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Abstract

The known statistics data amassed for power thyratrons
in accelerators show remarkable potential of the plasma
switches in terms of lifetime covering the range from sev-
eral thousand up to 120 thousand hours total [1 - 3]. The
gap in the lifetime can be reduced both by measures of
improvements in technology and implementation of thyra-
tron parameters monitoring systems. It is known that the
thyratron lifetime mainly depends on continuity of gas
pressure and cathode emission. In this paper the initial
research on some effective means of gas pressure moni-
toring automation is described. The pressure monitoring
in thyratrons TGI-, TPI- and TDI-types is possible in ab-
sence of anode voltage either by registration of triggering
parameters in a new igniter design or by a special built-in
high-temperature pressure gauge.

INTRODUCTION

The main objective of the presented research is to sus-
tain competitive position of thyratrons in respect to semi-
conductor switches. It takes improvements in lifetime and
operation stability, easier maintenance, shorter readiness
time at reasonable dimensions and cost.

The lifetime of thyratrons mainly depends on stable gas
pressure and cathode emission. One the of standard
maintenance operations during thyratron use is the so-
called “ranging” — rather complicated procedure used to
adjust optimum pressure in the tube during modulator
maintenance. According to SLAC (Stanford Linear Ac-
celerator Center) it is necessary to make the ranging at
least every 500 hours, according to other sources depend-
ing on operation mode it is must be made at least once in
3 months.

There are not too much known means to facilitate the
procedure.

In US patent Ne 3822086 [4] an apparatus for recharg-
ing and maintenance of operating pressure in a transmit-
ter-receiver tube is claimed, comprising an electrical
bridge circuit having electrical resistance dependent pres-
sure sensor (e.g. thermistor), as one of the arms of the
bridge, which reacts to the thermo conductivity when the
pressure is changed (alike Pirani gauge). The reduction of
the pressure below the pre-set value (with a variable resis-
tor in the opposite arm) leads to increasing resistance of
the thermistor. The resulting imbalance of the bridge cir-
cuit turns on a heater of the reservoir and H,-permeable
palladium membrane. At this the hydrogen passes by dif-
fusion through the membrane into the volume of the tube.
When the operating pressure is achieved the thermistor
resistance is decreased and the subsequent balancing of
the bridge circuit turns out the heater and the membrane.
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The lack of information on commercial application of
this clear and logical way in real devices since the mo-
ment of publication in 1974 most likely can be explained
by no economical effect at that time and problems with
reliability of the circuit components under conditions of
severe electromagnetic disturbances and extensive high-
temperature baking of the tube during outgassing proce-
dure.

This is why English thyratron manufacturer E2V rec-
ommends to entrust the automatic monitoring to a simple
temperature-depended solution with a barreter, located in
the tube base [5]. However this way is based on the reac-
tion to the variations in the environmental temperature
operated without any connection to the gas pressure inside
the thyratron and does not provide sufficiently effective
adjustment of the pressure during lifetime.

INVESTIGATION OF THE INFLUENCE
OF PRESSURE ON IGNITION
PARAMETERS

We describe more effective way of automatic ranging
with pressure monitoring by direct measurements of trig-
ger pulse parameters.

We intend to carry on the research in several directions
with respect to the following parameters to be investigat-
ed:

1) Anode delay time and trigger parameters (ampli-

tude and pulse duration of current between ignitor and

cathode) as the function of the pressure.

2) Working gas pressure stability in thyratron tubes.

Pulse voltage is measured by oscilloscopes Tektronix
2022, Tektronix TBS1152 u Rigol DS1104 with high-
voltage probes Tektronix P6015A (1000:1) and pulse cur-
rent by Rogowski coil 3-01 (Stangenes Industries).

It is shown that for standard TDI4-100k/45H thyratrons
with a single pin of the igniter (Trig 2 in Fig. 2) and an-
other lead of the igniter connected to the cathode inside
the tube, trigger current of the thyratron in the system of
trigger electrodes does not depend on working gas pres-
sure (Fig. 1) in the reservoir heater pressure range from 0
up to 7 V. The trigger current delay time in respect to
trigger voltage is constant ~ 100 ns.

In new design of thyratron TDI3-100k/45H trigger part
(Fig. 2) with separate trigger pins (Trig 1 and Trig 2),
disconnected from cathode, when one of the pins is con-
nected short to cathode (e.g. Trig 1, when R,g = 0 Ohm)
the waveforms of trigger current remain the same as in
Fig. 1. In case when to the pin Trig 1 in the igniter-
cathode circuit the additional resistor R,y was hooked up
(Fig. 2) the waveforms obviously change and trigger cur-
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rent becomes a function of pressure inside the tube (Fig. 3
and 5).

The circuit with additional resistor makes it possible to
divide pulse currents between igniter electrodes Iy, repre-
senting igniter volume and surface breakdown, and cur-
rent in gas between igniter and cathode "y, taken from
plasma, created by breakdown between electrodes Trig 1
and Trig 2, where electrons are attracted towards cathode
by potential AU= I;-Ryq. Trigger current amplitude I'trig,
measured by RC2 in the circuit of igniter Trig 2 to cath-
ode, when pressure of gas is low, is defined by R,g.
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Figure 1: Oscilloscope waveforms of trigger voltage (yel -
low trace 1) and current (blue trace 2) in the circuits mea-
sured by RC2. Thyratron TDI4-100k/45H. Utrig =6 kV,
Itrig=100 A, Ures—0—7 V).

