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Abstract 

WC prcscnt expcrimenti~l results of a 10 GHz TEol mode 
three-cavity, gyroklystron. The hcam is produced by a pulse 
lint modulator and magnetron injection gun, which can 
opcratc to 433 kV and 225 A with 1 ps flat-top and at a rep 
rate of 3 Hz. Microwave power is mcasurcd by a modc- 
sclcctivc directional coupler and flowing methanol 
c‘alorirnctcr. Mode purity is dctcrmincd by a large anechoic 
chamber. Initial testing of the first three-cavity circuit has 
produced ;I peak power 01 23 MW with efficiency of 27% and 
pulse cncrgy of 36 J. WC have a maximum gain of 39 dB at a 
peak power of 2 1 MW. 

I. INTRODUCTION 

The University of Maryland is dcvcloping a three-cavity 
YyroAlystron to dcmonstratc the feasibility of this type of 
dcvicc as an RF source‘ for future TcV linear colliders. To 
achicvc TcV uncrgics, over a thousand phase-locked RF drivers 
v\ill IX rcquircd. For this reason it will bc important to have 
RF source’s with high gain. To achicvc high gain will rcquirc a 
~~\~roklvstron with 3 or more cavities. c\s a proof of principle :c, i 
(,ur first i*fl‘ort \vas a two-cavity dcvicc. which gave 
L>ncouraging rCi;ults[ 11. 

,+I diagram showing the major components of the system 
appc‘ar‘; in Figure 1. The masnc’tron injection gun (MIG) is 
tl<<ignc>d to give optimum bcarn quality at 500 kV, 160 A and 
and r~.= I ..5. At thcsc parameters the v&city spread is 7% 121. 
Our modulator products pulses with flat-top of 1 ~LS and is 
currimdy capable of rcpctitivc operation at 3 Hz up to 433 kV 
and 325 A. The axial magnetic field is produced by four 
s~~par;lt~~ circuits which allow us to vary the magnetic 
comprk”,tion IO the circuit and al<o the field profile in the 
circuit region indcpcndsntly. The circuit is dcsigncd for 5.X5 
kG anti the nlasinlum attilinablc flat field is 6.5 kG. 

Figure 1. Schematic diagram of gyroklystron system. 
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Figure 2 shows the microwave circuit. Key fcaturcs of 
this RF circuit arc the remotely tunable bunchcr cavity and 
lossy dielectrics. We tune the cavity by simultaneously 
inserting two metal rods (OD=O.2 in) with rounded ends 
from opposite sides of the cavity. The tip of the rods can 
travel from the drift tube radius outward to 5 mm outside the 
cavity, but most of the 100 MHz tunability occurs while the 
probes arc well into the cavity. 
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Figure 2. The three-cavity gyroklystron circuit showing the 
tuning probes and lossy diclcctrics. The lossy diclcctrics 
appear as darkcncd regions in the cavities and drift regions. 

In this device the drift regions arc not cutoff for all modes 
and the cavities are over-moded. Due to the Larmor radius of 
the beam clcctrons, the drift regions can not bc reduced to 
cutoff all modes without significantly reducing the beam 
power. To isolate the cavities WC loaded the drift regions 
with lossy dielectric liners, and to prcvcnt parasitic 
oscillations in the cavities WC loaded the radial wall of the 
cavities with lossy dielectrics (Fig. 2). In the cavities the E 
and geometry of the dielectrics were optimized to incrcasc 
mode selectivity. In the drift regions the dielectrics wcrc 
optimized to maximize the attenuation of parasitic modes and 
provide adequate isolation between the cavitics[ 31. 

Input power for the gyroklystron was produced by a 
pulsed magnetron capable of 2 ps pulses of l(X) kW. Forward 
and reverse pos;cr were monitored and coupling varied from 
30% to 70% depending on the beam parameters. 

II. EXPERIMENTAL RESULTS 

A. Amplifier operation 

This device gives the best power and gain at our highest 
voltage of 425 kV and current of 212 A. Magnetic field 
tapering and penultimate tuning arc also very important. The 
best results were achicvcd with the guide field 33% higher at 
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the input cavity than at the output cavity and zero 
pcnultimatc tuning. This cast gave 23 MW with cfficicncy of 
27%) gain of 31 dB and total pulse energy of 36 J. Figure 3 
shows scope traces of the microwave signal for this case. The 
best power from a flat field cxpcrimcnt was 12 MW at 5.7 
kG and the bunchcr cavity tuned 16 MHz below the other 
cavities. Table I summarizes the cxpcrimental results for the 
tapcrcd and llat field cases and Figure 4 shows the magnetic 
l’icld profile for thcsc casts. 
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Figure 3. Time dcpcndancc of the microwave power Figure 5. The depcndancc of gain on penultimate cavity tuning 

and hcam voltage. at 420 kV, 212 A and a tapcrcd field (Bin/Bout= 1.33). 
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-3 3 B taper 0.66 23 27 31 

5.0 0.63 I 1 13 30 

5.7 0.71 12 15 27 

Table 1. Comparison of results for tapered and flat magnetic 
i‘icld at hcam parameters 425 kV and 2 12 A. 

