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Experimental investigation of the influence of silver on the properties

of bicrystal junction in an HTSC detector
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The study is focused on investigating the silver film influence on bicrystal junction properties in high-temperature

superconductor (HTSC) detectors on the basis of YBa2Cu3O7−δ (YBCO). This work analyzed five chips made in

different process cycles. Each chip has three types of Josephson detector structures with log-periodic antennas with

different configurations. Main focus is made on comparing critical current, normal resistance and typical voltage

at 4K and 77K. The findings showed that structures with the same Josephson junction dimensions demonstrate

considerable difference in parameters. It was found that the deviation of parameters is mainly caused by the

proximity of the silver layer to the bicrystal boundary leading to barrier contamination and change of the junction

properties.
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1. Introduction

High-temperature superconductors (HTSC) based on
YBa2Cu3O7−δ (YBCO) are of considerable interest for the

development of modern detectors [1,2] and mixers [3,4]
used for various applications, including radio astronomy,
quantum electronics and communication systems. Unlike

low-temperature detectors having a record-breaking sensitiv-
ity [5,6], the interest in HTSC is primarily associated with an

increase in the energy gap in the superconductor excitation
spectrum, and with potential improvement of operating
parameters in a wider temperature range. This allows

external signals with a frequency equal to units of THz to
be detected at 50K [2].
One of the key elements of such devices are Josephson

junctions that provide high sensitivity and broadband signal
detection. Nonlinear current-voltage curve (CVC) of such

junction similar to semiconductor p−n-junction may be
used both for variable signal rectification and mixing. In
addition, as there is specific Josephson generation, such

system will also have other types of interaction with an
external variable signal, which is the basis of a wide range
of receivers. For communication between the detector

sensor and environment, and for effective reception of
high-frequency radiation, the Josephson junction is usually

integrated in a planar antenna and mounted on a silicon lens.
Depending on the detector application, both narrowband [3]
and broadband antenna [4] may be used. To improve

antenna reception at high frequencies, it is coated with
silver, gold and platinum.

However, the HTSC junction parameters may differ
considerably in the manufacturing process and materials

to be used [7,8]. Practical application of such structures

is complicated by significant variations of structural parame-

ters during manufacturing: properties may vary considerably

between chips, which degrades reproducibility of chips.

This study is dedicated to experimental investigation of

the influence of silver film on the properties of a bicrystal

junction in an HTSC detector. Silver is often used to

make ohmic contacts and antennas, but its diffusion into

YBCO film may lead to modification of local chemical

composition and material structure, which affects negatively

the superconducting properties. This is especially important

for a weak link region, where even insignificant changes

may cause a change of junction properties.

The investigations were performed on five chips made

in different process cycles to obtain statistically significant

results and make valid conclusions concerning the influence

of various factors on the properties of Josephson junctions.

Special focus was made on investigating the dependence

of the critical current and normal resistance on the type of

structure and fabrication aspects.

The aim of the study is to determine the key factors

inducing changes of the bicrystal junction properties and

to provide recommendations for improving HTSC detector

design to increase repeatability of detector parameters.

2. Aspects of structure formation and
measurement procedure

Chips with several bicrystal Josephson junction struc-

tures were made by magnetron sputtering of YBCO film
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Figure 1. Photographs of three types of Josephson detector structures. Top — full image of the detector with antenna and bonding pads.

Bottom — image of Josephson junctions near the interface made by a scanning electron microscope.

onto a Zr1−xYxO2 bicrystal substrate with a disorientation

angle of 24◦ in the [001] plane using the master mask

method [9]. For broadband communication with external

radiation, each junction is integrated with a log-periodic

planar antenna [10].
The structures were formed on a cubic zirconia substrate,

on which a buffer epitaxial CeO2 layer was deposited

by laser sputtering to ensure lattice matching and reduce

chemical interaction between the YBCO and substrate.

Layout was created using a master mask: a masking

photoresist was made first, then amorphous CeO2 was

deposited by laser sputtering without substrate heating,

after which the photoresist and the amorphous CeO2 on

it were lifted off leaving openings for YBCO film growth.

YBCO film was sputtered at 800−850 ◦C and Ar(50%)/O2

mixture pressure of 75 Pa [9]. Detector antenna bonding

and ohmic contacts were made by lift-off photolithography

using an optical photoresist and thermal silver evaporation.

Then the structure was subjected to annealing at 500 ◦C

in oxygen. Josephson junction was formed at the substrate

single crystal interface where the superconducting film has

low critical current density JC and critical temperature TC .

The master mask method was used to avoid degradation

of the YBCO film properties minimizing the effect of

etching or ion implantation, which is especially important

for the weak link region. Thus, high-precision superconduct-

ing elements with dimensions equal to some micrometers

were created and integrated in log-periodic antennas for

broadband signal detection.

