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Abstract Fig. 1shows a schematic of the prototype Lif&ction
o ) kicker system. The 8 PFN consists of two lumped
Twc_) LHC injection klcker_magnet systems_must producgiement delay lines, each of @impedance, connected
a kick of 1.3 T.m each with a flattop duration of 485, haralel. There arawo thyratron switches connected to
or 6.5_us, a rise tlm_e of 900 ns, and a fall time ofis3 1 PFN, referred to as aam switch (MS) and alump
The ripple in the field must be less than +0.5%. Thgiich (DS). Each 1@ PFN consists of 23 seven-turn

electrical circuit of the complete system has beegys a five-turn cell at the DS end, and a nine-turn cell at
simulated with PSpice[3]. The model includes a 66 k¥he MS end. A cell consists of a series inductor, a

resonant charging power supply (RCPS), & Pulse gamping resistor connected in parallel, and a capacitor
forming network (PFN), a terminatedbkicker magnet, connected to ground. Each capacitor is mounted in a
and all known parasitic quantities. Component selectiQyayial housing to minimise parasitic inductance. The

for the _PFN_ was_made on the basis of models _in WhiChp?ototype PFN capacitors are selected in pairs from a
theoretical field ripple of less that®.1% was attained. A patch of capacitors witt5% tolerance to provide an

prototype 66 kV RCPS[1,6] was built at TRIUMF andgfective tolerance 0f0.5% for each pair [2]. Each
shipped to CERN. A prototype @ system including @ capacitor per pair is mounted in the same corresponding
PF_N[Z],thyratron switches, and terminating resistors, Wag| of the parallel lumped element delay lines. The
built at CERN. The system (without a kicker magnet) was;pacitance values are graded linearly from the MS to the
assembled as designed without trimming of any _PFHS with a gradient of +0.09% per cell [7]. Two, 3.85 m
component values. The PEN was charged to 60 kV via g 175 turn coils are mounted on rigid fibreglass coil
RCPS operating at 0.1 Hz. The thyratron timing Wagmers: The total inductance variation per pair of 7 turn

adjusted to provide a 30 kV, §I5 duration pulse on a 45 gver the length of the coils is 3%.
5Q terminating resistor. Measurement data is presented

for the prototype PFN, connected to resistive terminators. swirow ;  SWITCH LINE
. ~No—| 9) 50

A procedure has been developed for compensating the [ ©s >

probe and oscilloscope amplifier calibration errors. The | [~ ————="" ‘ KIGKER

top of the 30 kV pulse is flat to £0.3% after an initial

66 kV MAGNET
RCPS

oscillation of 600 ns total duration. The post-pulse period L L/ TERMINATOR
is flat to within £0.1% after approximately 600 ns from
the bottom of the falling edge of the pulse. A calculationme W7L77

was performed in which a measured 27.5 kV pulse withFagure 1: Prototype LHC injection kicker system.

5.5us flattop was fed into a PSpice model of a kicker

magnet with a 690 ns delay length. The resultantFig. 1. of referenc¢6] shows asimplified schematic of
predicted kick rise time, from 0.2% to 99.8%, is 834 nthe prototype RCPS. The prototype RCPS consists of a
and the fall time 2.94 ps, for a field pulse with a flattop 02.6 mF storage capacitdank (Guragd Charged up to

4.69 ps and a ripple of less the®h2%. 2.8 kV. A GTO [5] was used to switch the energy on the
storage capacitdsankonto theprimary of al:23 step-up
1 INTRODUCTION transformer of low leakage inductance. Ttheput of the

secondary is connected to eachtwb loads through a
ble, a 7@ resistor and a diode stack. Eac °FN
an be considered as a 096 capacitor during the charge

