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Abstract 

This paper presents the design of a D-band electron optics 
system (EOS) for geostationary orbit (GEO) satellite applications 
using CST Studio Suite. A Pierce-type electron gun with an area 
compression ratio of 204 was developed, generating a 74-mA beam 
with a cathode emission current density below 2A/cm². A periodic 
permanent magnet (PPM) focusing system with a peak axial 
magnetic field of 5020Gs was designed for beam confinement. 
Simulation results demonstrate stable, zero-interception 
transmission over a 40mm distance with a 100% transmission rate. 
This design provides a viable solution for high-power, long-life D-
band traveling-wave tubes. 

1 INTRODUCTION 
The growing global demand for high-speed satellite 

communications has driven operating frequencies into the 
sub terahertz regime. Owing to its ultra-wide bandwidth and 
exceptionally high data rates, the D-band has become a key 
focus for next generation high-throughput satellites (HTS) 
[1]. For geostationary Earth orbit (GEO) applications, power 
amplifiers face much more stringent requirements than in 
low Earth orbit (LEO) systems. They must provide sufficient 
power to overcome significant path loss while ensuring 
continuous operation, long lifespans, and excellent thermal 
stability. Against this backdrop, traveling-wave tubes 
(TWTs) remain indispensable for D-band high-power 
transmission due to their high gain, high efficiency, and 
outstanding adaptability to space environments [2][3].  

Targeting D-band GEO satellite applications, this paper 
presents the design and optimization of a high-performance 
electron optics system (EOS). A Pierce-type electron gun 
with low cathode loading and a high compression ratio was 
developed to achieve high density beam emission while 
ensuring long cathode life. Additionally, a matching periodic 
permanent magnet (PPM) focusing system was designed to 
confine the beam. Simulations analyzing the beam trajectory 
under strong space charge effects confirm that the electron 
gun operates with a cathode emission current density below 
2A/cm² and a compression ratio of 204. The complete EOS 
demonstrates highly stable and excellent beam transmission 

over a long distance, validating its suitability for high power 
D-band TWTs. 

2 ELECTRON GUN DESIGN 
This section details the design of the high compression 

ratio Pierce electron gun [4][5]. To overcome the strict 
dimensional constraints of the D-band slow-wave structure 
(SWS), the gun is optimized for strong convergence, 
yielding a highly laminar, high current density electron 
beam. The 3D geometry shown in Fig. 1 comprises a 
spherical cathode, a focusing electrode, and an anode. 
Iterative optimization of the electrode geometries and gaps 
resulted in a high area compression ratio, which effectively 
reduces cathode loading to extend device lifetime while 
meeting power requirements. Key parameters are 
summarized in Table I. 

 
(a) 3D model of the electron gun 

 
(b) cathode cross-sectional view 

Figure 1 Electron gun structural model 
 



 

2 

Table 1 Design parameters of the electron gun 

Anode Voltage 20.1 kV 

Beam Current 74 mA 

Cathode Emission Current Density 1.71 A/cm2 

Cathode Radius 1.2 mm 

Beam Waist Radius 0.084mm 

Beam Waist Position 20.051mm 

 
The geometry of the cathode emission surface is critical 

for initial beam convergence and quality. As illustrated in 
Fig. 1(b), the cathode is designed with a spherical radius of 
curvature of 5mm to ensure strong initial convergence. 
Concurrently, the focusing electrode is optimized to provide 
adequate radial focusing forces to electrons near the cathode 
edge, effectively preserving beam laminarity during the 
initial acceleration phase.  

The electron gun was simulated using the Particle 
Tracking solver in CST Studio Suite and MTSS. The field-
free electron trajectories shown in Fig. 2 demonstrate that 
the emitted beam converges smoothly and passes through 
the anode aperture without interception. The corresponding 
beam envelope shown in Fig. 3 further indicates that the 
beam reaches a minimum waist radius of 0.084mm at an 
axial distance of 20.051mm from the cathode surface. As 
illustrated by the cathode emission current density curve in 
Fig. 4, the significant decrease in current density near the 
periphery of the emitting surface confirms that the focusing 
electrode and spherical cathode effectively suppress non-
laminar emission of edge electrons, thereby ensuring the 
superior quality of the initial electron beam. These highly 
convergent characteristics perfectly satisfy the stringent 
high-current injection requirements of the D-band SWS. 

 
Figure 2 Electron trajectories without an external magnetic 
field  

 
Figure 3 Electron beam envelope without an external 
magnetic field  

 
Figure 4 Emission current density distribution across the 
cathode surface. 

3 INTEGRATED SIMULATION AND BEAM TRANSPORT 
ANALYSIS 

To achieve stable beam confinement, a periodic 
permanent magnet (PPM) focusing system was designed 
and simulated using the MTSS [6]. As illustrated in Fig. 5, 
the optimized magnetic circuit generates a sinusoidal axial 
magnetic field with a peak flux density of 0.5T and a period 
of 10mm. By precisely matching the magnetic period to the 
electron beam plasma wavelength, the radial space-charge 
forces are effectively neutralized. 

 
Figure 5 Axial magnetic field distribution curve 

 
Building on this magnetic field profile, integrated beam 

transport simulations were performed to evaluate the overall 
performance of the electron optics system (EOS). Figure 6 
presents the simulated beam envelope along the 40-mm 
interaction length. Under the precise confinement of the 
MTSS-computed field, the 74mA electron beam maintains a 
stable dynamic equilibrium with absolutely zero 
interception. 

 
Figure 6 Electron beam envelope 
 

4 CONCLUSION 
In conclusion, a high-performance electron optics 

system is developed for D-band GEO satellite TWTs. The 
design centers on an optimized Pierce-type electron gun that 
operates at 20.1kV and 74mA, achieving a high area 
compression ratio of 204. By strictly limiting the cathode 
emission current density to below 2A/cm², the design 
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effectively ensures the extended operational lifetime 
required for space environments. Furthermore, integrated 
simulations incorporating a PPM field computed by MTSS 
demonstrate stable, zero-interception beam transmission 
over a distance of 40mm. These findings validate the 
proposed EOS as a highly reliable and robust beam source 
for the engineering development of high-power D-band 
traveling-wave tubes. 
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