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EVALUATION OF TARGET POWER SUPPLIES FOR KRYPTON
STORAGE IN SPUTTER-DEPOSITED METALS

1.0 INTRODUCTION

Implantation of 85%r in a growing sputtered metal deposit has been studied
for the containment of $9Kr recovered from the reprocessing of spent nuclear
fue1.(1'5) PNL, as part of DOE's research program for 85 storage, has devel-
oped krypton trapping storage devices (KTSDs) in a range of sizes for "cold"
and radioactive testing. The KTSD is a stainless steel canister that contains
a sputtering target for depositing an amorphous rare-earth transition metal on
the inner wall and simultaneously implanting low-energy krypton ions in the
growing deposit. Over 90% of the internal area of the KTS3D operates at a nega-
tive potential of -270 V or -2400 V. The current density of the ions at these
surfaces is a nominal 100 A/mz. Cathodic surfaces subject to this level of
bombardment are prone to so-called "“unipolar” arcs. Arcs are more numerous to
metallic surfaces that are contaminrated with nonconductive inclusions common
in the candidate target materials for the KTSD.(G) Uncontrolled arcs not only
interrupt the process but can seriously damage the power supplies and the
internal structure of the KTSD,

It was recognized early that reliable and easily maintained high- and
medium-vottage power supplies, capable of being rapidly switched off without
breaking into oscillatory modes, are essential for satisfactory operation of
the KT3D. An arc-sensing circuit combined with rapid current interruption can
quench undesired arcs. It was also advantageous to remove the implantation
voltage applied to the substrate electrode during a target supply off-cycle.
This offsets the rapid rise in Pressure resulting from the re-emission of

krypton by ion bombardment of the sputtered product.

Five power supplies are required to operate the PNL-designed KTSD: 1) a
low-voltage, high-current power supply for resistively heating the thermionic
electron source for the triode discharge, 2) a keeper or ignitor power supply
for initiating the discharge, 3} the plasma or ionization power supply for



maintaining the discharge, 4) the substrate or implantation power supply, and
5) the target power supply to energize the krypton ions to produce the sput-
tered alloy matrix. Only the last three require the rapid switching current
interrupter feature, Since the overall theory behind switching the power sup-
plies was identical in principle, it was assumed that testing several models of
the one type most difficult to design and build would demonstrate the general
solution for all three types. The target power supply was chosen as the most
difficult because the voltage and power are an order of magnitude greater than
the next largest supply. The greatest complication for the target power supply
current interrupter stems from the need to protect the arc-sensing and timing
circuitry from the high working voltage and the higher voltage spikes produced
by fast switching.

This report covers the design requirements for the target power supply and
the description, testing and evaluation of three basic designs. The designs
chosen for evaluation were: 1} a standard commercial power supply with an
external PNL-designed current interrupter, 2) a commercially manufactured power
supply with an integral series-type interrupter, and 3) a commercially manu-
factured power supply with an integral shunt-type interrupter, The units were
compared on the bhasis of performance, reliability, and life-cycle cost,

2,0 DESIGN REQUIREMENTS

An original task of this program was to design and operate a “cold" full-
scale demonstration KTSD. Eight full-size KTSDs were estimated to be required
to "solidify" the ~230 m3 of krypton released during the reprocessing of 2000 MT
of irradiated light-water reactor fuel (~6% by volume is 85Kr). Reduced oper-
ating funds for this PNL program in FY 1983 required revision of the "cold"
commercial pilot-scale task. Instead, the demonstration of a smaller scale
KTSD was chosen that could handle the krypton product from 15 MT of irradiated
heavy metal reprocessed over a 30-day campaign. Calculations, verified by
experimentation, showed that this could best be accomplished by using two
smaller KTSDs (~40% the size of the full-scale size model) operating the target
at 10 A and 2400 V. Since the larger power supplies were already on hand for



the commercial-scale KTSD, it was decided that the units would be load bank-
tested to the higher power required for the commercial-scale KTSD, but that
testing on a sputtering load would be limited to the smaller unit requiring

about half as much current.

The basic specifications for a target power supply to meet the needs of
the commerciai-scale KTSD are as follows:

voltage output: 0O - 2500 V¥
e current output: 25 A
e voltage ripple: less than 10 V + 2% RMS of output

® voltage regulation: 1less than 1% change in output for 1% change in
input; less than 20 V change for 1 A output current change.

