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The surface degradation of c-axis oriented YBa,Cu,O,-a thin films due to air, COz, N2, O,, and 
vacuum exposure has hccn studied with reflection high-energy electron diffraction (KHEED), 
scanning tmmeling microscopy, and contact resistivity measurements. The formation of an 
amorphous surface reaction layer upon exposure to air and CO2 is monitored with RtIEED and 
correlated with an incrzasc ~II contact resistivity. The contact resistivity of samples exposed to air 
increases with time t as pc = ( I .(I X 10 ’ d2 cm2jc4’1dlin “‘. Surfaces exposed to CO2 show a 
similar degradation while surfaces exposed to N 2 showed a slightly different degradation 
mechanism. Vacuum exposed surfaces how little increase in contact resistivity, indicating no 
long-term stirface oxygen loss. 

Understanding the nature of YBa,Cu,O,-B (,YBCO) sur- were characterized with WEED using an incident electron 
faces and how they degrade in different environments is cru- energy of 20 keV and an incident angle of 1”. Some of the 
cial to the development of YBCO contact technologies’ and films were then exposed, for times ranging from 10 to 10 000 
sup~rcc>nductor-normal metal-sllperconductor proximity de- min, to air, CO,, N,, 02, or vacuum, in the system or the 
cites.’ Tn this letter. wc investigate the effects of exposure to system load lock. The exposed surfaces were recharacterized 
air, CO,, N,, 02, and vacuum on YBCO surfaces. We cor- with RHEED and then a 250-nm Ag contact layer was ther- 
relate the growth of an amorphous surface reaction layer for mally deposited at room temperature. Similar contacts were 
exposure to air, CO2 and N2, as seen by reflection high- formed on nonexposed (irz sitzcj films. Finally, the films were 
energy electron diffraction (RHEED), with Ag-YBCO con- patterned to form contact resistivity test structures, with con- 
tact resistivity. We find that the contact resistivity? after ex- tact dimensions of 2, 4, 8, and 1.6 pm on a side. The mea- 
posure to air, increases exponentially with the square root of sured contact resistances scaled well with contact area. The 
time. Further, exposure to N, has a different degradation zero-resistance transition temperatures (T,,j ranged from 86 
mechanism than that to air or CO, and some surface degra- to 89 K, and the critical cutrent densities at 7ti K ranged 
dation rxturs during in, sitrc processing, from 1 to 4X J.06 A/cm’. 

lZ:vl~~ x-ray diffraction, x-ray photoelectron spectroscopy 
GPS), and Auger electron spectroscopy”-5 work has shown 
that upon exposure to air, a YBCO surface will react to form 
BaiOHj2, and BaCCI,. More recent XPS work of Behner 
ct al.” has quantified the thickness of the reaction layer, 
showing that the reaction layer thickness ~1 increases with the 
square root of time as cl = 0.0 .l3(nm/ 3;niI1> ~17. High- 
resolution transmission electron microscopy (TEM) studies 
by Gong e?t aL7?” have shown the presence of a reaction layer 
for c-asis YBCO-Ag contacts when the Rg is deposited 
i18 situ at room tcmperatu~-e. They have observed no reaction 
layer for similarly fabricated u-axis YBCO-Ag contacts in- 
dicating that the chemical reactivity of YBCO is anisotropic. 
The results presented in this paper support some of the con- 
clusions reached in these earlier studies and provide detailed 
time dependence of the YBCO-Ag contact resistivity after 
exposure to various types of environments. 

Figure 1 shows a RHEED pattern of as-deposited YBCO 
film on MgO and a scanning tunneling microscopy (STMj 
image of the same film. The films on MgO have a spiral 
growth morphology with a spiral density of --3X 10” cmB2 
and have a ratio of a-axis to c-axis exposed area of 0.04. The 

The YBCO thin films for our experiments were fabri- 
cated by laser ablation using a KrF excimer laser. All films 
were grown on (101Ij MgO and ( I.OC)j LaAlO, substrates with 
the following growth parameters: substrde temperature 
-731) “C, O2 pressure durin g growth=%.7 Pa (200 mTorrj, 
nrowth rate=(3.03 nmlpulse at II) Hz, and incident laser L. 
fiuence;=2.1 J/cm’. The YBCO thickness was kept constant 
at 2ilO nm. After the YBCIO growth, the films were cooled to 
room temperature in 15 min to Ml min in 26.7 kPa (200 Torrj 
of oxygen. The system was then evacuated and the films 

