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DEVELOPMENT OF N-LAYER MATERIALS FOR SNS JUNCTION AND SOUID 
APPLICATIONS 

JiPing Zhou, Quanxi Jiaf, and John T. McDevitt 
Department of Chemistry and Biochemistry, University of Texas at Austin, Austin, Texas 78712 

+Superconductivity Technology Center, Los Alamos National Laboratory, 
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ABSTRACT 

Materials characteristics including water reactivity, oxygen loss, electromigration of oxide 
ions, and interfacial reactivity, problems have plagued attempts to produce reliable and 
reproducible cuprate SNS superconductor junctions. In an effort to solve some of these 
formidable problems, new N-layer compounds from the family of 
R1-xCaxBa2-yLayCu3-&lz07-fj (R = Y, Gd and Pr; M = Co, Ni and Zn; OcxcO.4; OcycO.4; 
OczcO.4) have been developed using a crystal engineering approach. The lattice structure of the 
new N-layer compounds displays a high compatibility with the parent YBa2h307-6 phase and 
the modified materials exhibit enhanced durability properties. The compounds have been utilized 
to make both SNS junctions and SQUID devices. 

INTRODUCTION 

For the creation of high-Tc micro-electronic circuits, such as microwave filters, SQUID 
magnetometers and NMR pick-up coils, it is necessary to develop reliable procedures for the 
fabrication of cuprate thin film structures. In recent work, researchers have focused on N-layer 
materials derived from the parent compound, YBa2Cu307. The materials having similar 
structures to the superconducting electrodes such as Y0.7C~.3Ba2Cu307-6[1], 
yBa2Cu2.7gCo0.2107-6[2], Yo.6Pr0.4Ba2Cu307-6[3] and PrBa2Cu307-6[4] have been 
studied. However, even with such materials which presently represent the most promising N-layer 
compounds studied to date, junction reproducibility and reliability remain problematic.[5] It has 
been conjectured that motion of oxide ions at the junction areas represents one of the most 
significant problem with the currently prepared high-Tc devices.[6] Assuming this limitation is a 
dominant one, recently we have begun to develop a new materials base in which oxygen stability 
characteristics are optimized through a crystal engineering approach. Here, we report a series of 
new N-layer compounds in the family of R1-xCaxBa2-yLayCu3-zMz07-6 (R = Y, Gd and Pr; M 
= Co, Ni and Zn; 0 I x I 0.4; 0 I y 5 0.4; 0 I z 10.4) and characterize their stability, electrical, 
magnetic and crystallographic characteristics. Critically important to the selection of materials 
within the R1 -xCaxBa2-yLayCu3-zM~07-jj family is prior work within the 
Rl-~CaxBa2-~La~Cug07-6 system where for x=y=0.4 ceramic and thin film samples exhibiting 
enhanced stability to water decomposition and oxygen loss was noted.[7,8] 

RESULTS AND DISCUSSION 

To demonstrate the utility of the described crystal engineering approach, the following four 
compositions are evaluated in some detail: Gd0.6Ca0.4Bai.6La0.4Cu2.7gCo0.210-6 
(Co(O.2 1 11, Gd0.6CW.@al.6La0.4Cu2.79Ni0.2 107-6 (Ni(0.21)), 
Gd0.6CW.4Bal.6La0.4CU2.87ZnO. 1307-6 (Zn(O- 13)), Pro. 4Gd0.2Ca0.4Bal.6La0.4Cu307-6 
(Pr(0.4)). In each of the cases, single phase ceramic samples are readily prepared using 
conventional solid-state approaches. Similarly, standard methods of laser ablation and off-axis 
magnetron sputtering can be exploited to generate high quality, oriented films of such materials. 



Characteristics of resistivity are shown in Figure la, obtained by 4-probe resistivity vs. 
temperature measurements. All of the compounds display superconducting transitions at 
temperature in the range of 40 to 50 K. 
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Fig. 1. a) Resistivity vs. temperature measurements recorded for the following samples: C0(0.21)= 
Gd0.6Ca0.4Bal.6La0.4C~2.79Co0.21O7-8 Ni(0.21)=Gd0.6C~.4Bal.6~0.4CU2.79Ni0.21O7-6; 
Zn(0.13)=Gd0.6Ca0.4Ba1.6La0.4Cu2.87Zno. 1307-6 and Pr(0.4)= 
Pr0.4Gd0.2Ca0.4Ba1.6La0.4Cu3O7-~ b) magnetization susceptibility for same four compounds as 
a function of temperature and c) similar data for Gd0.6-xPrxCa0.4Ba1.6La0.4Cu307-~ (x = 0.4,0.5, 
0.6) compounds, indicating a phase transition occurred in Pr(0.5) sample. 

