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INTRODUCTION 

 

The multipactor effect is an electron avalanche like phenomenon that can occur in microwave components under 

vacuum. This undesirable effect results from the synchronism between the Radiofrequency-wave and the electron 

emission phenomenon of microwave-components materials that may lead to an exponential increase of the electron 

density [1]. 

The new trend in the space telecommunication is to increase the RF power density that leads to an increased multipactor 

risk. To circumscribe this risk, an interesting strategy consists to produce rough surfaces at microscopic scale with low 

Total Electron Emission Yield (TEEY) [2]. For this purpose, many technics are used such as laser ablation [3], micro-

porous by photolithography [4], copper nanowires [5] or micro-structured gold/silver coatings [6], etc. For monolithic 

components produced by 3D printing, a major part of these nowadays used solutions are difficult to apply or inapplicable. 

That why, in this work, we explore the capabilities of electrodeposition techniques to produce low TEEY surfaces. This 

technique (fluid) could be suitable 3D printed components in particular.  

In this work, surface roughness was induced directly during the silver electrochemical deposition on nickel substrate at 

ambient temperature with a bath composition that responds to some green chemistry aspect as the suppression of toxic 

product as cyanide (REACH).  

 

This paper was divided in two parts. In the first part, we describe the effect of bath compositions and electrodeposition 

parameters on the surface morphology. In the second part, we present the effect of these surfaces on the TEEY. We will 

show that some produced morphologies lead to a substantial overall decrease of the TEEY. A scanning electron 

microscopy with electron dispersive X-Ray analysis were used to link the TEEY to surface morphology and chemical 

composition. 

 

 

MATERIALS AND METHODS 

 

1- Electrodeposition method 

Silver coatings have been deposed on a nickel substrate by chronopotentiometry at ambient temperature. Five bath 

compositions, inspired by Zarkadas et al. [7] and Papanastasiou [8] (Table 1) were used to deposit silver on nickel. 

 

Table 1. Bath composition and electrodeposition parameters to realize silver coatings 

Name of 

samples 

AgNO3 

mol/L 

HNO3 

mol/L 

Citric ac. 

mmol/L 

Tartaric ac. 

mmol/L 

Current 

density jp 

(mA/cm2) 

Pulse on 

time (ton) 

(min) 

Total time 

deposition 

(min) 

100C 

0.2 0.1 

15 0 

-1 2 30 

75C/25T 11.25 3.75 

50C/50T 7.5 7.5 

25C/75T 3.75 11.25 

100T 0 15 

 

Before the deposition, nickel substrate is pickled in HCl at 37 %w/w for 60s followed by rinsing with distilled water. 

Then, the dispositive for the deposition was a three electrodes cell (Fig. 1) with:  
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- Ag/AgCl bridge as a reference electrode (RE), 

- A platinum plate with a surface of 1 cm² as a counter electrode (CE),  

- Nickel plate with a surface of 25x25 mm² as a working electrode (WE) (Fig. 2). 

These electrodes were connected to a potentiostat-galvanostat PGZ 100 Radiometer Analytical controlled by VoltaMaster 

4 software. Finally, to obtain silver coatings with a good adherence, pulse galvanostatic method was chosen for a duration 

of 30 min with pulse (ton) of 2 min and (toff) of 10 s as shown in Fig. 3.   

 

2- Characterization 

The morphology and the chemical composition of the deposits were investigated using a JEOL 6460 LV Scanning 

Electron Microscope (SEM) working at an accelerating voltage of 20 kV and coupled to an energy dispersive spectroscopy 

(EDS) detector (acquisition time 300 s). A semi-quantitative analysis is carried out by averaging measurements taken in 

three different places of the samples but of the same surface (magnification of 500). 

Crystalline structure of the samples was studied by X-ray diffraction (XRD) using Bruker D8 Advance diffractometer 

with CuKα radiation (λ CuKα = 1.5418 Å), operating in Bragg-Brentano geometry, for 2θ ranging from 20° to 90°, with a 

step of 0.04° and a scan speed of 5 s by step. The crystallographic phases were analyzed using the JCPDS data basis with 

EVA 4 software. All the diagrams were set from the lines of substrate and normalized with respect to the most intense 

Ag peak. In all patterns, the peaks denoted by an asterisk are those relative to the substrate (Ni: 00-004-0850).  

