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Abstract 
The H- ion linear accelerator at the Spallation Neutron 

Source (SNS) at Oak Ridge National Laboratory operates 
with reliability that routinely surpasses 90% during sched-
uled beam operation. With the ambitious goal of eventually 
achieving at least 95% availability, several upgrade and im-
provement projects are ongoing. One such project is the 
modification of the coaxial couplers that transfer radio fre-
quency (RF) power to the accelerator’s Radio Frequency 
Quadrupole (RFQ). The proposed modification utilizes 
stub sections and capacitive coupling to construct a physi-
cally separable assembly with DC isolation. With a sepa-
rated coupler assembly, the section that includes the mag-
netic coupling loop can be permanently mounted to the 
RFQ which would eliminate the need to re-adjust the cou-
plers after maintenance activities, upgrades, and repairs. 
Additionally, the modified design would provide increased 
multipaction suppression with DC biasing and potentially 
lower thermal gradients across the device. This paper pre-
sents the design and simulation results of the project.  

INTRODUCTION 
Beam acceleration at the SNS starts with the front-end 

systems where an ion source, an RFQ and two beam 
transport sections are utilized. The 65 keV beam from the 
ion source is focused, bunched, and accelerated to 2.5 MeV 
in the RFQ [1]. The 402.5 MHz RFQ is powered by two 
coaxial couplers that deposit up to 700 kW peak power in 
60 Hz, 1 msec pulses. Each coupler is conditioned up to 
400 kW, but nominally run at 300 kW during baseline op-
eration [2, 3].  

While not a source of significant downtime, the goal of 
achieving 95% availability during scheduled beam opera-
tion necessitated a coupler improvement project. The de-
sign of the current RFQ couplers requires each unit to be 
manually adjusted after repairs and maintenance activities 
to achieve the proper RF coupling for beam loading. Given 
the non-autonomous nature of this task, significant time, 
energy, and several iterations are often needed. Figure 1 
shows the current coupler design with a permanent connec-
tion that forms a loop antenna between the inner and outer 
conductors. 

RF Systems and Mechanical Engineering personnel at 
SNS explored several modification ideas with the goal to 
improve the electrical and mechanical performance of the 
couplers while reducing accelerator downtime. Of several 
potential solutions determined, three were selected as can-
didates for the next phase. 

Figure 1: Cross sectional view of the current coupler. 

RF DESIGN 
The first target of the improvement project was a design 

capable of maintaining fixed coupling with the RFQ. The 
coaxial coupler needed to be separated into two subsec-
tions, one containing the ceramic, vacuum window and the 
other incorporating the coupling loop. This change would 
make maintenance activities and some repairs, including 
vacuum window replacements, possible without the need 
to remove the entire coupler assembly. This separation, 
however, would require rigid support for the inner conduc-
tor with no RF disruption. The need intuitively derived uti-
lizing transmission line short-circuited stub sections and 
capacitive coupling to achieve that goal. Quarter-wave 
transmission line sections optimized to transform RF short 
circuits to open circuits at the center conductor were em-
ployed. This approach was selected based on impedance 
matching, mechanical rigidity and heat sinking. Three 
types of short-circuited, quarter-wave transmission line 
sections capable of meeting the requirements were consid-
ered. Of the three types shown in Fig. 2, option 1 was se-
lected for simplicity and proof of concept. 

 

 

 

 

 

 

 

Figure 2: Quarter-wave short-circuited stub design con-
cepts. 
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RF SIMULATION AND RESULTS 
The first step of the simulation process was simplifying 

the 3-D model by removing the magnetic coupling loop an-
tenna. Quarter-wave stub sections were added to the model 
to support the inner coaxial conductor and the coupling pin 
was designed as a quarter-wave open stub working as an 
RF short. With the exception of the ceramic window which 
was modelled as 96% alumina (same as the current coupler 
ceramic window), the rest of the structure was modelled as 
pure copper. Figures 3 and 4 show the model and the result 
of the RF simulation obtained using CST Microwave Stu-
dio. 

   

 

 

 

 

 

 

 

 

 

 

Figure 3: Cross sectional view of the modified coupler 
(version A). 

Figure 4: Frequency domain response of the coupler after 
optimization (version A). 

