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Abstract T =2ny1+2k+/CL, 1)

A pulse-forming network(PFN) with mutual coupling hasyhere the n is the number of sectiamithe k(=M/L) is
beendesigned andbuilt for the klystron pulsemodulator  the coupling coefficient.

of the SLAC NextLinear Collider(NLC). The PFN The characteristic impedance,Zof the PFN for low
consists of asingle-layer air-core coil with mutual frequency is given by

coupling betweensectionsand equalvalued capacitors.

The optimization of the couplingoefficient and the — L

design of the air-core coil such as its radius, the number of Zo =1+ Zk\fE : @
turns and its total length are discussed. The results of the

high and low voltage tests are also presented. The section inductance L and capacitance C are given by

1 INTRODUCTION 17,
The klystron pulsemodulator for theNLC requires to L= 2n(1+ 2Kk) ®)
produce &00kV, 530A, 1.5s flat-top pulse todrive a gpg
pair of PPM-focused 75MWlystron[1]. Themodulator T
consists ofparallel PFN’s, a pulsetransformerwith a C= 2z, (4)

turns ratio of 1:14 and one thyratron. \Afeoptimizing

this design  for —energy efficiency,simplicity of For specifiedvalues of Z, 1, n and k,Equations (3) and

manufacture, ease of servicing, and minimal cost[2]. ,6(\4) give L and C. It should be noted that the nominal PFN

The PFN is fo be the subject of much R&D. IS, special case of these general equations with k=0
conventional PFN usually consists of the lumped-constant P 9 q e

network which is made up of cascaded low-pass LC-filters. M M M M M
This conventional networkproduces gently-sloping S s e e e
waveform ofthe trailingedge ofthe output pulselue to
the non-linear phasecharacteristic of the network.
However, a PFN with mutuahductancewhich is called g
the Guillemin type E network[3gnables us to improve c c C=cC c c
the phasecharacteristic ofthe networkand produces a T T T__T T T
better approximation to the rectangular pulse than does the

conventional network, for the same number of elements.Figure 1: Equivalent circuit for the PFN with mutual
Moreover, the structure of tHeFN of this type isvery inductance between adjacent coils.

simple and easy to construct. The design and construction

of a prototype of the NLCmodulator PFN will be ] ]

discussed, aswell as computer simulation and2-2 Air core inductor

Lc Lc Lc Lc Lc Lc

experimental results. A single-layer solenoid is used ag&N inductorand the
coil radius and length of winding are chosen so as to give
2 DESIGN the required value of the coefficient of coupling.
2.1 PFN parameters M M M M
'z
Figure 1 shows amquivalentcircuit for the PFN with L L Lo L
mutual coupling. The L isnductance, the . is residual Y e N VY e~
inductance ofcapacitor, the C isapacitancethe M is 1 2 3 N
mutual inductance between the sermsductancesand the |< > |

R is resistance load. |
By employing the well-known techniques of
given by



Figure 2 shows the Ncoupled coils in series. The Considering the physical sizndits ability to withstand
coupling coefficient k is given by voltage in oil, the size of the coil idetermined. The

parameter values of n=4, r=2.0 drd4.9 were chosen.
_M_L-NOL )
L 2L(N-1)'
3 CONSTRUCTION

where L, is the inductance of the total coils in series.  The three parallePFN’s were constructedbased on the
The coil inductance is calculated byhe following results of the calculation.Each PFN is made up of a

approximate formula: continuous solenoidndeleven capacitosections of 5nF
- each, whichare mounted on a 48" length adluminum

. = rn [UH] ©) base plate. The solenoidwsundwith 44 turns on a 4"

or + 10l ’ diameterwith 3/8” coppertubing. The sectiorcapacitor

consists of two lowinductanceglasscapacitors which are
where r is the radius of the coil, n the number of turns apthced inseries to get 80 kV.These capacitors have a
| its length in inches. This formula &curate towithin  standard value of 10n&nd a ratedioltage of 40kV. The
one per cent fol>0.8r, i.e., if the coil is not too short.  dimensions of the singleapacitorare approximately 4
Using Equations (5) and (6), the radius r of the coil @&sches in diameteand0.9 inches in thickness. Figure 3

a function of n is given by is photograph of the PFN.
L 9 ON i
r(n) = — M +— =— —21]inches]. 7
()= B+ 50 G -2 nchesl. @)

The total length of the coil is also given by

9 LON .o, 90N O
= -2+ -_ = -2 inches]. (8
20 n? EQDk 0 2N 0Ok DE[ L ®)

I(n) =
2.3 Calculations

As a prototype of the NLGmodulator PFN, we have
designed with the parameter values given in Table 1.