FIG. 1. RHEED pattern of as-deposited YSCO film deposited on MgO 
along the (100) direction iinset) and (b) STM image of the sane film. The 
ave~~gc ledge width (.the distances between growth stcpsj is --30 nm. 
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FIG. 2. (a) RHHS pattern and line scan of as-deposited YRCO film along 
the YBCO and MgO <llOj direction. ibj RWEED pattern and line scan of the 
same tilm after lOOI)-min air exposure. 

films grown on LaA103 have an island growth morphology 
with a similar ratio of u-axis to c-axis exposed area. The 
RHEED pattern shows streaks, indicating a crystalline sur- 
face with an in-plane lattice constant of 0.38+0.01 nm, con- 
sistent with the lattice constant of bulk YBCO. The streaks 
indicate that the diffraction pattern arises from two- 
dimrnsional surface scattering, and the width of the streaks 
yields an effective scattering coherence length of 3-5 nm. 
This length is less than the average ledge width of -30 run, 
and hence the diffraction pattern is sampling smooth regions 
on a scale much less than the average size of the spirals or 
islands. This explains why RHEED patterns of YBCO films 
are. fairly insensitive to film topography. While the RHEED 
pattrrn in Fig. 1 does not show any signs of surface recon- 
struction, often additional streaks are observed as seen in 
Fig. 2(a). The faint intermediate streak5 indicate a 2X2 sur- 
face reconstruction. Reconstructed YBCO surfaces have 
been seen in low-energy electron diffraction (LIZED) and 
RHE.ED studies’ and it has been suggested that the recon- 
struction is due to surface oxygen loss. We have not, how- 
ever, found any correlation between the presence of the re- 
construction peaks and the way the YBCO film was grown, 
nor any correlation with the cooldown procedure and time 
before RHEED imaging. A more comprehensive character- 
ization of these films by REIEED and STM is presented in 
Ref. 9. 

RHEED images of the YBCO surface before and after 
air exposure are shown in Figs. 2(a) and 2l.b). The diffracted 
peak height decreases while the diffuse background intensity 
increases with air exposure. This is a clear signature that an 
amorphous reaction layer is forming on the surface. The ratio 
of diffracted peak intensity to the intensity of the diffuse 
background decreases monotonically with time. The diffrac- 
tion peaks can be seen for up to one week of air exposure, 
after which they disappear into the diffuse background. 

The 4-K contact rcsistivity of the air-exposed samples as 
a function of exposure times is shown in Fig. 3 (all air ex- 
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FIG. 3. Contact resistivity of Ag-YBCO interfaces at 4 K ss a limetion of 
exposure time for air, Cot, N,, O;, and vacuum erposure. The conk+3 
resistivity values are the average contact resistivity of the various size dc- 
vices on each chip. The vertical error bars represent the rms spread in the 
contact rcsistivity values for the devices on e&l chip. The exposure times 
for the irz sitar contacts are calculated effective exposure times. 

posures were done at 25+5% relative humidity). The air 
exposed data can he fit by an exponential of the form pr 
= (1.0 x 10 -7 dj cn12)pJti640 min. The square-root depen- 
dence on the exposure time suggests that the contact resis- 
tivity is exponentially dependent on a barrier thickness d, 
which increases through a diffusion-limited chemical reac- 
tion. This result is in agreement with the XPS studies of 
Behner rf ~1.’ The e.xponential dependence of the contact 
resistivity on time indicates that the electron transport occurs 
through a tunneling mechanism. Other mechanisms leading 
to a power-law increase of the contact resistivity, such as loss 
of contact area due to a reaction propagating inward from the 
growth steps or other nucleation sites (‘such as screw dislo- 
cations), can be ruled out. 

Figure 3 shows for comparison the contact resistivities 
of several ill sitar contact chips. The ia situ contact resistivi- 
ties are in the low 10-s fl cm2 range. These values are 
slightly higher than those obtained in an earlier study”’ on 
sputtered YBCO films, which had slightly different electrical 
prope.rties and surface. morphologies. The in sit14 contact re- 
sistivitics arc plotted versus an effective exposure time which 
normalizes the in situ exposure to atmospheric esposure as- 
suming the surface degradation arises only from water vapor. 
Different effective exposure times were obtained by varying 
the cooldown time and the residual gas partial pressure dur- 
ing cooldown. When the effective exposure time was re- 
duced: the contact resistivities decreased slightly, indicating 
that some surface reaction is occurring in the chamber during 
cooldown. This result is consistent with the TEM studies of 
Gong <t ~11.~~ who observed a 2-nm reaction layer between 
c-axis YBCO and Ag for irz situ contacts deposited at rovm 
temperature. 