With the proof of concept established, further im-
provement was targeted. By incorporating 96% Alumina 
(εr = ~9.4), which is a higher permittivity dielectric into the 
model, the length of the stub and coupling pin sections 
were shortened by approximately 55% and 67% respec-
tively due to varying geometrical factors. Alumina ceramic 
was selected because of its low RF loss, high durability, 
and long-standing reliability which has been demonstrated 
in the warm and cold sections of the SNS linear accelerator. 
Figures 5 and 6 show the second iteration of the design and 
the corresponding frequency response. A third, empirical 
design that addresses potential surface contact challenges 
between metals and ceramics associated with manufactur-
ing limitations has been identified. This iteration utilizes 
shorter dielectric pieces in peak electric field regions in the 
stub sections for maximum electrical length effect.  

Figures 7 and 8 show the design and its associated fre-
quency response. 

Figure 5: Cross sectional view of the modified coupler 
(version B). 

Figure 6: Frequency domain response of the coupler after 
optimization (version B). 

Figure 7: Cross sectional view of the modified coupler 
(version C). 

Figure 8: Frequency domain response of the coupler after 
optimization (version C). 
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MULTIPACTION CONSIDERATION 
The DC isolation achieved with the three design itera-

tions could be used to provide increased multipacting sup-
pression. Since multipacting is a relatively low energy phe-
nomenon, a certain DC voltage level could be used to in-
crease electron energies in the structure. This would bias 
electron energies to secondary electron yield (SEY) curve 
positions with lower multipacting probabilities, thereby re-
ducing multipacting activities [4, 5]. 

THERMO-MECHANICAL ANALYSIS 
When the RF power passes through the coupler, the die-

lectric loss of ceramic and Joule loss on the surfaces will 
cause the temperature to rise. As a result, the material will 
deform, and thermal stresses will be generated.  

In the following, thermo-mechanical simulations were 
performed with ANSYS Mechanical. The material proper-
ties used are listed in Table 1. The following boundary con-
ditions were used: connecting flange faces are at 22oC, 
connecting faces with the RFQ at 20oC, and the heat fluxes 
on the coupler surfaces are provided by the RF simulations 
for a power of 400 kW described previously. 

 

Table 1: Material Properties used for the Thermo-mechan-
ical Simulations 
 

Material Alumina Copper C10100 

Elastic Modulus 
(Pa) 

2.459x1011 1.26x1011 

Poisson’s ratio 0.2392 0.345 
Density (kg/m3) 3,475 8,942 
Coefficient of 
thermal expan-
sion (oC-1) 

9.042x10-6 1.674x10-5 

Thermal Con-
ductivity 
(W/m/oC) 

25 400 

 

Figure 9 shows the temperature contours in the sym-
metry plane for versions B and C of the coupler. The pres-
ence of the ceramic around the conductor pin and the stub 
led to slightly higher temperatures in these regions since 
the ceramic conducts heat better than vacuum. Using the 
temperature distribution, a structural analysis is performed 
adding the gravity force and the atmospheric pressure on 
the outside. For both versions, the highest stress is found in 
the ceramic parts on the stub at about 130 MPa, which is 
much lower than the tensile yield strength of the ceramic 
(200-300 MPa). The highest stress in the copper is about 
109 MPa and 60 MPa in versions B and C respectively 
(Fig. 10), which is much lower than the tensile yield 
strength for a C10100 bar (275 MPa). Thus, the analysis 
suggests that the design is mechanically safe for operation 
at 400 kW.   

 
 

 

 
Figure 9: Temperature contours in the symmetry plane for 
the coupler version B (left) and C (right). 

Figure 10: Thermal stress distribution for the coupler ver-
sion B (left) and C (right). 

SUMMARY 
An ongoing project at the SNS seeks to improve the elec-

trical and mechanical performance of the RFQ couplers. To 
support improved operational availability and reliability, 
RF and Mechanical engineers developed a new coupler de-
sign with the goal to reduce machine downtime associated 
with maintenance activities, repairs, and upgrades. The de-
sign separates the coupler into two subassemblies and 
maintains fixed coupling with the RFQ. Simulation results 
showed strong RF and mechanical capabilities. Additional 
cooling and ceramic surface treatment options are being 
considered for the prototype fabrication.  
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