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Abstract

We describe the design of RF windows (o transmil up o
500 kW CW (o the PEP-IT 476 MHz cavities. RF analysis of
the windows using high-frequency simulation codes are
described. These provide information about the power loss
distribution in the ceramic and tire hing p ies of the

2. RF DESIGN

The space constrainis in the tunnel, the locations of the
penctrations for the feed waveguides, and the positions of the
RF cavitics require a tmansition from WR2100 to 16"x9"

structure. Finite-clement yses of the 1t

d:smbuunn and thermal sm-.sscs are prcscnwd Fabncauon
g a proposed scheme to for

thermal expansion  stresses are discussed and hardware tests to

validaie Lhis approach are described. The effects of surface

coalings (intentional and otherwisc) and the application of air

cooling are considered.

1. INTRODUCTION

RF windows are used for maintaining the integrity of
vacuum cnvelopes while being transparent 1o microwave
cnergy. In PEP I they are placed in the waveguides
translerring power into the RF cavities which are under
vacuum. The design goals for the PEP Il Cavity window is

the RF and designs for reliable operation
al 500 kW of CW power at 476 MHz. RF windows are
typically made of ccramics which have the desired property of
low microwave loss, but tend 10 have low thermal
cnnducuvuy and wcalmess in u:ns:on so often, the failure
is {from th ly induced tensile stresses.
The sources of the non-uniform thermal loadings which create
these siresses are varied, for example: ohmic dielectric losses,
ohmic losses in metalizing and plating, ohmic losses in
wanted and unwanied surface coatings, and heat from arcing and
multipactor. The PEP II window design utilizes a
i hni which is desi o c the
window in compression, never allowing it 1o achieve iensile
stress. This minimizes the likelihood of cracking. HFSS (HP
High Frequency Stucture Simulator) and MAFIA were used 1o
model the S-parameters of various matching schemes.
MAFIA was used 10 model RF fields, trapped modes, and
calculate power dissipation. ANSYS was used for thermal and
stress analysis. Cold tests were carried out on the RF design.
Braze tests were initiated for testing details. The
first high power tests of full sized windows are planned for
Scplember 1994.
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guide to put the window at the detuned-short position, an
integral number of half-wavclengths from the cavity[1].

2.1. Self Matching Window Design

16x9

Figure 1, PEP II Self-malching window in a WR2100 to
16"x9 " (406 x 23 mm) wansition

A matched design was produced using a disk of 99.5%
alumina in a round 254 mm diameier 38 mm long iris. The
frequency and maich were optimized using HFSS and MAFIA.
The diameter of the window w- 5 chosen 1o fit within the
height of the WR2100 waveguide. The thickness of the
window and the length of the iris < an be varied (o achieve the
desired match frequency. This se_f-matched design does not
require additional ning elements and uses the least amount of
waveguide, The variation of frequency with thickness is
shown in Fig. 2 for a 254 mm alumina disk of varying
thicknesses in a 38 mm long iris.
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Figure 2. Maich Frequency vs. Ceramic thickness for the
254 mm dia. self-maiched window in 38 mm iris

Cold tests of A 254 mm disk in 1YR2100 were carried out
using calibraied guide to coax itions to compare with
the tations. The thi and di of the disks in the
cold tests were slightly larger than needed (and, therefore, lower
in frequency) so that a final grinding operation prior o
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mcmhzmg would allow ror ﬁne-lunmg of the required center

The d center freqy was less than one

MHz fmmd;ecdcuhledvalucanddm VSWR less than 1.1:1

(see Fig. 3). The VSWR at the center frequency was dependent

upon the alignment of the window as centered in the iris and
tilied relative to that centerline (see Fig . 4).

MAFIA was used 1o look for trapped modes in the window

as shown in Fig 1 and the ncarest mode is calculated to be 32
MHz away and outside the range of concern.

Losses in the metallization are removed efficicntly by the
waler cooling circuit and do not contribute significantly to the
stress in the ceramic.

3. MECHANICAL DESIGN

Under steady state conditions 174 waits are dissipated in the
diclectric of the self-matched window a1 506 kW incident
power. This power is predominantly dissipated in the center of
the ceramic and causes the ceramic to go into compression in
the center while the perimeter would develop hoop tensile
stress. In order 1o mect the design goals of a full Y compn-.sscd
window under any thermal condition, a
was designed to place about 10 ksi (70 MPa) compn:sswc
hoop stress on the ceramic at room temperature. This is

hieved by using a water ~ooled stainless steel compression

Figure 3. VSWR vs. Frequency of self-matched irdow
(254 mm dia and 19 mm thick in 38 mm irs) in WR2100
waveguide. Comparing measurcd data (solid line) to MAFIA
calcutation (dotted line.)

ring that is fied to the ¢« mic during brazing and coniracts
on cool-down.

