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Abdract

The Next Linear Cdllider acoderator is devdoping a high
effidency, highly rdiable, and low cogt pulsed-power modulator to
drive the NLC 500KV, 230A X band klygrons The induction of
fractiond turn trandformer is mogt gpplicable for short pulse width
of lessthan 1.5 microssconds due to the Sze of theinduction cores
invalved. This pgper will cover the techniques S_LAC isdevdoping
to usetheinduction modulator in longer pulse operation of upto 15
microseconds. The 3 microssconds SLAC design as will, as the
proposasfor wider pulse goplication will be discussed.,

1.0 Modulator Design condderation

The Next Linear Collider acoderator proposd & SLAC hes
sHetted the Solid Sate Induction Modulator gpproech for its X
band klysrons because of its high effidency, highly rdiable, and
low cog. The mgor difficulty with the conventiona PRN type
modulator use & S AC for the Next Linear Collider (NLC) isthe
effidency of the modulator for short pulse operation. The legkage
inductancefor the pulse trandformer and the Sray inductance of the
switching drauit inherently limit the rise and fdl time of the
klystron voltage waveform. To reach the effidency godsof > 75%
for the modulator for the NLC it is necessary to have arissand fdl
time of the klygron voltage pulse of less than 200 nsec. It is
extremdy difficult to obtain a fagt rise time and high effidency
with aPAN modulator.

1.1 NLC Booger modulator

The NLC solid-gate induction modulator program o far has been
directed the main accderator sections, which has the mgarity of
theklysrons In addition to the main accderator thereisthe booster
Accderators. Which requires additiond modulator to drive two
klysdronsa atime

Frequenc |
y Present OneProposal
MHz # nsec #* nmsec
|L-band, 1428 30 5 15 5.5
[L-band 1482 15 16.5
S-
band 2856 157| 4.5 500 4.5
S-
band 2856 15 13.5

* Assumestwo klysrons per modulator

The present proposal requires 5 NMec pulses with proposad designs
up to 17 Mec. To accomplish these requirements a different
gpproach was nesded to the modulators to utilize the induction
solid date gpproach.

1.2 The Present Induction Modul ator

The present modulator topology sdected for the NLC modulator is
dmilar to an induction acoderaor. It condgs of alarge number of
dngle turn induction cores eech driven by its own olid-date
switch. Due to the inherent low inductance of such a dructure the
seoondary will have three turns The reaulting totd leskage
inductance at the secondary isextremdy low (<20 Mhy). The mgjor
pat of the leskage induction is in the multiple primary dde
connections and drivers. The use of three turn secondary fractiond
turn trandformer combined with two high current IGBT alows for
the driving of 8 klysrons with one modulaor or goproximatdy
1000 megawatts of power for 3 Meec sseFgure 1.
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Figure L. Induction Modulator Artistic Rendition

To obtain 500 KV for 3 Meec (1.5 valt seconds per turns) with a
trandformer, athree turns secondary reguired alarge magnetic core
cross ssationd area To drive the core without using a matched
PAN requires a switch that can not only turn on fagt a high power
leves but o turn off. Switching devices now exig in the form of
IGBT (Isdlated Gate Bipolar Tranggtors). EUPEC FZ800R33KFL
wasused. Hgure 2.
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1.3 lid Sate Drive
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The Core driver is dmple condging of an IGBT, a DC charge
cgpaditor in series with the IGBT driving the individud magnetic
core. A cgpaditor with fast diode is used across the core to absorb
the reflected energy from gray inductance under normd and faullt
conditions as wel as the current if the one of IGBT is turned on
later or off earlier then the other IGBTs A pulserest of the coreis
used to insure that the core is totdly resst before the next pulse
The energy dorage capaditor is charged through the trandformer
core. Foure3.