Distmce from input cavity ccnterlinc [cm] 

Figure 3. Comparison of magnetic field profiles for flat Figure 6. Contour plot of least squares fit to measured 

I‘iclds at 5.8 kG and 5.0 kG and a tapered field (Bin/Bout= Power in megawatts for a tapered magnetic field (Bin/Bout= 

I .33 1, 1.33). 

The device gives the best gain with the same 33% taper but 
with the bunchcr cavity tuned 24 MHz lower than the other 
caviticv & . In contrast to standard klystrons which require 
positive penultimate tuning, the gyroklystron rcquircs 
negative tuning due to the inverse relation of energy and phase 
in the electron orbits. Hcrc the gain is 39 dB with peak power 
of 21 MW and efficiency of ‘25%. Figure 5 shows the 
dependancc of gain on pcnultimatc tuning for the tapcrcd field 
dcscribcd above. 
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Figures 6 and 7 arc contour plots of the mcasurcd 
cfficicncy and gain vs. beam voltage and current. Thcsc plots 
show that increasing the beam voltage improves the 
gyroklystron’s pcrformancc in both power and gain. The 
dependancc on beam current is diffcrcnt. The best output 
power is achieved slightly below the maximum current and 
the best gain is achieved at the lowest beam current. These 
cxperimcnts were made with a tapered magnetic field and 
zero penultimate tuning. 
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Figure 7. Contour plot of least squares fit to measured gain 
for a tapcrcd magnetic field (Bin/Bout= 1.33). 

B. Stability 

The three factors which limit the power in this tube are 
the beam voltage limit of 430 kV set by the modulator, a 
beam instability in the down-taper region (Fig. 1 j , and 
saturation of the output cavity. The modulator is currently 
being redesigned to allow operation to 500 kV. 

The instability in the down-taper region is activated when 
the beam rerchcs a certain lcvcl of perpendicular momentum 
(Pl). If PI is further increased by reducing the magnetic 
field at the 41IG, strong oscillations in the range 6-8 GHz 
occur in the down-taper region. The onset of these 
oscillations can be moved to higher PI by increasing the field 
in the down-taper region (even though this also has the cffcct 
of increasing PI) or by operation at higher input power. We 
bclicvc that some of the input power leaks into the down- 
taper region stabilizing this instability. 

Saturation in the output cavity occurs when cithcr PI or 
the bunching of the beam is increased past a certain point. The 
beam bunching can be optimized either by reducing the input 
power, or lowering the gain of the circuit. The gain can be 
lowcrcd by dctuning the hunchcr cavity or altering the taper 
in the magnetic field. 

The operation and stability of the device is best 
dcmonsrratcd by expcrimcntal results at three diffcrcnt 
mqnctic fields: flat field at 5.7 kG, flat field at 5.0 kG and a 
tapcrcd rield (Fig. 4). Comparing the two flat field 
cspcrimcnts (Table I), the USC at 5.7 kG has a higher field in 
the down-taper region. This higher field gives better mode 
suppression, and thus the 5.7 kG case gives the higher TX. This 
is consistent with the slightly higher output power observed 
in the 5.7 kG cast. 

Tho tapered field case is very interesting. Although its a 
IS less than the 5.7 kG flat field cast, its output power is 
almost two times higher (Table I). In addition, flat field 
cxpcrimcnts with output cavity fields equal to that of the 

tapered field case give significantly less output power. For 
this reason WC believe that decreasing the guide field across 
the output cavity region is necessary to achieve high power. In 
this tapered field case, the field decreases 6% across the 
output cavity. Because the guide field extends well beyond 
the end of the microwave circuit, we suspccl that a helpful 
traveling wave interaction may also occur there. This 
interaction might also benefit from the tapered field. A 
numerical study to better understand the effects of guide 
field tapering at the output cavity is now underway. 

III. FUTURE WORK 

The second three-cavity gyroklystron circuit will be 
tested in May 91. This circuit will use a more lossy down- 
taper so that higher a can be achieved. In addition, the quality 
factor (Q) of the output cavity will be increased from 200 to 
350. The first circuit was made with lower Q anticipating 
operation at 500 kV and a = 1.5. At our current operating 
parameters an output cavity with a Q of 300 will operate at 
50% of the start oscillation current, thus the increased Q 
should not reduce the stability of the circuit. 
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