The European Laboratory for Particle Physics (CERN)
designing a Large Hadron Collider (LHC) to be installe

in an existing 27 km circumference tunnel. The LHC wil cle, which vill later be discharged through a kicker

be equipped with Injection Kicker Systems, devices f agnet using thyratron switches. The MS thyratron is a
providing a fast deflection of the incoming particle bea X2003[4] and the DS thyratron is a CX1171A[4in&@
onto the accelerator's circular trajectory. Two pglse ere isonly one prototype PFN, the test setinpluded a
systems, of 4 magnets and 4 PFN's each, are required fhmy load (a 0.961F capacitor with a parallel
|nject|qn. The. Injection sequence, d_urlng NOrMagng discharge resistor) connected in place of a second
operation, consists of 12 pulses with a period of 16.8 s. PFN. Thus the RCPS was properly loaded. The DS
thyratron connects one end of the prototype PR& 10
parallel 50Q coaxial cables tahe 5Q prototypedump
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resistor. The MS connects the other end of the ARNO The calibration depends on the oscilloscamaplifier
parallel 50Q cables, to a kicker magngtot installed for gain and onthe waveform shape. Thus thalibration

these tests) terminated with &5MS resistor. pulse must have approximatetiie same duration, rise
time andfall time asthe pulse to be measured, and the
2 MEASUREMENTS oscilloscope settings must be the sdorethe calibration

data collection as for the PRbulsedatacollection[12].

The prototype PPN was charged to various voltages uIO'Itﬂe 30 kV MS terminator pulse was measured across one

60 kV and the timing of the thyratron trigger pulses Were: i series resistor disks that make up the MS

varied. The stability and the pulse to pulse reprOdUCib”i%rminating resistor. Thus the P6015 probe was used to

of the PFN "°'t"?‘ge' the ripple of the flattop of the puls% asure a 3 kV pulse, and was calibrated with a 600 V
and the ripple in the post pulse period were measur Ise with the same amplifier gainsettings on the
with high precision. A calibration procedure wa DS744A oscilloscope

developed to provide measurements on the ripple of a
30 kV pulse to a precision a.1%[12]. 2.3 Flat-top

2.1 Stability Fig. 2 shows a measured 29 kV pulse, after compensation
for the 6015 probe and the oscilloscepeplifier, with the

The overall stability of the RCPS and PFN wa®S not turned onThe waveform has beeorrected to

determined by measuring the magnitude of the flattajccount for the calibration. Thop of the measured

voltage on the MS terminator voltage divider (VD), orvoltage pulse is flat to withir0.3% 600 ns after the end

successive pulses. A TDS744A oscilloscope[8] was usefl a rise time of approximately 66, without any

to determine the average value of the flattop of the Mgdjustments of the PFN.

VD voltage over a 4us time window, permitting 5 figures

of accuracy to be displayed on the oscilloscope. Although ***

the absolute value of voltage is not known to such a high '

precision, the relative value is mainly of interest. The iﬁf , Measured & compensated

value of the average voltage was noted for severa§ 1001 -
consecutive pulses, under a variety of conditions, such ag e T (W:E o] e \
a cold start-up, and also after operation for several hours;

97 +
96
95
94 \\
2.2 Probe Calibration > L

0 1 2 3 4 5 6 7 8 9 10

A 1kV FET, precision, calibration pulse generator[9] Time (microseconds)

with a transition time of 30 ns (5% to 95%) has beepjq, e >: Measured and predicted flattop portion of PFN

designed an(_j bunf[ at '_I'RIUMF. This pulse generator W%Itage pulse each normalised to 100%.

used to obtain calibration data for a freon filled P6015[8] _ _

high voltage probe connected to a TDS744A oscilloscope Meéasurements on a 7 turn section of the FdeN

