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The operation of high-power, high-frequency vacuum tubes requires Operating Voltage Range 0...70 kV DC
an appropriate protection method to avoid significant damages during | sSwitch Module and Control Electronic
arcing. This paper describes a circuit topology to protect an Inductive
Output Tube (IOT) which is expected to operate for accelerator | For fast switching operation a High- Turn-On Dealy 250 ns
applications. A preceding installation for testing the 10T operates the | Voltage Transistor Switch based on
classic closing switch approach by means of Light Triggered | MOSFET technology in combination with : :
Thyristors (LTT) with additional current limiting resistors . external control electronic is chosen Turn-On Rise Time 50 nsS : L : :
(top). The module has been modified 'II:'he test s:tupbl.?tstaolllat.lon ![n5|tc_ie a hlgh v?lttgge_roomfls shdovanhabove.
Operating Conditions and Protection Requirements: compared to the standard version by ] _ _ or more flexibility during testing air insulation is preferred. The main
> Nominal Voltage : U = 48 kV dc means of additional series diodes to UG (RIS Ul 80 NS components are Igcated on the mounting deck. Top story W't.h the
> Nominal Load Current : | = 3.8 Adc protect the intrinsic body diodes of the sBW|tchthmodthe, dollgcie aﬁsimp(;y, pumpt unit ,fmd voIt?g:a Icl|V|tder§.
> fault energy : W < 10 Joule MOSFETs from reverse current. Because i i eneath active radiator, high side current monitors, control €lectronic
of the heat load of dc mode operation, a Coupling Capacitance 46 pF a.nd interface eleetronie. The insul.ation level of 50 kV dc for the high
Operation Modes: direct liquid cooled version with an side current monitors is accomp_llshed by. means of a high voltqge
> Continuous Wave / DC Mode appropriate  pump unit is deemed Natural Capacitance 20 OF cable (red)._On floor the short circuit thyristor module and low side
> Long Pulse Mode : f = 1 Hz ; Duty Factor : D = (0.1.....0.5) necessary (right). Pump Unit PU2 current monitors.
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S\ -50 = % _50 The operation of the High Voltage Transistor Switch (HTS) for short
;’ The topology is characterized by using a series connected switch = cireuit conditions (tube arcing) ie °”'_y po_ssible with an addit?ona}l
%n -100 freewheeling snubber module completed with essential snubber extensions. A 80 kV Fast '60_0.5 ' 0 05 ] Series cqnnected S”“F’ber unit. This unit limits the_ rate of short circuit
= \ Diode Assembly (FDA 800-75) antiparallel connected to the module S 10 current rise during arcing by means of an appropriate inductance. The
§ -150 bypasses possible reverse current. A wire test has been prepared to 22 HTS has to be switched off during arcing by the control electronic fast
prove that the energy transfer during arcing is well below the 10 Joule : 0 enough bef‘?fe reaching a critical current level that might damage the
2200 limit allowed. An uncoated #36 AWG copper wire with a length of 12.8 S -10 output transistors.
Input Voltage inch has been specified by the manufacturer of the tube. Closing the = 220 . . . .
-250 short circuit a fast high voltage thyristor module (HTS 800-100-SCR) § To prove the essential decoupling function of the snubber unit, the
s used. The ratings of this module (80kV and 1 kA for 100us) are 7 =30 pre——— return current with respect to wire current was measured during short
2300 sufficient for the overvoltage and pulse current expected during g -40 circuit operation. The waveforms are given above. The current rise of
testing. To prevent the thyristor module from reverse transients an = -50 re.turn current _correlates th.e expected valge of 100 ampere per
3501— | | | | | | | | additional Fast Diode Assembly (FDA 800) is added. The wire test was o €0 mlcrosecond.. For prqof_ of prlnuple the parasitic oscillations observed
2 1 0 1 2 3 4 5 6 7 repeated many times at nominal voltage without any degradation of ) _0' 5 0 05 1 are not considered within this context.
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> For a very compact mechanical design alternate housing and
cooling methods of the switch module in strong relation to the

The current peak measured through the wire at nominal voltage
exceeds the maximum peak current specified for the switch
module. This was an initial concern for further tests. An additional
measurement of the current pulse at high side gives significant
deviation compared to the low side measurement for the wire. An
example of the resulting voltage and current waveforms is given
above.

Obviously additional charge transfer by parasitic capacitances
within the test topology is responsible for this effect. Based on the
measured current deviation, the calculation of the transferred
charge at nominal voltage gives approximately 225 pF for the
capacitance considered. The high side measurement proves that
short circuit operation fits the 100 ampere current rating of the
switch module.

To demonstrate the significant improvement achievable with the
new opening switch approach compared to the preceding closing
switch crowbar the charge (Q) transferred through the test wire has
been identified. In the figure above the charge transfer through the
test wire for both opening and closing switch during wire test at
nominal voltage are presented.

It is important to recognize that the opening switch topology
operates without any series connected current limiting resistors.
This is of special importance to reduce the additional heat loss
during continuous wave and long pulse operation of the tube.

Due to power limitations with the dummy load long pulse
operation was only possible for a preliminary demonstration by
applying On-Off command to the opening switch. An example is
given in the figure above. The drop at the beginning of the
pulse is caused by the ineligible power supply, which is
optimized for clean dc operation only. To improve this situation
an appropriate upgrade is underway.

At the final design the long pulse mode will be controlled by the
RF drive of the IOT. The opening switch has to withstand all
resulting load conditions only and finally to protect the tube in
case of arcing.

snubber unit needed have to be investigated.

> High side current sensing for fault level detection and fast
/INHIBIT command is the preferred solution. Solving the
contradiction of sensitivity and robustness against electromagnetic
interference is a challenging task. The availability of fast current
monitors with dc capability is mandatory.

> The overall reaction time of the system is 400 ns for now.
Further improvement, if desired, is possible with a redesign of the
external control unit to get faster response time for the /INHIBIT
interface.
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