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~ Abstract
1

An oil msulated 60 Hz half -wave voltage doubler circujt, whose output is contmuously vanable

to a maxrmum of 280 kV at 5 S mA supplres the hrgh potentral for an open arr ion accelerator

A novel constant gradrent acceleratron tube desrgn was adopted to srmphfy constructron and. ’

mrnnmze cost of matenals The 1000 mm tube 1s b’utlt wrth the electrodes and interelectrode .

-

voltage gradmg resrstors msxde a-one plece 7 m o.d: glass prpe Small plastic cylmders that are

'coated with resrstanee paint separate 46 mtbrmedtate tube electrodes and at the same txme make L

. B up the voltage divider chain. 'l*he potenttal gradrent along the tube that was estabhshed by thxs.r

v, 'techmque devrated less” than 6% from a constant value at S0 kV, decreasmg wtth apphed‘ ~

: ,voltage to less than 2% at 280 kV An. ion souice, electrostaucgthree cylmder lens vertrcal

: deﬂectron plates and Wem type mass - filter are’ located msrde the posmve hrgh voltage'} '

termmal Thrs ion gun mJects ad kV mass ftltered beam mtmthe acceleratton tube Power to -

-t
run the termmal mounted electromc equtpment comes frorn an ac. generator An electnc motor

p

lomted at gronnd potentral dnves a hydraullc pump which- transfers power via*an msulatmg\ ¢

flmd Cll'cmt toa hydraulrc motor m the high voltage tenmnal The hydrauhc motor, in turn,

drives the generator The effxcrency of thrs system frfrm electric motor shaft to generator load,

is about 13%. Suff icient: power was generated o operate the ion gun ’I’he accelerator generated' -

~ion beams of N;* at potenttals from 50 to 280 kV Beam currents rangmg from 0.6 o 1 5 p#A

 were collected 460 mm from the acceleratlon .tube exit in a Paraday cup. As well the beam

. Cross section was vnewed .on a roughened quartz wmdow The mtensrty of the scintillations

observed on the wmdow was concentrated m a roughly crrcular area, 2 to 3 m}m in drameter :

_ Moreover the 1gz*ages were stattonary xndrcatmg the acceleratron tube was %dequtely desrgned

| to shreld the beam from asymmetnc charges on the tnbe walls and, conversely, to shteld the .

"tubewallsfromthebeam S o
¢ : S -
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| Preface

Much of the design work for this project was done using the English system of units. This

- includes units for length, -prqssure and stxms volume ﬁow i'ate, and so on. Modern scientific

writing, however, roquircs the use of metric——«preferably Sl—units. Inasn‘iuch as there is still a .

"Ttransmon gomg on in engmeenng pracnoe all quantmes in thxs thesis will be expressed in both

- SI and nonstandard units, with t.he unoonvennonal measure enclosed in brackets An exoepuon

to tlns is where standard engmeenng umts are appropnate. as in, for example 3/8-1n. diameter -

: rod matenal and 1/4-in. dnll In addition, manufacturers eqmpment specxflcauons are given |

?'thesymbollbf e S /

= ;:,wu.hout conversion. The umt pounds force (as in pounds -force per square mct,x) is mdxcated by

: /‘ .
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[ _
1. General\‘lntrodu'ction *
A need was perceived in the Department of Electrical Engineering at the University of Alberta(
for an ion accelerator that could be used for the Rutherford backscattering (RBS) analysis of
thin films (Chu, Mayer, and Nicolet 1978). and the ion implantation of semicond\uctors (W,ilson
and Brewer 1973, Chap. 4; Carter and Grant 1976). ln résponse, I undertook the design of an
E accelerator sys'tem that could partially satisfy this need; specifically, a 280 kV open air
Cockcroft-Walton-type positive-ion accelerator has been construcled that genetates a mass
' filtered beam which is collected at a simple target. A descnptlon of the design, construction,
‘and testmg of thls accelerator is the subject of my the31s _ ' -
Planmng for the accelerator started thh pre iminary desl’gn studi'es. The f lr'st pﬁsal
was to modify an existlng 280 kV Cockcroft-lNalton'machine thal had been Jsed for colloidal
beam experiments (Hepbum 1973). }The conversion would have requyged installing an ion
source and mass filter and enlarging the high voltage terminal. But this was not done. Because
_of poor high voltage insulation, that accelerator could not ope;ate dbove 90 kV, Wthh was only -
one third the maximum output of the high voltage generator: Consequently., a decision was
madg to dismantle that systerﬁ and to use somfe of ‘its componerlts——the high vol;age terrnioal,
terminal support structu}e! * radiation shieldiog, and the Cockcroft-Waltonr voltage
generator—in a new accelerator system whith is the subject of this discourse. Of course, this
new structure. must, in some way, be unique. To appreciate how this Cockcroft-Walton'
machioe may differ from all of the othe_rs: consider thc'followin'g historical sketch of particle -
- accelerator developlxnent. ” - ‘ ‘
Particle accelerator develooment was initiated in the late 1920s, motivated by the needs
.of nuclear physicists. In fact,talccelera'tor fﬁistory is gener‘ally acknowledged to have begon in 
1932 with the first successful device to artificially induce a nuclear transnlutation—the 700 kV'
accelefator of Cockcroft and Walton (1932a, 1932b) As such, progress in the early years of

accelerator development was characterized by the attamment of higher pamcle energxes Several

accelerator types were introdliced in that period (vamgston and Blewett 1962) besxdes the



Cockcroft-Walton machine, there was the electrostatic éenerator, the cyclotron, the linear -
aeceleratot, z-md‘the betatron. Lﬁter, after World War I, the accelerator—in the form of the
synchrotron (Liv.irtgston and Blewett 1962)—became a tool of the elementary particle physicist, -
who demanded still higher energies and who continues to do so in the present.

Meanwhile, the basic air ineulated Cockcroft-Walton machine had reached a practical
limit of 2 MV for acceleration voltage in the 1960; (Bromely 1974). But this does not mean that
the development of such -machinee has been abandoned. Accelerators have been used in a wide
1ange of research and practical applications. especially eince the 1960s (see for example, J iggirts
and Demetsopoullos 1970; Ziegler 1975). Most of «these applications do not require extreme

_ particle energies—like RBS and ion implantation. -Therefore, advancements in aet:elerator
techn’t)vl’o‘gy have been characterized by innovations in design.

In this dissertation, I will introduce two such innovations that have been implemented
in the present Cockcroft-Walton accelerator. Tho;e innovations are (1) an altetnative
acceleration tube construction and (2) a new system fof the generation of electrical powet
‘inside the high voltage terminal. That these are unique and—more ',intportant—that a working |
ion accelerator system has been produced are the theses of this work.

And so, in Chap. 2 of the following discourse, the design of each accelerator system
cotnppnent is presented. The order of presentation reflects the logic of system development
adopted for the présent acc_elerator. The desigr‘t\innovations are introduced at appropriate stages

- In the presentation, and they are given emphaSis through an extended treatment in-which I will
show, by a comparisbn' with established practices, that they héve indeed contributed to lo»t/
energy accelerator technology. The results of aceeleratof component tests are also given. Then,
in Chap. ‘3 I will show that a working accelerator system has been produced by recapitulating
the results of beam trials. These trials consisted of observing-the cyrrent and cross section of a

’

beam of N, ions at a fixed target position for a range of acceleration voltages. I will conclude,

- with Chap. 4, by summarizing the sigdificance of the present work.



- 2. Engineering of the Accele;ator_ ‘
. : SN
2.1 Overvie*
The aim in this chapter is to recall '-the e\ngin_eerin'g processes that “guided the
: construction of each accelerator system compouent. Design work began with the following
objective: to produce a 280 kV Cockcr‘oft-'Walt_on-type accelerator that could generate a mass
filtered positive-ion beami which would be subsequerrtly collected at a fixed target poslt_ion.‘ The
first step was to recognize what system components were required in such an apparatus.
There had to be an evacuated pathway for the ion beam, that is, a beam line, from the
iort source, where the iohs are generated, to the target, where they are collected., Between source .
and target, the bearn: would have to be filtered, accelerated, and otherwise manipulated which
meant that a decision had to be made regardmhthe composmon and confrguratron of the beam
line. Furthermore the beam hne required ancillary equtpment vacuum, electrical, and ion
source cooling systems Another aspect of accelerator desrgn was the hrgh voltage apparatus
including the voltage generator and the high voltage terminal. And f mally, as in all accelerators,
there was the question of radtatron shielding.
Once havmg identified the maJor areas of accelerator desrgn—bearn line, beam hne“\
support equtpment high voltage and radiation shreldrng—each area could be consrdered m
| detarl Accordmgly, in Sec. 2. 2 design toprcs are addressed in decreasmg order of rmportance
which is not the order in which constructlon proceeded The numerous design studies that wereJ
ca¥ried out yielded the two innovations that are the focus of this thesis. There is one innovation
in the beam line and one' in the beam line support equipment. The framework of the accelerator
™ design is illustrated in a sequence of eight block di_agrams; In Sec. 2.3, test results are presented
showing how each component behaved. This test data, along with the theory given in parts of

Sec. 2.2, will be an aid in the analysis of ageelsator system performance which is the subject of

Chap. 3.



2.2 Component Description -

2.2.1 Beam Line -

2.2.1.1 Introduction

| Essentially, the beam line of any high _voltage accelerator, including this

Cockeroft- Walton machine, comprises an acceleration tube with an ion source at one end

and a target apparatus at the other. In the proposed system mass f iltering was-a f urther

basm reqmrement Norrnally, thrs would have raised a question regarding the location of

\Jthe ss filter (erson -and Brewer 1973, pp. 400-402). It could be located at the ion

source end or the target’ end of the tube. In other words, either a beam of low or hrgh

energy ions could be filtered. This issue, however, was not specifically addressed because it

~ was decided that a commercially availablegion gun which includes a mass separatorfhoulg

be used in the beam line. In particular, th Colutrot~ jon gun was. chosen because its
operating Ch_aracteristics had already becgrﬁe familiar, through its application ‘in- other 4

v o

research to  workers in/ the Umversrty of Alberta S Department of Electrical

@

Engrneermg—-—mdrvrduals who would lrkely be using the accelerator in the future. On this

basis, it was an advantage to desrgn the beam lme with thxs ptece of equrpment The

/
consequences of this beam lrne confrguratton are outlined rn Sec. 2.2. 2, 1, which is an / '

-mtroductron to the hrgh voltage apparatus To summanze a block diagram of the resultant /

beamlmersgrveantg 2.1 | ‘//"
. The f0110w1ng sections descrrbe the desrgn and construction of tndwrdual bearn line |
: blements begrnnmg wrth the acceleratron tube. Thijs is a plvotal structure drctatmg the
requrrements of the beam hne components that precede it and follow it, and for tlﬁs
- Teason, it is dealt wrth ftrst The mnovatron in the bearn hne that was referred to in the
Ovemew concerns acceleratlon tube desrgn The ion gun is consrdered next although it is

equally as tmportant as the acceleratron tube Drscussxon of the beam lrne is closed thh a

look at the target arrangement
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2.2.1.2 Acceleration Tube -

Background. During the évolution of acceleration tubes, two major influences on
voltage holding capacity were recognized. It v{as learned that higher vOltagesvcould be held
by‘-_ evenly distributing the acceleration ‘.voltage"along the tube and by preventing  the
accumulation of charge on the tube insulators.. Lk
| The acceleration tube in Cockcroft and Walton’s 1930 acceleratorwas a long glass
pipe with tubular.metal electrodes at either end (Cockcroft and Walton' 1930). That is, the
acceleration .voltage .'was applied across a-single electrode gap, and the positive ions
“travelled do_wn the bore. This’structure operated at about 300 kV. In 1932, Cockcroft and
Walton constructed their 700'kV voltage multiplier machine in which the acceleration'tube
or drscharge tube as they referred to it, was composed of three tubular electrodes
(Cockcroft and Walton 1932a). The center electrode was connected to a pomt on the
recttfter tower giving it .a potentral half that of the acceleratxon voltage Hence, ions wbre ‘

accelerated across two gaps Before thrs Tuve, Breit, and Hafstad (1930) developed an.
acceleration tube which was an adaptation of the/ p41nc1ple proposed by Coohdge (1926)
for a cascade-tyge x-ray. tube. A_ccordmgly, tl;é accelerauon voltage was divided }among‘, o
- several long cylindrical electrodes that were, m/ounted in'line and with a regular’ spacing
down the entire length of a glass pipe Particles were therefore accelerated in steps between
several electrode gaps This type of tube was subsequem.ly used in the first practical
electrostatrc accelerators, built by TUVe Hafstad, and Dahl (1935) The voltage on each
electrode was estabhshed by electnc mduction ‘The result was a nearly constant potenttal
distribution whrch eltmtnated the concentratron of hrgh local electnc frelds This, together
with the fact that the cyhndncal electrodes shielded the glass. pipe from any stray ion flux '
allowed high voltages to be held Tuve, Hafstad and Dahl had no difficulty at 1. 2 MV, '
.and they suggested that therr tube could operate at hrgher potenttals To accommodate still

higher voltages however, the concept of a multiple electrode tube was refined . by

increasing the number of electrode gaps. By the late 19305», the acileration tube assumed
A | |



its present t"orrn——the constant gradient tube (Van de Graaff, mp, and Beuchner 1946;

