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Abstrch 
The injector and source of particles for the Advanced 

Photon Source ( A P S )  is a 2856-MHz S-band electron- 
positron linear accelerator (linac) which produces elec- 
trons with energies up to 650 MeV or positrons with ener- 
gies up to 450 MeV. To improve the linac rf system 
availability, an additional modulator-klystron subsystem is 
being constructed to provide a switchable hot spare unit 
Tor each of the five existing S-band transmitters. The 
switching of the transmitters will require the use of SF6- 
pressurized waveguide switches at a peak operating power 
of 35 MW.  A test stand was set up at the Stanford Linear 
Accelerator Center (SLAC) Klystron-Microwave labora- 
tory to conduct tests characterizing the power handling 
capability of these waveguide switches. Test results are 
presented. 

1 INTRODUCTION 
The APS linac structures are powered by five 35-MW 

klystrons, two for the electron linac and three for the 
positron linac. The upstream accelerating snc tu re  in each 
linac is directly powered by a klystron, while the remain- 
ing 12 structures are powered in groups of four by a 
klystron and a SLED [I]. 

To improve the overall availability of the linac rf sys- 
tem to deliver beam to the APS storage ring, a sixth rf sta- 
tion comprised of a modulator and a klystron has been 
added to the five existing rf transmitters. This system is 
currently under construction and high-voltage power sup- 
ply testing [2]. Once on-line, this rf station will serve as a 
hot spare unit for any of the five on-line S-band transmit- 
ters through a suitable and reliable SF6-pressurized 
waveguide switching system. 

Currently, rf waveguide switches in pressurized sys- 
tems are used in routine operation of S-band linacs at other 
accelerator facilities. For example, the 295-MeV S-band 
injector linac for the Duke University storage ring uses 
aluminum WR-284 waveguide pressurized with 26 PSIG 
of sulfur hexafluoride (SF6) throughout the entire system. 
CommerciaIIy available waveguide switches have been 
incorporated into the pressurized waveguide system to pro- 
vide rf power switching capability. This pressurized 
waveguide switching system has been operating reliably at 
a peak rf power of less than 30 MW, an rf macropulse 
length of 2 ps, and a repetition rate of 2 Hz without signif- 
icant arcing or rf breakdown. The pressurized SF6 in this 
system circulates through a dryer to remove moisture and 
other Contaminants 131. 

The pressurized waveguide switches to be used in 
conjunction with the APS linac hot spare transmitter must 

1 be capabie of handling a peak rf power of 35 
maximum repetition rate of 60 Hz and an rf puls 
5 p. No S-band pressurized waveguide switches are cur- 
rently being operated at this power level. To investigate the 
operational reliability of these pressurized switches under 
high peak rf power, an experimental rf setup was assem- 
bled at the SLAC Klystron and Microwave Test Labora- 
tory as described below. 

2 EXPERIMENTAL SET-UP 
Two types of commercially available waveguide 

switches were tested. In the first setup, two WR-284 
switches (from two different vendors) were configured as 
shown schematically in Figure 1. The layout is comprised 
of a bidirectional coupler downstream of the klystron out- 
put to monitor forward and reflected power, and two rf 
windows (before the switch and upstream of the water 
load) to separate the pressurized section of the waveguide 
from the vacuum side. In the second setup, the WR-284 
switch was replaced by a WR-340 switch. There were 
matching tapered transitions between the two waveguide 
sizes, and WR-340 windows were used instead of WR-284 
windows. 
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Figure 1 : Schematic layout of the rf pressurized 
waveguide switch test. 

Rf power for the test setup was provided by a SLAC 
type 5045 klystron operating at 2856 MHz with a nominal 
beam voltage of 350 kV and 393 A of beam current. The 
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Figure 2: Waveguide switch test set-up. 

peak rf power was 40 MW, with a 3.5 ps rf pulse width and 
a 60-Hz repetition rate. A photoFaph of the test set-up is 
shown in Figure 2. Vendor 1's UX-281 waveguide switch 
is pictured in Figure 3 and Vendor 7's UX-340 waveguide 
switch is pictured in Figure 4. 

For each test set-up, the appropriate u aveguide-switch 
section was pressurized with SF6. and the rf power was 
gradually increased until an arc or other operational prob- 
lem occurred. The klystron foruard and reflected power 
were monitored at the bi-directional coupler at the output 
port of the klystron using a peak power analyzer. Forward 
rf power through the switch m a s  calculated from water 
load calorimetric measurements. 

3 TEST RESULTS 

3.1 The U'R-330 Sivirch 
15th the waveguide-switch section pressurized to 30 

PSIG. rf power from the klystron was gradually increased. 
Arcing occurred at about 5 M l V  peak rf power. The rf 
power could not be increased due to persistent arcing and 
eventual SF6 breakdown. After purging and refilling with 
fresh SF6, rf power was again applied and the power level 
was gradually increased to 10 XIU.. Within a short time, 

Figure 3: Vendor 2's R'R-34O uavepuide switch. 

arcing occurred in  the straight waveguide section approxi- 
mately six inches upstream of the switch. A few more 
attempts were made. but the rf power could not be 
increased above 10 MW due to continuous waveguide arc- 
ing and rf trips on klystron reflected power. 