The calibration of a 6015A (freon free) probe was founghowed that the copper tubem whichthe coil ismade

to be sensitive to slight changes in parasitic capacitance/t@s no longer round. The outside diameter of the tube on

ground of the surroundings. A PSpice model of ththelength ofthe helix was between 0.2 mm and 0.3 mm

precision pulser shows thtite outputwaveform is flat to larger than thenominal 8 mm. Sinc¢he coil former has

within +0.1%, 100 ns after the start of the pulse. Thgrooves tofit the 8 mm circular cross section of copper

required compensation can not be achieved using th®ing, the coil diameter islightly too large. Detailed

available adjustments in the P6015 probe compensatii¢asurements of the outside diameter of the BdilN at

box. Thus a procedure was developed to provide é&ch cell, showed that the average mean coil diameter is

relative precision 0£0.1% for a 6015 probe as follows: 1.4% greater than thiesigned mean diameter, giving rise

. Use aFET based pu]se generator to generate T@ an average increase in inductance of 2.8%. The average
“known” waveform. Compensate the probe and stoi@ameter of thecells near the centre of the PFN is 1.5%
this reference waveform digitally. The compensatioand 0.8% greater than at the MS and DS ends,
at this stage is only approximate. respectively. The prediction in Fig.2 is a PSpice

« Comparison of the reference and “known’calculation with measured coil diameters used to scale the
waveforms gives the calibration curve (for a givefPFN cell inductance. A PSpice prediction forideal PFN
waveform shape), as a function of time, for the proboil (constant diameter) gives a waveform that is flat from
and oscilloscope amplifier (for a given gain). an elapsed time of 125 through to §1s. The variation in

The maximum excursion of the MS VD voltage for 20
consecutive pulses, with the PFN pre-charged to 60 k
was+0.035%, compared with a goal£9.2%.

“Normaliz

<
—

—

1510



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

the coil diameterexplainsthe small dip in the voltage the MS thyratron. There is also a pratadibrationerror,

waveform at approximately s in Fig. 2. sincethe calibration pulseffall time is 30 ns and théll
Analysis of measurements made at low voltagep to time of the measured pulse is approximatepys1A new

50 V) indicate that the inductance of each cell of the PRdlibration pulser has been designed to permit calibration

is approximately 4%greater than predicted for ageal with pulses of representative fall time [11].

(constant radius) coil. Thus theressll an unexplained

anomaly of 12% error in the total PFhhductance. The 3 CONCLUSION

relative difference between the predicted flattop ripple anHje top of the 29 KV pulse is flat within +0.3% after
TU. 0

th tual d form 48.2%, f 1400
© actual measurec waveron o, from ns 600 ns from the start of the flattop of the pulse. The post-

after the start of the flattop of the pulse. L L 0 .
The field strength was calculated from a measurealJlse period is flat to within +0.1% after a period of

27.5 kV pulse with a 5.5s flattop, fed to thenodel of approximately 600 ns from the bottom of the falling edge
the kicker magnet with a 690’ns delay length Th%f the pulse, providing the resistance of the DS terminator
resultant predicted kick rise time frotn2% to 99.8%, is Is slightly less than 8. The PSpice calculations of the

834 ns and théll time is2.94us, for afield pulse with a fgj;?giciem%%cet:reg:n t%ethgp;ii;/o vl/?t\;\elc::f? det:::jz :ge
flattop of 4.69 us and a ripple of less tR&N2%. . X
P H PP ° evaluate future PFNs and RCPSs. A kicker magnet is

2.4 Post Pulse being fabricated, and measurements will be carried out to
confirm that the field pulse can meet the stringent

It was thought that the 3 stage thyratrons wablitk  requirements. The prototype PFN and RCPS have met the

reverse voltages up to a few kV and would conduct gksign specifications so TRIUMF can now proceed to

higher reverse voltages[10]. In orderdanfirm thatsmall  fapricate 9 PFNs and 5 RCPSs for installation into the
reverse voltages are blocked, ihest pulse period of a | Hc.

waveform was measured at the MS terminator for two
different values of DS terminating resistor. The results are 4 REFERENCES
shown in Figure 3 for a 27.%V pulse.
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