Livingston and Blewett 1962, p. 56; Galejs and Rose 1967, p. 297). This type of tube is

- suited to applications where the acceleration voltage'exceeds‘loo \V (Wilson and Brewer .
. . . w

1973, p. 402 and p. 420). - e

In 1ts basrc form, a modern .constant gradrent acceleratron‘ tube is a vacuum nght
assembly of many thm»flat dlSC‘I reentrant style electrodes made df mild steel stainless
steel, alummurn, of titanium that are bonded to short glass or ceramic nng-shaped spacers.
The induction method" ofﬂ’establishing electrode voltage has been replaced by the voltage
vdivider \vhich is made up of 'a bank orf\resistors or poiqt-to-plane corona discharge gaps -
" that are conne_cted to the electrodes froxn outside the-v‘acuum of the tube ( Beu_chner et_ al.
 1947; Herb_ 1959, 'pp'.,o .7'3-'_1}4; Michael et al. 1959). In _the}"case of Cockeroft-Walton
machines, voltage grading of the tube is often achieved bvﬁl’l‘nking pbints of intermediate
| potential in the voltage multrplxer stack through very 'ﬁrgh resistance to- appropnate tube
' electrodes (Amold 1950 Reinhold, Mmkner and Adler 1965) An independent. potentralv '
divider chain can also perform the task (Kavarik, Lankshear and Sluyters 1971)

Present design. The acceleratton voltage for this machme is generated by an oil
“insulated voltage doubler circuit (see Sec 2.2.2. 2) The one intermediate voltage in the
cucux_t_ts maccesslble, and as a consequence, the 'present:constant gradtent accelerauon tube
Was desigrted with an independent voltage grading device, in particular. a chain of resistors.
‘Unlike \\he conventional practice, hovfever, the plan was to\i’n.stall the resistors inside the
vacuum of the tube. . | | |

Tlns ‘innovatidn led to a simplification of tube construcuon Smce no external

connecuons to the tube electrodes were requtred for voltage gradmg, a single piece of

B msulatmg prpe was used as the vacuum envelope, thereby avordmg the usual layered style |

of tube construetxon Further sxmphftcatlon was realized by makmg the mtermedlate tube
: electrodes in the shape of thrn flat discs. This had the added advantage of maxrmmng

‘space between. adJacent electrodes, whxclfl : 1s important since the resistors are mounted |

e
}
P



inside the tube. Even s0, there was insufficient space to install convennonal metal oxide or

composmon resrstors The problem was overcome however by pamtmg resistor elements

on to the msulators that separate adjacent electrodes.
| The present tube design srmphfred fabrication and reduced cost of materials. The |
.ba'sic.features of the tube design are summarized in a srmphfred schematlc diagram that
appears in Fig. 2.2. R
Details of tube - construction. The ‘acceleration tube comprises WO units: the“'
‘ vacuum envelope and the electrode tstructure Figure 2.3 shows the details. The vacuurn‘
envelope was made of a 7-in. o.d. pyrex glass tub& that was cemented to alumtnum end'
flanges wrth contmuous beads of Araldite €poxy (composmon unknown) formrng a
. vacuum- ught unit. The electrode structure is a stack of alumrnum discs. There are two enfl .
electrodes and 6 intermediate electrodes. Each electrode is 165.0 mm (6.50 in.) in
diameter and has a 38.1 mm (l.SO m) diameter beam’ apertureiin its center. The
“ intermediate electrodes, as shown in Fig. 23 ‘were.made from 1/8-ln. thick sheet stock.,-
Four Dupont ADelr'in'f(acetal plastic) cvlinders separate each group -of two adjacemt ™.
electrodes in the stack Wrth a coatrng of resrstance pamt the electrode spacer ame'
Tesistor elements in the voltage divider cham A total of 188 spacer Tesistors were: requrred |
four in each of a intermediate sectrons. The following. paragraphs outlme how these
spacer -‘res‘istors were made. | | |
v thure 2.4 shows a typrcal spacer Tesistor as xt is assembled into the tube. The
‘ ‘Delrrn cylmders were cut to-a length of 16. 76 mm (0 661 in. ) from 3/8 -in, dxameter rod' 4_
material. Sermcrrcular grooves of 0 64 mm (0. 025 m ) radrus were then machmed 0. 64 mm
’(0.025 m._) deep mto the ends, as shown in Fig. 2.4.‘ These grooves provide a grip for the
| €poxy since it does not adhere to the acetal plastic. Next 376 washers, 7/32-in id. -anUd
9/16 -in. o d., were stamped out of 22- gauge (0.0253 in. thrck) alummum sheet All the
‘Delnn cyhnders and alummum washers were cleaned m acetone prior to bemg cemented B

| wrth Araldrte epoxy (composmon unknown) Burrs on the edges of ‘the washers that were

i
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. produwd during the starnprng process were orrented away from the Delnn cyhnders so that |
they face the tube electrodes upc;n assembly into the electrode structure In- this way, they'
help to make contact wrth tube electrodes if a cyhnder is, by chance 100 short |
The epoxy was allowed to cure for one day at room temperature about 23C
| '(73'F) after whrch two coats of resrstance parntT were apphed Two coats wexe. apphed to
‘_ more effecuvely cover u'regulanues and scratches that are present 1i1 the rod stock from
whrch the plasttc cyhnders were cut and also to try to achieve umformrty in parnt thrckness_
among all thespacers . Two hou_rs_ of drying trrne _were allowed,between coa_ts.v'l”he pamtmg“
| was done wi_th}a No. ’6 (medlutn svizei) _arti,st’s-’brush "while: the_spacers, mounted‘one at a
titne on a rnandrel, rotated atv 8_5,: rev/min hin a lathe. The outer 'surfac'e of each plastic’ i
cylinder was c'overedfas well as that part of the alurninurn'washer that is not held against'a
tube electrode . o o
| j ' As a 1ast step and followmg the pamt manufacturer s recommendauons the N
pamted spacers were baked, in a convenuonal oven 10 stabhze therr resrstance An oven
temperature of 80 C (176’F) was mamrarned f or appmxrmately two hours on each of two
| | 'consecuuve days ' o
| To assemble the tube the electrodes and spacer resxstors were shd on to four

. ‘3/16 -in. drameter nylon rods and two 3/8 tn drameter Delrrn rods as shown in F1g 2. 3 " :

The glass tube plastxc rods and aluxmnum electrodes were washed wrth soap and water

' ,pnor to assembly All six rods extended the length of the electrode structure The nylon o

/

rodﬁx the spaeer resxstors in a equal spacmg around the edge of each electrode 'l‘he " :

S 'Delrm rods are threaded at the ends and are f: itted wrth steel nuts to cornpress the stacked
| _assembly and hold 1t togéther Thrs umt was then lowered 1nto the glass envelope and |

bolted to the two end flanges tof orm the acceleraﬁoﬂube |

. . .

TUltra high resistance paint, #RlOKMS avatlable from Micro- cxrcutts Company of
. ‘New Buffalo Mtchlgan 49117, U SA The paint provrdes 10 MQ per umt area of -
‘ coverage : : _ L
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Design. considerations. The mechanical layout of| the tube that ha7/ just been_

described was influenced by several design'considerations These will now bereYiewed.
Electrode tluckness In an 1deal constant grad1e7l acceleration tube,‘tube voltage
1

vanes lmearly wrth drstance along the axis of the tube n a‘pracu'cal"tub;e 'however the .

. . &5 )
‘ ,nonzero thtckness of the tube electrodes in relatrom to the beam aperture causes a =
: /

modulauon of thrs pattem Refernng to Flg 2 3 th mammurn voltage devrauon can be

made small less than 1%, by ensurrng that D/i>8 (Galer and Rose 1967, p 303, Frg 3.

. In the present desxgn D/t= 12 and the devratron is p‘edrcted to be about 03% | o :,

Slueldmg The presence of stray charge on the mtereleétrode insulators is.a hmmngﬂ

| stray charge in an acceleratton tube ( 1) leakag_ _ cur‘rent along the msulator surfaces (2) .

" secondary electrons that are ltberated by str
electrodes and (3) electrons generated on: the msulators by the photoelectnc effect as xﬁ

o .:rays -are produced when backstreammg el/ectrons 1mpact on tube electrodes

(bremsstrahlung) and with lugh beam currents as ultravrolet radratron 1s enutted by . the

factor i in the voltage holdmg capacrty of any /ccel ration tube  There are several sources of L

" jons and electrons as-they' strike be.

. beam plasma (Hepburn Shubaly. and. Ungnn 1980) These mechamsms are a-function of-'lf o

: {._mcreasmg beam current S BT o i ; Y
In the present desrgn, where there is no drrect voltage gradtng of the glass vacuum
) »envelope any stray charge that is generated is hkely to accurnulat o_n the glass and ‘.

X eventually prépltate electncal breakdown Henoe the tube desrgn '_ i h
. guttable for use wrth lc%w beam currents (much less than 1 mA) where the productron of *

,' .stray charge by the aforementtoned mechamsms is low As 1t 1s. proper electrode" o

: drmensrons and tnterelectrode spacmg can be selected in an attempt to shteld the msulatmg _ o

| 'surfaces in the tube from the beam and conversely, to sluezh ‘the beam from any" .

| o o asymmetnc electne charge accumulatron that may be present on-th mtenor surfaoes of the ' , R

o tube (Herb 1959 Pp. 84 85) Herb has determmed that an r/s value (refer to th 2 3) of

o '2 5 to3 0 should provrde adequate shreldmg ‘In the present tube r/s 2.58
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High volzage deszgn The possrble electnc breakdown of. the evacuated tube must be -

A consrdered Herb (1959 p. 85 and p 87) mdtcates that an mterelectrode spacmg oRB to
“ 25 mm (0. 5 to 101 in. ) is optrmum in acceleratton tube desrgn For the present desrgn thevi ) '

’_-’electrodes are 18. 06 mm apart and 1f a umform potentral drstnbutron is assumed the’

. _maximum mterelectrode voltage will be 5 96 kV for an applred acceleratron potentral of L
280 kV “The maxrmum field strength is therefore 33 kV/cm lan de Graaff et al. (1945)’ o

'_suggest that only for tube gradtents greater than 13 1 kV/cm (flOO kV/ft) is the breakdown.‘ o

. N m vacuum a hmrtrng factor in. the voltage holdmg ltmrt of lan acceleratton tube Now S '

[
‘Hawley ( 1968 p 89) grves the breakdown voltage gradrent/betWeen two flat aluxmnum .

o electrodes separated 22 mm by a pyrex msulator under vacuy condmons as 17 7 kV/cm ,

| This. u;drcates a safety factor of frve or more. for the P eseut acceleratmn tube The o
o 'breakdown gradtent of a lons tube composed of several lectrode secttons however bvrsv_' =
‘ »much lower than the breakdown gradrent for one secuon—— he long tube effect (Herb 1959
P- 87 Van de Graaff Rose and thtkob‘_:41962) The Krlpatnck breakdown crttenoni -

(Hawley 1968 p 87) whrch 1s an empmeel) gurdehne for .the mrmmum sparkmg voltage ut

_a vacuum mdrcates the pr

.\“,

Lo regton

Spaeer-reszstor mxtallatwn The resrstance parnt on each spacer resrstor must make‘ ],

: nt acceleratron tube destgn 1s in the no breakdown Operaung i

'ele;tncal contact wrth adjacent tube elecnodes The alummum washers that are used in the' o

A

. .’ constructron of each spaeer reststor provrde thrs whrle elrmrnating dtrect contagt between a.. - N |

Q

' "“‘pamted surface and a tube eleetrode Dtrect contact would otherwrse cause Craekmg of thev A

' ’pamt 1ayer that would result from mechamcal stresses exerted on each spacer resrstor upon
L assembly tnto thetube o | o | |

When tested under hrgh voltage condrtrons (Sec 2 3 2) the spacer resrstors

i *

5drsplayed a lower value ot‘ resrstance than was expected on the basrs of resrstanee pamt
nanufacturer s spectfteatrons In fact beeause of nonumforrmty in patnt thrcltness among

_"recrstors 1t is: dtfferent from one%esmtortcrthe’n"it Fmthemore the resrstanee 1s a

‘. PR
L
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* function of applied voltage. Consequently, before they were installed into the acceleration

fube. individual—spacer—reéistors were matcﬁed to one another so that each parallel }')gr'oup
of four displayed approximately the same voltage-vetsus-current characteristic.

/ ] The resiétance paint manufacturer supplied a caution that the heat dissipated by
the resistor surface should .not exceed 0.16 W/cm? (1 W/in®). There was no difficulty
satisfying this criterion as will be shown in Sec. 2.3.2. |

Mechanical strength of the tube. The acceleration tube is mounted horizontally (see

Sec. 2.2.3) and fixed at both ends. Hence, the mechanical strength of the tube had to be

evaluated For this purpose, a umform load is assumed, consxstmg of a 146, N/m

@

(12 Ibf/fr) contnbutlon due to the glass tube and 292 N/m (20 Ibf/ft) due to the

aluminum e}ectrodes. Using thie"‘nommal tube dimensions 178 mm o.d., 170 mm i.d., by

1000 mm long (7.0 in. o.d.,‘ 6.7 in. i.d., by 39.4 in. long), the maximum normal stress,

which oceurs at the ends of the tube where the glass is anchored io the flanges, is

 calculated to be 369 kPa (53.6 Ibf/in?) (Mott 1978, Chap. 9). For glass, the design stress,

which inclu_dés a safety factor of 10, is 4.48 MPa (650 1bf/in*) (Miner and Seastone 1955,

p 4-152)". ConSequently, the glass is strong enough to withstand the mechanical load.