The roughness of the Ag coatings was measured using an optic profilometer using OLS LEXT31000 on an area of 

49.9e3 µm². Different types of roughness were extracted:  

- Ra: Arithmetic mean roughness of the profile. This allows the global evaluation of the amplitude of the profile 

roughness. 

- Rc: This represents the average height of the profile elements. 

- Rzjis: This represents the ten-point arithmetic average of the five highest peaks and the five deepest valleys of the 

profile. 

For all the characterization methods, the analyses were carried out on the same surface at the center of the deposit in 

order to avoid edge effects.  

 

3- TEEY measurement 

The measurements of the TEEY were performed in DEESSE facility [34] in a vacuum level of about 10−9 mbar and 

at room temperature of 23°C. An EGL-1022 Kimball electron gun with electron beam pulsing capabilities was used as 

the electron source. A schematic layout of the experimental setup is shown in Fig. 4. The sample was negatively biased to 

-9V during TEEY to avoid low energy secondary electrons and tertiary electrons to be recollected or collected by the 

sample. 

 

Fig. 1. Experimental set up 

 

Fig. 2. Nickel plate for 

electrodeposition (WE) 

 

Fig. 3. Explanation of the 

pulse mode 



 

Fig. 4. Schematic diagram of the TEEY measurement setup 

In the present, experiments incident electron pulses of 6 ms duration and few tens of nA current were used to avoid the 

electron beam induced conditioning effect. For each sample, the TEEY measurement was repeated 10 times. The derived 

standard deviation is typically lower than 2%. For all the incident electron energies of interest, the incident charge per 

pulse, ΔQi and the sample charge ΔQS per pulse were measured. The TEEY can be deduced from the following 

expression: 

TEEY =
∆Qi − ∆QiS

∆Qi

 

A full description of the measurement method can be found in the reference [35]. TEEY value of silver coatings deposited 

by electrodeposition has been compared with the TEEY performance of rolled silver reference plate (99.95 % purity, 

provide by Goodfellow). 

 

RESULTS AND DISCUSSION 

 

1- Influence of the electrochemical parameters on the deposit 

After the deposition, all the samples were analysed by SEM, XRD and profilometry to notice the influence of the bath 

composition on the surface morphology.  

Firstly, Fig. 5 shows the influence of the bath composition on the particle’s morphology. Bath with only tartaric acid 

(100T) produce cubic particles in comparison with bath containing citric that produce acicular particles. These results 

show that during the deposition the reaction mechanism with citric acid is priority compared to the one with tartaric acid.   

 

 
(a) 100C 

 
(b) 75C/25T 

 
(c) 50C/50T 

 
(d) 25C/75T (1) 

 
(e) 100T 

Fig. 5. SEM representation of silver coatings with 100C, 75C/25T, 50C/50T, 25C/75T and 100T baths 

Secondly, samples were analysed by XRD to confirm the composition of these coatings (Fig. 6) and to obtain information 

concerning the crystallographic phases. The results confirm the silver coating formation on nickel substrate. Moreover, 



this analysis gives a first explanation for the difference of the silver particle’s shapes. In fact, silver coatings deposited 

using a citric acid based bath are a mixture of cubic phase (Ag 3C) and hexagonal phase (Ag 4H). In addition, silver 

coatings deposited in tartaric acid bath (100T) are formed only constitute cubic phase (Ag 3C). 

This result gives us an important information on the silver electrodeposition mechanism in comparison with the literature 

[7–9]. It will be interesting to deeper this in a future work.  
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Fig. 6. XRD results for silver coatings deposited in 100C, 75C/25T, 50C/50T, 25C/75T and 100T baths 

Profilometry was also used to have some information on the roughness. The three parameters (Ra, Rc and Rzjis) are derived 

(see Table 2). Qualitative analyses of the surface homogeneity were also done. The effect of the bath composition on the 

surface morphology is obvious. 

