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Abstract 2 CHOKED MODE CONVERTER

The overmoded rfransmissionand pulsedpower The flower petaimode converter islescribed indetails
compression system for SLAC's Nekinear Collider in [2]. The measured level of power in spurious fiEides
(NLC) programrequires ahigh degree oftransmission is ~0.5%. Simulations show similar levels of
efficiency and mode purity to be economically feasible.contamination due to TM modes. Although these levels of
To this end, anumber of new, high power componentgontamination are small, experimental measurements
and systems have beendeveloped atX-band, which observed in @ransmission line coposed of &7.442 cm

transmit rf power inthe low loss,circular TEO1 mode  diameter waveguide surrounded by two mode converters are
with negligible mode conversion. In addition, &ighly high.

efficient SLED-II* pulse compressor has be@!ﬂ/eloped These losses are due to the mode conversion-
and successfully tested at high power. The system reconversion phenomenonobserved in over-moded
produced a 200 MW, 250 ns wide pulse withear-perfect waveguides used in cenunication systems[3]. Since the
flat-top. In this paper we describéhe designand test mode converter isefficient, for a spuriousmode the
results of the high power pulse compression system usii@ular waveguide with the two node converters
SLED-II. represents a high qualifgctor cavity. Becausehe line is
large compared to the wavelength, there is a large humber
1 INTRODUCTION of resonating modes in thigequency band ofnterest.
The NLC rf systems use low loss highbwer-moded These resonant modese coupled tothe input signal
circular waveguidesoperating in the TE mode. The because of the smallade contaminationproduced by the
efficiency of the systems is sensitive to the mode purity @fode converters.
the mode excited inside these guides. We used thelled We basically have twehoices inorder to reduce the
flower petalmode transducdP] to excite the TE, mode. mode conversion losses. We can either reduce the coupling
This type ofmode transducer i®fficient, compact and to spuriousmodes byimproving themode converter or
capable of handling high levels of power. reducethe quality factors of these resonating modes by
To make more efficiensystems, wemodified this inserting mode filters. Vacuum compatible mode filters are
device by addingeveral mode selective chokes to act &xpensive and hard to make. We therefore tried to improve
mode purifiers. To manipulate the rf signals wsed these the performance ofthe mode converter byusing mode
modified mode converters to convert baekd forth selective chokes.
between over-moded circular waveguides and single-modedAccording to [2] the modes TE, TE,, and TM;
WR90 rectangular waveguidesThen, we used the representthe main components of the mode contamination
relatively simple rectangulawaveguidecomponents to do produced by the flower petal. The outpudveguide of the
the actual manipulation of rf signals. For example, twoode converter has a diameter of 4.737 cm. Except for the
mode transducers and a mitered rectangular wavegartt TE,; modethis guidesize will not allow TE, modes to
comprise a 90degreebend. Also, a magic teeand four propagate. Hence, a singthokedesigned taeflect TE,
mode transducers would comprise a four-port-hybrid, etoode atthe operatingfrequency of 11.424 GHz will
We will discuss theefficiency of an rftransport system greatly reduce the contamination fraghis node. Also, if
based on the above methodology. the choke width along thevaveguideaxis is less than the
We also used this methodology in building the SLEDkee space half wavelength it will not affect the,TiBode.
Il pulse compression system. At SLAC we built 4 oBince the rades TE;,, TM,,, and TE, have the same
these pulse systems. In this paperdescribethe SLED- azimuthal variations, any choke, designedettect any of
Il system and compare the performance of thesgstems them, will producesome mode conversion to theother
at SLAC. Wereport the experimentgrocedures used tomodes. However, several chokes, propsggced, can act
measureheir performance asvell as the results of high as an effective reflector for all modes.
power tests. We addedthree chokes to the flower petahode
converter, one for the T,Eand two for the T\, and TE;
modes. Thisreducedthe numberand depth of these
resonant modes.
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3 IMPLEMENTATION OF SLED I coupling to the lines do not excite higherder modes