Figure 3: Side view of the three parallel PFN'’s.

Table 1 Specification of the PFN
Number of parallel PFN 3

Total PFN impedance 5B 4 TESTS AND RESULTS
Number of sections(n) 11
4.1 Low-volt test
PFEN impedance 16.7Q ow-voltage tes
Coupling coefficient(k) 0.21 In order toinvestigate acharacteristic ofthe PFN, the
Pulse widtht) 2Us low-voltage test of the three parallel PFN’s vpesformed

in air. The output of the PFN’s wasnnected to a 6B
From Equations (3) and (4), the L is 1u®¥ andthe C is load resistor via a MOSFET IRF 640 switch. The output
5.4nF. UsingEquations (7)and(8), theradius rand the Pulse waveformwas obtained for a chargingoltage of

total lengthl of the coil are calculated as a function of thd00V. The solid line in Figure 4 shows the result. The
number of turns n paection_ The resultareshown in 10%-90% rise time was 100ns and the 90%-10% fall time

Table 2. was 500ns. The rise time is a sufficiently shHmetause
the rise time of theequirement idess than 400ns. The
Table 2 Results of the calculation broken curve irthis figure shows result simulated by a
Number of turns ~ Radius of coil Total length of coil computercode Micro-Cap V. The simulation gives a
per section (inches) (inches) good fit to the measured data.
2 7.9 177.4 The most characteristic feature of the outpaveform
3 35 79.7 is thatthere isripple in the trailingedge ofthe pulse.
4 2.0 44.9 The coupling coefficient k strongly affects the behavior of
5 1.3 28.7 the waveform of the trailing edge ofthe pulse. The
6 0.9 19.9 optimum value of k, whichcorresponds taninimizing




the phase distortion of the netwoakd maximizing the total pulse energy. The broken curve in this figure shows
flat-top length of the pulsedepends orthe value of the simulated result. The simulation giveg@odfit to the
residual inductance Lof the section capacitor. If the;L measured data.

is assumed to b&0nH, the optimumvalue of k is

0.12[4]. In thecase ofthis PFN, the rippletherefore
appears at the trailing edge of the pulse since the value of 100
k is rather larger than optimum value.
0 PP R
T -100 Ad
10 P \ /
] £ -200
g 0 -m;v s \ /
& 10 Paibibs A \rmnss/
S 20 / ] ¥ 400 AR
5 [ ]
g -30 1 -500
8 ] 0 1 2 3 4
= -40 ] Time(us)
LL ]
o -50 L—:::*-::-:-— 1 ]
60h V N Figure 6: Output pulse waveform at the klystron.
0 1 2 3 4
Time(us)

5 CONCLUSIONS

A PFN with mutualinductancehas beendesigned and
constructed for the NLC klystron pulse modulatdfrom
the results of the higland low voltage tests, wéound
. , that the PFN of this typ@roducesexcellentwaveform
The high-voltage test of the PFN hperformed in the it 5 wide flat-top and it improves thenergy efficiency.

Klystron Test Lab. at SLAC to investigate therne experimental resultmere well consistent with the
performance ofthe PFNunderfull system. —Acircuit = gjijated results. Future workill focus on the

diagram ofthe testmodulator shows in Figure 5. The,qimization of the number of sections forinimizing
modulator consists of a conventional 1:14 pulse. st of the PEN.

transformer[5], a thyratrorswitch tube and the PFN'’s
which areall housed in amil tank which also mounts a 6 ACKNOWLEDGEMENT
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Figure 4: Output pulse waveform at the resistor load.

4.2 High-voltage test
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Figure 5: Circuit diagram of the high-voltage test.
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of 1.5us(flathesst5%) and afall time of 500ns(10%-
90%) was successfullgenerated. The flatness spec. of
the pulse was not satisfied but thaveform ofthe pulse

has enough flat-top to contain approximately 83% of the
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