78LAC—PUB-95—696 1"
May 1995

DESIGN OF TRAVELING WAVE WINDOWS FOR THE PEP-II RF
COUPLING NETWORK*

N. M. Krollt, C.-K. Ng, J. Judkins and M. Neubauer
Stanford Linear Accelerator Center, Stanford University, Stanford, CA 94309

Abstract

The waveguide windows in the PEP-II RF coupling net-
work have to withstand high power of 500 kW. Traveling
wave windows have lower power dissipation than conven-
tional self-matched windows, thus rendering the possibil-
ity of less stringent mechanical design. The traveling wave
behavior is achieved by providing a reflecting iris on each
side of the window, and depending on the configuration of
the irises, traveling wave windows are characterized as in-
ductive or capacitive types. A numerical design procedure
using MAFIA has been developed for traveling wave win-
dows. The relative advantages of inductive and capacitive
windows are discussed. Furthermore, the issues of band-
width and multipactoring are also addressed.

L. INTRODUCTION

The window in the coupling network of the PEP-II RF
cavity must transmit up to 500 kW of CW RF power at
476 MHz to the cavity and must also handle considerable
reflected power due to sudden beam-loss conditions [1].
The waveguide window used in PEP-II is a ceramic disk
mounted on an iris connected to rectangular waveguides [2].
The conventional design of self-matched windows inher-
ently sets up a large standing wave with electric field max-

_imum within the window. Because of the large power re-
quirements of PEP-II, this leads to a large heating load
and a requirement for a prestressed mechanical mounting
to deal with the resultant thermal stress. Traveling wave
(TW) windows, on the other hand, can reduce the heat de-
position sufficiently to allow conventional mounting. This
is achieved by introducing a reflecting iris at each side of the
window in such a way that the reflection at the reflecting
iris cancels that at the window-waveguide interface. TW
windows can be divided into inductive and capacitive types,
depending on the structure of the irises, and the choice af-
fects their positioning in the waveguides. A capacitive TW
window, due to its compactness, has been incorporated into
the layout of the coupling network of the PEP-II RF cavity
as an alternative to the self-matched window.

II. GENERAL CONSIDERATIONS

For qualitative insight, we assume only one mode (cir-
cular TE,,, for our case) propagating in the window with
power flowing to the right. The electric field can be written
as:
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E=¢ %{cos(wt —k;z) + Reos(wt + k,2)}, (1)

where [ e%da =1 (a is the cross sectional area of the win-
dow), Z is the impedance of the waveguide with the win-
dow cross section, and P is the average transmitted power.
R is the ratio of the wave amplitudes (left going/right go-
ing) within the window and is equal to the magnitude of
S11 looking to the right. For a matched window it is also
equal to the same quantity looking to the left. We have
taken the origin of the z coordinate in Eq. 1 to lie at the
maximum of the standing wave pattern and note that for
typical self-matched windows (certainly ours) it lies within
the window. In general 0SR<1, and R = 0 for the pure
travelling wave case. By averaging E? over the window
cross section, it can be shown that the enhancement factor
P, in power deposition of a symmetric self-matched win-
dow to that of a pure TW window is given by:
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III. DESIGN PROCEDURE

Figure 1. 1/4 MAFIA model of the self-matched window.

For a specified configuration of a mounting iris and
waveguides, the matching of a self-matched window is
achieved by adjusting its thickness and its position at the
mounting iris. For TW windows, we have used MAFIA as
a calculation tool for developing a systematic design pro-
cedure. To simplify the window development program, our
designs have been based upon the self-matched configura-
tion adopted for PEP-II. The self-matched window shown
in Fig. 1 is mounted on a frame with a thickness of 1.5"”
for the purpose of accommodating cooling channels. The
air side waveguide is a WR2100, and on the vacuum side a
16"x9"” waveguide is connected to the aperture coupler of
the RF cavity. The window, a ceramic disk with dielectric
constant 9.5 and loss tangent 0.00015, has a diameter of
9.75"” and a thickness of 0.7”. The procedure for designing
a TW window is described as follows.
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(1) Determine the S-matrix of the window-waveguide junc-
tion.

This is determined by the geometry shown in Fig. 2, in
which the window is represented by a circular waveguide
filled with ceramic. The S-parameters are determined by
driving the TE;; mode at the input end of the circular
waveguide.

Figu.re 2. 1/4 MAFIA model of a ceramic-waveguide junc-
tion.

(2) Determine the size and position of the matching ele-
ment.
The condition which must be satisfied by the matching
element (ME) on the RHS of the window is
511(ME) = 53,, (3)
where Sig refers to the configuration of Fig. 2, and the ref-
erence plane on the LHS of the ME is taken to coincide with
that on the RHS of the Fig. 2 configuration. An analogous
condition applies to the ME on the LHS of the window.
Trial dimensions for the ME’s were obtained from analytic
formulas, and MAFIA was used to trim the dimensions so
that Eq. 3 holds for the absolute values. From the phases of
the MAFIA computed elements of S(ME) one can use stan-
dard formulas to determine the position required to satisfy
Eq. 3 with respect to phase. The procedure is checked by
_appending the ME on the RHS of the Fig. 2 configuration
and confirming the absence of reflection of the right going
wave in the window. If evanescent waves generated near
the ceramic overlap the ME or vice versa (as is the case
for the capacitive ME), some additional trimming may be
required. The analogous procedure is followed for the ME
on the LHS of the window. Finally the entire assembly is
checked for match using MAFIA. Because the window is
thin, some overlap of higher order mades generated on the
two sides of the window is expected and further trimming
is required te secure a match. The field distribution in the
entire assembly is then checked to, for example, compute
the power dissipation ratio. In practice some of the steps
described above are skipped as the “bottom line” is simply
to obtain a matched window assembly with an improve-
ment in power dissipation of the order of that obtained
from Eq. 2.