. (: . .
Vacuum conduetance This is important. because with a plasma type ion source,

such as the one bemg used here (Sec. 2 2.1.31 rce), there is a "high gas load that

must be ef’ fecttvely pumped; otherwxse the pressure in the beam lme would be high. In this

e "desxgn the pumpmg on the 1on source is done solely from the target end of the tube (see

Sec 2.2, 3 2) and the only gas flow path is through the acceleratton tube With respect to

its pumpmg conductance the accelerauon tube is a series of 47 identical short tubes

mterspersed with 46 identical apertures Applymg standard formulae to evaluate the
oonductance_(Lewm 1965, pp. 12—16), the following result is obtained for nitrogen (mass
2,8')' at room temperature, 20°C (68°F): 10.1 m*/h (2.8 liter/s). This is a low value, but

acceptably low gas pfessures were obtained (see Sec. 2.3.2 and the Appendix).
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lon optics. The quantities of interest are the Gaussian, or first order, principal

plane locations @1 the focal lengths (Galejs and Rose 1967, p. 312). These were

theoretically evaluated using Timm’s method (Galejs and Rose 1967, p. 317) with an

| assumed axial potential distribution given by Wilson and Brewer (1973, p. 230). Figure 2.5

charts the result for a range of acceleration potentials, assuming a 4 KV injected beam of

| singly chargcd' iqhs.
2.2.1.3 Ion Gun

. Introduction

This device was designed after the Colutron Corporation ion gun model G-1.

The model G-1 is an integrated group of f ouf beam line elements: an ion source at the

head, followed by an electrostatic three cylinder lens, a set of vertical defleétioh plates,
with a Wein-type mass filter at the tail. A drift tube and beam defi;xing aperiure are\
ihstalled downstream of ‘_th.e‘ mass filter and are considered part of the ion gun f or this
~ accelerator. The block diagram for this system is given in Fig. 2.6 (com“i)are Fig. 2.1).
Ions are extracted from the plasma that is in the discharge region with a
nega;ively biased electrode. The energeﬁc ions are then collected by the lens to. fdrm a
beam which ig directed through the mass f iltef. The Wein-type filter allows those ions
~ofa particula; mass-to-charge ratib to pass thliough undeflected, dispersing all others.
- The desired ion species is finally transmitted through theb.mass selection aperufre and

into the acceleration tube. .

Ion Source

The ion source used in this ion gun is a modified version of the Colutron

Corpora}ti,on model 100-0 ion source and model 103-B heat sink. A prototype for the

Colutron device is described by Menzinger and Wihlin (1969) > Design chang; to the
boron nitride ion source body were made by Jun Amano in the Department of

Electrical Engineering at the University of Alberta in 1976. A detailed diagram of the

e,
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present ion source and heat sink is given in Fié. 27 A simplifried schematiediag’ram
- of the ion source and its recommended_power supply COnnections is given in Fig 2.8. "
kThe extraction electrode is at chassis ground, and the ion 'source along»with the heat
sink are malntained at positive extractionvpotential. |
This is a hot cathode arc discharge ion source that uses no rnagnetic field
(Sidenius 1977). It genergtes a plasma with a gas pressure on the order of 7 Pa
(0.05 Terr). The gas is supplied directly from a reservoir or from the adjoining’
furnace in which }solid materials can ‘be vapourized. The principle of operation of such
an ion source is outlined by Reich (1944‘, Chap. 11), von Engel (1965, pp. 282-286),
‘and Wilson and Brewer, (1973, pp. 19-21, pp. 48-53, pp. 34-89).
Colutron Corporatr'on specifies that a filament current of 17.5 A and »an
. anode-to-cathode voltage ‘of 100 V are required to initiate an arc discharge. The
“quoted procedvure is then to slowly increase gas pressure from a background level of
dbout 0.7-Pa (0.005 Torr) to between 3 and 10 Pa (0.025 and 0.1 Torr) until an -
anode-to-cathode current- of 0.5 A'is established (The apparatus for adrnitting gas
into the ion source is descnbed in Sec. 2.2. 3 2). The anode -to- cathode voltage is then

A

‘lowered unul aEmaerum ion current is cxtracted from fhe source. To srmpley
‘accelerator operatron however filament current and gas pressure are establrshed
before swrtchmg the anode supply on (see the Appendrx) Furthermore, the present
system employs a current regulated anode-to- cathode power supply which adjusts its .
voltage to maxntam a preset discharge current  (In the remainder of thlS thesis, it will .
be _referred ‘to as the anode power su’pply.) An extraction field strength i in the range 1
to S kV/cm is recon:mended. Tlte emittance characteristics of th‘e source are not given -
by Colutron Corporation. In the present system, the anodé-to-extraction electrode

distance is approximately 20 mm, and an extraction voltage of 4 kV is used. The

- ] coolant flow system is described in Sec. 2.2.3.4.
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Lens, -
An adaptation of the Colutron Corporation lens system mod; 200 was used ln
this ion gun. It is a three cylinder electrostaticlens referred to as an einzel lens or 7
saddle-field lens (El-Kareh and El-Kareh 1970, pp. 60-62; Klemperer and Barnett
| 1971, pp. 82-92). The first outer electrode is combined with the extraction electrode of
‘the ion source (see Figs. 2.7, and 2‘.8)._:Both outer electrodes are maintained ‘at the :
same potential, in this case, chassis ground. A diagram of the present lens appears in
F:g 2.9 along with the _recommendedl power supply cbnnections. The lens is operated
in an initially decelerating mode (Klemperer and Bammett 1971, pp. 184-185 and p.
293), which means that, for ion.s,’ the center electrode \;oltage is positive with respect
to the outer electrodes : , e .
A theoretical dererrmnauon of the potentral contours around the lens and ion

source was done using frmte dxfference numerical- methods (Weber 1967, p. 49; Ames

f -

T 1977, p. 106 p. 124). The mfluence of space charge frelds on the potentral distribution

was_ neglected The result for an extractron voltage of 4 kV and a lens voltage of v
3200 V 1s glven in Frg 2'10 Theoretrcal lens focal properues were also determined.
+ The lens was modelled as havmg outer electrodes of infinite extent. A theorencal

‘ ) expressron for the axral potentral of such a model was used (Parks 1971) in '.

conJuncuon with Trmm S method (Galer and Rose 1967, p. 317). The paraxral focal - '

propernes of the lens were inferred f rom the analysrs f or the case of a beam of smgly '
»‘ ._ charged ions extracted at a potential of 4 kV. The results are presented in Fig. 2 11

The accuracy of thrs method of analysrs was venfled by reproducmg the experrmental |
'.data of Lrebmann ( 1949) Smce the lens model is symmetnc the pnncrpal planes are"
equidistant from the mrdpomt of the lens As well, the focal length in unage and

obJect space are the same.
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~ Mass Filter
A Colutron Co.rporation_ model 600 Wein-type mass f‘ilter:was}purehaSed. A
drawing of the device a'ppears‘ in Fig. 2.’12.‘A sirnpllfied lateral cross sectionv view
s‘ho‘wing the r&ommended power supply connections is given m Fié.- 2.13. -
~ The operation of the filter, called an E-cross-B or velocity "filter, is outlined
by Wahlin (1964, ,'1965) Seliger (1972), and wusen and Brewer (1973, PP 213-227) -
In a frlter where the electric and magnetxc flelds are umform the focussrng action of ‘
the crossed f 1éTds is astrgrnatrc That is, an rnmally parallel mcrdent beam converges to
the beam axrs only i in the plane of the electnc field under the mﬂuence of the magnetxcu
- field. and sxmply drifts through the frlter in the plane of the magnetrc field. With

proper voltages applied to the guard rmgs—whxch are not rmgs but rectangular stnps ’

made from shim stock-—the electrrc freld can be made stonger at the negauve plate and

f at the posmve plate ’I'hts nonumform electnc— freld tends to counteract the

g action of the magetic force (Wahlin 1964) o

3 Regardmg mass drspersxon the pamcle trajeetory slope at the ftlter exrt ‘was’
;rmmed for an: astrgmatlc separator in a manner sumlar to that used by Selrger

' 972) The result is

'-y' (-msingn N
JE — 7 ' 1=V,
B 1f(1~'>77)‘C°'571271

“ S where y is the exrt slope in rad m is the mass of the deflecte; xonb ma is ‘the mass of '
| ‘fthe undeﬂected 1on ro is the cyclotron radrus glven by 2V,/E.,, wrth Vo bemg the’ beam ;
| voltage and E,. the electric fxeld strength in the ‘filter requrred to transmrt m; and Lis
. 1 _‘ the length of the frlter in the Colutron 152 ‘mm (6 0in.). For weak separators thxs
exmsron grves the same result as: that for a stigmatic frlter (Seliger 1972) The

s tion A y between m, and m at a drstance D from the exit of the f rlter is grvew i
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~ the equation

| ,

Ay=y'(%+D)

The meximum operating parameters specified by Colutron Corporation for
their filter are 1000 G for the magnetic field, 5 keV beam energy,‘ 168 kV/m electric
field §rrength (which is obtained with 300 V between the plates), and 400 V def’lection

.' plate voltage. | |
B In this ion gun, the deflected xons are mtercepted on a plate; see Fig. 2.14. The

6 ¥,

undeflected ions pass through an aperture before they enter the acceleration tube.

2214 Target Chamber

At the end of the acceleranon tube opposrte the ion gun is the target chamber. The
e

orrly apparatus required in the target chamber is a beam collector. 'I'he arrangement of this
apparatus inside &he target chamber Ais shown in Fig. 2.15. The beam enters through a
grounded ehield electrode and'is collected in a Faraday cuh. Secondary electron: emission
from.the eup is euppressed by an adjacent electrode that is biassed negative With respec't to
rhe cup. In addition, ‘the shield electrode is eqirioped with a ‘mzrnually operated shutter
\ plate that can mtercept poruons of the incoming beam. On the shu?ter plate is mqt{med a
‘_ground quartz window that scintillates when struck by energetic ions, thereby allowing a

visugl observarion of the beam cross section.

2.2.2 ngh Voltage 'A:]lparatus ,

. 222)lInwoduction D
'I'here was:a decision to make regardmg how the acceleration voltage should be
connected That s, lmowmg the confxguranon of the beam line (hg 2.6), the accelerauon
voltage could be apphed in-two ways: (1) the ion gun at ground potential with the target

rarsed to negatwe acceleratron voltage or (2) the i ion source at posrtrve accelération voltage
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and the targ_et at ground. If the accelerator is used in its intended applications as an RBS
device or ion implanter it will require an elaborate postacceleration beam handlihg-faeility
(see Sec. 3.5). Therefore, either of the two configuratior‘ls\' would."po,se cornparable
problems in supplying electrical power to and controllirtg equipment m a high v_oltage' :
region. In case (1), however. an'inordinately long high voltage terrninal -would likelv be
required to shield a future postacceleration beam line; hence, :the latter arrangem‘ent,was
selected This array is depicted in Frg 2.16 )(zco/mpare Frg 2 6) -

With the mass frltermg perf/ ed before acceleratron there is the advantage of- a
reduced torrt:tﬁrent to be accelerated and, as a result less severe space charge beam

e

!
T expansron in the acceleration tube (erson and Brewer 1973 p 401 Bannenberg 1979) A
mass frlter in the ion gun does hoWever increase the length of the low energy beam line
and makes space charge a problerrt there. ‘ v
In the fbllowing sections,'the high voltage" equipment will be described Thereis a
brief fook at the voltage generator followed by a description of the layout of the high

voltage terrnmal and rts supports

2.2, 2 2. Hrgh Voltage Power Supply (

A Umversal Voltromcs Corporatron model Bal 280-5.5 oil insulated ' voltage
doubler that opefates at 60 Hz was avatlable to supply the acceleration potentral for this
accelerator Connectiou between t.‘he generator and the high voltage terminal is made with a

+ - coaxial htgh voltage cable in a manner sumlar to that used by Laubert and Wotherspoon
" (1965). As mentioned in Chap. 1, this apparatus had been used previously in a drfferent
accelerator system. A srmphfred circuit dxagram of the voltage generator appears in Fig.

‘ 2.17. The output of this particular circuit is contmuously vanable from 0 to 280 kV wrth a
full load of 5.5 mA |

The voltage multrpher or cascade rectifier, was frrst used rrt accelerator techrrology

by Cockcroft and" Walton (1932a) The circuit used here is referred to as a half -wave

voltage doubler. The principle of circuit ﬂ0peratton is outlined by Cockcroft and' Walton

s
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(1932a), Waidelich'and Gleason (1942), and Reich (1944, p. 566).

