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flowing in the feed waveguide. The coupling 
factor of each coupler is designed to provide 
equal power to each cell. The coupling 
coefficient for the ith coupler that provides this 
equal power division is given by 

ܥ ൌ  1√1 െ ݅ ൅ ܰ 
For our prototype design we chose each cavity 

group to consist of 18 cavities for a total 
structure length of 18 X 1.31 cm = 23.58 cm. 
This arrangement will require 17 couplers with 
the directional coupling factors ranging from     
-12.4 dB (first coupler) to -3 dB (last coupler). 
The rf waveguide feed arm is terminated in the 
last cavity.   

A reflected signal from an individual 
accelerator cavity is partially absorbed by the 
load in the directional coupler attached to the 
cavity. The remaining reflected power will be 
absorbed in the other loads and reflected back to 
the source. Proper combination of the reflected 
power from one cavity group with other cavity 
groups can be used to cancel the total reflected 
power to the source [2] and eliminate the need 
for a circulator to protect the source. 

The typical waveguide directional coupler 
uses a series of coupling holes between two 
parallel adjacent waveguides. The coupling 
section length for these type of couplers is 
larger than the λ/2 spacing between cavity 
centers thereby precluding the use of this 
coupler type. Conventional crossguide couplers 
[3] are sufficiently compact to fit in the λ/2 
cavity spacing but would require reduction of 
the waveguide coupling arm height to less than 
half of the cavity spacing. The combination of 
this reduced waveguide height and coupling 
slots used in for this type of coupler would have 
prohibitively high surface fields. 

A directional coupler type called the biplanar 
coupler [3] (Fig. 2) provides a nearly ideal 
solution for the feed system. Since the coupler 
waveguide height can be close to the cavity 
spacing and does not use coupling slots, field 
enhancement is minimized. The 2D planar 
structure is also easier to manufacture than the 
crossguide type coupler.  

 

Figure 2: Internal structure of biplanar coupler. 

We have generated biplanar coupler designs 
for the required range of coupling factors. The 
return loss for the designs is greater than 40 dB 
and the directivity ranges from 37 dB and 62 dB 
respectively for the -12.4 dB and -3 dB designs. 
For a given input power, the peak electric field 
in the coupler is only 1.5 times that of 
rectangular waveguide of the same dimension. 
With this modest field enhancement the coupler 
should be capable of transmitting 130 MW 
using the standard WR90 waveguide 
dimensions. This is considerably higher than the 
rf power required to drive the cavity group for a 
gradient of 100 MV/m. There are four drive 
ports per cavity so the power in each arm is one 
quarter of the total input drive power. 

The couplers are designed to provide equal 
power to each cavity. Since there will be some 
variation in the coupling factors due to 
manufacturing tolerances, some cells will have 
higher fields which may reduce the peak 
achievable acceleration gradient for the cavity 
group. The sensitivity of the coupler designs 
was tested using a Monte-Carlo type analysis. 
This analysis was performed by running 
multiple coupling calculations while 
simultaneously varying each dimension 
randomly about the design value. The -12.4 dB 
coupler showed the greatest sensitivity to 
dimensional variation. The sensitivity of the 
coupling factor for a dimensional tolerance of 
+/- 0.012 mm (tolerance achievable with 
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