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Abstract— The proposed technology of wet etching provides 
obtaining of stand-alone Bi2Sr2CaCu2O8 mesa structures thicker 
than ones usually being studied, but still allows to get mesas 
below 1 μm. The time required for the fabrication is much 
shorter than the standard method of ion milling. The 
development of technology is aimed to increasing of the copper 
plating up to 30 microns thick over a thin gold layer to improve 
heat removal. The measurements of fabricated samples over a 
wide temperature range from 6 to 77 K were performed. Also 
experimental study of spectrometer with the oscillator based on 
the BSCCO mesa structure obtained on the basis of standard ion 
milling technology was performed. In particular the BSCCO 
generator can be used to develop compact THz spectrometer with 
high resolution. 

Keywords — BSCCO mesa, wet etching, phase-diffusion field, 
THz spectroscopy, molecular gas  

I.  INTRODUCTION 

At the present time the investigations of subTHz and THz 
radiation from Bi2Sr2CaCu2O8+x (BSCCO) mesas attract a 
great interest. Therefore the experimental study aimed at the 
development of technology and the practical use of generators 
based on high-temperature superconductors mesa structure 
remain relevant. In addition, the use of generators for 
spectroscopic tasks requires additional investigation of the 
interaction of radiation with molecular gas. 

II. TECHNOLOGY OF WET ETCHING 

Technological studies aimed for the fabrication of a single 
mesa structure of BSCCO intended for the generation of a 
subTHz signal have been made. For these experiments we 
used a lead-doped Bi1.85Pb0.35Sr2CaCu2O8+x flakes obtained by 
splitting of a single-crystal BSCCO grown at the Institute of 
Solid State Physics of RAS by the zone melting method [1]. 
The flakes were sticked with conductive glue to the silicon 
substrates coated with gold. 

Previous research [2] has allowed to work out the 
technology of wet etching. The photoresist (PR) mask in the 
form of circles with various diameters 100-500 μm was put on 
the surface of flakes by photolithography etching in 
hydrochloric acid (1:8 water solution). The etching time was 
about 50 s and yielded stand-alone circular mesas. The PR 
mask was removed by plasma chemical etching in an oxygen 
plasma of Oxford Plazmalab 80 Plus facility or dissolved in 
dimethylformamide without using an ultrasonic bath. The 
latter method is more preferable because it does not lead to the 
facility contamination and prevents the destruction of the 
structure. The maximum time of PR removing was ~30 min. 

The height of the mesa was measured using a Talysurf 
2000 white light interferometer and was roughly 6 μm. It is 
seen that the etching is anisotropic: the depth of undercut is 40 
μm with an etching depth of 6 μm. The anisotropy of the 
etching rate allows to obtain mesas with almost vertical walls 
(Fig. 1).  

 

Fig. 1. Talysurf 2000 white light interferometer pictures of stand-alone 
circular mesas covered with gold on both sides and a single mesa profile with 
skanning line going through the middle of structure. 
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Fig. 2. Current-voltage characteristics for T = 25 K excluding resistive 
contribution.  

A conductive glue under the strusture was dissolved and a 
separate mesa was moved. After that the structure was glued 
by the conductive adhesive to the gold-plated substrate and a 
second electrical wire was bonded to the mesa surface. This 
configuration allows measuring the current–voltage 
characteristics along the c-axis of the BSCCO crystal. In Fig. 
2 the characteristic of 16 × 10−4 cm2 circular mesa is shown 
for T = 20 K. It is seen, that the measured Jc is much less than 
the expected one. This can be explained by deterioration of the 
top or bottom layer of the structure. On the other hand, 
perhaps for some reason only a part of the circular mesa 
exhibits superconducting properties.  

 Further development of the technology was aimed at the 
electrolytic build-up of copper coating over a thin layer of 
gold. This allows to obtain robust structure with good heat 
sink. Photo of the sample with a copper layer thickness of 
about 30 μm is shown in Fig. 3. On the right side of the 
structure internal splittings are seen, which increases the 
fragility of the structures. They can lead to damage of the 
structure during the deposition of a similar copper coating on 
the back side. 

 

Fig. 3. Sample of BSCCO flake coated with gold and an electrolytically 
deposited layer of 30 μm copper on a silicon substrate. 

