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Abstract: Miniaturization of devices for analysis of chemical composition is being still developed. In 
this article we present a portable device with a microplasma excitation source. The microdischarge is 
ignited inside a ceramic structure between a solid anode and a liquid cathode. As a result of 
cathode sputtering of the solution, it is possible to determine its chemical specimens by analysis of 
emission spectra of the microdischarge. We fabricated cathodes with a microfluidic compartment 
and two types of anodes. Devices were tested experimentally. Spectroscopic properties of the 
microdischarge and its analytical performance depended on the used ceramic structure, the surface 
area of the cathode aperture and the flow rate of the solution. 
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1. Introduction 

One of the most efficient excitation source for optical emission spectrometry (OES) analysis is 
atmospheric pressure plasma. However, typically used bulky inductively coupled plasma (ICP) 
requires to be cooled and commonly consumes a lot of power and gases. One of the alternatives is 
atmospheric pressure glow discharge (APGD). However, there is a problem with destructive impact 
of high temperature of such discharge on metallic electrodes. Therefore one or both of them could be 
covered by analyzed liquids [1]. Microplasma can be generated in reactors made in different 
micromechanical technologies. One of them is low temperature cofired ceramics (LTCC). Materials 
achieved with this technology exhibit very good performance in harsh environments, especially 
high temperatures and high voltages [2]. Nevertheless, microplasma can still degrade the surface of 
LTCC structures and included electrodes.  

In this work we present modular devices with LTCC parts. DuPont 951 ceramic was used. The 
idea of operation of the microdischarge device is given in Figure 1. Microplasma is formed between 
the solid anode and the liquid cathode, which is the analyzed solution containing analytes (Zn, Cd). 
Atoms of analytes are transported to the microdischarge phase and excited therein. Their emitted 
radiation at specific wavelengths is acquired by a spectrometer. For easier operation and proper 
alignment of the microdischarge, ceramic structures are put inside a polymeric housing (Figure 2). 
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Figure 1. Principles of chip operation. 

 
Figure 2. Exploded view of the device. 

2. Materials and Methods 

Consecutive layers of the cathode and both anodes are given in Figure 3. The cathode consisted 
of 9 layers. The external gold electrode was placed at the bottom of the layer no. 1. It was connected 
with the internal cathode made of platinum. In layers nos. 4–7, microfluidic channel was placed. The 
structure was covered by two additional layers with an cathode aperture, where plasma had contact 
with the analyzed sample. One type of anodes consisted of two layers with internal and external 
electrodes (type 1, see Figure 4). In the second type, the electrode was made of tungsten wire placed 
inside the ceramic structure (Figure 5). Both structures were made in the standard LTCC process. 
Only lamination was modified to avoid sagging of the microfluidic channels. Ceramic structures 
were placed in a polymeric housing made in 3D printing technology (Zortrax M200 3D printer). 

 
Figure 3. Consecutive layers of ceramic cathode and anode. 

 

Figure 4. Anode with screen-printed electrodes (type 1). 
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Figure 5. Anode with solid tungsten electrode (type 2). 

Performance of the device was examined experimentally. The measurement setup consisted of 
a Reglo Ismatec ICC peristaltic pump, a working gas container with a rotameter, high voltage direct 
or alternating current suppliers and a spectrometer (Shamrock 500i) with a CCD detector (Newton 
DU-920-OE). The spectrometer had two diffraction gratings: 1800 lines/mm for the UV range and 1200 
lines/mm for the Vis range. The analyzed sample was a 0.1 M HNO3 solution with 10 mg/L of Zn and 
Cd. Both DC- and AC-driven microdischarges could be operated in fabricated ceramic structures. 
However, the AC-driven microdischarge was more stable, therefore, it was used in the next experiments. 

3. Results  

In the device with the anode type no. 1, the microdischarge was unstable and both electrodes 
degraded very fast. The device with the anode type no. 2 was operated without any significant 
deteriorations. Emission spectra of this system were acquired in different conditions. Atomic 
emission lines of Zn and Cd at 213.9 and 228.8, respectively, were identified (Figure 6). We checked 
the effect of different flow rates of the analyzed solution (from 1 to 4 mL/min) and diameter of the 
cathode aperture (1.0 and 1.5 mm) on values of detection limits (DLs) of Zn and Cd. The results are 
given in the Table 1.  

 
Figure 6. Emission spectra of APGD operated in the ceramic structure with the anode type no. 2—the 
effect of the cathode aperture diameter. 

Table 1. Comparison of detection limits (DLs) obtained in the device operated in different 
conditions. 

 DLs [mg/L]  
 Zn 213.9 nm Cd 228.8 nm 

Fluid Flow Rate (mL/min) 1.0 mm 1.5 mm 1.0 mm 1.5 mm 
1 0.42 0.14 0.14 0.053 
2 0.30 0.25 0.094 0.16 
3 0.25 0.26 0.073 0.097 
4 0.16 0.22 0.069 0.053 
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4. Discussion  

As might be observed, lower values of DLs of Zn and Cd can be achieved when the flow rate of 
the analyzed solution decreases. In these conditions, higher amounts of analytes are sputtered into 
the microdischarge phase and higher sensitivities of atomic emission lines of Zn and Cd could be 
obtained. Since for a narrow cathode aperture (1.0 mm), higher power density was achieved, 
molecular bands observed in the range 200–250 nm were more intense. It was in general 
deteriorating for detectability of Zn, which analytical line interferes with the NO molecular band in 
this spectral range. It was not the case of Cd, which line was not interfered by the molecular spectra, 
hence, both apertures could be used for measurements of this metal. In Table 2 we present 
comparison of obtained DLs in our devices and ones from the literature. 

Table 2. Comparison of DLs presented in the literature and obtained in the device. 

 DLs [mg/L]  
 Referenced  This Work  
 [3]  [4] [5] [6] Type 1 Type 2 

Zn 0.14 0.20 0.60 0.10 0.082 0.053  
Cd 0.20 0.053 - 0.10 0.24 0.14 

4. Summary  

We presented the portable device for determination of selected metals (e.g., Zn, Cd) in 
solutions. The device was based on microAPGD and acquisition of its emitted radiation by OES. The 
microdischarge was ignited between the solid anode and the flowing liquid cathode. Anodes and the 
microfluidic compartment within the cathode were made in LTCC technology. The ceramic structures 
were placed in a polymeric housing made in 3D printing technology. The AC-driven microAPGD 
system appeared to be the most stable. When a solution of 0.1 M HNO3 with 10 mg/L of Zn and Cd 
were introduced to the system, it was possible to quantitatively measure both metals using their 
analytical lines at 214 and 229 nm, respectively. At the optimal experimental conditions, values of DLs 
of Zn and Cd were 0.14 and 0.053 mg/L, respectively, which was comparable or better than DLs 
reported by other researchers. During all experiments, cathodes exhibited satisfying reliability. 
Screen-printed anodes were etched by the microplasma, but the solid tungsten anode exhibited better 
reliability. 
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