The power supply needs to be equipped with an arc-detection and current-
interruption circuit to prevent damage to the power supply and the internal
electrode structures of the KTSO during electrical arcing., This circuit must
interrupt the current that feeds the arc in less than 1 msec after the arc
is sensed. Moreover, the power supply/current interrupter must be able to
return the operating voltage to the KTSD as soon as the fault c¢lears. It was
desirable that off-time and turn-on rate be adjustable internally. The "over-
current" setpoint should be externally adjustable.

The response to current changes and arcs is very important since the tar-
get power supply affects the system's stability by affecting the target sput-
tering rate, either through changing output voltage or interrupting the output
entirely during arc suppression, For example, consider this sequence:

1. The target voltage rises, raising the sputtering rate,

2. The increased rate raises both the gas-trapping rate and the emissien
from the filament.

3. The increased emission increases the plasma current and hence the

target current, causing a further rise in the pumping rate.

4, The increased pumping rate traps krypton faster than the pressure

controlier can add krypton, causing the pressure to decrease.



5. The decreasing pressure tends to lower the plasma and target cur-
rents, thus reducing the trapping rate.

6. The more slowly responding pressure controller is still reacting to
the initial sharp decline in pressure, and so begins to lTet far too
much gas into the chamber,

7. The high pressure causes sharply increased sputtering, again leading
to increased trapping, and so the cycle tends to repeat.

The output voltage of a power supply with poor Toad regulation will
decrease as the current increases. This can further complicate the above
sequence because even though some changes seem to be compensatory, all have
different response times. The problem is most pronounced at a target voltage
below 500 V, where the percentage changes in sputtering rate with voltage are
greatest. Both the series interrupter and shunt interrupter units have suf-
ficient load regulation to avoid any interaction; the exterral interrupter unit
does not. The problem is avoided by using lower currents until the target
voltage is above 500 V, the usual practice regardless of the power supply in
use.

Ripple is not a problem because its frequency is much higher than any of
the other response times. Line regulation is not a factor either, as it simply
changes the output voltage but does not interact with the other variables,

Potentially more drastic is the complete interruption of the target output
during arc suppression. The comparatively long reaction time of the chamber
pressure controller allows the pressure to build rapidly while no trapping is
taking place. Interrupting the trapping for too long allows such a large pres-
sure rise that the current will exceed the supply's current setpoint and, when
it does turn back on, it causes another current interruption cycle, This
situation requires a lengthy recovery procedure; therefore, the quicker the

target output is restored, the better,

Although cost considerations were not part of the design requirements,
they would be important in the final choice for production units. Conse-
quently, factors affecting cost were considered in the evaluation. The basic
design of the power supply is the primary factor in the unit's capital cost.













































At the end of the interruption, the SCRs on the input side of the output
transformer are turned on, allowing the output voltage to return to its former
value. If the load is still shorted, the output shunt SCRs are switched on as
before, again diverting the current around the load. A major difference in the
second and subsequent cycles is the reduction in energy dumped into the load by
the output filter capacitors, because the voltage has built up to only a few
volts before the interruption cycle repeats.

5.2 OPERATING STABILITY DURING GAS-TRAPPING

The process responded identically to the external interrupter and series
interrupter units for the same current interruption period. Both units could
be adjusted for a current interruption of 10 to 120 msec, At 120 msec, system
operation was severely affected by pressure fluctuations whenever a target arc
occurred, Reducing the interruption time reduced the process upset; below
15 msec essentially no upset would occur, Because the shunt interrupter supply
uses SCRs operating at line frequency {60 Hz) to restore the output, it could
not recover as quickly. The shortest off-time it could tolerate was about
60 msec. With this Tength of interruption, the process would still suffer sig-
nificant upset,

5.3 COSTS

The differences in complexity of the three units are reflected in their
purchase cost. Table 2 shows the cost of each unit and its effect on the cost
of a commercial implantation facility, based on the preconceptual design docu-

mentation by the Ralph M, Parsons Company.(?)

The table shows the purchase
costs (estimated in 1985 dollars) and the percent values as based on the cost
figures from the preconceptual design for the DOE:(?) the estimated 1985
dollar costs were adjusted by multiplying by 0.78 to match the 1981 figures
used in the study., While the values are only estimates based on the acgquisi-
tion of the prototypes during 1982-3, it is believed that the relative costs

are representative.

