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Abstract

The effects of UV and electron bombardment on the flashover characteristics of highly stressed
alumina insulators in vacuumere investigated asart of a project to improve the performance of
high voltage insulators in large particle accelerators at CERN. An experimental systebedras
developed which allowed photon and electron bombardment of stressed insulator samples under
vacuum, in order to investigate the causes and characteristics of insulator flashover, and to identify
sample preparations which could improve insulator performance.
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ABSTRACT the comparative performance of the individual
proprietary treatments is not within tlseope ofthis
The effects of UV and electron bombardment on Paper; however important general trends are reported.
the flashover characteristics of highly stressdaimina Electrical and optical analysis of théigh voltage
insulators in vacuunwere investigated apart of a behaviour were performed fahe sample insulators,
project to improvethe performance ohigh voltage Using a bridged vacuum gap at fields up to 150kV.cm
insulators in large particle accelerators at CERN. ARXposure to UV photons of energies up to 5eV was
experimental system has been developed which found to increasehe incidence offlashover for all
allowed photorand electron bombardment of stressedgamples, whilst electron charging at energieg.s5keV
insulator samples under vacuum, in order to investigdi@d nonoticeable effectThe highvoltage behaviour
the causesand characteristics of insulator flashoverwas astrong function of thesurfacetreatment of the
and to identify sample preparations whichould insulator;complete suppression of flashover occurred

improve insulator performance. for some samples, associat@ith linear (Ohmic) pre-
breakdown |-V characteristicS.he results of thaest
1. INTRODUCTION programme are presenteahddiscussed irthe context
of the obsevations made in the actu&ligh voltage

The flashover characteristics @lumina (ALOs) devices.

insulators in vacuuntan bemodified by irradiation,
either in the form of photons or elementary particles, 3. EXPERIMENTAL

particular electrons (e-). 2.1System
In the Large Electron Positron (LEP) collider at
CERN, the incidence dfigh voltage breakdown in the In order toobservethe opticalactivity associated

parallel plate separators hasen observed to increasewith pre-breakdowrandsurface flashover processes, an
with beam current andenergy [1], leading to an earlier "Transparemdnode"imaging technique [3] was
unacceptable performance degradation which, undedapted, Figure 1.
certain circumstancespuld threaten future operation.
Flashover of thalumina insulators isuspected as the
main mechanism leading to breakdown [2].
The fundamentatauses of such flashover events
have been investigated in a laboratory test facility at
Aston which allowsthe bombardment of an insulator
surface with UV photonsnd electrons. Thefacility
also allows comparison of potential technological
solutions whichmight improve insulator performance.
To this end, thredypes of samples were analysed;
untreated alumina, samples whidiad been ion
implanted at Harwell with variouspeciesand doses,
and samples whichthad been coatedising ionbeam
assisted deposition (IBAD). A detailed description of
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Fig. 1: Schematic description of the transpagemdde Fig 3. Schematic arrangement of overlappétectron
imaging technique. and UV sample bombardment.

A truncated 45 cone ceramic sample of 20 mm By using an aperture in theeamline, the light
diameter is sandwicheletween two electrodese. a gply jlluminated the slantingurfaceand itsimmediate
metalbase cathodand a transparerinode assembly. syrrounding. In addition, an electrdream from an
T.his anodeassembly consists dhree parts: a glass omicrom electrorgun, of anenergy of 2.5keVand a
disc, a metatubeand a large transpareahodethat ¢yrrent of 1QA, was arranged to bombard about 25% of
supports one end of the metabe. The glass disc and the syrfacearea subjected to UVradiation. Such an
the large conducting anode aeated withtin oxide, arrangemenprovided an opportunity to examine how
and all these three parts arelectrically connected )/ radiation and implanted chargaffect the pre-

together.  This design of the transpareamode preakdown and flashover behaviour.
assembly allowslirect observation of optical activity

occurring both at thelantingsurfaceand in thebulk 2
of a ceramic sample, as may be seen from an optica
image shown in Figure 2.

F Sample preparation

All sampleswere prepared from a single batch of
isostatically pressed sinteredlumina (AL300 97%
Al,O3). The CERN production specification [4] for full
scale insulators was followed where applicable,
including surfacegrinding to fum, cleaning and air
firing at 1400C. The sampleweretransported in non-
fibrous paperenvelopesand handled at alimes with
surgical gloves. Prior to testing, the sample and
electrode assemblies wermsed with methanol, then
allowed to drynaturally. After mounting in thgacuum
chamber, thesystem was pumped toelow 10° mbar,
before aneight hourbakeout cyclewith a four hour
plateau at 20TC. During the tests, the chamber pressure
was maintained at better than®i@bar.