2.2.2.3 Structures .
. InSec '2.2.3.3 Power Source Inside the Terminal, it will 'be'shown that an
electrieai genefator must be housed in the high voltage terminal to supply power to the jon |
. gun This generator set, because of its size and mechanical‘vibrati‘on,‘ is mounted m ‘a
mechanically isdlated encldsufe adjoining the main terminal. The layout of the terminals
and iheir support is diagrammed in Fig. 2.18. In the figure is shown the manner in which
the high voltage is connected to the terminal. Note that the beam liry;\is horiaontally

oriented because this was the best way to utilize the existing support structures.

2.2.3 Beam Line Suﬁport Systems

2231 Introduction
Here the ancﬂlary eqmpment for the accelerator: beam hne is descnbed These -

. systems were alluded to 1n Sec. 2.1. They- mclude the vacuum' system, electrical system, and
ion sougce cooling system. | \
é’l’he beam line is first described in terms of its vacuum system characteristics.
Mention ‘\;'ill be made of the gas supply apparatus for»the ion-source (see Sec. 2.2.1.3 Ion
Source). Following 'this' is a descﬁption of the electrica_l systems, one of which is the
_electronic power supply and control scheme that euergized theion gun. Besides this, | At'he
| electrical system also mcludes the apparatus that dehvers ac power to these circuits. The
subject of the second innovation m this- accelerator design is the Cmanner m Wthh this -

: power is transmitted from ground to the high voltage termmal (The first mnovatxon was

an alternate acceleration tube construction described in Sec. 2.2.1.2.) ,

2.2.3.2 Vacuum Eqmpment
The beam line is evacuated by a smgle pump that is attached to the target chamber.

: .
A small gas handling plant supplies gas to the ion source from a reservoir through a needle

)
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valve. With the addition of these components the block diagram of the accelerator system
is as shown in Fig. 2.19 (compare Fig. 2.16).

A detailed schematic diagtm n-of the vacuum system is given in Fig. 2.20. In it are

e

shown the valves, gauges and the beam line pump whrch isa Sargent Welch model 3102-D

e v
250 hter/s turbomolecular pump The partrcular arrangement of valves allows the beam
line above the’ target chamber to be 1solated under vacuum although not pumped whrle

“.

the pump is shut down for target chamber servicing or any other: reason The pump must
be vented through the target chamber. The ion source‘gashandhng plant has a quick
- disconnect receptacle through which gases are removed from and admitted into the
reservoir. The various electrical feedthroughs on ,the ion gun. and target chambers together

with the sliding feedthrough on the target are omitted from Fig. 2.20.
2233 Electn'cal Systems

Electronic Power Supply and Control Scheme |

Some of the electrical system requireme_nts have already been describedwithin
the discussions presented in Sec. 2.2.1'.3', regarding the beam line, and were illustrated
in'Figs. 2.8, '2.9 2.13, and 2.15. These reqtiirements along vvith a r‘emotely. located
.4 control unit are summanzed in the block dragram of Frg 2.21 (compare Frg 2.19). A
more detailed representatxon of the system, mcludrng momtor and control paths, is
grven m Fig. 2. 22 Tlus isa block dxagram intended, to show the connection of control,
momtonng, and power umts There is a record of ‘all the electronic circuit schematrc

‘Q,dragrams, although they are not included in thrs drssertatron‘. |
In the‘ "’high voltage terminal., the “ion gun "functions are monitored and
controlied ‘on two separate vpanels. One panel is assigned to the ion source and lens and
the other to the vertical deflecuon plates and mass filter. These controls are used f or
standby operation of the ron gun. Contrpl- of the jon gun durmg hrgh voltage operatron

is accomphshed through a glass fiber qommunication channel linking "the ion gun

\
~
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' crrcurts to d ground end control panel Control and momtor srgnals are drgmzed and | "
¥ ’mulnplexed for transrmssron on thrs channel It is the functron of the

- transmrtter/recetver to decode and encode the vanous s1gnals

All of the electromc equrpment in the hrgh voltage termmal 1s powered by a o

117 Vac source Dunng standby operatton of the ion gun, this power is. taken from a

- 15 A wall outlet Durmg hrgh voltage operatton on the other hand thrs power is o

' -generated msrde the hrgh voltage termmal ‘This toprc 1s consrdered next

PowerSOurceInsidetheTerminaI S N s

Background 'In Cockcroft and Walton s frrst accelerator the 300 kV_ : ’v )

' transformer rectrfrer electncal power was supplxed to the source in the: hrgh voltage |

»

termmal through an tsolatron or msulatton transformer (Cockcroft ‘and Walton“‘ |

1930) 'I'hrs method of dehvermg power to a hrgh potentral reglon is convement but is g .

' ,practtcally hmrted by srze and cost to low voltage apphcatrons In therr second o

; machme the caseade rectrfter whrch operated at 700 k.V Cockcroft and Walton‘

' "mstalled an electnc generator rnsrde the hrgh voltage\e:mmal (Cockcroft and Walton' s

' \‘1932a) They coupled this terrmnal mounted altemator to an electnc motor located at

‘ground potenUal wrth a loop of cotton rope Both of these techmques have been used" | : . : l_

: ‘m subsequent accelerators of the Cockcroft Waltonaype see for example Burkham}"
(1947) Arnold (1950) and Peck and Eubank (1955) Lorram et al (1957) have buxlt

a machme 1n whxch the cascade recttfter crrcutt whrch was. energrzed at 32 kHz '
provrded power to operate an ron source A vanauon on the t couphng between
 motor and generator is a ngrd msulatmg shaft (Remhold and Mmkner 1965 Laubert‘
and Wotherspoon 1965 Bannerrberg 1979) | i |
Present: desrgn The use of an. 1solatron transformer was ruled out on the basxs] .

o of cost. It was therefore mtended to generate electncal power msrde the hrgh voItage_, -

| termmal The conventxonal methods of transfernng power v1a a belt or shaft o

’however were bypassed To be) mnovatrve a flutd power system has been destgned :

L
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H

the fluid being hydraulic oil?

- A simplified block diagram of the power transfer system is given in Fig. 2.23
7(’compare Fig. 2.21). The generator unit is housed in a sep'aratelh'ig'h voltage terminal
to save space in the main terminal and to lsolate vibration (see Sec. ?;2.213). ln rhe
system, pressurized oil circulates between the motor unit, which is at grou_nd potential,
‘and the generator- unit through insulating hydraulic hose in an open loop ﬂuid flolv
confrguratron (Hedges 1969, Vol. 3 p. 80) |

A schematic dragram of the fluid flow circuit is given m Fig. 2 24 (the
component specifications are t_he manufacturer’s theoretical data). The valY_e shunting _
the pump pressure line is a bypass speed control device. An imporrant feature that is
not shown in the figure is a hydraulic-oil coolant system that moderates oil
temperature in tlre reservoir. This facilit& was integrated with the ion source cooling
system and, as such, is described separately (see the follou*_ing section). |

- The advantage in using hydraulics to transfer power to the high voltagé
terminal lies in the flexibility of locating rhe' fluid lines. Indeed, lthe mOtor unit can be
located anywlrere. It can be located outs;de the accelerator room or eveu outside the
buildirlg, with very little pressure drop over long fluid lines. This could be of particulér
beneflt in other accelerator mstallanons whete space inside a laboratory is lrmxted

System detalls In the motor unit, the electnc motor is coupled drrectly to the
‘hydrauhc:pump. In the generator unit, on the other hand, the hydrauhc motor and
»belectric' ‘generator are lihked»throughr a. jackshaft drive on pillow block bearings‘ as
shown in Fig. 2.25. The generator -is geared up so that its sﬁegd is twrce that of the
hydraulrc motor. The output of the electnc generator is electromcally regulated

All of the flund power hnes in the motor and generator units were plumbed
‘with medlum pressure hose. This hose has a synthetrc rubber tube, is wire braid
remforoed and has a synthetrc rubber cover. The hydraulxc motor drain lme is a low

pressure téxu_le-'brard-remforced hydrauhc hose. For ‘the insulating sections, a
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nonconductive medium pressure hose with a nylon tube, nyloh braiid reinforcement,
and a polyurethane cover was used for the power lines,‘and a low preésure nylbn
tubing,‘ for the drain line. The nonconductive medium pressure hose is specified by the "
manufaéture‘r to allow a maximum leakage current of 50 uA for an applied volt ‘)ge

gradient of 246 kV/m (75 kV/ft) for five minutes. The path of hydraulic hose in the

laboratory is illustrated in Fig. 2.26 (see Fig. 2.18).

:2.2'.3.4 Coolant Flow System

| A separate oil circulation system moderates the temperature of the power hydraulic
oil in the reservoir (see Sec. 2.2.3.3 Power Source Inside the Terminal) and also cools t_hc'
ion source (see.Séc. 2.2.1.3 Ton Soﬁrce), The system Was designed with a tube-and-shell
heat exchanger. The same type of oil was used as in the power hydraulic system. A block
diagram of the apparatus is given in Fig. 2.27 (compare Fig. 2;23); a schematic diagram
appears in Fig. 2.28. ' - | |
The pump unit is rhbunted on the same frame as the fluid power motor uhit, and \‘\\
ihe two sets of fluid lines—power and coolant-——folldw the same .pa&l_ to the high voltage \
terminal (Fig. 2.26). Most of the coolant circuit was plumbed with low pressure hydraulic
hose, but as in tﬁe fluid power syst.em, lengths 61‘ bnylon tubing provide an insulatiné path
between ground and the high voltage terminal. The sa;ne nyloﬁ tubing was used to connect

to the ion source since it is 4 kV above the terminal potential. The water flow to the heat

exchanger was carried over ordinary garden hose from a cold water faucet.
. ' :

2.2.4 Radiation Shielding

Radxatxon shielding, in the form of stacked bricks, 2\92 mm (11.5 in. ) thxck surrounds

thc accelcrator on two 51des The concrete walls, cexhng and floer of. thé buﬂdmg act as the

‘ smeld for the remalnder of the mstallanon The accelerator room is about 75% below ground

 level. -
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In block dragrarn form the radt@ slpeldtng is as shown in Fig. 2.29 (compare Frg 2. 27) A S

. plan view of the shreldmg @eme appears in Flg 2.30. This arrangement was held over from a .

previous accelerator structure as menuoned in Chap 1, ‘General Introductton

.
%

2.3 Component Testing and Evaluation

2.3.1 Introduction _

Several accelerator components were tested to determine their true performance
characteristics. Coincidentally, the expenence which’ was gamed in " the operatron of these
components aided in the design -of an accelerator operating procedure In addition, the results
of these equipment trials support arguments presented\ in Chap 3 regardmg the analysrs of
accelerator performance As- the characterrsncs of each component became more familiar,
shortcomings in design and performance became evident. These are indicated here and are
included in Sec. 3.5, which deals with recommendatibns fo'r improvetncnt. |

Elements of the beam line are considered first. Being one of the two accelerator design

. 5 ’ . .
innovations ‘- the accelerator tube is given particular attention. Electrical characteristics for the
mdtvrdual spacer- reertors and the acceleration tube as a whole were obtained to ascertain the
voltage holdrng limit and whether or not a constant voltage gradtent along the tube has been
| _obtained. As weIl the ability of the vacuum mounted Tesistors to dtssrpate heat during hrgh“’t
voltage operation is evaluated. The upper voltage limit for the acceleration tube was not
* determined because of a lack of higher voltage equipment.

Followmg this is a review of ion gun performance. The ion gun components were tested
in three confi 1guranons ion source alone, ion source with the lens, and ion source with lens and
mass filter. Ion currents were collected and beam profiles were observed to determme ion gun
performance under recommended operating condmons , o.a

Fmally, the performance of the second accelerator desxgn innovation, the flurd power

[ %

transfer system, is outlined. The results of a load test are presented, showmg that an adequate
- . . . ‘s
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supply of electnc power is' generated. In addmon to show that leakage currents down the

_ msulatmg sections of hydrauht: hose are within acceptable hmrts the results of high voltage

endurance trials are given.

2.3.2 Acceleratron Tube

Spacer-resrstOrs The resrstance of each of the 188 Spacer Tesistors was measured with a

megger The average was 2900 MQ, whrch compares favourably with the expected value of ‘
2800 MQ, assuming two coats of resistance pamt behave like two resistors in parallel The '

‘standard devratron of the measurements about the mean was appro;umately 1700 Mﬂ likely a -

_ result of nonuniformity m}resrstance paint thrckness among the spacer - resistors.