3.2 WR-284 Switches 
The rotatable blades in both of the WR-284 switches 

became permanently stuck in position after a short period 
of operation at 30-MW peak power. 

The WR-284 switch from vendor 1 was tested first, 
and was initially pressurized to 30 PSIG with SF6. With an 
rfpulse width of 3.5 ps and a 60-Hz repetition rate, the rf 
peak power was gradually increased to 40 MW. At 25 MW, 
some arcs occurred inside the pressurized waveguide 
upstream of the input port of the switch. It was necessary 
to purge the contaminated SF6 and refill, and we then 
reached 40 M W  peak power at 30 PSIG of SF6 with no 
arcs. The rf match between the switch and the waveguide 
was quite poor. The measured return loss was 17 dB, and 
the klystron experienced a few reflected power trips as a 
result of the Door match. 

~ 

Figure 4: Vendor 1's WR-284 waveguide switch. 

Next, vendor 2's WR-284 switch was installed into the 
test setup and the waveguide was again pressurized to 30 
PSIG with SF6. Rf power was applied and increased to 30 
MW. Aside from occasional vacuum bursts, there was no 
sign of arcing in the pressurized section. The rf power was 
kept at 30 MW for one hour and was then increased to 40 
MW in 1-MW steps. The setup also ran well at 40 MW 
with no rf breakdown. The rf match for vendor 2's WR- 
281 waveguide switch was significantly better than for 
vendor 1's WR-284 switch in the same setup. The mea- 
sured return loss for vendor 2's switch was 22 dB. Figure 5 
shows a typical oscilloscope waveform indicating, with 
different vertical scsies. the signals for forward and 
reflected rf power. 

4 NETWORK ANALYZER CHECKS 
To determine possible causes of the failure of the WR- 

340 switch. various configurations of the switch with and 
without the tapered transitions were bench tested using a 
network anaiyzer. as shown i n  Figure 6. Return losses 
were checked in an attempt to explain the observed break- 
down at relatively low peak power (,-: XlM'). The low peak 



power breakdown ~ Q L : :  h a l e  k e n  caussd by standing 
waves in  the LiR-3-tb .xavepuide system. XI1 bench mea- 
surements indicated ttat the transitions had the smallest 
return losses of an) componens. but losses were at least 
22 dB for all ":ansitiocj. 
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Figure 5 :  Oscilloscope waveforms showing: (1) 
forward power, (2) ieflected power with a pulse width 

of 3.3 p. Vertical scales are different in (1) and (2). 
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Figure 6:  Network analyzer measurements of the WR- 
340 switch and tapered transitions. 

5 DISCESSIOK 
One goal of these measurements was to find the 

dependence of peak rf power on SF6 pressure in the 
wa\,eguide switches ar peak potrer levels of 35 MW. The 
measurements were not possible for the WR-340 switch 
due IO breakdown prpelems. hou.ever some data were 
obtained for the b ' R - 2 S  switches. In all cases. the rfpulse 
width nas  3.5 .US. snd :he reperition rate \vas 60 Hz. At a 
piven SF6 pressure. rnz k l h s m n  output power was 
incress4 unt i l  an arc occurred. at which time the SF6 
pressure was increased. The procedure was repeated until a 
maximum peak power of 40 3lxV was achieved. Although 
both RX-2% switches i i e r e  res& to a peak power of 40 
?VIR.. there were rf' breakdowns that required purging and 
refillins the SF6. Both 'A7R-2S4 switches malfunctioned 
mechani~ajl? above 3i: \ l ik ' ,  cas ing the rotating mecha- 
nism imide the s w i x h  :? ge: j:s:k. The T!. rnatch of vendor 

2's switch was about 5dB better than that of vendor 1's 
switch in this setup. Visual inspection of both WR-284 
switches after the high power tests showed evidence of 
arcing inside the switch. 

6 CONCLUSIONS 
There were indications from these tests that 35 PSIG 

may be a desirable operating pressure for the high-power 
SF6 waveguide components. There was a an observable 
inflection point at 35 PSIG, corresponding to the end of the 
hear  relationship between pressure and breakdown 
power. 

Commercially available WR-284 waveguide switches 
are not likely to operate reliably under the APS conditions 
of 35-MW peak power, 5-ps pulse width, and 60-Hz repe- 
tition rate without modification or development. Peak and 
average power levels, and number of joules per pulse are 
greater than is the case for other pressurized waveguide 
switches currently in operation at other facilities. 

The WR-340 results cannot be understood without 
further high power ,tests. Scaling suggests that this 
waveguide should be able to handle the 3s-MW peak 
power without arcing when pressurized with SF6. Low 
power inspection and post-testing did not reveal any rea- 
son for the failure at low rfpeak power. 
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