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Abstract: In satellite communication systems, multipactor 
discharges have the potential to disrupt signal transmission and 
damage hardware. This paper discusses the design, simulation, and 
testing of a coaxial multipactor test-cell that will be operated at GHz 
frequencies. The experiment’s design has been guided by CST Particle 
Studio PIC simulations to predict multipactor breakdown. A number 
of diagnostic instruments will be used to detect and characterize the 
discharge. This experiment will ultimately be used to study the 
multipactor phenomenon and explore mitigation strategies. 
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Introduction 

Multipactor is a discharge phenomenon that can result in 
disruption in microwave transmission [1, 2], degradation of 
signal quality [3], and even catastrophic damage to the device 
[2, 4]. In the coaxial geometry, multipactor is very difficult to 
study analytically [3] and there is limited experimental data in 
the public domain [5, 6]. Because of this, it is challenging to 
predict multipactor onset. Multipactor is of particular concern in 
satellite communications because it is impossible to repair or 
replace damaged components. As a result, it is necessary to build 
devices with large safety margins, leading to increased costs and 
reduced performance. 

This paper presents the design of a test-cell for studying 
multipactor in a coaxial geometry. The test-cell will be used to 
measure the multipactor breakdown threshold and test various 
surface treatments and other mitigation strategies.   

Multipactor Simulations 

The coaxial test-cell was designed based on PIC code 
simulations in CST Particle Studio [7]. A cross-sectionional 
representation of the simulation geometry is shown in Fig. 1. At 
the center of the test-cell is the multipacting region. The outer 
conductor has a diameter of 19.1 mm. The gap between the inner 
and outer conductors in the multipacting region is   1.59 mm. The simulation volume is bounded by two 50 Ω 
wave ports. Quarter-wave transformers on either side of the 
multipacting region ensure an impedance match between the 
wave ports and the multipacting region. The stepped impedance 
transformers also provide isolation of the multipacting region 
from the rest of the transmission line. Since the gap spacing is 
much larger in the 50 Ω  coaxial segments, the multipactor 
threshold voltage is much higher. Thus, multipactor should only 
occur in the central, multipacting region.  

 
Fig. 1: Cross-section of the coaxial test-cell simulation geometry. 

The multipactor threshold was determined by seeding the 
multipacting region with 10  electrons. These seed electrons 
have random position, direction, and energy. A 3.05 GHz TEM 
wave is supplied from one of the wave ports with a voltage, . 
The multipactor threshold is determined by sweeping the 
applied RF voltage and measuring the growth of the electron 
population as a function of time. The minimum threshold for 
multipactor occurs when the electron population is neither 
increasing nor decreasing. When this procedure is applied to our 
simulation geometry, we obtain the susceptibility diagram 
shown in Fig. 2. For the designed gap spacing, ( 1.59  mm,     4.84 GHz mm), breakdown is predicted to occur at 
298 V and 4.1 kW. The secondary emission yield was modeled 
using data for chemically cleaned copper [8]. 

 
Fig. 2: Simulated susceptibility diagram for the experimental geometry. 

Experimental Configuration 

The test-cell consists of a coaxial transmission line 
suspended in a vacuum chamber, as shown in Fig. 3. The basic 
dimensions of this transmission line are the same as in the 
schematic in Fig. 1. The inner and outer conductor are both 
constructed from oxygen-free high-purity copper. A number of 
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small, 1 mm diameter, holes in the outer conductor surround the 
multipacting region and provide for the placement of optical 
fibers and diagnostics. Additional 3 mm holes are placed over 
the 50 Ω  segments to improve vacuum conductance. A 
MIGHTEX fiber-coupled LED source provides 265 nm 
ultraviolet light for electron seeding. Additional optical fibers 
are coupled to an external photomultiplier tube for detection of 
light emissions. An electron multiplier tube placed outside the 
transmission line provides direct detection of the multipactor 
electrons. 

 
Fig. 3: CAD rendering of the experimental transmission line with gas 
barrier and N-type connectors. 

Microwave power is supplied from an external 30 kW 
magnetron at 3.05 GHz. Directional couplers provide power 
measurements at the input and output of the chamber. MYAT 
gas barrier flanges act as RF windows to couple power into the 
chamber. Rigid coax feedthrough couplers adapt the test-cell 
transmission line to external N-type connections. 

The test-cell is currently undergoing testing of its multipactor 
generation capabilities. The diagnostics are being refined and 
tested to ensure accurate measurement of the multipactor 
discharges. Future work includes testing various mitigation 
strategies and characterizing the multipactor discharge. 

We also plan to test the CST code against the Ramo-
Shockley Theorem [9, 10] which has been extensively used to 
account for the induced current by the motion of a 
multipactoring electron, particularly when the electron is about 
to hit a surface.  
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