The ‘voltage~ver31'1s-current characteristic was determi'ned for 'each of ~the 47

n

- spacer resistor groups in the acceleration tube electrode structure. The four Spacer resrstors _

from each group were stood on a 203 -mm (8 0 in. ) drameter 13 -mm (0. 5 m ) thtck alummum -

plate in a roughly equal spacrng A 127-mm (5.0- m) drameter 51 -mm (2 0 m) thick

aluminum plate was placed on top. A voltage was applied between the two electrodes and the

current was monitored. The voltage was recorded for a set of fixed current levels rangrng frarn

0 to 40 u.A Thrs requrred a maximum voltage of about 6. kV (The maxrmum voltage per

electrode sectron is expected to be 5 .95 kV at an acceleration potentral of 280 kV ) The average,

voltage among the groups at each ftxed current is plotted in Fig. 2 31 along with the standard -

deviation in the measurement sample the average statit. resistance, and the average power
-dissipated by an rndmdual spacer resrstor L » B

Usrng the same test apparatus a spacer resistor group, selected at random was

, subJected to excessive voltages in “order to determme the voltage holdmg lumt of an

-3"- orded current being 236 [.LA There was no apparent damage to the

“

-_ The test was performed in air. An electncal breakdown was induced at

hover between the two electrodes occurred down the bore of one of

esence of Tesistance paint flakes in the bore of the plastic cylinder

k'S
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part of the spacer- resxstor hkely precrpntated breakdown Dunng prevrous attempts to produce :

A ‘satrsfactory spacer - resrstors the plastic cyhnders were pamted soaked in parnt solvent and‘ '

repamted several trmes and since it was nnpractrcal to clean each cyhnder thoroughly, ﬂakes of

resrstance pamt accumulated on the cylmder bore. Intensrfrcatron of the electnc field at the

_paint flakes promoted a low value of breakdown voltage Spaoer res;stors made from clean :

/Delrm cyhnders may hold a hrgher voltage If the tube were to be used for hrgher voltage o o

apphcatrons this would be 1mportant <

Acceleranon tube The\entrre beam lme—that is, ion gun accelerauon tube and target o

chamber—was assembled and mounted on the accelerator SUPPOTS. (see Frg 2.18 and Sec 3, 1), ‘_ |
A representatrve current - versus- voltage charactenstrc for the tube obtamed under vacuum “
| condmons appears in Frg 2 32 Before the data for the frgure was collected eas pressure at -
the ground end ‘of the tube was 0.21 mPa ( 1 6 10 ¢ Torr) and at the hrgh voltage end, 2 1 mPa

(1.6- 10 -3 Torr) (see Flg 2 20)

~~The average mterelectrode voltage m

- eﬂ'tube can'rbe estimated from Fig. 232 by e

drvrdmg the honzontal scale by 47, the number o electrode sectrons For a partrcular current . .

. the mterelectrode voltages obtarned in this way correspond wrth the average spacer resrstor

group voltage 1n Frg 2. 31 Thrs means that the devratron of the voltage: dlstnbutron m the tube e

can be mferred from the data for the mdrvrdual spacer resrstors that s, Frg 2 31 -

Accordmgly, from Fxg 2 31 the maxunum voltage devratron was 6% at. 3 uA whrch o

- corresponds to a tube voltage of .50 kV as seen in- Frg 2 32 Beyond 20 uA, that is, for‘ o |

: potentrals greater than 200 kV the devratron was less than 2% Devratrons of less than 6% are.

-consrdered acceptable. the data, theref ore, mdrcates satrsf actory performance

Cas pressure atthe. ground end of thc tube was monitored durmg hrgh Voltage tests As R

, mentroned before the start of the tests the pressure was 0 21 mPa (1 6- 10-¢ Torr) There Was B

no Preesure change as the voltage was. rarsed to 200 kV At 250 kV the pressure rose to :
0.23 mPa (1. 7 10 Torr). Increasing the voltage to 280 kV caused the pressure to rise and

plateau a£0.24 mPa (18 -10° Tom) within five minutes. This voltage level was mamtamed forfg S
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10 minutes during which time the pressure stayed the same. Six rni_nutes after the voltage was
: ) (W0 i o

- reduced to zero, gas pressure Tecovered to 0.22 mPa (1.65 - 10-¢ Torr). Apparently, resistive
heating of the spacer-resistors did not cause a significant outgassing load in the acceleration

~ tube. In other words, heat dissipation by radiation was adequate to maintain spacer -resistor

; . \.) 13 N . .
temperature at acceptable levels. Moreover, no changes in the &lectrical characterlsucs of the

tube were evident during subsequent high voltage tests, indicating that the prOpemes of the

spacer-resistors do not change when operated under vacuum in this way.

2.3.3 Ion Gun

2.3.3.1 Ion Source
A test stand was arranged in 'which. a stainless steel beam collector platg was located
65.mm (2.56 in.) from the ion source exit. A secondary electron suppression electrode was
. located close to the beam collector. With air in the ion source gas Ieservoir, ‘the
- recommended starting procedure was followed (see Sec. 2.2.1.3 Ion Source) and an arc
’current of 01‘5 A was successfully obtatned Arc voltage which was estabhshed by a current
regulated supply, ranged from 60 to 80 \ durmg a number of trials. Gas pressure readtngs
for the discharge chamber were uncahbrated at the time and@nsequently are not given.
ﬂPressure on the extractor sxde of the ion source, however, was near 3 mPa (2 10°# Torr)‘
during ion source operauon (The pressure was 30 xPa, or 2 10" Torr, with the ion source
cfxlament idling at 10 A and no gas flow from the reservoir. ) Fxgure 233 shows the ion
current§ that were collected for various extraction potentials. ’l‘he secondary electron
'suppressor was set between -50 and 70 V with respect to the collector to obtam true-
currents on the collector. Similar ion source performance ‘was obtained with argon in the
jon source gas l‘eservou - |
On drsmantlmg this apparatusrms\colourauons were noted on some of the
~ electrodes The collecwr had a well defined cenu'al wlute region about 8.9 mm (0.35in.) in

ldtameter surrounded by a dark grey strip that \{yas approxlmately 5 mm (0. 2 in.) wide.

L
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Surroupnding the beam hole in the extraction electrode, there was é dark grey border, about
13"» rnrn (0.5 in.) in diameter, on the side of 'the electrode facing t‘he.vion source" anode. T ne
pattecns of discolouration can»\‘be expl_ained by considering the divergence of an fon beam
emanating from the '_anode h;\);e usving the theofetical expressions of Chavet and Bernas
( 1967) for a circular _emitting area. The geonletry of the test apparatus is indicated in ‘%ig'.
2.34, Assurning that there is enough tungsten being sputtered off the cathode inside the ion |
source: discharge chamber and subsequently ionized so as to contribute 0.2 yA of beam
current with an extraction voltage of 1 kV-—the'lcwest extracticn voltage that was used
during the tests—the angle of dispersion of the envelope of a tungsten beam would be
645 mrad (37.0%). This is consistent with the pattern of dark grey regions on the extraction
electrode and collector plate. At ‘highe.r voltages, e\:?n though a slightly higher tungsten ion
current' would iikely be drawn, the divergence angle would be smaller. ‘The dark regions
may therefore be deposited tungsten. As for the centr’al,\,}lvhite spot, it is accounted for by
realizing that the current of gas ions would likely have sputtered' the deposited tungsten off
the conecfor. An extraction voltage of 1 kV produces 9 uA.of beam cun'cnt (see Fig. 2.33).
19 the main constituent of this current is 5 pA of N,"—an assumption that is verified in
Sec. 2.3.3.3-£he —di'\/ergence angle of the gas ions would be 122 mrad (7.0%), which
corresponds well with the observations. Agam at higher eXﬁracu’on p,otentials, the
divergence angle would be smaller. (Incidentally, the ‘technique of Chavet and Bernas
suggests that the shape of the plasma '.boundary under the opefating conditions of this ion

source-is convex, that is, it bulges out of the discharge chamber towards the extractor.)

2.3.3.2 Ion Source with Lens

With argon in the ion source gas reservoir and an extraction vohage of 4kV, ion
beam crms sections were ;obderved ona phOSphor ccated collector plate that was moveable
along the beam aﬁs. The location of the collector was measured from the nxideint of che
lens center electrode. For distances less than/1.50‘ mm (5.9 in.) but greater than 130 mm

(51 in.), the lens produced a minimum spot size that was approximately 1 mm (0.04 in.)
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in diameter. Between 150 and 300 mm (5.9 and 11.8 in.), the spot was about 3 mm
(0.1 in.) in diameter. Beyoncl 300 mm, the image on the phosphor became roughly
elliptical, 3 mm by 6 mm (0.1 inb. by 0.2 in.). A current of between 8 ano 10 uA was
recorded from the coated collector at all collector positions, which correspon(/iLs to the
' outptit current of the ion source alone. (The phosphor coated collector, therefore, allows a
good approximation to the true beam current to be measured, assuming no current is-lost
as the beam traverses the lens.) |

Only slight variation of the lens voltage near 3600 Vvoroduced the minimum spot
sxze for collector locauons less than 300 mm (5.9in.). Consxder the focal properties of the
idealized lens (see Sec. 2.2.1. 3 Lens) as given in Fig. 2 11. Usmg standard expressions
from Gaussian optics (Galejs and Rose 1967, pp. 312-313; El-Kareh and El-Kareh 1970,
pp. 56- 59), with a point -source object, that is, the anode hole located 79.0 mm (3.11 in.)
from the midpoint of the lens, ‘the tmage posmon can be expressed as a function 0 ‘T)lens
voltage. The result is plotted in Fig. 2 35. Accordmgly, the image is 134.1 mm (5. 28 in.)
from the lens center for a lens voltage of 3640 V. At 3480 V, the lens would theoretically
image _tl'ie@.beam at 260.0 mm (10.23 itl.). For the idealized lens, therefore, a swing of
160 V wo'lild account for the range of image locations that were considered.

The transverse expansion of the beam due to space charge forces, however, changes
this v1ew In part, it accounts for the nonzero spot sizes. Again from the method of
’Chavet and Bemas (1967) assuming an ion current of 10 uA the divergence of an argon
beam at the anode hole with an extraction potenual of 4KV is approximately 82.0 mrad.
(4. 70') Assummg an analysis based on point source optics is vahd there is an angular
magnification of 0;65 at 3640 V lens voltage (see Fig. 2.35), which means the beam
envelope‘initially‘conv'e'rges'to an image point at an angle of 26.6 mrad (1.53") to the beam
| line axis. Furthermore, 10 facilitate calculations,‘ assume the spacev charge forces begin to
act after the beam passes the center electrocle of the lens. Under these conditions, tlle

laminar space charge effect produces a waist position that is beyond the theoretical imag@)

v
!
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distance at 162.8 mm (6.40 in.) (Dah! 1973, p. 114, Fig. 26.2). Therefore, it would take a
| higher lens voltage, 3680 V, to establish a waist position as close as 140.6 mm (5.54 in.)
and, 3500 V to establish a waist at 234.9 mm (9.26 in.). Butv, at a particular collector'
location, the waist will not be the minimum spot size. To eSLvablish'a minimum spot éi;e at
a particular collector location, ‘the beamnwéist must be formed ppstfeam of the collector
(Thompson and Headrick 1940; Hdllway__ 1952). Consequently, 3680 V produces  the
mininrl‘um‘Spot diameter at 149.7 mm (5.90in.) not 140.6 mm. |
NotwithStanding, the difference in the size of the minimum spot and waist is
slight. The error in visually éstimating th'é spot sizes. from the image on (the phosphor
.coated collector is greater than the éxpected diffefence in size-between minimum spot and
vwaist. As a result, a minimum spo't size would be detected‘over a rénge of collector
Locationé for one satting of lens voltage. For example, at 3600 V the location of the
\ minimum spot.is calculated to be 217.8 mm "(8.56 in.). At that distance, the best estimate
of the spot size was 3.2 mm '(0.13 in.). The waist ppsition and diameter are then calculated
té be 1838 mm (7.24 in:} and 2.3 mmA(O.’09‘ in.) respectively..:Since the eﬁOr in estimaﬁng
image diameter was the order of +0.5 mm (0.02 in.), a minimum spot would be observed

[4 # ) .
een waist and minimum spot size for the same voltage,

‘ovcr‘ the 40 mn& distance betw
3600 V. Moreover, the beam is symmetric about the waist; h@ the range would extend
from ai)out 140 to 220 mm. This 1s likely what happéns for the range of collet_itor,iocations
from 130 to 300 mm over which imperceptible variations in ler;s voltage in the vicinity of
3600 V produced the minimum beam spot. At’greatg distances, lower lens voltages were
~ used. Then, because the disiinctiqn between waist diameter and minimum spot size becbnies
apparent, 1ens voltage‘had to be adjusted. Whereas Gaussian optics predic_:ts’a swing in lens
‘voltage of 160 V to ;étziblish a focus over‘ the range of collector locations investigated, only
very small lens voltage adjustments ,had_ to be m_ade."Note that, in the preced,in’g analys_is{
the ion source was éssumed io behave like a point-sourée emitter‘, that is, the initial

thermal velocities of the ions and the aberrations introduced by the extraction system were

-



65

neglected. Furthermore, nonlaminar space charge effects ‘were ignored, as were lens

aberrations.

2'.3.3.3 Ion Source with Lens and Filter

The relationshif) between the magnetic flux density and the magnet coil current and

magnet coil voltage in the mass filter were experimentally determined; see 'Fig 2.36. A -

semi- emp&ncal mass selecnon law for the f 1lter can be subsequently derived frorrL the filter

e

‘ balance equation, Vo= Eo/ Bs. Consxder the followmg

kinetic energy=qV,= 2m,’ . q=2e and me=nM
Whence,

o
[2qV, '
V= —,qﬁ;-o :

4

where v, is the ion velocity in m/s; V, is the beam voltage, 4 kV in the present system, e is

' the electronic charge, 1.60 - 10" C; Z is the charge state of the ion; m, is the ion mass in
kg; n is.the (unified) atomic mass unit, that is, 1. 66 - 10°*" kg; and M is the ion mass in
atomic mass umts Assummg a uniform electric field in the gap between filter plates, with

plate separation equal to 18.3 mm (0.72 in.), Eo-V/O 0183, with V being the

- plate«to-plate voltage. Subsututmg the above expression for v, into the filter balance '
~ ‘

equaton and solving for B, yields

B,= o.szv\/%’ 10

a

From Fig. 2.36

B,=(320/+30)10° - .