Figure 2: Circuit schematic of triggering thyratron TDI3 -
100k/45H. RC1 and RC2- Rogowski coils. Res — hydrogen
reservoir, Utrig — trigger voltage, I" trig - electron current.

When working gas (hydrogen or deuterium) is under
operating pressure, the current Itrig is no more limited by
R.g, and consists of 2 components in the arc discharge I
trig = I'sig + 1"ig- A new component of the current I"trig
emerges, which flows to cathode due to potential AU=
I'trig x Ry, where I'trig < I"trig. Respectively switching
charge Q=Q'+Q", where Q'<Q".

When using automated system of thyratron pressure
monitoring and adjustment it is necessary to calibrate it in
the way to maintain heater voltage, exceeding value, cor-
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responding to the pressure when the trigger current surg-
es, by 0.5-0.7 V.
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Figure 3: Trigger voltage (yellow trace 1) and current (blue
trace 2) measured by RCI. Thyratron TDI3 - 100k/45H.
Roa=150 Ohm. Utrig= 6 kV, I' trig= 20 A,Ures=0-3.5 V.

The same procedure can be implemented in thyratrons
with instant readiness SN-models as well as in TGI-
thyratrons with a grounded grid. For monitoring in thyra-
trons used in classic circuit with grounded cathode it is
suggested to implement design with additional (central)
cathode (Fig. 4).

Figure 4: Circuit schematic of thyratron TGI3 - 10k/50
with thermionic cathode with cathode modules placed
along the circumference and in the center.

More detailed tests have shown that by reducing Rad
from 150 to 12 Ohm the difference in trigger current am-
plitudes is reduced roughly proportional to R,,.

The results of measurements of the amplitude (Itr) and
duration (Ttr) of trigger current at R,g = 48 Ohm are pre-
sented in Fig.5. The data have been obtained by RC1 and
RC2 as a function of working gas pressure in the tube.

According to waveform plots of trigger current (Fig. 5a
- 5b) in RCI1 and RC2 a clear dependence of trigger cur-
rent amplitude on the working gas pressure, starting from
the reservoir heater voltage 3.5 V can be noted. At that in
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the circuit RC2 the current amplitude and duration have
been increasing, whereas in RC1 have been decreasing
with increase of Ures.

Fig. 5a, Ures=0B;
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Figure 5: Trigger current, measured by RC1 (yellow trace)
and RC2 (blue trace). Thyratron TDI3-100k/45H. Anode
voltage Ua = 0 kV, R,y =48 Ohm.

The difference in currents tends to be several times,
which allows to define the lower limit of hydrogen pres-
sure range. However it should be noted that starting from
the ignition moment (over 3V of heater voltage) the peak
current changes significantly by the duration from pulse
to pulse and to get more reliable data we need to make an
integral of the currents. At R,y more than 100-150 Ohm
the pulse duration is stabilized. This is why it is recom-
mended to use the Rad in this range.

CONCLUSIONS

The objective to monitor thyratron readiness and carry
out ranging (checking the working gas pressure in the
operating range) without anode voltage by monitoring
trigger current amplitude and duration can be achieved by
using a specially designed thyratron TDI3-100k/45H with
separated ends of the ignitor, both of which are not con-
nected to cathode. This parameter is sufficiently informa-
tive and objective since it is changed by the amplitude and
integral value approximately by 5 times with respect to
the trigger current amplitude at the pressure below the
lower limit of the range. In this within the range of operat-
ing pressure the difference in currents, measured in RC1
and RC2, can achieve 10 times. At R4 less than 100 Ohn
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the current difference is higher. It is recommended to use
Rag ~ 100-150 Ohm.

The circuit as per Fig 2 allows to divide the current be-
tween igniter electrodes I'y, resulting in volume and sur-
face breakdown, and current between igniter and cathode
I" ,the source of which is the plasma, emerging due to the
breakdown between electrodes Trig 1 and Trig 2, where
electrons are attracted towards cathode by potential AU=
Itr'Rad~

It is also worth mentioning that this circuit allows to re-
duce the instability of anode delay time (jitter) down to
the value of 3-5 ns [6,7].

When using automated system of thyratron pressure
monitoring and adjustment it is necessary to calibrate it in
the way to maintain heater voltage, exceeding value, cor-
responding to the pressure when the trigger current surg-
es, by 0.5-0.7 V.

The same control can be performed in thyratrons with
an incandescent cathode TGI3-5k/50 TGI3-10k/50 [2] and
in thyratrons with instant readiness TDI3-100k/45HSN.

The control and monitoring of the pressure by this
method does not allow to define the upper value of pres-
sure in the tube. This value can be defined by tests with
anode voltage, recorded in the specification sheet and
must be specified by measurement of the pressure in this
point by in-build gauge, which is supposed to be imple-
mented in the next stage of work.
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