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Abstract for the group dispersioand nonlinearity caused by the
components downstream, to obtain a sawtekieform

Two phase-lockedoops operating with areference at the cavity. A single 125 W MOSFET gower
frequency of 11.667 MHz are used to genetléeFourier amplifier is used to raise theombinedsignal to 220 Y/,
components for a sawtoothaveformwith a repetition ¢ 50 Q. Coaxial cable transmits the rfpower to the
frequency of 11.667 MHz. These frequencies are cavity. The rf is therstepped up t00 V,  at 450Q
combined asignal level,amplified and used topower a it 4 1:9 balun mounted on the outside of the cavity.
set of parallel plates inside th@e-bunchercavity up 10 The ynbalanced-to-balanced transformation alkaws the
600 V,, The resultant sawtootvaveform is feedback t oer to befed effectivelyinto a set of parallel plates
regulated byl/Q regulation of its individual Fourier ,cide the cavity. The sawtooth voltage fisedback
components. regulated. Pickup probes ateach plate monitor the
waveform at the cavity. A digital signal processor

1 INTRODUCTION regulates the In-phase and Quadrature-phase components of

A pre-bunchercavity is used inthe ISAC lowenergy each of the Fourier frequencies of the sawtooth waveform,
beam transport line tincreasethe energyacceptance[l]. which are obtained by a set of 4 bandpass filters.
This cavity consists of a set of parallel plates that is Modular design is used ithe hardwarearchitecture.
driven by a 600 Y, sawtoothwaveform at11.667 MHz. Circuits for different functions are housed inseparated
The sawtoothwaveform is synthesized bsumming the modules. All the signal level modules, including the
fundamental to 4 harmonics Fourier components. Twowaveform synthesizer, thefeedback controller, safety
phase-lockedloop frequency synthesizersare used to interlocks and local supervisory controlleare housed in
generatethesefrequencycomponents. Thén-phase and a VXI mainframe. The rf power amplifiedue to its
Quadraturephase of each frequencycomponent are different power requirements, is housed in another chassis
individually regulated by adigital signal processor to with its own power supplies. Thepre-buncher cavity
produce astable sawtootlwaveform atthe cavity. These with its impedance matching balun/transformerlosated
frequency componentsare summed together at signalin the beam line 10 m away.
level. The summed output edistorted, compensating
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Figure 1. Block diagram of sawtooth wave generator
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bias isstepped up or down bthe microcontrolleruntil
2 WAVEFORM SYNTHESIZER the frequency errofrom the phase comparator is smaller

The waveform synthesizer occupiesvo VXI thana prescribed value. Theorvoltage from thephase
modules. One module houses tamaloguephase-locked COMparator again becomes input to the loop fike the
loops. With an input reference of 11.667 MHz, one loofutput frequency isallowed to lock the reference. The
producesthe 2% and the 4" harmonics frequencies of OUtPUt iscleaned up by a cdsimation of asecondorder
23.334 MHzand 46.667 MHz, while the other loop bandpass and a thiatderlowpass filters. Lowpower rf

producesthe 3 harmonic frequency of 35.000 MHz.
Small scale integration and medium scale integration

emitter-coupled logic circuits are used in the digital part o

the loops. In particular, synchronous countes used in
frequency division to reduce phase jitter. Thephase
comparator is @aype 4 Phase-Frequency detector[Ejrst

order loop filters are usedfor both loops, and the
bandwidths ofthe filters are 2 kHz. The loopfilter

circuitry has a speciaffeature which preventslarge
frequency excursions duririgcking andunlocking of the

loop. Figure 1 shows a simplified schematic of one i

the loop filters. An analogue-to-digital converter
controlled by a microcontrollecontinuously duplicates
the output of the loop filter at aligital-to-analogue
converter. Apulse detector,not shown in the figure,
detects the presence ofthe referencesignal. A level
detectormonitors the pump-up/pump-down signabm
the frequency-phaseletector. Whenthe reference input
pulse detectorcannotdetectthe presence othe reference
signal, the voltage oscillator circuit ibiased by the
output of the digital-to-analogue converter, whose volta
is the last VCO control voltagbefore the reference is
lost. Transition into this operatingiode is glitchless
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Figure 2. Phase-locked loop bumpless switching block
diagram

since the output of thdigital-to-analogue converter has
been tracking the output of the loop filter.
the loop filtercapacitorremains in the circuit tachieve
bumpless switching when switchirtgack to the phase
locked mode. Upon reacquisition dahe reference, the
reference frequency igsually far enough from the VCO
frequency that the Phase-Frequency detector operates in
frequency mode.  The microcontroller monitors the
difference in frequencyia a second detector.The VCO

Furthermore

amplifier modules isolate the output from thohase
locked loops and provide output levels of 6 dBm.