Hence,

: M 3201+30
. o 062V
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or, with I=U/3.47,

b (220130 )2
Z 0.62v

where Fis the matgnet coil current, and U, the magnet coil troltage.

l'he ion beam getterated by. the source was collected on a phosphor coated plate

that was located approximately 420 mm (16.5 in.) away from the exit of the filter

cltamber. In addition, an uncoated collector with a secondary electr_onr suppressor and a
grounded shield electtode with a 25.4 mm (1.00 in.) square aperture was used.

Ftve images were observed on the phosphor ‘covered collector for a ftltered beam
that was generated wnh air as the source gas. Whtle the largest of the images was centered
on the collector with a magnet current of 2.4 A, the following filter voltages, 'measured
thh respect to chassis ground (refer to Fig. 2. 13) produged an approxunately circular

13 mm (0.5 in.) dtameter spot size. (The umts are volts )

Ll=+80 . _R1=.+2

L2= +80 R2=-T4

L3=+60 R3=+10 ‘
MS=-90

LP=+152 RP=-90

The lens voltage used was 3290 V. The vertical .,def‘lection, \toltage was 75 V and the
de‘flectiony' t'oltage balapee control was central. .
 With a plate-to-plate voltage of 242 V and a‘ magnet .cutrent of 24 A, the
mass- to charge ratxo of the ions in the centered 1mage is calculated from the mass selectton
formula to be 28 3. (The units of mass- -to-charge ratto "thht is, M/Z, are atomic mass
" units per charge state.) The-tmage, was centered at a variety of other plgte voltage and
magnet cunent eombinations. correépoo:littg to mass-to-clté;rge ratios ‘in the'r_ange 27 to

32. This image could therefore. represent either N,*, O,*, or-a mixture of ‘both. The average
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M7/ Z ratio is 29.6, which favours N,*. Moreover, the separation of N,' and O;* at the
collector location with a filter vbltaée of 242 V is predicted to be approximately 9.9 mm -
(0.39 in.) (see Sec. 2.2.1.3 Mass Filter), but there was no indication that there were two
distinct images on the collector. In addition, when N, gas was used in the source instead of
air the same >image shape was obtained at the same filter settings. Therefore. the main -
| image on the collector was likely that of an N,* beam. | ' y,
‘The second largest image W,as also centered on the collector for a Variety*of filter:
settings. The range of corresponding M/ Z ratios suggests tha't.th'e image is either that of
| ‘an N* or H,O' beam. The aVerag'e,‘however,» is 14.6, and it is therefore concluded that the
secondary image represents N*. |
With the N,* image centeredat a plate-to;plate voltage of 135 v .and a rnaégnet’
current of 1.35 A, the N* image was separated by approximately 41 mm 4(1.6 in.). The
value of image separation predicted by the expression in Sec. 2.2.1.3 Mass Filter',v is 31 mm |
1.2in.). A 'source< of error‘ that may contribute to both mass select'ion' and - dispersion
cﬂculfuons, besides the error in visually_ estimating imatge position, is the effect of fringe
fields. Wilson and Brewer (1973, p. 227) indicate that the magnetic field extends beyond
the limits of the electric f ield The net effect of this unc‘omnen;ated magnetic fringe ield is
to deflect the beam in the direction' of the posuve plate of the filter. In the case of an N*

beam—whtch is dispersed by fﬂterhotron towards the posxtxve plate and hence is drvergmg v
at thmter exit—the magnetic fringe field nnposes an addmonal f orce that enhances fil f |

dxspersron. As aconsequence. the observed and caleulated values for. separatxon do not

o

agree. |
| The total beam currentv contributed by all the mass components in 'the'beam as

' measured from the phosphor collector was 9. 5 vA. thh the apertured collector the N,
- beam Was measured to be 5 uA AS uA beam of N, dlverges from the anode hole with an
‘angle of 40.0 mrad (2.28° ) (Chavet and Bemas 1967) The lens voltage of 3290 v would

theoreucally, focus that beam toa point 794 5 mm (31 29 in. ) from the lens center (see
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Sec. 2.3.3.2 and Fig. 2. 35). This is consistent with the location ‘of the beam collector,

whrch is 786 mm (31 .0in.). Were it not for the influence of space charge the beam would

. converge with an angle of 2.3 mrad (0. 13 ) to the beam line axis. But, upon consrdermg the

- laminar space eharge forces,‘ the result is obtamed that a waist is formed 90.9 mm

(3.58 in.) from the lens center or 695.3 mm (27.40 in.) upstream of the collector (Dahl -
1973 p. 114, Fig. 26.2). The beam cross section on the collector was observed to be 13 mm
(0.5 m ) If the filter 1s assumed. to behave like a drift space, a 5 uA N,* beam would be ‘

expected to expand much more than that (Dahl 1973, p 114, Fig. 26.3). The focussrng

' power of this particular filter is weak with a maxrmum focal length of 1520 mm (Seliger
1972), but when the focussing power of the magnet fringe field is added, the ’total effect .
- may be suff‘icient' to counteract the space charge eXpansion of the beam as it traverses the

' frlter Cons1der the followmg analyis and refer to Fig. 2.37.

When the 5 uA N,* cone of ions that emanates from the anode with an angle of

40 0 mrad (2.28°) is proyected to the entrance boundary of the lens center el ode, a

' 177mm~(00’701n)d1ametertsobta1ned ForthelensmSec 2332 theobse beamﬂ'

- diameter at 3600 V can be used to: extrapolate the beam drameter to the exrt of the lens -~

center electrode The result is that the beam dtameter at the exrt of the center electrodes is

o 3. 6 times the, mpudeanreter If thts same factor is used here the exit beam diameter is

‘ estrmated to be 6.4 mm (0 25 in. )L Consequently, the waxst drameter would e 6. 1 mm

/-

(0. 24 in. ) Ch the unvenfred aésumpuon that the effect of the fllter rs to exactly transfer'

| the radral and axial velocrty components of each ion in the beam from frlter entrance o -
‘v frlter exit, the: beam drameter is predrcted to be 13 9 mm (0. 55 in.) at the collector -
3 (Klemperer and Barnett 1971, p. 274, Fxg 8.2). 'I'hrs 1s m good agreement wrth‘
| observauons As in Sec 2 3 3 2 the analysxs was performed for 1deahzed ion optical
crrcumstances ‘The foeal pmpertles of the filter are likely more. complex than what hasﬁ-, o

* ‘been assumed but thrs approach nges sausfactory results and wrll be useful m Sec 3 3

v‘ VA | ‘.’ ) .
v . S
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- Operating characteristics of an earlier version of the Colutron ion gun that used a 600 G
filter are reported by Wilson and Jamba (1971). They studied the device with 4' 5 uA total
~ beam current The spot size they obtamed for N,* was 7. 5 mm (0.30 in.) dtameter on a
collector that was" located 440 mm (17. 3 in.) from the frlter exit. Their filiered beam was
: slightly dxvergent. Both of these results support the observations from the present system.
234 Termmal Mounted Power Supply
7 A resistive load~was connected to the electric generator of the system that was descnbed
rn Sec 2.2.3. 3 Power Source Insrde the Tenmnal The results of a loadmg test appear in Frg
2.38. Whenever the power hydrauhcs raﬁ for more than l§ mmutes, the coolant system was
N run.,.ltckeﬁt the oil in the resefvoir at 55°C (13-‘1'F)'( without coolant flow, oiil:ter'nperature was
. 85C,or185F). | o )
. The power Acurt of Frg 2.24 mdy be analyzed ysing standard formulae from Hedges |
(1969 Vol. 1, p. 126; Vol. 3, p. 17) When drrven at 189 rad/s (1800 rev/min), the hydrauhc
pump dtsplaces 3.339 m’/h (14.7 gal/mm) The maxunum pressure that the pump can develop
. 18 then 4 9 MPa (700 lbf /m’) asSummg a pump efftcxency of 80%. Subtractmg the pressure
drop across the enure length of hose and across- the qmck dxsconnectors the maxxmum pressure
at the hydrauhc motor would be about 4, 3 MPa (630 16f /m’) A hydrauhc motor expenences a '

shp of 0.023 m’/h (O ~1 gal/rnm) for each 0.7 MPa (100 lbf/m’) of oil pressure As a

consequence the effectlve “fluxdl mput to the hydraulrc motor is about 3 180 m’/h -
(14 0 gal/mm) at 4, 3 MPa (630 Ibf/in?). Theoretlcally, the system should be able to deliver a '
maxxmum of 3 84 w: (5 15 HP) of mechnmcal power at the hydrauhc rnotor shaft—an o
effrcxency of 68 5% from electrrc motor shaft to hydrauhc motor shaft. The spwd of hydrauhc . -

motor shaft rotanon shoufd be 162 rad/s (1540 rev/mm) and 323 rad/s (3080 rev/min) for the

g
|

1

generator - e

\

I a prehmmary lQad test of a prototype hydrauhc system a dc generator rotanng at
294 rad/s (2800 rev/mm) dehvmd 55 A at25V or 1375 W wrth a pump pressure of 5.6 MPa

. ~ .
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(660 lbf/in‘*) ‘ The performanoe of the system has deteriorated since then. A probable cause for -

this may be that the. hydraulic motor was operated for several hundred hours without a drain

line. In fact; the drain port had been plugged. Damage may be manifesting itself in an excessive

slip so that the hydraulic motor speed is lower. Furthermore, the ac generator does not supply

its rated output. 'The present’ oVerall efficiency of the system, from electric motor shaft to

electnc generator load, is 13.2% at 127 V and 5.4 A (Fig. 2.38). Replacmg the: present

‘asynchronous- type ac generator with an- alternator and servicing the hydraulic motor may

/

'1mprove the performance of the system. S ' /

/

A high voltage test of the five insulating lengths of hydrauhc line was conducted. The . 3

total current generated by the hrgh voltage power supply (see Frg 2.17) was recorded as a

function of um_e thh 280 kV apphed. both fluid systems circulating oil, and no load on the

electric generator, Theresttlt is presented in Fig. 2.39. After subtracting 40 A for acceleration

tube current and 50 uA for leakage current through the voltage doubler circuit, Fig. 2.39 shows

that the hoses and tubes behaved as specxﬁed That is, no more than 50 uA was expected to -
- flow down each of the ftve lengths of hose at 280 kv for five rmnutes (Sec 2 .2.3.3 Power

: Source Instde the Terminal). Beyond ﬁve minutes the current rose but the trend was a slower

" rate of inCrease as time progressed

3

h S
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3. Accelerator Performance and Analysis

3.1 Introduction

" Once all of the individual system cemponents demonstrated satisfactory performance,
the parts were assembled into a whole. The la)"out of the facility is: shown in Fjg. 2.30. A line
dratving of the accelerator-is gfvett in Fig. 3.1 (see also Fig. 2.18), and the control equipment
appears in Figs. 3.2, 3.3, and 3 4. Foilowing assembly, a commissioning procedure verified that
all the interdependent equipment t'unctioned properly. That is, during high voltage tests, the
rémote control sy;tem was used to sucoessfuﬂy monipulate the ion gun power supplies which
were being energized from the ac pow_er-generating system in the high voltage terminal. Beam
rials were then begun. - | . |

In the following chapters, the results of two accelerator tests performed with an Ny*

beam are outlined. One teSt-was done to evaluate the current distribution in the beam at the

fxxed target looauon for a variety of accelerator potentials, from 50 to 280 kV 'I'hese results are
then discussed and compared to expgcted performance The other test was an observatxon of the

radiation pattern that was generated at mg;num acceleration voltage. In the fmal_secuon, 3.5, |
some reeommendat_ioqs are suggested that may, if implemented, improve the te“l}iability of the
dceelerotor and make it easier to operate. As well, ap introduction is gitren regaramg the

adaptation of this machine. to its intended future uses, that is, RBS analysis and ion

K - implantation. . ‘

-

32 Performance Data

~ The acoelerator system was run-several tlmes followmg the procedures outhned m the
Appendix. Au was the source gas and the objectxve was to acoelerate N;*. The mgheet beam
current, 1.5-uA, was recorded at 280 kV. . .

Maxtmum beam currents were obta.med for ion gun }ens voltages between 3200 and

3300 V. Optigaum values for len:e.)voltage dnfted upward asa pamcular beam trial prosr&ssed

| s
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A similar trend was observed with magnet current. At the beginning of a run, maximum beam
 current was obtained with 7.8 to 8.0 V magnet voltage. Magnet voltage had to be gradually
increased during the run to maintain a constant beam current. After about one hour the

voltage was in the range 8.2 to 8 6 V. Also, durrng the time when maximum beam current was

berng collected in the target chamber, column current was approxtmately 1 4A higher than its

expected value.