Figure 1 shows the pulse compression system. It ugavided that they are perfectly concentricwith the
two 35.35 to 37.5-meter longcylindrical copper Waveg_wde axis. Achok_e@ mode converter exaiesTE,
waveguides as delay lines, each 12.065 caidameter and mode just before eachiris. Both mode. converters are
operating in the Tf mode. In theory, thesever-moded connected tathe coplanar arms of a high-power WR90
delay lines can form a storage cavity with a qudittor Magic tee. The armdgliffer in length by a quarter
Q > 1x10. Each ofthe delay lines is terminated by a Wavelength at the operatinflequency of11.424 GHz.
shorting plate whose axial position is controllable igherefore the refl_ect|on from t_he lines exits through the
within +12 pm by a DC motor with a position-monitorH-arm when the input to the lines enters from Exarm.
feed back system. The input of the linetapered down to The distance from the irises to thenter ofthe magic tee
a 4.737 cm diameter waveguide at whichnhade TE, is Nas beeradjusted towithin £13 pm to maximize this
cut-off, hence, the circulairises that determine the transmission.
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Figure 1. SLED-II Layout. It has two 12.065 cm diameter waveguides, 35.35 m in length (223 nS round-trip time.)

4 MEASUREMENTS 5 EXPERIMENTAL RESULTS

All measurementere performedising an HP8510C
network analyzerwith the resultsexamined inthe time
domain using @C. The frequencydomain measurements  The transmission line that connects the output of the
were transferred to the PC via a GHilBk andmultiplied first pulse compressor in the NLCTA to the injector
by the FFT of a maximally flat pulse modulating agection of the accelerator is 19.86 meters long. It contains
11.424 GHz signal. This pulse has a limiteflequency two 90 degree bends and two mode converters, oacht
response that is smaller than the measuremiegdisency end. To measure the performancettwdt line oneend was
span. shorted. We measured the response of this system with the

The time domain output is produced bytaking the techniquedescribed inthe above section. Figure 2 shows
IFFT of this frequency domain product. Note that once wie reflected pulse after a routigp through the line. The
obtain the frequency characteristics of the system from thee waytheoretical powerloss through the linglue to
network analyzer, we can calculatee time domain the circular waveguide, which has a 7.442 diameter, is
response for any arbitrary input pulse. Furthermore, thet%. Then from the measurements the one way losses of
phase reversed pulse required for SLED Il can be sensitizied line is 5.82%Hence, becausie system contains 6
by linear addition of two maximally flat pulses. modeconverters, an uppdimit for the lossesper mode

converter can be set to 0.74%.

5.1 Transmission Line Measurements
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Figure 2. Performance of the transmission line that

connects the pulse compressor to the accelerator.

5.2 SLED Il Measurements
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Figure 4 The points are measured power gains. The above
table shows the fitting parameters.

This procedurewas repeatedfor all 4 systems built at
SLAC. Table | shows a comparisopetweenall these

Figure 3 shows the response of the NLCTA inject&@/Stéms.

system to a 1.338S pulse. The last 223 nS of the pulse
; . . Test Lab| NLCTA | NLCTA | NLCTA
have 180 degreephase shift. (A compression ratio of 6). SLED Il | Station#0| Station #1 | Station#2
The measured efficiency ahe system is 67.5%. It alsg CorrFlepression 8 6 6 6
H atio
compareshe high power measurements to tieeld test —sr=—r=r 5y 150 553 575 75
results. Delay Line 1.63 0.68 0.52 0.59
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a ) -1 6 CONCLUSION
o
50 r‘ . 1 We have demnstratedefficient transportand pulse
1 -2 compression rf systems suitable for the NLC program.
0 : r-—-"_' AL 0 These systems are based on an efficimtcompactmode
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Figure 3. Measured Output of the NLCTA’s First RAneasurement techniques capablenafasuring rf systems

Pulse Compressor.

The power gain wasmeasured for a series of
compression factors. Aeast-squaresfitting of these
measurements to theoretical response [4] is shown
Figure 4. Theround trip power loss wasfound to be
1.51%, indicating an intrinsic Q for the lines of 1.05%10
The theoretical value for th@undtrip losses is 1.15%.
This low level of losses in the linemdicatesthat an
extremely pure Tk mode isbeing excited intheselines.
The external lossesare 6.89%, and the iris reflection
coefficient is0.70. The iris waslesignedusing amode

matching code to have a reflection coefficient of 0.685, the

optimum value for a compression ratio of 6.

with very small losses.
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