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Abstract

PEEK is an advanced polymer known for its exceptional
mechanical strength, thermal stability and radiation resis-
tance, making it a promising candidate for applications in
extreme environments. This study explores the viability
of PEEK as a vacuum-window material in high-power ra-
dio frequency (RF) couplers. Traditionally, materials such
as ceramics are employed for this purpose; however, they
are costly to manufacture and impose limitations during
the design process. PEEK offers additional advantages, in-
cluding the possibility of additive manufacturing, which
enables the integration of cooling channels for efficient ther-
mal management. The research evaluates PEEK’s electrical,
thermal, and mechanical properties under conditions typ-
ical of high-power RF couplers, such as vacuum stability,
RF-induced heating, and electromagnetic transparency. At
the Institute for Applied Physics (IAP) PEEK is tested as
a vacuum-window material in high-power experiments up
to 35 kW. Following these tests, the material is validated to
assess its performance and suitability for RF applications.

INTRODUCTION

The primary function of a coupler is to transfer the high-
power RF signal from the amplifier into the cavity. Ideally,
this coupling should be achieved with minimal reflection.
In the setup used at IAP, the RF power is transmitted via
a coaxial line to an inductive loop, which then couples to
the magnetic field of the resonator. In this case, the coupler
includes a transition region from the coaxial geometry to
the inductive loop.

Furthermore, a vacuum-window is required to separate
the vacuum inside the cavity from the external power feed.
Usually, ceramic materials with a high dielectric constant 𝜖𝑟
are used for this purpose. Despite their numerous advan-
tages and decades of successful application, these materials
exhibit certain weaknesses. For instance, ceramic-inlets are
prone to fracture under mechanical or thermal stress, caus-
ing costly replacements (see Fig. 1). As a result, alternative
materials are being explored. One promising candidate is
PEEK, which exhibits favorable RF-properties for its use as
a vacuum-window. At IAP, a new coupler design is tested:
A vacuum-window originally made of alumina ceramic was
replaced with a PEEK-based replica.
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Figure 1: Two large fragments of a broken alumina vacuum-
window [1].

Figure 2: Cross-section of the CST model of the coupler.
Shown are the vacuum-window (blue), the inner and outer
conductor (orange) and a part of the outer conductor made
of aluminum (grey).

PRE-CALCULATION
Of particular interest are the dielectric losses 𝑃 and the

reflection coefficient Γ. The inlet can be approximated as a
smooth dielectric disk of thickness 𝑑, under the condition
𝑑√𝜖𝑟 << 𝜆0. In this case, the reflection coefficient is given
by

Γ = 𝜋𝑑𝑓 (𝜖𝑟 − 1)/𝑐0. (1)

The dielectric losses can be estimated using

𝑃 = 𝑉2
eff ⋅ 𝜔 ⋅ 𝐶 ⋅ 𝜖𝑟 ⋅ tan(𝛿). (2)

From the dependencies Γ ∝ 𝜖𝑟 and 𝑃 ∝ 𝜖𝑟 tan(𝛿) one
can expect increased dielectric losses but a reduced reflec-
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Figure 3: The diagram shows the progression of the power parameters during the conditioning process: Forward power (Pf,
blue), reflected power (Pr, red) and transmitted power (Pt, green).

tion coefficient [2]. To further evaluate this hypothesis, both
parameters were calculated at a forward power of 30 kW,
using the frequency-domain solver in a CST simulation to
provide preliminary reference values. The coupler design
used in the simulation is shown in Fig. 2. The simulation
results, summarized in Table 1, support the previous as-
sumption and motivate the experimental validation of the
PEEK-inlet in the following high-power conditioning.

Table 1: Dielectric Losses 𝑃cst and Reflection Coefficient
Γcst Determined by a CST-simulation of PEEK and Alumina

PEEK Alumina

𝜖𝑟 3.2 9.5
tan(𝛿) 2.5e−3 1e−4
𝑃cst / W 2.58 0.237
Γcst 2.4e−5 3.1e−3

HIGH-POWER CONDITIONING
Conditioning can be understood as a type of surface treat-

ment and represents a crucial step in the commissioning
of RF cavities. It is a time-consuming process character-
ized by a dynamic interplay of outgassing, multipacting,
and breakdown events, which complicate the procedure and
often necessitate temporary setbacks. The process usually
begins at low power levels, which are gradually increased
over time. Conditioning is considered complete when the
desired power level can be coupled into the cavity for a suf-
ficiently long duration without causing a noticeable rise in
internal pressure or reflected power [3]. The conditioning
setup used in this study is identical to that of the MYRRHA
CH-cavities at IAP [4] and operates the MAX-RFQ proto-
type at a frequency close to 176.1 MHz [5]. A solid-state
amplifier delivers maximum power levels of up to 60 kW.
The conditioning period extended from September to Oc-
tober 2024. During conditioning, maximum power levels

exceeding 30 kW were sustained for at least 15 hours without
any significant incidents. In total the coupler was used for
over 50 h of conditioning. The timeline of the condition-
ing process is shown in Fig. 3. The vacuum is contained at
previous levels at about 5 × 10−7 mbar.

RESULT

Figure 4: Physical condition of the PEEK-inlet after high-
power conditioning in top view.

After high-power conditioning, the coupler was thor-
oughly inspected. No signs of damage were observed on
the coupler and the PEEK-inlet remained intact. The edges
of the inlet remained sharp, with no evidence of deforma-
tion. The condition of the vacuum-window is documented
in Fig. 4 and shows no visible degradation.

The outcome of the high-power conditioning suggests that
coupling powers exceeding 30 kW using a PEEK vacuum-
window is fundamentally feasible. It was observed that
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reflection during operation did not increase, indicating effec-
tive coupling of the PEEK vacuum-window to the system,
even when maintaining the conventional ceramic geometry
and merely replacing the material. It can be assumed that
the cooling is sufficient to dissipate the increased dielectric
losses. These results support the assumption that PEEK is
a promising and cost-effective alternative to conventional
ceramics. They highlight the potential of PEEK for use in
high-power couplers, as neither mechanical nor dielectric
limitations were identified.

OUTLOOK
Future investigations into the performance limits of PEEK

are recommended to evaluate the material’s suitability for
further applications. Therefore, tests at higher power lev-
els over extended periods are necessary. This could also
provide a foundation for the evaluation of additional high-
performance materials, such as Teflon.
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