atomic force microscopyAFM) measurements show a one

to-one correspondence between the indented edges of the

N(X,y) is the local value of the magnetic penetration depthYBCO film and the LAO twin domain block stefi§ig. 4
and i is the change in penetration depth caused by the las he twin blocks have about 510 nm step heights o

heating'® As shown in Fig. 1, the changes in transmission . . _

measured at the modulation frequency of the ldbence- Figure 3b) shows the simultaneously acquired rf photo-

forth " led the rf oh ;J ' )squ dyt ted as the | response of this region of the film. The edge-current en-
orth cafied the It photoresponseare detected as the 1aser h?ncement is again clearly visible. The rf photoresponse is

beam is scanned over the surface of the sample by means &ronger along edges of the film that have been more deeply

mirrors. The optical reﬂectan_ce of Fhe material is S'muna'etched. The rf current path is clearly not straight along this
neously collected for comparison with the rf photoresponse

image.

Figure 2 demonstrates that the LSM images a quantity
proportional toJff. The image of the CPW strip near the
fundamental resonance tone clearly shows the current bunct
ing at the conductor edges. The cosinusoidal standing wavt
pattern of the fundamental resonant mode is also evident. /
longitudinal line cut near the edge can be fit to the form
cog(kx+¢), with k=0.39mm?! and ¢=4.62 radians,
shown in Fig. 2. A simple estimate for the propagation wave
numberk based on the properties of an infinite transmission3 1 gr
line with an effective dielectric constafitof 15.1 yieldsk
=0.42 mm'1, a bit larger than the fit value, as expected for
a CPW resonator with capacitive coupling. Fits to other func-
tional forms, such as cds{+ ¢), were not successful.

With a satisfactory understanding of the image contrast,2
we can now examine the detailed current profile along they 0.0 A
edges of the CPW strip conductor. Figure 3 shows a magni- 0 50 100 O 50 100
fied view of the edge in a 10@mx100um area. Figure y [um] % [fin]

3(a) shows the optical reﬂeCtiVity of the fiIr(top) and sub- FIG. 3. Representative detailed view of the YBCO film on LAO substrate
strate (bottom. The substrate shows the linear patterns ofshowing(a) optical reflectivity, and(b) photoresponse of the surface in a
twin domain blocks running almost perpendicular to the pat-100.mx100um area;(c) shows transverseyj line cuts through the cur-
terned edge of the YBCO thin film. The patterned edge jgent d|str|but|on_s at Ioca_t|ons A and B denoted (i). Note tha.t the rf

. . photoresponse is wider in location B compared to locationd;shows
Clearly crenellated on the Iength scale of the twin domalr\ransverse averages of the datdhin as a function of longitudinal position

blocks, possibly due to inhomogeneous wet etching associx, illustrating enhanced photoresponse in region B compared to region A.
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visibly broaden. This is consistent with the expected behav-
ior of the current distributiod> The rf power dependence of
the photoresponse was also investigated at one location, like
position A in Fig. 3. No visible change in the rf photore-
sponse distribution was seen for input powers betwe&0

and +10dBm at 78 K, in agreement with Culbertson and
Newman'® We have also checked that the images are the
same even with laser power levels 10 times smaller than
FIG. 4. AFM image of patterned edge of YBCO filttop) on LAO sub-  those used for Figs. 2 and 3.

strate(bottom. The vertical dotted lines show the approximate locations of The twinning of the LaAlQ substrate produces two
the LAO_twin b_Iock domain step e_dges, while the X and (—) signs label types of irregularity in the rf photoresponse of the Ag-doped
the relative heights of the two regions. YBCO film. First is a meandering of the current due to ir-

. __ regularities in the etching of the YBCO film associated with
edge. Based on LSM and AFM images, the lateral variations pstrate twin domain blocks. The second is an enhancement
in the current path is-1—2um. Figure 3c) illustrates that  of the rf photoresponse at these locations, and this may be
besides being enhanced, the rf photoresponse is also distrigssociated with enhanced inductance produced by weak links
uted over a larger lateral length scale in regions where thg, the YBCO film or by a more shallow edge angle. These

etching has gone deeper into the fileg., location B. The  jrreqularities are candidates for enhanced nonlinear response
response is~5 um wider in those regions suggesting per- from the device.
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