Hgure3. IGBT Driveboerds

Themodulator congsts of two driver boardswith one33kV IGBT
per board. The driver boards are PC Board and arranged 0 that
they can be plugged into the trandformer core for easy replacement.
Houre4. _
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The NLC sdlid-gate induction modulator R& D program is divided
into three Stages
1) Full core gack 76 cores with three turns to drive full 500 kv
into water load and then full current into 4 esch 5045
klysronsat full repetition ratefor afull load teding.
2) A modd udng 10 cores and a Sandard pulse trandformer to
drivea L AC 5045 klysron, which isdiscussed in this pgper.
3) A dedgnfor manufacturability prototypefor 8 klysrons

Hgure4. 4ea 5045 modulator

1.4 Modd of Induction modulator

To obtain early experience with the solid Sate induction modulaor
driving aklystron loed, and explore use of the induction modulator
for angle or two klysron operaion, a modd program has be
developed to utilise the Induction modulator to drive one of the
exiging S AC 5045 Klydrons A stack of 10 each modulator cores
driving and the exiding 5045 klysron 151 pulse trandformer
would dlow ealy teding of the induction modulator design
conogpt. Operation the 10 core gack a 20kv and 4400 amps well
drivetheKlysronto 288 kV 315 A. Hgureb.

Hgure 6. Table Top Induction Modulator '

The modd has operaed to demondrated thet the concept was
workable Prdiminary resuits are shown in Hgure 7. As can be seen
therise time is primarily determined by the leskage inductance of
the pulse trandormer and the connection inductance and therefore
the induction modulator has little effidency advantage over the
thyratron modulator.
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Hgure7. Modd Prdiminary Waveform

1.5 Wide pulse Induction modulator

For wide pulse goplications the cores needed to utilize a amdl
number of secondary tun in prohibitive expensive, o the tabletop
gpproach is nat feesble and therefore an improved conoept is
nesded. What is nesded is a low inductance connection to the
primary of a conventiond pulse trandformer and the maximum of
core area to reduce the number of turnsin the secondary to reduce
the secondary leskage inductance The SNS project hes hed
manufactured some Nanocrygdline core (29" x 16" x 35" thick)
which could be used as the bases of an improved concept in
induction modulator design. The cores have high Mu, low losses
and large Valt-Second capehility.

12 ea cores @ 0.024 V-Sec/turn per core
0.144 V-Sec/turn total
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Fgure 8 Pulse trandformer configuration

By combining the pulse trandformer with the IGBT driversahybrid
induction modulator can be designed. The pulse trandformer would
condg of the dandard Strangeness type secondary basket with the
low leskage inductance encasad sngle turn primary of the
induction modulaor. The secondary and core would be in ail for
the high valtage sandoff cgpahility with the primary connections
penerated the tank walls through ail sedls to a grip line to which
the IGBT drivers can be connected.
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driver connections
1.6 spedifications

1) Output
2) Cores

380kv 500A @ 15 Meec,
12 eacores @ 0.024 V-S'Turn

3) Totd Core 0.144V-STumntotd
4) Drive 8.4kV/tun @ 15 Nsec
5 Turns 2 Siescore, 60 Turn sscondary
6) Drivecads 12 each4.2KV drivers @ 3000A
7) Impedance ~700 My, 1000 ohms,
8) Risetime t~0.7 Meec
24Drivers 0.144volt-sec 380.00Cvolts
Coresper Driversin #oores Voltd Pulse #of turns
driver sries Paralld inseries turn Lenagth | ssoondary
12 24 1 4,000 34 A
6 12 2 8,000 19 48
4 8 3 12 12 32
3 6 4 16. 9 24
2 4 6 24,000 (6 14
1 2 12 48000 3 g

The same trandormer/core corfiguraion can be usad to drive

pulses from 3 Meec to 36 N by different number of saries
section.

1.9 Condusions

The induction modulator can be made to give a high effident, fagt
risetime for longer pulse by usng the low inductance IGBT driver
and the multiple turn convertiond pulse trandformer combinedina
new way.

"Work supported Department of Energy contract DE-ACO3-
76SF515