 
 
Fig. 4. Block diagram of the experimental setup for gas spectroscopy. 

III. SPECTROSCOPIC APPLICATION  

The applicability of the BSCCO generator for spectroscopic 
tasks was investigated in Kotel’nikov Institute of Radio 
Engineering and Electronics of RAS. The main issue was the 
influence of the BSCCO signal on the molecular spectral line. 
It is known [3] that at the resonant frequency the coherent 
signal induces macroscopic polarization in the molecular gas. 
The concentration of the investigated components of the gas 
mixture is determined by the magnitude of this response with 
a high accuracy [4].  

An alternative way is to use a radiation source of phase-
diffusion field with the Lorentz profile. It has been predicted 
[5] and experimentally observed [6] that, such noisy signal 
induces the macroscopic polarization of comparable 
magnitude to the polarization of a coherent signal case. In this 
work, the BSCCO generator having the required 
characteristics and Lorentz spectrum [7] was used as a source 
of noisy signal.  

The present study was aimed to compare the effect of a 
coherent signal and a phase-diffusion field on a molecular gas. 

The experiment setup is shown in Fig. 4. As a source of 
coherent signal the backward-wave oscillator (BWO) was 
used [8]. BWO signal in the range of 120 – 160 GHz was 
multiplied by the superlattices and reached 450-750 GHz at 
the 3rd, 4th and 5th harmonics of the BWO signal. To obtain a 
narrow linewidth of 20 kHz a phase-lock loop system was 
used. 

As a source of phase-diffusion field an oscillator based on 
the stacks of Bi2Sr2CaCu2O8 intrinsic Josephson junctions has 
been used [9]. BSCCO mesastructure has been fabricated from 
a slightly under-doped BSCCO single crystal, that has been 
grown using a floating zone technique at National Institute for 
Materials Science [10]. The working frequency range of 
BSCCO mesa is between 400-600 GHz, the linewidth has 
reached 200 MHz. 

The noisy signal from BSCCO mesa was measured by the 
superconducting integrated receiver (SIR) with local oscillator 
phase locked at 566 GHz and intermediate frequency range 4 - 
8 GHz [11-12].  



 
Fig. 5. The ammonia absorption line at a pressure of 0.08 mbar and 
frequency of 572.5 GHz (intermediate frequency).  

The ammonia mixed with water (10% solution) has been 
studied as a molecular gas. As the results of measurements the 
absorption line at 572.5 GHz was observed. The ammonia 
absorption coefficient was calculated as the ratio of the 
absorbed power to the incident power: 

  α = ΔP / P0 (1) 

The absorption coefficient was obtained for both cases and 
the values obtained with two different sources were compared, 
Fig. 5, Fig. 6. The observed deviations of absorption 
coefficients for the case of coherent signal and phase-diffusion 
field might be due to the following possible reason: according 
to the theory, a noise signal in contrast to the coherent signal 
provides general heating of the system. This reduces the 
difference in population levels, and, consequently, decreases 
the absorption coefficient. 

IV. CONCLUSIONS 

We have reported about current progress in fabrication of 
thick BSCCO mesa structures for spectroscopic applications. 
The proposed technology of wet etching allows obtaining 
stand-alone BSCCO mesa structures with thickness much 
above 1 μm. The time required for the fabrication is much 
smaller in comparison with the standard method of ion 
milling, but the process is still controllable. The stand-alone 
mesas are better cooled due to the absence of the 
superconducting substrate with low thermal conductivity. The 
copper coating over a thin layer of gold allows to obtain robust 
structure with good heat sink. 

We have also proven the possibility of novel noisy THz 
spectroscopy using BSCCO samples, fabricated in NIMS, 
Tsukuba, and Superconducting Integrated Receiver, fabricated 
in IREE, Moscow, by detection of the molecular spectra in the 
subTHz range. It is shown that the interaction of noisy phase-
diffusion signal with gas leads to macroscopic polarization, 
comparable to the polarization induced by a coherent signal. 
The performed investigations demonstrate the possibility of 

practical application of BSCCO generator in the high-
resolution THz spectroscopy.  

  

Fig. 6. Absorption α of ammonia at different pressures (BSCCO and BWO).  
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