Another VXI module has four manuallgdjustable
elaylines, operating on the fourequencycomponents
from the previous moduleand conbines themafter the
delaylines. Electronic modulator$ocated inthe In-phase
and the Quadrature-phase path will fine tune the amplitude
and phase ofeach frequency coponent to obtain the
desired sawtooth wave shape. Figure 3 shows the
frequencyspectrum of theeomposedsawtoothwaveform.
shows theindividual frequency comonentsand their
relative magnitude. Figure 4 uses expanded frequency
scaleandshows the spectral purity of tH&rd harmonics
alone. The desired frequency component appears as a sharp
peak at 35 Miz. Thefrequencystability of this peak is
better than the resolution (10 Hz) of the spectamalyzer
used. Twobroadnoisebands at60 dBc extending to 25
kHz on eitherside ofthe central peakare results of the
phase detector and loop filter noises. Thermal noise is the
main contributor to these noises. f¢quency offsets

qtheyond the unity gain bandwidth of tpbase-lockedoop

e VCO noise shows the expected défpendence.

2 POWER AMPLIFIER AND BALUN

Since the pre-buncher operates from 11.667 MHz to
46.667 MHz, wide banddesignsare necessary in the
power amplifierandthe cavity termination. Theower
amplifier is a 2 stage, transformer coupled widadsolid
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Figure 3. Frequency spectrum of sawtooth waveform

3058



w35 . DEAD -

-ﬂ

. T L4, 18 elem : :
S e e I Ry 0.3V/div| : |
_ o ——
B
| MaRKER . i —

35.9003| M-z

—4.he o 3
| I e BEEEEEE R & e - et

| \ 1

N/ :

CENTER 33, [ WA 186, 0 LH1
RES Bw 188 Hx VBN I M2 e 28 sec

[

"=
8—

Figure 4. 3rd harmonic output from frequency synthesize

state amplifier. Each stage consists of a pair of §
MOSFETSs operating class AB in push-pull mo@werall
powergain from 10 MHz to 30 MHz is 38B, and the
gain reduces ahigherfrequenciesAlthough the3rd and
the 4th harmonics lie outside this range, thawer
requirements for 3rd are 16 dB down from the fundament:
and4th harmonic is 25 dB down. Theieducedpower
requirement is low enough such that this power amplific
can still have sufficient gain inorder to produce a
sawtooth waveform. Overall pow@utput capability is
125 W. A temperature sensor and VSWR moryitatect e
the powertransistors by removing thpower supply in !20 ns/div
abnormal conditions. Since the cavity lizcated 10m .- R :
from the amplifier, coaxiatable is used to transfer the )

power from the amplifier to the cavity. larder to Flgu_re 5. Toptraceshows_ _thepredlstorted waveform at
develop500 Vp-p at the cavity plates, a li@pedance the input of thepower ar’pllflt_ar. Bottom traceshows_the
transformer/balun isused tostep up the voltagend to Voltage at one of the plates in the pre-buncher cavity
provide unbalanced-to-balantrensformation. The balun

is constructed from three ferriteadedA/4 transmission 3 CONCLUSION

lines. A 200w, 50Q resistorprovidestermination for There are numerous waysdenerate @00 Vp_p sawtooth
the proper operation of the balun. The bakmd the \waveform. Inorder toachieve an undistortesawtooth
resistoraremounted on a large heaink and cooled by waveform at the cavity one has topre-distort the
forced air. Theop trace ofFigure 5 shows the resultantwaveform at the input of the power amplifier. Fease of
summed sawtoothwvaveform atthe input of thepower tuning we have chosen to synthesize the sawtooth
amplifier. Thetrace is a distortedawtooth, but habeen waveform from its Fourier Componentsand maintain
adjusted togive an undistortedsawtooth at thecavity control on the shape of the final waveform by adjustments

plate. This signal level waveform has beeadistorted to of the amplitude and phase of the component frequencies.
allow for the group dispersion characteristics of the balun

and the cavity plates, as well as for the nonlinearity of the 4 ACKNOWLEDGMENTS
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sawtooth waveform. The actual voltage across the two
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