A THYRATRON TRIGGER WITH LOW JITTER
C. Jensen, D. Qunell, FNAL, P.O. Box 500, Batavia IL 60510 USA

Abstract The operating voltage of the FET 760 V in the final
design. This level is relatively close to the FET
A very low jitter trigger isrequiredfor the Maininjector breakdowrvoltage, however the inverseiode across the
Proton Injection kicker. The trigger is alsiesigned to be transformer primaryand the very lowinductance of the
reliable against thyratron arc down to the trigger grid. Therimary capacitorlimit the normal transient voltages to
trigger uses avide bandcoaxial cable transformer that900 V. The inversediode andprimary load resistor also
operates at 1500 V with a 500 ns pulse width and a 10%eset the pulse transformer. Thyrateme downtransients
90% rise time of 20 ns. An FET is used as the switch aade somewhat clamped by the MOV and current limited by
a very low inductance capacitor is used to store the triggee 49Q resistor. Thebody diode ofthe FET protects it
energy. Typical total jitter between TTL trigger pulse anffom overvoltageand R8-R11 limit the body diode
the 50%load current value has beeameasured at < 2 ns current.
over aperiod of 8hoursand 1@ pulses. About halthis The drive circuit for the high voltage FET was also a
jitter is attributed to the trigger systemmdthe otherhalf substantial design effort. A very fa&ET driver from
to the thyratron. The trigger has bemibjected to several Unitrode, the UC1711JE, was chosen as the ficster
thyratron sparks without problem. Tipaperwill present stage. The twalrivers in this package are paralleled to
the trigger schematic, waveforms, componeatsl the drive peak currents of ~ 3 A into the next stage, a voltage

thyratron connections. follower. This discrete corplimentary FETdriver has an
Rps(oN) resistance of.50/300 nf2 for the N/P channel
1. TRIGGER CIRCUIT devices. Thesaleviceshave asilicon gate toincrease

switching speedndall the driver componentsare surface
mount parts toreduce leadnductance.The zener diode
voltagedrop of5.1V is slightly less than twice thgate
otource threshold voltage of thisive FETs. Thisbiases

The trigger circuit useseveralminor variations on a
standard pulse generator. Most of the design effag in
component selection, circultoard layout and transient
immunity. The schematic is shown in Fig. 1. This is n ; . ;
a capacitor full discharge circuit. Capacit@29 and c30 Poth FETs slightly on teeducedelaytimes. Finally, the
discharge only about 6% during a pulse. power supply bypas_$apaC|torsconS|st of three 0.JF
The 750 V power supply that charges C29 and C30 is ndt'facemount capacitors eactior the +15 Vand -5 V
shown in Fig. 1and neither are the thyratron trigger SUPPlies. Inaddition, a 33pF Aluminum electrolytic
negative bias voltagand the thyratron DC priming capacitorand 1uF leadedceramic capacitor were used on
current. These thyratron support suppkesderivedfrom  €ach supply. The layout of all thizive components was

the thyratron filament supplDetaileddiscussions of all done to minimize inductance. Because of the electrical and
the mzz\/jor components folil)gv?/'.) mechanical design othe DE375-X2, thedrain current

flows primarily through the sourdeadsnext to thedrain
1.1 FET Switch andthe gatecurrentflows primarily through thesource

eads next to the gate. Thigrther decreasethe fall time

. . . .
One novel component is the FET switch. This switChyj,ce the gate circuit does not have to overctreairain
from DEI Inc., has aeramiclow inductance package SO qq rce leads L di/dt drop.

that it may beusedfor high power amplifiers up to 15
MHz. The packagehas coplanarline connectionsThere 1.2 Pulse Transformers

aretwo sourceleads oneither side of the gateand two . .
sourceleads oneither side of the drain. TheDE375-x2 There are two high voltage pulse transformers usédis
102N20 has a voltagbreakdownrating of 1000 V, an circuit and each had it own unique problems. X1 is used to
averagecurrentrating of 20 A, drain—sourcevoltage fall  &llow the FET to besource groundedthis avoids further
and rise times of approximately 7 nand a price of pomphcanqns on an already d|ff|c_ult gate drive circuit. X2
approximately $200. Thigevicehas ameasuredvoltage IS Used to isolate the thyratron high voltage, nominally 30
fall time ( 90%—10% ) in our circuit of ~ 10 ns. kV during the pulse, from the trigger circuit. The use of
It was experimentallyleterminedhat thepeakFET drain WO transformersalso allows someeffective clamping
current should be limited to two or three times éverage COMPONents to be used. The fitsnsformer is a coaxial
currentrating to achievethe fast riseand fall times. In C¢@ble transformer. Irthe prototype, thistransformer
initial prototyping, the DE375-102N10, a smaller FETProvided al:2 step up ratio iraddition toisolation. The
with an averagecurrentrating of 10 A, was used. In the 2dvantage ofthat construction was eeduction in the
prototype circuit the peatirain currentwas ~ 60 A and leakage inductance ofhe second pulse transformer.

the drain—source voltage was 850 V. Theasured drain— Unfortunately, therequired core size for the second
source voltage fall time with this FET was 50 ns. Usingansformer was already substantial because ofetéred

the same gate circuit with the highewerage current olt seconds and use of only a single turn on the primary.