Figure 1 shows photographs of three various types of

Josephson receivers consisting of log-periodic antennas with

various configurations and integrated Josephson junctions.

Three structures were fabricated on the same chip (sub-
strate) in a single manufacturing process.

Differences in antenna configurations were caused by the

scope of application of the Josephson receivers: frequency

band (amplitude frequency response of the antenna, [10]);
utilization as a direct detector [11] or mixer [12,13], antenna
system size restrictions, etc. Sizes of the Josephson

junction (superconducting bridge intersecting the bicrystal

interface) were the same for all types of structures within

the accuracy of process resolution (∼ 3µm). Therefore,

transport characteristics of the Josephson junctions were

expected to be the same.

A structure in Figure 1, a had a sinusoidal log-periodic

antenna with smooth lines of the smallest lobes compared

with other antennas. This structure, had a silver (Ag) layer

that was placed near the bicrystal boundary shown in Figure

1 as blue dashed lines. The photo shows some local defects

of the silver film at the dielectric interface near the dielectric

interface.

A structure in Figure 1, b had a larger antenna than

that of a structure in Figure 1, a. Layer boundaries on

the structure are more distinct, the structure is free of

visible damage, dielectric layer and YBCO superconductor

maintain their integrity making this structure suitable for

practical application.

A structure in Figure 1, c is fitted with a larger antenna

with shorter, but wider lobes. By the quality of layers, this

structure is similar to that in Figure 1, b, but may slightly

differ in the junction width due to the process restrictions.

For convenience of further discussion and an to vividly

distinguish these structures, the following designations are

assigned to the structures: the structure in Figure 1, a

will correspond to type 1, structure in Figure 1, b will

correspond to type 2, structure in Figure 1, c will correspond

to type 3.

Transport properties of structures were measured in the

Gifford–McMahon cryocooler that was used to examine

properties in a wide temperature range from 4 to ∼ 80K.

Current-voltage curves were measured by a four-probe

method.

3. Analysis of findings

Figure 2 shows the results of investigation of transport

properties of three Josephson junction structure types for

chip � 2 (see Table 1).
At 77K (Figure 2, a), IC of structure type 1 is much

lower than that of two other structure types and is equal to
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Figure 2. current-voltage curves of three structure types of chip � 2, measured at 77K (a) and 4K (b). c — Dependence of critical

current on temperature.

Table 1. Properties of all examined different structure types. L is the Josephson junction length, H is the superconducting film thickness;

IC is the critical current; RN is the normal resistance; JC is the critical current density; rN is the normal resistance normalized to a

cross-section area; ICRN is the product of the critical current by the normal resistance

Chip Structure type L, µm H, µm IC , mA RN , Ohm JC , MA/cm2 rN , mOhm · cm2 IC RN , mV

� 1
1 2.85 0.12 0.14 12.1 0.04 2.76 1.70

2 3.00 0.12 1.15 2.20 0.32 0.53 2.53

1 3.10 0.19 0.52 7.16 0.09 2.81 3.72

� 2 2 3.17 0.19 1.30 1.95 0.22 0.78 2.53

3 3.07 0.19 2.15 1.32 0.37 0.51 2.84

� 3 2 3.10 0.20 2.05 1.20 0.33 0.50 2.46

� 4 3 3.10 0.15 2.32 1.20 0.50 0.37 2.78

about 0.02mA. Structure type 2 has a critical current close

to 0.15mA, and the critical current of structure type 3 is
much lower than 0.2mA. RN of structure type 2 and 3 at

first glance has very close values, while structure type 1

demonstrates a steeper slope of the current-voltage curve,
which is indicative of a higher normal resistance.

Figure 2, b shows CVC measured at 4K. For clarity,
resistance of all three types of structures in normal state

is shown dashed in the figure. Critical current of structure

type 1 was 0.52mA, of structure type 2 was 1.30mA, of
structure type 3 was 2.15mA. At a lower temperature, a

difference in the critical current between structure types 2

and 3 becomes more clear.
Figure 2, c shows dependences of the critical currents of

all structure types on the temperature. The dependence is

identical to the experimental observations for other similar
structures [14,15]. It can be seen that the critical temper-

ature of structure type 1 is lower that of structure types 2

and 3. In addition, at high temperatures, the critical current
measurement error increases due to high fluctuations and

pickup, and the difference in values decreases, in particular,

this is applicable to structure types 2 and 3. For more
detailed measurement analysis, it is reasonable to study CVC

at low temperature.