Figuret3.5 shows how N,'.beam current varied as ‘the target-apparatus shutter was
moved in front of the beam. As viewed on.thewquartz. window, the beam was concentrated in an
approximately circular spot. There was a less intense pattern of scintillation surrounding the
main spot which varieg in size and shape as the beam volt_age was changed. The size of ,the maln
spot, however, ‘remained constant’at about 2 to 3 mm (0 08 to 0.1 in. ) diameter rega'rdlessof
aeceleratton potential or beam current see Fig. 3.6. The mam image was centered laterally on
‘ ;the screen, but was shrf ted shghtly upward It always remamed statlonary
i - 7. i . ‘
33 Analys1s of Performance Data | | | e’? R 7/

L4

From the ftlter mass selecuon formula in Sec. 2.3.3. 3, an Nz beam should have'

\B/

’ appeared for a magnet ‘voltage. of 8 3V, Durmg the beamtnals however magnet voltage had E |

L

to be vaned As such, maxtmum accelgyor beam currents were obtarned for magnet, voltages
; "PW’r i

represennng M/Z g ‘ fron’@s through 30. On the. basis of the expenmental data
: ,ﬁ:’ .
on mass ﬁlter performance grven in Sec 2'3 3 3, there could only be one ion specres that was

f

) m;ected rnto the acceleratton tube namcly. N, .

o
x" .

7 Lens voltages in the range 3200 to 3300 V produced maxrmum accelerator beam current.

"For example a lens voltage of 3280 V was used' during one of the many tnals ’I‘heoretrcally, at

3280 \A the lens would m}age the beam 1025 mm (41 0i m ) away’ from the lens (see Sec 2 3.3. 2

_ and th 2 35) The drstance from the lens to the mass selecuon aperture is 495 mm (19 5in. ).

A4 kV 5 uA beam of N;* drverges from the anode wrth an angle of 40.0 mrad (2 28 ) (Chavet .

- and Bernas 1967) ’I’he lens causes the beam to, rnmally, converge to a pomt unage at an angle : S

e ...
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of 1.7 mrad (0.10"), wrth the beam line axrs—essentrally. a parallel beam. An accountmg of the
space charge forces suggests that the warst is located close to the lens, and therefore, the beam |
in fact, diverges through the mass ftlter and towards the mass selection’ aperture Ina srrmlar.i
* fashion to the techmques of analysrs used in Sec. 2 3 3.3, the warst is calculated to be 6.2 mml
(0. 25 in. ) in drameter and located 78.4 mm (3. 08 'in. ) from the lens center. At thé mass |
selectron aperture, ‘the beam ts predrcted to be 6 8§ mm. (0 27 in. ) in drameter The aperture
drameter is 4.76 mm (0 188 in. ) hence.,only about 49% ot; the ion current would be transmrtted

through the aperture that is, 2.45 aA assummg a umf orm current densrty OLthr_s,,abom/f

| is lost to the tube electrodes as. evrdenwd by the increase in column current of 14A, leavmg a

rnaxrmum of 1. 45 uA that can be collected at the target Indw& the largest observed current' ‘4 )
P,
e %' 3

1 was 1 5 uA The drvergence angle of the beam enVelope is also hmtted by the aperture diameter.
Assummg lamtnar space charge in the beam the angle is 2. 4 mrad (0 14) at the apénure The |
aoceleratron tube begms to tnfluence ton beam traJectones at,the frmge of rts electnc freld | *:

RN i A .

'pattern whtch rs 70 mm (2 75 m ) beyond the aperture ors§'6 mm (3 m ) upstream of the frrst

“tube electrode (Galejs and Rose. 1967, p 305). At that point, the.

envelope rs drvergent
; B wtth an angle of approxtmately 3 8 mrad (0 22‘) to the beam hne axts an i '
in drameter The Vtrtual object locztron for t&re aoceleratron tube is then 784 Jin
‘ v-"-’}z’theftrst tubeelectrode " , L o SR |

o Conunumg wrth pornt source Gaussran opttcs (Ga1er and Rose 1967 pp 312 313 |
‘El Kareh and El Kareh 1970 ppP. 56 59) (see th 2. 5) the theoretml analysrs shows that the
-.'_acoelerauon tube produoes a beom crossover upstream of the target and hence, a dtvergent

- beam at the target locatron for all accelerauon potentrals except those below about 50 kV

S "'Drsregardtng space charge expansron the beam cross sectron should be smal'ler as lower

'\ acoeleratton po enttals are used ston and Brewer (1973 p. 245). however show that for a

m : 48 mm (0 19 m )dtameter the effects of space charge cannot be 1gnored

vv"-

ﬁpr acoeleradon potentrals less than 100 k\‘ m a 1000 rnm (39 4\m ) tubet Therefore as lower




‘ 8 o . . . - D '“\;
- space charge forces. Flgure 3. 4 mdrcates that in’ gomg from 280 to 200 kv, dunng one'- ’

. vpartrcular run othe aCcelerator current fell by only 6 5% but 1n gomg from 150 to 50 kv, dunng r. g ‘
- a drfferent run, it fell 43% The effects-of space charge expansron of the beam at lower voltages e

along with optical aberratrons and cOlhsons between 5eain lOﬂS and resrdual gas goms are hkely'; .
0 severe that a portron of the beam is lost to the awelerauon tube electodes Thts accounts for x e

thehrghercolumncunentsthatwereobserved

Because of a mlsallgnment of the accelerauon tube dunng constructron the 4 spot o .
on the quﬁrtz ow 1s off center ’I'hrs mrsahgnment is lrkely also the cause of the coma lxke‘_, .,

flare in the ge shape. and asa consequencer correlatron between Fxg 3 5 and Rrg 3 6 is \‘

L

diff tcult to venfy The expected trend m the expenmental data 1s nevertheless, apparentl, At ’F" N ;‘_}'_-}-

L hxgh accelerauon potenttals the beam dtameter 1s large wkrle at low potentxals‘l’he drameter is ’. ;‘:'"f._" [

 small although not as small as antwrpated because of space charge expansron L
e R
_ " 3;;} B :_-"_;‘: e \ ST ;'}'vv , S ol "Q S

i
In thls devxce. radratton in" the form of X rays 1s a bi' product of the acceleratron .ﬂ

s process X rays are generated by the mteractxon of energetw secondary electro s wnth thef-‘;i -
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3.5 Recommendations c P o

Although the voltage holding capacity of the present accelera‘tion' tube is adequate, it
was suggested in Sec. 2.3. 2 that if hlgher accelerauon potenttals are to be used w1th the same
acceleration tube that new spacer- resistors s?%uld be burlt Apparently, contamination on the
bore of the present spacer-remstors limits the voltage holdmg capacrty 'of a smgle mterelectrode.
section to 22 kV Notwrthstandmg this performance, the total length of tube is not hkely to be
able 10 wrthstand 1 MV due to the long tube effect (Herb 1959, p. 87). Hence, if 1t were
decided to use the acceleration tube at significantly highet voltages than the present 280 kV, it
would be an advantage 1o burld new- spacer resxstors under cleaner conditions.

| If lower gas pressure in the beam line is required, auxlhary apertures in the acceleration
tube electrodes should be con51dered Such apertures would increase the pumpmg conductance
of the tube but they WOuld have 10 be onented so that an extended acceleratton path was not

provided for a stray 1on or electron flux

To lower the 1ntens1ty of background X-1ay radtatlon lead shreldlng could be placed' '

~ around the beam line vacuum chamber near the Juncuon between the acceleration tube and the

l

ion gun.
¥ In the course of running the accelerator system, several deficiencies in component

performance have been noted. Amdng these is the electric power generation system inside the
: : . . \

.high voltage terrnina1,~ It has already- been suggested in Sec. 2.3.4 that if more power was

required the present electric generator should be replaced with ,an alternator and that the

* hydraulic motor should be serviced to repair possible darnage.

- Furthermore, the following modifications to the remote control apparratus should be
considered. First, the ability to control vertical deflector voltage in the ion gun would be an

asset. Second, the resolution of the <ontrols should be improved, or at least, the control and

monitor signals should be prevented from drifting. And third, it would be aduantageous to have ~

 the monitored functions updated at a frequency higher than the present once per second.
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o
A feature that could aid the- settmg of optlmum filter voltages would be the addition of
oy

»
some form of beam prevtewer into the: bedm lme of the ion gun Such a device located near the

¥ v

acceleration tube entrance would allow the settmg of filter voltages while monitoring the beam
Cross sectlon. As it is novv{ settmgs that have been established in a test stand are used without , "
alteratron o . ﬂ h o |
Of partlcular benefit :vould be a remete controlled needle valve for tlfe ion source gas
handlmg plant so that gas flow adJustments could be made under hlgh voltage operation.
As a matter of convenience, part of the main high voltage terminal could be hrnged to
allow easier access to the ion gun controls. At present it takes two people to set up- the high
' voltage _termmal. |
'IZO apply this acceleratOr to RBS and ion 1mplantatlon there would have to be addmons
to the target system Besrdes anslllary control and diagnostic equipment, the followmg beam )
lme components should be considered: variable slits, ve_rtical and horizontal beam deflectors, an
energy analyzer, a strong lens ( that is, a quadrupole triplet) ‘and a target manipulator (Wilson
and BreWer 1973 pp 467- 4{3 Lrebl 1977, pp. 277-281; Chu, Mayer, and Nicolet 1978 Chaps.
6 and 7; Bannenbe/rg 1979; J aekson et al 1979)
,‘ If beath clrrents greater/than the present 1.5 uA are required, there need to be changes
| _to the extstmg beam lime, Colutron Corporatron suggests that to extract higher currents from |
the source a larger anode hole—-up tol 1.5 m&% in, ) diameter from the present 0.5 mm

(0.02 in. )—should be used A more &dtcal change' would be to replace the present current

regulated. anode -to- cathdle ion source power supply with a voltage regulated supply in order to

e }
- be able to control ionization efflclency (Wilson and Brewer 1973 p. 14 and p. 86). ngher

currents though means greater space charge expansion of the beam rnsrde the ion gun. ngher
* beam voltages could reduce the problem, but the beam voltage cannot be raised above 5 kV, as
spectf ied by Colutron Corporatron Thrs lrmrtatrou' can be clrcumvented by usmg a deceleratlng
lens before and an acceleratrng lens after the filter CHavkes 1972, pp. 194-196). Expanswn of

~ the beam may be overcome to some extent by mstalhng T penodrc focussmg structure (Tien

p

N
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1954) or another lens downstream of the filter before the' aperture. Higher beam currents can -
be delivered to the, -acceleration tube by increasiné tthe dlameter ol' | the, mass se_lectlo‘n'
aperture—althou‘gh at a cost‘ of decreased mass resolution. A SCh'eme‘totransmlt more current L |
through the tube nught be to ehmmate the f ocussmg action at the accelerauon tube entrance by
mstallrng a coarse wire mesh thereby preventrng a beam crossover wrthrn the tube and a '
possrble loss of beam current. Increasing the aperture of the present tube however is not .
‘ recommended on the basrs of shreldmg requrrements (see Sec 2 2.1. 2) |
In summary a possible beam lrne for generattng and acceleratmg htgher ion currents |

could have an ion source anode hole 1 .5 mm (0. 06 in. ) in drameter a penodrc structure or lens ‘
followmg the frlter a larger mass selectron aperture and a wire screen at the accelerauon tube
entrance If possrble these modtfrcatrons should be installed one at a time to determrne therr
effect on accelerator perf orrr:ance | |

| Further work on thxs pro;ect could mclude a thorough analysrs of the operatron of the N
mass f rlter lookrng at for example the correlauon of electnc and magneuc f 1eld pattems to the
shape of the output beam Cross sectron Analysrs of the effects of the frmge frelds and
mstallatron of magnetrc shunt pxeees can be attempted (Wahlrn 1964) Regardmg the 1on
source, a detatled study of its operatmg characteristics would be valuable To know xts
‘emittance characterrstrcs (thson and Brewer 1973, PP 185 189 and pp 249 253) would be
mformauve An understandmg of how the source behaves as a' functron of voltage current’ N
and gas pressure may suggest lmprovements that could be made or at least gffer an avenue f or 7 '.
explamtng its present behaviour. A theoretrcalanalysrs of }_th,e‘ plasma boundary (Ha_rrtvs,o’n 1968;

v

Kauf: manY‘ﬁ) may shed light on source behavlour as'""'izvell.',' |
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4. Conclusions

show that. a WOrking accelerator facility which 'mcorpora'tes these innovations has been

"The objectives of this discourse. were to introduce two accelerator -design, innovations and to

produced The mnovatrons are (1) an alternative acceleratron tube constructron and (2) a new ‘

system for the generatron of electrrcal power inside a hrgh voltage termrnal

- " The constant gradrent acceleratron tube desrgn employs a string of mtcrnally mounted
voltage gradlng résistor’s ‘This innovation' led to a simplification of tube construcu'on and
consequently\ a‘reduction i in the cost of materrals and component fabrrcatron The electrrcal and
_vacuum propertres of the tube were sat1sfactory the temperature of the vacuum mounted

resrst_ors remamed low enough not -to.produce a srgmfrcant outgassrng load and a 'nearly

unrform mterelectrode voltage was estabhshed Moreover the tube was successfully used 70