Target power electricity costs for the process are about 5% of the life-
cycle costs of a production facility, based on a supply with 100% efficiency.
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TABLE 2. Costs of Eight Required Units Related to Total Plant
Capital and Life~Cycle Costs

Capital Capital Overall

Cost (2) Cost, %(b) Cost, %.)
External series unit 65,000 4 7.2
Internal series unit 130,000 B 16.7
Internal shunt unit 40,000 Z2.2 5.7

{a) Estimated in 1985 dollars.
Capital cost as percent of total capital cost.(?}

Capital?elus operating cost as percent of total life-cycle
costs.,

———
o
St St

The increase in power costs that each of the tested supplies would cause, due
to their varying efficiencies, would be: axternal series unit, 25%; internal

series unit, 65%; and internal shunt unit, 5%.

A1l three units are expected to be reliable enough in production versions
that maintenance costs would be a small fraction of capital and operating
costs. The greater complexity and use of life-limited vacuum tubes in the two
series units (particularly the internal series unit) would probably entai?l
more maintenance costs than the shunt unit and longer to repair when a failure
occurred, Nonetheless, the reliability is dependent on the specific production
design and cannot be evaluated from the prototype units.

5.4 POTENTIAL IMPROVEMENTS

There appear to be no changes that would significantly improve the external

interrupter unit's functions or cost.

For the series interrupter unit, “preregulating” the high-voltage supply
with SCRs would reduce the power dissipated in the output regulator at voltages
less than full output. Even though the cost of the high-voltage portion would
increase somewhat, this improvement would reduce the cost of the output requ-
lator and would slightly lower the overall cost. While the partial load effi-
ciency would also increase, the electrical savings would be very small due to
the high percentage of full output during a trapping run,
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A useful functional improvement would be a considerable decrease in the
charge delivered to an arc. This could be achieved by beginning the current
interruption at the sudden dreg in output voltage caused by an arc, rather than
waiting for the current to increase to the setpoint. The charge deilivered
would decrease from 300 x 1074 to 2 x 1074 sA, or about the same as with the

external interrupter unit.

With the shunt interrupter unit, there is little leeway for cost reduction,
as it already has the lowest cost and highest efficiency of the three units
evaluated, Several functional improvements, however, must be made before it
can be used on a production system,

Both the peak current and the total charge delivered could be reduced con-
siderably by eliminating the filter capacitor in the output. This would require
some small changes in the gating circuitry for the shunt SCRs. Further improve-
ment might come from a small increase in the output inductance, as this would
also reduce the peak currents,

The major problem, however, is the slow recovery of the output voltage
after an arc-suppression cycle. The use of SCRs at the 60-Hz iine frequency
imposes a fundamental limit of about 20 to 30 msec on the recovery speed. Even
with the careful design and component selection needed to approach this limit,
this time may still be tooc long. Using a higher line frequency of, say,

400 kHz, would perhaps allow a design that was fast enough, The extra cost
of the 60 Hz to 400 Hz input power converter plus its losses of efficiency,
however, would reduce and possibly eliminate the advantage of this concept.

Changes in the other components of the sputtering system might make the
recovery time less critical. For example, improving the response of the pres-
sure control system to transients, permitting continuous, high-volume pumping
with a rectrculating pump, or using a "ballast" volume to diminish the pressure
rise are possible methods for reducing process upsets caused by long interrup-
tions of current.
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6.0 SUMMARY AND CONCLUSIONS

The implantation of 85%r in a growing sputtered metal deposit requires a
high-voltage power supply to power the target of the krypton trapping storage
device (XTSD). The most important aspect of the supply is its ability to
quickly suppress arcs occurring in the KTSD without disturbing the implantation
process.

The method used to suppress arcs in the KTSD greatly affects the process
stability, the capital cost of the equipment, and the operating cost {primarily
electricity). Three power supplies were evaluated, each of which used a dif-
ferent method. They were: 1) power supply with an external series interrup-
ter; 2} power supply with an integral output controller/interrupter; 3) power
supply with a shunt interrupter., The effect of the combined capital cost and
the electrical efficiencies of the three power supply/current interrupters
changed the Tife-cycle costs, based on the Ralph M, Parsons study,(?) only b5%.

The external and internal series units, with suppression periods of
~10 msec, both performed satisfactorily with the KTSDs used. The shunt-type
interrupter's longer suppression period (~60 msec) was not fast enough to avoid
upsetting the sputtering process, but was otherwise satisfactory. Because
this unit had the lowest costs, it may be worthwhile to further develop it (to
improve its recovery after an arc-suppression cycle) or the KTSD and its pres-
sure-control system (to mitigate the effects of the slow recovery),

The reliability of each power supply tested was not evaluated in this study
because each unit was considered, at most, only a prototype of the units that
would be used in a production facility. It appeared that all three methods
could be implemented with sufficient reliability for a production facility.
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