Sample 100T presents a high difference between the other samples; this is explained by two facts: the difference of shapes 

particles and the difference of homogeneity. This lack of homogeneity is present in the Fig. 7 with a comparison with 

25C/75T and 100T baths 

 

Table 2. Roughness values for silver coatings electrodeposited in 100C, 75C/25T, 50C/50T, 25C/75T and 100T baths 

 100C 75C/25T 50C/50T 25C/75T (1) 100T 

Ra (µm) 0.551 0.545 0.633 0.491 1.048 

Rc (µm) 1.18 1.008 1.234 1.196 2.211 

Rzjis (µm) 10.158 11.41 11.298 10.403 14.04 

 

 
25C/75T 

 
100T 

Fig. 7. 3D representations for silver coatings electrodeposited in 25C/75T and 100T baths 

2- Influence of the surface morphology on the TEEY 

 

The next step is to study the difference of surfaces morphology and to link these results to the electronic emission. All 

samples were analysed by DEESSE facility and were compared to a standard silver plate. Results are presented in the 

Fig. 8. This analyse show that all the silver coatings obtained by electrodeposition give best result than the standard for 

TEEYmax (the maximum of the TEEY) and EC1 (the first crossover energy at which the TEEY is t equal to one). Two 



samples have particularly low TEEY: 75C/25T and the 25C/75T with respectively: EC1 = 45. eV, TEEYmax = 1.6, and 

EC1 = 46 eV, TEEYmax = 1.62; in comparison with standard Ag: Ec1 = 27.4 eV, TEEYmax = 2.23. The less interesting 

results is for the 100T sample. Different fact can explain this difference, the first fact is the different of shape for silver 

particles and the second fact is a bad homogeneity for the coating.  

 

 

Fig. 8. TEEY representation for silver standard and for 

silver coatings electrodeposited in 100C, 75C/25T, 

50C/50T, 25C/75T and 100T baths 

 

Fig. 9. TEEYmax and Ec1 trend for silver standard and 

for silver coatings electrodeposited in 100C, 75C/25T, 

50C/50T, 25C/75T and 100T baths 

 

An interesting point in regard to multipactor mitigation [10], the decrease of thee TEEYmax is coupled with the increase 

of EC1 (see Fig. 9) 

Different studies show the influence of the roughness on the TEEY [11,12]. Fig. 10 show the ratio Ra/Rc and EC1 evolution 

for all the baths. A net correlation between Ra/Rc ratio and EC1 was observed. Higher is this ratio and higher is EC1.  

 

Fig. 10. Ratio Ra/Rc compared to Ec1 for silver coatings with 100C, 75C/25T, 50C/50T, 25C/75T and 100T baths 

In conclusion, to decrease the TEEY, we should favour bath with citric and tartaric acid, which induce silver particles 

with acicular shape. This particle shape is particular good to act like electron trap to decrease the TEEYmax and increase 

the EC1 

 

A reproducibility of the whole electrodeposition process to TEEY measurement has been realized for the silver coating 

25C/75T. Six samples were realized in the same conditions, in the 25C/75T baths prepared six times by two distinct 

operators. Fig. 11 represents the average of TEEY. The standard deviation (2x) envelope is also shown. The 

reproducibility of the process is quite good. The reproducibility of this TEEY reduction method is quite good but can still 
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be improved. In any case, even considering the higher TEEY, the silver deposition method presented here is still very 

interesting compared to conventional silver plating shown in the same graph.  

The small observed disparity is probably due to a small variation of particles sizes, some heterogeneity of the coatings 

and some variation on the surface contamination after exposure, days and weeks to ambient atmosphere [13].   
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Fig. 11. Reproducibility of the TEEY measurement with 25C/75T bath 

This study of reproducibility present that silver deposition method presented a very interesting compared to standard 

silver sample, even considering the higher TEEY. 

 

CONCLUSION 

 

This work focused on the development of silver anti-multipactor coatings based on tuning the surface roughness. The 

electroplating technique has been used to create an appropriate micrometric or submicron surface roughness in order to 

substantially improve the characteristics of the standard silver commonly used for high power RF devices. The deposition 

technic and methodology (bath composition, electrodeposition parameters) presented here allowed a significant overall 

lowering of the TEEY. The surface morphology and composition analyses permitted to link the TEEY drop to quantitative 

morphologic parameters. This opens a new perspective to further optimize the surface morphology (and thus the TEEY) 

through the tuning of the electrodeposition parameters.  

Compared to the techniques currently used for multipactor mitigation for space applications, the proposed method will 

have few advantages: 

- it can be applied in principle to complex geometry including monolithic microwave devices, 

- it can be implanted at low coast in standard manufacturing process, 

- it is fully compliant with the European Registration, Evaluation and Authorisation of Chemicals (REACh). 
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