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Abstract
Table 1: Comparison of Thermal Conductivity’s at 25C

A high thermal conductivitywaveguide windowwith a

goal of propagatingreaterthan 100 kWaverage power .

operating at 1500 Mhz hdseen designedhnalyzed and Material W/mK
tested. The favorable material properties of BeryliaO) Coppgr 380
make this possible. The window is brazed to a soffiper Beryllia 300
frameandthen theframe isbrazed to aKOVAR flange, Alumina 20

providing the vacuum seal. RF analys@mbinedwith

thermal/structural analysis shows the benefits of thko match the thermal expansion of beryllia, KOVAR was
material. The KOVAR flange with a CTEpefficient of chosen as the flange material, minimizing thermal stresses
thermal expansion, that matches thatBefO enables a in the berylliaduring the brazecycle[1]. A thin OFHC
strong braze joint. RF testing to 35 kW hadeen copper frame, 010 inches thick,between the beryllia
successful. Thiglesign can bexpanded toapplications window and the relatively stiff flange wasldedfor strain

with lower frequencies anchigher averagepower, i.e., relief and for its high thermal conductivity. Figure 1,

larger windows shows a solid model of the window, the copper frame, and
the KOVAR flange, which was copper plated.
1 INTRODUCTION The preferred BeO window geometry was an tof shelf’

flat piece of Thermalox395, .100 inches thickfrom
Brush Wellman. The thickness was chosen to keep the
stressdue to pressurelow while using a stock size of
standard gradematerial, ensuringrepeatable material
properties. Presentlyere is nomultipacting coating on
the win™~

The Free Electron LaseFacility being developed at
Jefferson Labrequiresmuch higher RRoower throughput
than is neededfor their main facility. Much of the
acceleratotechnology for thdree electron laser is taken
from the main facility which uses a tweindow design.
The window design fothe FEL consists of a room
temperature warm window and a 2K cold windbke the Copper frame
main facility. Thewarm window desigrfrom the main Kovar flange
facility does not work at the powégvels requiredfor the

FEL, therefore, Jefferson Lab initiated the development of
a warm windowusing the cold window design as a
baseline. In a corroborating effort, Northrop Grumman
began developing a backup warm window desigertable
greaterthan 100 kW averagepower operating at 1500
Mhz. The design was developed as a direct replacement in
the FEL warm window location.

BeO RF window

2 MECHANICAL DESIGN Figure 1: BeO RF Window, Flange and Frame

The design evolved as a backup warm windbat would
fit in the TINAF envelope. Preliminary analysistween 3 RF DESIGN
alumina and beryllia windows showedthat for standard
gradematerial the high thermal conductivity of beryllia
shown in Table 1lresulted inlow thermal gradients, and
therefore low thermal stress within the window.

RF analysis wasised to determinthe S parameters for
'the structureand to optimize the structure within the
requirementset by the envelopand mechanical design.
Table 2 compares the electrical propertiesBeO with
other standard grade candidate materials.
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Table 2: Comparison of Electrical Properties

Material Dielectric Loss Tangent
Const
(1MHz)
Beryllia
(Thermalox 995) 6.7 .0003
AIN 9.0-10.0
Alumina 9.0 .0003

4 THERMAL ANALYSIS

The power loss distributiorcalculated in MAFIA was

then mapped into an ANSYS finite element model. This
model was used to determine thermal gradients and stresses
in the window. Figure 4 shows the resultiggnperature
contours in the window, the frame, and the flange. On the
edge of the flange a boundary temperaturg@f was set.

The results show very small gradients in the window and a
temperaturerise of 29C betweenthe window and the

flange edge.

To optimize the structure with a .100 inch thick BeO
window, metal ‘wings’ forming an irisvereadded to the Kovar flange
flanges. These iris ‘wingsireshown in figure 2. RF

Edge set to 20C
Copper frame

results showedwings were needed orboth sides of the 33,5
window. 5 ;g.?%g
IRIS, ‘Wings’ B 33037
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i‘ )\.\ Figure 4: Temperature contours from ANSYS
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5 STRUCTURAL ANALYSIS

Structural analysis wasompletedusing thetemperature
contour datashown in figure 4. Symmetrgonditions
were applied to the two cut boundaries of the madiell it

Figure 2: RF window and Iris ('wings’) and flange

The following MAFIA RF analysis resultwere obtained
for a wing width of .750”, and a wing thickness of .100"

Table 3. was held perpendicular tahe window face allowing the
Table 3: S Parameter Results window and flange to expandfreely. Stress results are

S11 S11 S21 S21 shown in figure 5 for the assembly, they do matlude

amplitude phase amplitude phase pressure loads. Von Mises stresamsgiven here which

0066 87 30 109956 2740 | show that thecopper frame attached tive window and

flanae is the most hiahlv stressed component.
e

Stress MPa
0.0
5.75
11.49
17.24
22.98
28.73
34.48
40.21
45.97
51.71
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Copper Frame

Window symmetry planes

Figure 5: Von Mises contours of the window assembly

Though notindicated here, the stress in thieame is
primarily compressive. The thermal stress in topper
could be mitigated by minimizing the therngahdients in
the flange. Figure 6 shows the stresses tleaklop in
the BeO window. The high thermal conductivity of the
ceramic results in low thermal stresses.

100 kW Power through

5.288 e-6 35. 70.

Figure 3: Heat loss contours determined by MAFIA
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Stress MPa Table 4: Temperature Rise In BeO Ceramic
| (1):25
B 22 [Power (kW) | BeO Temp | T(BeO)-27.7
% 4.60 C AT C
- oo0 0 27.7 0
o 5.04 35 7.3
| 10.34 101 408 131
BeO Window 151 257 18
Figure 6: Von Mises stress of the BeO window 20.2 51.2 235
25.2 58.2 30.5
6 RF TESTS 35 0.9 132

ThomasJeffersonNational AcceleratorFacility (TINAF)

providedthe facility and manpower totest thewindow. The temperaturerise betweenthe coolantand the BeO
Figure 7 shows the layout of the higlowertest. The window was much higher thaexpected. This could be
space between the PNO01 JLAB windamdthe BeOtest from high losses in théraze material, which was not
window was evacuated by 460 I/s Vac-lonpump while included in the model.

the waveguide betweghe BeO window andthe load was

at atmospheric pressure. The window flangese water 7 CONCLUSIONS

cooled. The baseline pressure.prior to testing was 1'4X:!£91'alysis shows that for thexpectedpower loss in the
9 torr. Temperatures at differenlocations of the \\indow the goal of 100 kW of through power at 1500

waveguide and window flanges were monitored by iz s achievable. The high thermal conductivity of BeO
thermocouples. Temperature ofthe BeO ceramic Was regqyits in low thermalgradients within the ceramic.

measured by an infraretiermometer through a viewing \jogifications to the design which would include coolant
port on the waveguide elbow. The waveguide between rer the ceramic would ensure lowerceramic

two windows wasequippedwith a pick-up probe 10 emperatures. Modifying or eliminating theaze process
monitor the electron current. A vacuum interl@id an g eynected talecreaséhe heat losndthereforedecrease
arc detectointerlock were used toprevent a catastrophic yq thermal gradients within the assembly. BeO as an RF

destruction of the ceramic. During the test, th&dent yinqow material shows promise based on the analysis and
and reflectedbowers, the vacuum pressure, telectron o5 to date.

current, the temperature dhe BeO ceramic and the
temperatures othe window flangeswere continuously 8 REFERENCES
monitored and recorded.
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