IV. SIMULATION RESULTS

(a) Inductive traveling wave windows

The inductive TW window is made by providing verti-
cal bars along the heights of the waveguides as shown in
Fig. 3. The thickness of the matching irises is chosen to
be 0.25”. The distances of the irises from the window in
the WR2100 and 16”x9” waveguides are found to be 13.3”

and 18.9” respectively. This additional space poses strin-
gent conditions for the coupler network layout, in partic-
ular when the detuned-short position is preferably within
the window. The required iris gaps are 8.4" and 8.8" for
the two waveguides.

Figure 3. 1/4 MAFIA model of an inductive TW window.

The electric field pattern in the structure is shown in
Fig. 4. The minimum of the field is at the window, while
field maxima are located in the waveguides between the
matching irises and the window, indicating the set-up of
standing waves in these regions. The power distribution
in the window is shown in Fig. 5. The power dissipation
is large in the center and is reminiscent of the TE;; mode
distribution. Thus higher-order mode effects in the window
are small. The power is about 7.6 times smaller than that of
the self-matched window, where field maximum is found at
the window. The self-matched window has a S;; ~ 0.77 at
the window-waveguide junction, and from Eq. 2, P, = 7.7
which is in very good agreement with MAFIA calculation.
The dielectric loss in the self-matched window is 157 W,
and hence the loss is 20 W for the TW window.
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e inductive TW win-
dow. The plane is chosen such that the matching irises are
shown.

Figure 5. Power distribution in the inductive TW window.

The PEP-II RF feedback system requires a bandwidth
of 5 MHz for 3 db transmission and a group delay of
<350 ns. In Fig. 6, we show the variation of S;; of the
window assembly as a function of frequency. The band-
width satisfies our requirement. In Fig. 7, we show ¢3; as
a function of frequency. Within the relevant bandwidth,
the phase variation is linear. Subtracting the group delays
of the waveguides in the window assembly from the slope
calculated from Fig. 7, the additional time delay due to
the window assembly is 14.3 ns, which is relatively small
compared with the total allowed group delay.
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Figure 7. ¢ as a function of frequency for the inductive
and capacitive TW windows.

(b) Capacitive traveling wave windows

The capacitive TW window is made by providing hori-
zontal bars along the widths of the waveguides. Since the
waveguide TE;p mode has its electric field in the vertical
direction, the small gap width between the bars introduces
high field gradient. The gap width can be increased by
using thicker matching irises. Furthermore, the irises are
“found very close to the window. For a single gap design, the
power distribution highly peaks around the center of the
window, making cooling difficult. Thus we introduce a dou-
ble gap configuration as shown in Fig. 8. In the WR2100,
the iris thickness is 3", the gap width is 1.6”, and the dis-
tance of the irises from the window is 0.94”. In the 16"x9"
waveguide, the iris thickness is 4”, the gap width is 1.3",
and the distance of the irises from the window is 0.91”.

Figure 8. 1/4 MAFIA model of a capacitive TW window.

The electric field pattern in the structure is shown in
Fig. 9. The field is small at the window, while field maxima
appear in the gaps of the matching irises. For 500 kW aver-
age power, the peak fields are 0.54 kV/cm and 0.35 kV/cm
in the 16”x9” and WR2100 waveguides, respectively. It is
anticipated that rounding and coating of the irises will be
required to avoid multipactoring at the vacuum side and
arcing at the air side. The power distribution in the win-
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dow is shown in Fig. 10. The distribution is more uniform
than that of the inductive case, peaks at a distance away
from the center, and is not purely TE;;-like, presumably
because of the closeness of the matching irises to the win-
dow. The total dielectric loss is about 6.6 times smaller
than that of the self-matched window. This corresponds to
24 W loss for 500 kW average power from the klystron.

Form Figs. 6 and 7, the bandwidth is broader than that
of the inductive TW window and the additional group delay
of the window assembly is 3.3 ns, which are within the
PEP-II requirements.

Figure 9.
dow.

Figure 10. Power distribution in the capacitive TW win-
dow.

V. SUMMARY

The relative advantages of the TW windows compared
with the self-matched window are summarized in Table 1.
The capacitive TW window is a superior design in terms of
its compactness, broad bandwidth, small group delay and
almost 7 times less dielectric loss than the self-matched
window. Despite its complexity compared with the self-
matched window, it is an attractive alternative for handling
high power throughput of the PEP-II B-Factory.

Window Relative Bandwidth Group
type power loss (MHz) delay (ns)
Self-matched 1 acceptable  small
Inductive TW  0.13 acceptable 14.3
Capacitive TW 0.15 acceptable 3.3

Table 1. Comparison of the self-matched, inductive TW
and capacitive TW windows.
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