3.1. Mechanical Design of the compression ring

An ANSYS madel was m: < to determine how much sicel
was required in a cylinder the same length as the iris (38 mm)
10 produce the desired compressive stresses. The results show
a cylinder with a wall thickness of at least 22 mm for a 251
mm dia window would be suificient. The ANSYS model also
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Figure 4. VSWR vs, Total til¢ of window perpendicular to
waveguide centerline (slant). Impact of manufacturing
tolerance on the null VSWR. (¢ calculated, X measured)

2.2 Traveling Wave Window Design
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Figure 5. PEP I Traveling-wave window in WR2100 to
16x9 in waveguide transition

A further development of this design is 10 convert the self
maiching window 1o a uraveling wave window by means of
maiching elements (shown in Fig 5. as capacitive bars.)
Standing waves are the window and these
elemems that exacily cancel the internal reflections ai the
dielectric 1o vacuum of air interfaces. With the design of Fig.
S. the electric ficld is reduced by a factor 2.7. The currents at
the metallic window cdge are increased by a comparable factor.

d the ccramic might crack .. uring cool-down from braze
lempemlum as a result of the stres:2s produced at the cdge and
comer from differential axial co-raction at the ceramic to
stainkess sieel joinl. A copper bufll .."ayer was added and braze
filler geometry modified in the Al-* YS model 1o reduce this
strain in the yielding of the buffer layer. Braze tests were
performcd to investigate the buffer layer thickness and

a temp cycle 10 minimize the axial locked in
sumn The results shown in Fig. 6, indicate that a buffer layer
of .5 mm is beneficial and that a hold period during cool down
helps to reduce the locked in siresses by allowing for creep in
the bufier layer.
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Figure 6. Braze test results for locked in strain after
brazing for various thicknesses of buffer layer. Cool down
from braze temperature was 1 °C per minute and, a) ¢ no hold
period, b) X with a 10 hr hold period at 450 °C.

The assembly steps to accomplish making a pre-suressed
window are shown in Figure 7. The stainless steel water
Jjacket/compression ring with plated buffer layer is designed o
shrink down onto the ceramic. This will be achieved with the



help of a re-usable molybdenum kecper ring. The von Mises
yield sirength for molybdenum is 30 ksi (210 MPa) at 1000
°C compared to 10 ksi (70 MPa) for 304 stainless steel while
the coefficient of thermal exp is 5.6x10°6 per C° for
molybdenum compnred w 20.3x10°6 for suunless steel, In the
are d asin Fig. 7,
with the smmless steel nng between the ceramic and
molybdcnum keeper. On the upward temperature cycle the
is ined by the ger moly keeper until
lly it yields in pression, ending up at the same
diameter as the ccramic at the braze temperature.
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Figure 7. Window and ring

This bly techni was fated in ANSYS
utilizing contact elemcnls to model the gaps between the
ceramic, siainless sieel, and molybd A one third scale
model with only a swainless steel ring and mofybdenum kecper
was (ested to see if the compressed ring diameter was reduced
by the amount predicted by ANSYS. The measured room
temperature diameter reduction was the same as calculated (.76
mm). The maximum elongation of the ring was twice what
was calculated (.1 mm) probably due to the sticking friction
between the molybdenum keeper ring and stainless steel
compression ring.

The next sequence of braze tests will be on the one-thind
scale model including the ceramic 1o investigate the optimum
chamfer geometry and braze fillet size. Once these Lests have
been done, the full size window ceramics will be ground to
their final dimensions and we will atempt to braze them into
COMpression rings.

3.2 Operating temperature and stress.

Using the RF heat distibution in the ceramic calculated by
MAFIA, various operating and cooling conditions were
modeled in ANSYS. The resulls of these calculations are
shown in Table 1.

Once the pre-stressed window is assembled it witl be coated
with Titanium Nitride (TiN) to inhibit multipactor, and
assembled into the WR2100 to 16x9 wansition. The max. and
min. window stresses expected in operation with both air and
waler cooling and thin film losses cormesponding Lo a coating
of 2 meg-ohm are shown in Fig. 8. These film losses are
approximately worst case TiN plus undesired sputiered films.

m_mm

sonfiguration cenler nng AT
< < <
waler only 83 32 51
air only 80 58 22
air and water 66 32 34

Table 1: ANSYS calculated temperatures for the self
maiched window at a power dissipation of 174 watts for 500
kW RF iacident and thin film losses corresponding 1o a
coating of 2 meg-ohm

-3815 psi hoop
-15743 psi compression 2
compression (-26 MPa) 2
( ”0 MPa)
Air cooled side

L

Vacuum Side, 2 meg-ohm thin film loss

Figure 8. ANSYS contour plor of stress (2D half-
symmetry) in the window ai full power (500 kW).

4. CONCLUSIONS

According to the calculations and braze tests perforimed o
date it should be possible to achieve our goal of a pre-stressed
full size window. Use of a molybdenum keeper ring, copper
buffer layer, and cool-down braze cycle reduces locked in strain
in the to an level while p the
desired pression at room p The margins for
temperature and stress under B-factory operaling conditions are

ial for the self hed window and can be further
enhanced by incorparating the traveling wave window.
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