2.3 Procedure

Fig. 2: Inclined surfaceand bulk of the ceramic The experiment with each samples carried out
sample, viewed through the transparent anode. by strictly following astandard procedur&his had six
steps, in each of which the experimental conditions, in
As illustrated in Figure 3, in order ®ubject the pgrticular the applied radiation conditionsyere
surface of a sample to UNadiation, the output from a different. The resultavere then usgd to compare the
100W shortarc mercury lamp was directed towards Performance of samples processeith different types
half of the slantingsurfacethrough a quartziew port ©f surface treatmentsand also how the different
that allowed the transmission of UV photons with radiation conditionsaffected the following important

maximum energies of ~5eV. parameters:



1. Stable inter-electrode current-voltage (I-V)
characteristic;

2. Spatial distribution of flashover events; and

3. Flashover frequency (discharge rate);
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From the start of each experiment, thi&eo
camerawas serunning torecordall associated optical
events on film forlater detailed examination. The
procedure was as follows: ]
e Step 1: conditioning Starting with a virgin o
ceramic, thehigh voltage was applied across the 10 4
sampleandincreased in 500V incremenisitil 29kV.
At each voltage, boththe stable current flowing
betweenthe cathodeand anodeand the number of o+——— o - @
sparkswere measuredlhen thebridged gapwas left 15 20 5 30
for conditioning for 30 minutesduring which the
number of sparks and thecation oftheir occurrence
were also recorded.

» Step 2: no radiation Thestable inter-electrode I-V
characteristic was first measured. Subsequently, a
minute observationvas madewith the gapvoltage

constant at 25kVfollowed by a further 20-minute
period at a gap voltage of 28kV.

e Step 3: UVonly. The measurementiescribed for
step 2 were repeated, haith the samplesubjected to

20 A
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o O
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Fig. 4: Non-linear I-V characteristic for untreated
Iélmina sample.

For the ion implanted samples, the characteristic
varied with thetype of treatment. The currentaere
lower, at afew pA only, but the non-linearform
remained similar to that of an untreatainple. Again,

; : o .~ no influence was found from the UV or electron beam.
the UV light bea}mlllum|nat|ng ha}If of the slanting For thelBAD samples,the |-V characteristic was
surface area during the whole period. generally linear (Ohmic), with a mudhigher current at

* Step 4: UV and e- Prior to measurements, anagky, Figure 5. The UV or electron beam had no effect.
electron beam of energy of 25keV arutrent of 10mA

bombarded anarea of the slantingurface for 10 1000
minutes. The UV lightsource waghen switched on,
and the measurements described for stepwere
repeated.

» Step 5: e-only. Thiswasidentical to step 4bove,
except that the UV light source was not used.

e Step 6: no radiation Step 6 repeated exactly the
measurement of Step 2, in ordersee howthe radia-
tion processes affedhe performance of the sample,
and to check that there hadbeen no further
conditioning. 600 1

900 -

800 4

Current (uA)

700 A

3 RESULTS 500 Hr—r—r———————————r
3.1 Inter-electrode pre-breakdown I-V 15 20 25 30

characteristic Gap Voltage (kV)

For untreated AD; ceramic samples, a typical
pre-breakdown |-V characteristic is shown in Figure 45ig 5. Linear (Ohmic) |-V characteristitor IBAD
It exhibits a non-linear property, with strong currenfreated alumina sample.
increase from ~20kV. The characteristigas not
affected by bombardmentwith UV photons or
electrons.

3.2 Spatial distribution of flashover events

An important general finding is that surface
flashover event is often associated with local optical
emission acrosthe gap, Figure 6. Thisuggestghat a
surface flashover is aery localised processThis
observation is consistent with earlier findings [Bhere
four types of patterns of optical imagehat are



associated with localised surface flashover events &re No radiation UV e- uv +e-
reported. Untreate | 1346 141421 177 231+26
d
Implant 0 745 0 6+4
IBAD 0 0 0 0

Table 1: Summary of radiatioaffects. Notethat the
best of the ion implanted treatments is detailed, with the
other treatments givingiorseresults, insome cases as
bad as untreated samples.

Generally, the UV photon irradiation significantly
increased spark rates of all samples, whdkctron
beamcharging had nceffect, either alone or incon-
junction with the UV. As shown in Figure 3park rates
were many timesigher when an untreatetmple was
subjected to UV radiation.

Fig. 6: Localised optical
associated with a flashover event.

activity (bottom left),

It is noticeable that the pattern of the optical image20
appears like a fan, with its narrow end at ta¢hode
triple junction, indicatingthat the flashover was
initiated from a cathode triple point.

For all three sampléypesthe illumination of the
sample with UV increased the numberflahovers in
the illuminated area. This effect was, however, difficult
to quantify, as theisible light emitted by the UV lamp
prevented most flashover sites from being identified.

3.3 Flashover frequency (discharge rate) Fig. 7: Spark rates per hour on an untreated sample at
In thefollowing, results forthe appliedvoltage of 25kv and 28kV for different radiation conditions.
28KV (a field of 140kVcrit) are given. Errorgjuoted The effect of UVillumination is shown in Figure 8,
are purely statistical. for all sample treatmentsAlso of interest is the
For untreated AD; ceramic samples, flashovergpservatiorthat most treatments lead to a reduction in

frequencies after conditioningere typically 289 per the flashover frequency in the absence of UV radiation.
hour. lllumination with UV increased this t41+21

per hour. No effect was seen from e- beam charging.