The fit to the contact resistivity for the samples esposed 
to air does not extrapolate to the values for the in situ con- 
tacts. This suggests that there are two degradation processes 
with different time. constants. The contaminant gases in the 
chamber have a different composition than air and may have 
a sIower reaction rate. Alternatively, as suggested by Gong 
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FIG. 4. Temperature dependence of Ag-YBCO contact resistivity for intcr- 
faces with different types of surface preparation. Above 7’, the device resis- 
tance is the sum of the Y13CO spreading resistance and the contact resis- 
6rmcer, nhilc helow Ti the resistance is just the contact resistance. 

et al., there may be different reaction rates for the crystal 
faces pamllrl and perpendicular to the c axis. One crystalline 
face may rapidly degrade while the other degrades slowly, 
Icading to the long-time decrease in the surface conductance 
seen in Fig. 3. An anisotropic surface reaction, after exposur’: 
to air, is suggested by STM data of Moreland CI al.” that 
show surface conductance peaks near the growth step edges. 

Figure 3 also shows the contact resistivity of films ex- 
posed for 1000 min to CO,, Nz9 02, and vacuum. The films 
cxposcd to CO1 show REIEED and contact resistivity data 
similar to samples exposed to air. The films exposed to N, 
did not show as severely degraded KHEED patferns as those 
cxposcd to air or C02. The ratio of the diffracted peak height 
to the diffuse background for the .LOOO-min N, exposure was 
larger than that for the 100~min air exposure. Surprisingly, 
the contact tesistivity of samples exposed to N? increased 
nearly as fast as those esposed to air. These data indicate that 
a different type of reaction mechanism occurs with N,. Re- 
action of YBCO surfaces with N, has been seen with LEED 
by Ohara et n2.” These stud& used much lower N, doses, 
and the analysis with LEED was more surface sensitive. The 
sample exposed to oxygen did not show any noticeable deg- 
radation of the RIIEED image and showed a slight increase 
in contact resistivity consistent with a continued surface re- 
action with impurity gases present in the chamber. The 
sample exposed to vacuum showed little increase in contact 
resi?;fivity indicating that, as expected, there was uo further 
surface reaction. This result also shows that there is no long- 
term surface oxygen loss when the films arc stored in 
vacuum. A surf~e oxygen loss at room temperature has been 
observed by several groups: L3,‘4 however, this oxygen loss 
must occur quickly and bet self limiting. 

The tcmperafure dependencies of the contact resistivities 
for samples exposed to air, CO,, and N, are shown in Fig. 1. 
The contact resistivity below 90 K decreases slightly with 

decreasing temperature for devices with lower contact rcsis- 
tivity, increases slightly for devices with higher contact re- 
sisfivity, and has a slight peak for devices with intermediate 
contact resistivity. The change in contact resistivity is typi- 
cally 5%10% between 77 and 4 IC. The samples exposed to 
N2 show a somewhat anomalous 20% increase in contact 
resisfivity from 77 to 4 K. The weak temperature dependence 
for all devices, including the in situ contacts, supports a tun- 
neling model for interface transport. 

In summary, the contact resistivity, after exposure to 
air, increases with time t as p,=(l.0X10VV7 fl 

i cm 12),%rj640 mjn. CO2 exposure shows a degradation in the 
RI-IEED pattern and contact resistivity similar to air espo- 
sure. N2 exposure, however, shows a somewhat different 
degradation mechanism in which the crystallinity of the 
c-axis faces does not degrade as fast as that for air exposure 
while the contact resistivity increases at a similar rate. The 
vacuum exposure experiments indicate that there is no long- 
term surface oxygen loss when YBCO films are store.d in a 
vacuum. The exponential increase in contact resistivity with 
time and the flat temperature dependence are strong indica- 
tions that the conduction occurs through a tunneling process. 
The change in contact resistivity for different in sitar process- 
ing conditions indicates that some surface degradation occurs 
during in situ processing. 
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