DE375-X2 FET, thalrain—sourcevoltage fall time was
reduced tal0 ns. Subsequent modifications to the circuit
have reduced the peak drain current to 30 A.
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Figure 1, Tlyratron Trigger Schematic
X1 is constructed ofwo parallel 1.5 m lengths of inductor onthe high voltageside (not shown in the
0.047 inch outediameter 25Q coaxial cable, Precision diagram). The X2 transformer biasipply isderivedfrom
Tube # 25DA047. The core used is 4 pieces Gemmmic the thyratron filament supply on the high voltage side.
Magnetics 3000—4 two hole balunore made from
CMD5005 ferrite. There are 4 turns through each hole and 1.3 Other Components

the total cross sectionafea isapproximately 9 cri In One component that was specialbydered for the
order toshield the 750 V DC voltage on the cable, fotircuit was a very low inductance @2, 1000V capacitor
personnel safety, theenter conductor ishe primary and from Electronic Concepts. This capacitor, #5PT-11635K,
the outerconductor isthe secondaryThe total leakage was designed to have a $6arlife at 1000 VDCand has
inductance ofthe transformer isless than 100 nH. The an internal inductance ofapproximately 10 nH. The
transformer has adequate careafor a volt secondrating construction is amxtendedoil / polypropylenecapacitor
of approximately 0.5 mVes without any bias. T¢w@ona with 2" wide leadsfor eachconnection. Thecapacitor is
extinction voltage of the coaxial cable is approximatelgackaged in an I1Gtyle dualinline pin packagewith 40
850 Vrms at 60 Hz which is sufficient for very long pins per side.
lifetime. The trigger circuit alsgrovides a closed relay contact
The polarity of the transformer is particularly back tothe control system when all the DC voltages on
important in this application tachievefast risetimes. the trigger board are withit6% of the nominal values.
Since thecable is chargedbetweenpulses, atraveling

wave is launched dowthe coaxial cable othe pulse 2 THYRATRON CIRCUIT
transformer whetthe FET is closed. Theurrent in the
secondary is in the correct direction to provide full voltage A

into a matched load when the wasets the otheend of

the transformer. In this respect, the rise time of the output

pulse is limited mainly by the FET switching tinvéhen

driving into amatchedoad. This is strictly true only if 4MQ§ °

the 12.5Q resistor in series with thenergy storage

capacitor is not present. practicethis resistorincreases

the rise time by less than 30%. m‘ I ggﬁD[gENT
X2 has a single turn primary and a two tgecondary. - T - —-—----

To achievehigh isolation voltage, theenter conductor 560 kQ TRIGGER

and polyethylene of gpiece of RG220/U isused as the o | GRID

primary. An electric fieldscreenwith a gap in themiddle § 4MQ —_—

is place over this piece @fbleandthen thesecondary is A

wound with 10 parallel pieces of AWG#22 wire. The

cores used for this transformer have a total cross sectional @:‘/ EEV 1668

area of14.5 cn? and are made o€eramic Magnetics 2GAP

CMD5005 material. Even with this substant@ire and HYDROGEN

because of the single turn primary, a bias drive of 15 A/m K RH THYRATRON

is required to achieve @2 mVes rating. The biasurrent Figure 2, Thyratron Cross Connection Scheme for

(2 A turns) isprovided by athird winding and blocking Proton Inection Kicker
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The thyratron connection is also different from standard
practice. EEV Inc. suggested using a "cross connection" at
the gradientgrids, Fig 2. This applies eeversebias, in
reference tahe anode — cathodeoltage, across thdlrift
space between eaghair of gradientgrids. The voltage
must be substantial enough to start a gldischarge in
the drift space. The main benefit of th®nnection is a
dramatic reduction irthe delay time between successive
gap breakdown in the thyratron.

The filament and reservoir supplies are 20 kHz

3 SYSTEM RESULTS

The measured rise time (10% - 90%) on the thyratron
trigger grid is approximately 20 ns as shown FKig. 3
The data was captured with a HP54540 scope and
Tektronix P5100 probe. Fig. 4 shows timeasureditter
on the actual proton injection kickesystem, measured
from the TTL trigger signal to the measured current in the
magnet load resistor. This is the envelope oftieasured

o . o ) current. The peak to pealifference atthe 50% current
switching supplies. Thewre not rectified on the high level after 4 hours and 50,000 pulses is 1 ns. The

voltage side. The high voltage isolaticequiredfor these - ; : -
transformers is the same as the trigger and the same degla%nloscope contributes approximately 200ps of jitter.

is used. These isolation transformers have the same single
turn primary, but thesecondaryhas 15 to 20 turns. As REFERENCES AND ACKNOWLEDGMENTS
previously mentioned, the filament transformer hather This work is supported bythe U.S. Department of
auxiliary windings to provide power for thyratron triggerEnergy under contract No. DE-AC02-76CHO3000.
and priming biasing.

9004+—+—+—+—+—+—+—+—+—+1 e e e s s e s e s s 1800
800F / \\ FET Drain-Source{H— 1600
> 700 A\ X1 Output H-1400 __
e : \ X S
g 600 \ / / — \ \ Thyratron Grid [~ 1200 =~
° I (=)
2 s00F 1000 £
N \ /Y | N VAN S
2 400+ 800 T
8 300: \ / / \ / 600 9
S ok \/ / \ N\ ~— :
S 200 / \ 400 ©

. >
- 1 e
0+ B 0
E —
@aooy+—+—+—+—+—1+—+—+—+—+1++t+—++t—+—+—+—++++++1++—+++1(200
(2.5E-08)  0.0E+00 2.5E-08 5.0E-08 7.5E-08 1.0E-07 1.3E-07

Time
Figure 3: Measured Trigger Circuit Waveforms at Main Switch FET, Output of X1 and Trigger Grid of Thyratron
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