Conditioning

Mo radiation [1]
Mo radiation [2]

For the ion implanted samplesflashover ]]ig ====.
frequencies varied considerably, according to the, —- HREN
treatment. The best treatments approached zero 1o —I L[ 1]
flashovers pehour; with 64+14 flashovers pehour 10 —- ====
for theworsttreatments. UV illuminatiomas found to —= IREE
increase the flashover rate, ta&5 per hour for thdest jg g’ T
treatment, and168+22 per hour for the worst ’!,}.I.A.{) i
treatment, Again, no influenceas found from e- o %155" gl ralty
beam. Fromthis, it is evident that the worst ion %% 29 2 e NoRexidfion
implanted sampleswere similar to the untreated Edag TTERe

samples,and that thebesttreatments could improve
the performance considerably.

For theIBAD samples, ingeneral theflashover
frequencies werevery low or zero. UV illumination
increased this rate to a maximum of 16 per hour,
although in mostcasesthe flashover remained sup-

pressed. No effect was observed from the e- beam.
4. DISCUSSION

Fig. 8: Theeffect of UV irradiation on the spark rates
per hour at 28kVfor different sample treatments
(Number 1 is untreated, 2-5 af®AD coatings,and 6-
16 are the ion implants).



lating this to the geometry of the prototype pieces gave a

Irradiation with UV photons hapreviously been resistance of 7008, which is a factor of at least 10 too
found to induce flashover events on insulator bridgddw to be acceptableTherefore, thebest of the ion
vacuum gapsseee.g. [6, 7]. In addition, it iknown implantation processesas been applied to full scale
that electron charging of an insulator can lead tpiecesandwill be tested in protgpeseparators in LEP
flashover, even irthe absence of amxternal electric in the 1996 run. The results will provide useful
field, seee.g. [8, 9]. In the presestudy,the dominant information on the performance of the insulators under
effect was from UV irradiation, with electron real machine conditions.
bombardment having neffect onspark rates, either
alone or in conjunction with UV illumination. UV 6. CONCLUSIONS
irradiation increased thitashoverrate on most sample

types, although treatments whiclgave Ohmic |-V
characteristics seemed to suppress flashouder all
conditions.

The results indicatehat the pre-breakdown and
flashover phenomenare intricately related to the
surface and near-surface condition of the insulator. T

appearance of optical pre-flashover siteas been
explained previously as being due to eitherti@pping
and detrappingprocesseg10], or (b) the interaction

between electrons emitted fraime cathode triple point
and thecomplex charge (electron-hole) distribution i
the surface layer [11]. For both models, local pIasmaés
can be triggered by impinging electrons when th

density of the charge in thsurface layer exceedeme

critical value. The role of the UV photons in this

process is obviously aimportant oneand hasbeen

attributed to the induced charging of the insulat

surface which results frortlumination of thesystem

with UV photons [6], either by direct photo-emissio

or via photoelectrons produced from metallic surfac

Likewise, the strong polarityeffects observed in the
LEP separatorsare qualitatively explained by the

clearing effect of positive applied voltage, which
effectively prevents photo-electrons froaarging the
insulator surface.

5. TECHNOLOGICAL SIGNIFICANCE

The measurements detailethove were used to
select surface treatments to apply to full-scale proto-

types for tests inLEP. However, the differences

between these testmdoperation in LEP should not be

underestimated: fothe LEP prototype the vacuum
chamber pressure is maintaineelow 10'° mbar; the
bakeout comprises agight day cyclewith a six day
plateau at 30UC; the energy ofthe incident photons,
will roughly approximate to theclassic synchrotron
radiation spectrum, which happroximately half of
the radiatedpower at energiesbove 500keV; the
surfacearea of the insulator is factor of (200 larger
than thesamples; the peafields are [I7 times lower;
the applied high voltage will reach 220kV.

Although thelBAD treatmentseemed to suppress
experimental

flashover completely under the
conditions, the |-V characteristichowed Ohmic
behaviour, with a typical resistance of 3OMExtrapo-

n

The experimental results presented here demon-
strate that theflashover frequency of annsulator
bridged vacuum gapnder DC stress can be signifi-
cantly increased birradiation of the insulatosurface

nd neighbouring electrodes with UV radiation.

eatment of the insulat@urface by IBAD coating or
ion implantation can significantly alter tiperformance
of the sample, to an extent whdtashover is virtually
suppressed at fields of 150kVémCharging of the
sample via a 2.5kV, 1A electron beam had no effect.
Flashover events were associatedth strong
ptical pre-breakdown activity, with many flashovers
eeming to originate at the cathode triple junction.

The observations indicat¢hat the surface of the
insulatorplays acritical role in the insulator perform-
ance, and that this can bwdified by advanced surface

0éngineering techniques. The results of tkigdy are
’_Eresently being applied to tldevelopment of full-scale

rototype alumina based insulators for accelerator
evicesandfirst results arexpected irthe £cond half
of 1997. The techniguprovides useful information on
the mechanisms leading to insulator flashover, with the
possibility of further refinementfor example spectro-
scopic analysis, fagime resolved opticadnd electrical
studies.
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