Current-voltage curve measurements were used to cal-

culate the critical current density (JC); normal resistance
normalized to the cross-section area (rN); and typical

voltage ICRN for four chips for more detailed analysis.

These properties are normalized to the Josephson junction
size, therefore, the structures may be compared with the

manufacturing dimensional tolerance. Experimental data for
all chips at 4K is listed in Table 1.

According to this data, Figure 3 shows curves ofJC

(Figure 3, a), rN (Figure 3, b) and ICRN (Figure 3, c) for
three structure types.

Figure 3, a clearly tracks the following dependence:

critical current density increases depending on the structure
type — from type 1 to type 3. Figure 3, b also demonstrates

a dependence, though inverse one: resistivity decreases from

structure type 1 to structure type 3. In Figure 3, c, ICRN for
structure types 2 and 3 demonstrates close values. At the

same time, a considerable scatter in values between chips is

observed for structure type 1.
Despite the fact that dimensions of three Josephson

junction types are close, their properties differ considerably,

especially for structure type 1. In addition, structure type 1
features the widest scatter in parameters compared with

other structure types. This fact requires more detailed
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Table 2. Properties of three structure types without silver

Chip Structure type L, µm H, µm IC , mA RN , Ohm JC , MA/cm2 rN , mOhm · cm2 IC RN , mV

1 3.00 0.08 1.02 2.86 0.42 0.46 2.90

� 5 2 3.80 0.08 1.20 2.51 0.50 0.40 3.00

3 3.00 0.08 1.38 2.35 0.46 0.48 3.24
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Figure 3. Dependences of critical current density (a), resistivity (b) and typical voltage ICRN (c) for three structure types on different

chips. Symbols denote the experimental data. Lines are mean values.

review and analysis because understanding of reasons for

these differences may be the key factor for improvement of
structural properties. In particular, it is necessary to identify

whether the observed deviations are caused by the aspects

of structure formation, influence of ambient conditions or

specific functioning.

4. Influence of silver on the bicrystal
junction properties

As a result of analysis and review of possible causes of

the observed deviation of parameters, a hypothesis was put

forward, according to which this behavior was caused by
the influence of silver coating applied to a part of YBCO

film near the bicrystal boundary.

Figure. 1, a shows that structure type 1 has a silver (Ag)
layer placed in immediate proximity to the bicrystal bound-

ary, unlike two other structure types. Thus, the distance
from the bicrystal junction to the silver layer for structure

type 1 is approx. 4µm, and for structure types 2 and 3 is

20−30µm. Moreover, partial failure and inhomogeneous

silver layer distribution is observed for structure type 1,

which may be caused by manufacturing defects or external
impacts.

Silver has high diffusion capability and silver atoms in

certain conditions may actively penetrate adjacent layers, in

particular, the YBCO film [16]. This may lead to formation

of nonsuperconducting phases, thick grain boundaries, and
formation of structures preventing vortex motion. Silver

diffusion may also cause degradation of weak link at

the single crystal interface reducing its homogeneity and

increasing the concentration of defects.
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Figure 4. Current-voltage curves of three structure types on chip

without silver at 4K.

This assumption was used as the basis for fabricating

the fifth chip with structures identical to the previous

ones, but without silver coated antennas. Figure 4 shows

CVC of structures without a silver layer measured at 4K.

Analysis of Table 2 shows that transport properties for all

three structure types are similar and the scatter in current

density and normalized resistance is 10% on average.

Therefore, a conclusion may be made that exclusion of silver

facilitated normalization of the critical current and normal

resistance as well as of typical voltage of the Josephson

junction.
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5. Conclusion

The investigations have shown that an HTSC detector

configuration, including a log-periodic antenna geometry,

may have significant influence on the bicrystal junction

properties. It was found that samples with the same Joseph-

son junction dimensions could demonstrate considerable

differences in the critical current and normal resistance,

which is attributable to structural design and aspects of

structure formation. The silver film deposited to the

antenna and located near the bicrystal boundary exerts

the main influence on the junction parameters Silver may

cause barrier contamination and modification of junction

properties, which is confirmed by the experimental data.

Exclusion of silver from manufacturing of new structures

made it possible to improve the repeatability of properties.

Critical current and normal resistance for various structure

types exhibited close values during measurements, which

confirmed the proposed hypothesis concerning the influence

of silver.

Thus, the investigations suggest that detector configura-

tion control and exclusion of silver influence are the key

factors for improvement the stability of bicrystal junction

properties. On the other hand, utilization of silver may

be useful to some extent because it allows the junction

properties to be modified without considerable degradation

(ICRN) at low temperatures. Thus, an increase in normal

resistance for structure type 1 provides better matching

with electro-dynamic environment and better reception

properties in the broadband detection mode as reported

in [11].
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