In order to further explore the properties of the new compounds, dc SQUID measurements 
were completed as shown in Figure lb. Contrary to the conclusions drawn from the resistivity 
data, the susceptibility measurements suggest that both Ni(0.21) and Zn(O.13) substituted 
materials are composed primarily of insulating compounds. Furthermore, a small volume fraction 
of a superconducting phase (Tc=45 K) is contained in Co(O.21) and an intermediate amount of 
superconductor (Tc=40 K) for the Pr(0.4) substituted samples. It is important to note that cation 
substitution at the Cu site promotes the transition from a metallic to a semiconducting phase. This 
significant finding is further confirmed as the Pr substitution concentration is increased from 0.4 
to 0.6 where SQUID measurements reveal similar transitions as shown in Figure IC. For the 
classes of compound studied here, the critical substitution levels for Co, Ni, Zn and Pr and 
achieved with Co(-0.21), Ni(0.21) Zn(O.13) and Pr(0.5). A continual increase of substitution 
concentration, such as Pr(>0.5), leads to the elimination of the superconducting filamentary 
phenomenon observed in the transport data and gives rise to a bow-shaped resistivity curve as the 
insulating phase becomes dominant. 

Table 1. Lattice constant matching among YBa2Cu307-& GdBa2Cu307-& Co and Pr substituted N-layer 
compounds. [9] 

Composition a-axis b-axis c-axis Reactivity Stability 
(A) (A) (A) WSa WSb 

YBa2Cu307-6 3.819 3.886 11.678 R R 
GdBa2Cu307-6 3.836 3.895 11.699 R R 
PrBa2Cu307-6 3.880 3.922 1 1.704 R R 

~a2cU2.79cOO.2107-6 3.867 3.867 1 1.684 R R 
Gd0.6CW.4Bal.6La0.4Cu307-6 3.866 3.866 11.701 S S 

Pr0.4Gd0.2%.4Bal.6La0.4Cu307-6 3.875 3.875 11.661 s S 
PrO.5GdO. lCa0.4Bal.6LaO.4Cu307-6 3.885 3.885 1 1.697 s S 
Pr0.6C%.4Bal.6La0.4Cu307-6 3.89 1 3.891 1 1.720 S s 

a Reactivity means water reactivity and R is reactive and S is stable and Stability means oxygen 
stability and R is reactive and S is stable. 

Further characterization of the structural features of the N-layer compounds was completed 
using x-ray powder diffraction (XRD), as shown in Table 1. The XRD data acquired here shows 
that no major phase transformations take place for these compounds. Rather, subtle changes in the 
lattice constants with increasing substitution concentration are noted. Lattice constant 



mismatching values (AM%, t=lattice constant) have been calculated. The lattice mismatch with 
YBa2Cu307 and GdBa2Cu307 electrode materials are found to be 11.88% in a-axis and 10.35% 
in c-axis for Pr(0.4, 0.5 and 0.6)-compounds. The results are similar to that observed for 
PrBa2Cu307-6 which has been used previously as an N-layer material.[4] 

In addition, important information regarding the intrinsic water and oxygen reactivity 
characteristics have been acquired. Here the corrosion experiments were completed using bulk 
samples and films which were exposed to water for specific periods of time ranging from 2 to 30 
days. Documented in Table 1 are water reactivity properties of the various superconductors and 
N-layer compounds. Important to note is the fact that standard superconductor such as 
YBa2Cu307-6 and GdBa2Cu307-6 are reactive under these conditions as are the conventional 
N-layer materials such as PrBa2Cu307-6 and YBa2Cu2.7gCo0.21q-g. On the other hand, the 
new Ca, La modified compounds display markedly improve water reactivity characteristics. 

Initial studies demonstrating the suitability of the new N-layer compounds for the creation of 
high-Tc S N S  j u n c t i o n s  have  been  comple t ed .  L ikewise ,  t h e  
Pr0.4Gd0.2C~.4Bal.6La0.4Cu307-6 compound has been used to make SNS junctions and 
SQUIDS. The junctions were prepared by laser ablation with a high tilt angle (q < 20'). The SNS 
junctions with different N-layer thickness (220 8, to 300 8,) were evaluated and show to exhibit 
critical current values of IC = 130-400 pA and normal resistance values of Rn = 0.07-0.175 D to 
produce IcRn = 22-28 pV. The modulation period for such systems corresponded exactly to one 
flux quantum in the SQUID loop. Change in bias current from 0.09 mA to 0.305 mA leads to 
shifting the voltage from 7.5 pV to 3.5 pV. Optimization of the device performance 
characteristics with particular focus on increasing values of Rn is now in progress. 

CONCLUSIONS 

A series of new N-layer compositions have been described and their properties 
characterized. Although conventional N-layer compositions such as Y0.7Cao3Ba2Cu307-6, 
YBa2Cu2.7gCoo.2107-6, Y0.6Pr0.4Ba2Cu307-6 and PrBa2Cu307-6 have been shown to 
exhibit poor stability, the new formations of Gdo.~~PrxCag.4Bal.6La0.4Cu3-~M~O7-6 (M = 
Co, Ni and Zn; 0 I x I 0.6; 0 1 z I 0.4) are shown to be durable. Critical substitution levels 
within the new series of compounds of Co(-0.21), Ni(0.21) Zn(0.13) and Pr(0.5) have been 
identified. Selected examples of the N-layer materials have been incorporated into functional SNS 
junction and SQUID devices. 
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