A

constant gradrent acceleratlon tube needing only modest fmancral resources and machme shop

The use of hydraulrc equrpment 0 transfer power to the hrgh voltage terrnmal added

flexrbrlrty to the desrgn of the laboratory layout ln the present f acrhty many of the mechamcal

structures such as terrmnal supports and radratron shielding, were carrred over from a previous

©

desrgn By uSmg a flurd power scheme the number of addrtrons and changes to these structures

that would be requrred to accomodate a power transfer apparatus were mrnrmrzed thereby

savmg trme and money That is, -it was possrble to 16cate equrpment and route hydrauhc lrnes so

accelerate ions. Hence f ollowmg the plans presehted here an accelerator laboratory can build a-

i

\

“as.to, make optrmum use of avarlable laboratory space. In other words a hydraulrc apparatus '

- such as the one descnbed in this thesrs in whrch the motor unit can be located remotely from

the accelerator room, could be used in other accelerator f acrlrtres where space is restrrcted

The 280 er ion accelerator that was burlt mcorporates both of the aforementroned,

//

destgn mnovatrons In addrtron it features a plasma- type posrtrve 1on source preacceleratron :

-mass frlterrng of the ron beam an orl msulated Coclrcroft Walton hrgh voltage generator and a

frber optrc channel to facihtate ‘the control of termrnal mounted equrpment All of the

L

"'8'9r
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- accelerator components performed sausfactonly, both mdmdually and collectxvely 'I'he success

~of the prOJect however was Judged on' tbe basrs of the performance of the accelerator m a

-

S senes of beam tnals In those tnals srgmfmnt xon currents were acce}erated producmg beam_f

Cross sections, at the target that were well defmed and stable The mults demonstrated that a
‘vrable accelerator system has been produwd . g - ]\ EARN

r

In summary the two' desxgn pnovahom whrch are descnbed in thls dxssertauon

@mte to low energy aocelerator technology by mcreasmg the eqmpment opttons avarlable :

W
to ihe aceelerator desrgner and by Affe}ing srmple low cost alternatrves to exxstxng practrces

Moreover whrle utxhz.mg these mnovatxons a workmg acceleratK system has indeed been

-

‘.produced,-"
DR | - )

R

#
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; Appendixﬁ Operating Instructions

" The arrangement of ion gun controls 1nsrde>the high voltage termmal is grven in Frgs 3. 2‘ and
3.3. Frgure 3.4 shows the remote’ control umt |

.-.'.

(—Inlttal start-up The foléowmg procedures apply when the beam lme upstream of the~

R ‘target chamber has been exposed 1o air for a long ume that is, more. than one ‘day. The ion

R source must undergo an outgassmg regrmen as when ion source f: uaments are replaced ‘

| 1. Start the turbomolecular pump followrng the manufacturers recommended procedure .
Allow it to evacuate the ~entrre beam lme Start the target chamber pressure gauge after -
A ‘about frve minutes of pumfnng (follow the gauge manufacturer 3 mstrucnons) | Q
2. Pump the 1on urce through the source gas handlmg plant (GHP) by connecu% the -
portable gas handNpg plant pump. Pumpmg should continue untrl the pressure at the ¢arget X E
,chamber is less than about 0.7 mPa (5 10+ Torr) Thrs wrll take one or more days |

3., Go to the hrgh vol

ge termmal and plug the power cord from the drstnbutron panel mtov .

the extensxon outlet t supphes 117 \ from the ac mains.

4, ‘On the ion source c trol panel make sure that the 4 kV switch 1s:d1sabled the ftlament'

_ selector and anode are off and the source and fumace frlament control swntches are in

R On the power drstnbutton panel the MASTER swrtch should be set on. éghe 1on source ]

_ gauges will come on, (The ‘metqrs maﬁ) ﬁed to be tapped to unstrck the indicator needle. )' :

’ The FIL switch should then be Set to ON..

6. Tumtheftl'amentselectorswrtchtoBOl'H R ( _

| 7;,_ Record the target chamber pressure from the gauge control umt that is located on the |

.‘Q.-

- Temote control umt and then ratse both fllament currents to 1 As The target chamber
,pressure wrll nse to over 1 3 mPa (10 -5 Torr) but after one day or more—dependmg o%\

" Athe length of txme the beam hne has been exposed to atmbsphenc arr—rt should return to
below 0.7 n‘tPa (5 1o~‘ Torr) e o |

"./(- .

8. ' When the target chamber has mdeed dropped to less than o 7 mPa mcrease the fllament
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currents to 1.5 A. This time the target chamber\pressure could rise to 10 mPa (10“.'Torr)‘l

9. After about one day and& if the pressure has recovered to less than 0.7 mPa the frlament
| currentscan;berarsedtoZA v_ ' ‘ I ) e.‘ S '
L tlofvThereafter. continue to mcrernent:the ’currents byll A every day o1 mo\re frequentlv if " |
N target -'chamber pr'essure reoovers‘ Be;vond' 5 A‘ ; the ion source cboling’ systemshould be '

run. To use the«coolant system, open \she faucet to start water flow to the heat exchanger ,

and turn on the cir,culatton pump (yellow swrtch on the hydrauhc system motor umt)

o

(

11. At 15 A rf target chamber pressure is below 0.7 mPa ron source outgassmg is complete

o »land both frlaments may be tumed down overa perrod of several houra to zeto. S

v127» 'I'he ion source GHP should then be 1solated by closmg valve A (Frg 3.2). The coohng o
v system should be turned off, that is, stop the crrculauon pump and shut off the wate :
‘_ A few days after the frlaments are tumed off target chamber presSure should be less

‘ than 100 uPa (10“ Torr). A thorough ion source outgassmg can take more than' two weeks. -

' After thts procedure has been followed once however it does not have to be repeeted S0 long' L .

‘as the beam hne is kept\mder vacuum Theref ore avord exposmg the beam hne to atmosphenc :
arr If the target chamber mist be accessed the upstxeam portron of the beam hne should be

: tsolated under vacuum bef ore ventmg the turbomolecular pump

3 Runmng the accelerator vn gas rons Thrs procedure apphes rf the beam hne has, |

L already been outgassed and has smce been kept under vacuum Typrcally, target chamber ’

: pressure wrll‘be on the order of 40 uPa (3 10 -7 Torr) before a run You will need the help of . -

\i

one assrstant to perform step #18 of the start- up procedure and step #6 of the shut down [

-

% Go to the remote control umt (RCU ) and power on, Make sure that all mn gun controls v’
o are fully counter clockwrse and all swrtches are‘ in the off posruon " '} | e vv
. 3 2 _:.Swrtch crrcurt bm.kers #16 (power hydrauhc um'f) #5 (acceleratron voltage generator) f_ ‘

-V__‘and # 25 (Outsrde warmng hghts) to the on posttlon
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* ) : o,

Go to the hrgh voltage termrnal I'bn source gas flow metenng valve, valve B in Frg 3.2,
should be closed, that is, turned fully clockwrse {do-not force it to0 trght) and valve A R
shouldbeopened T T |
Gas from the portable gas handhng plant can be admrtted to fhe ion source gas reservorr N "

through open » valves C and D Air, howevcr can be admrtted drrectly _
Valve C is then closed and the portable gas handlmg plant is detached and placed behmd

the high voltage cableshreld e Lot L
Plug the i ron gun pow r cord mto the generator outlet

. _Go to the hydraulic Systern motor umt and turn the fan on to maxrmum Have all

. laboratory personnel doh ear protectors and swrtch both the: coolant and~hydrauhe—pumps—

: In the hrgh voltage termmal the 4 kV: swrtch should be at DISABLE fllament selector

o should be off frlament controls sho'lrld be on, LOC and the controls turned fully counter e

'- clockwrse the anode should be off and the lens should be off The magneg;wrtch should o

B 10.

| C1L

Set the source frlament swrtch to REM

be on LOC and the controls tumed fully counter clockwrse lon gun power drstrrbutron e
_switches should then be turned on in the followmg order MAS’I'ER VF/MAG@ FILS N B
: 'ANODE The ion source pressure meters may"need a tap to unstrck the. needles B

. _,',Set the filarnent sebctor to FIL

:Set the 4 kV ¢ontrol tb ENABLE and the lens voltage swrtch to REM Wrth the swrtch m* e

. .:-ff'LOC be careful not to touch the metal parts of the ron source GHP the plas} knobs FRE

SO

: hmay. however, behandlod _' 'vg au ,. :“ : '::" N L

',1’2. .1

Set the anode swrtch to REM turn the anode to ON and rotate the knob clockwrse to the 6‘ - o
Set the frlter maigaet svmch o REM e ’_ T

Cne

:Go to the RCU and advance the source frlament current to 2 warm up level-between Sfjf

e "and/lo"i as mdrcated on the RCU momtor (see Frg 3 4)

r

T '
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B ‘a target chamber pressure of about 1 mPa (10" Toﬁ') \ | .

.
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Return to the hrgh voltage termmal and usmg a DMM set the frlter voltages (see Sec. - i
2333, -;~.(=,-'f I |

Gradually open the nwdle valve that’ rs valve B on the 1on source gas handlmg plant R
untrl drscharge chamber pressure reads approxrmately 7 Pa (0.65 Torr) Thrs will establfsh -1 _

w -

Open the faucet to start water ﬂow to the coolmg system

'..Set the upper half of the mam htgh voltage termmal m place (you wrll nwd help to do . N. T

- thrs) ’I'here rs no nwd to move the secondary high voltage termmal about

9. ¢

o0,

Goto theRCU and aise frlament current to.slrghtlyover 16A “. e

Swrtch the anode on to eetabhsh an electnc drscharge in the ion souree A drscharge has' i

- .Been struck when an anode current of between 500 and QOO mA is mdleated The"”" ,

21.

oo
. '2,3.‘:
: '.‘operatmg the hrgh voltage power supply Select any desrred voltage up to 280 kV No ,: ‘:,

i 'voltage condruonmg is. peeessary Record the acceleratron tube column current ar!l the

- _Power suppl)’ current" s B SR e T

'correspondmg anode voltage wrll be between 10 apd 30V o gt - - Lo - "

"Recori the drscharge parameters Representatrve values from a typreal run‘ were as £ollows

: (arbrtrary umts) target chamber pressure 1 3 mPa (9 7- 19" Torr)

24 Swrtch the 1on gun ertr_.ctron voltage (4 kV) on _ ‘;;'}.
Lo,
i 3. 3 3y

- 2:6.'-"'

: 4

: ) anode 531 mA and 16 V filamént 15 74 A and 14 31 AE drscharge chamber pressﬁre 465.» o o

Tum the outsrde warmng hghts on (the swrtch 1s on the south wall) e ‘ _ : o

Tum the acceleratron voltage on Follow the dn’ectrons grven by the manufacturer when‘ e

i L .t o : s N e
s : L . 2t

Set the magnet voltage f or the correspondmg ron specres that is to be accelerated (see Sec ,-‘ -

"W the lens voltage tO approxrmately 3200 V and momtor the beam current at the target o
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area _‘Bnlly to 'Lvﬁl)brk near the target cPamber and the émmediate area. Avoid the high voltage .

: % w . .
terminals and acceleration tube. Shut down the accelerator if maintenance work is being

performed. R

10.
11,
12.
13.
14,

" VE/MAG/FO: MASTER.
15.

16.
17.
18,

. Turn filament current down to zero.

To shut the accelerator down, carry out the f oll'owing procedures.

Set RCU anode switch of the off position.

Tuin magnet and lens voltages down to zero.

)
Turn extraction voltage off. ) o .

L

Turn the acceleration voltage off and extmgulsh the “outside wammg lights. Wait one

q.

mmute or so unnl the voltage has f allen to zero before entering the accelerator area. ’

With the help of an assistant, uncover the rn_am hxgh voltage termmal.
T\um the needle valve off, but do not force it _too‘tighi.z

Close ion son:ce valve A and D. V4 | LY
Set the 4 kV switch to OFF and disable the extraction potential.

Set magnet switch to LOC control. o ’ \
Turﬁ the anode frbm the 6 o’clock position to OFF and switch the control to LO‘C.
Set the f ilamcnt control switch to LOC. | | | |

Set the fi 1lament selector to OFF

Power dlstnbutlon sw1tches should be shut off in the followmg order: ANODE FILS
1 R N ,

)

Both pumps on"thc hiydra\.xlic system motor unit sho‘uld’ be turned off . Leave the fan oﬁ
until 'labq‘ratory equipment cools dpwp. The Eonable GHP may be reconne;:ted to t}le ion
source if necessary. | 0
Turn the water flowéof f. ‘ ]’1
Power the RCU off

Place circuit breakers # 25, #5 and #16i in the off position.

t
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9

Vacuum systerp operation. The beam ‘line should of course be kept under vacuum. At -

some pbint. however, it may be necessary to shut down the vacuum system. If so, the following

L.

* was exposed to air for more than one day. .
P 4

procedures should be carried out.

Close valves A and C (Fig. 3.2) on the ion source GHP and disconnect the portab}e‘gas’

handling plant.

" Turn the target chamber pressbre gauge off.

The next step depends on,the reason for the shut-down. If the entire beam line muet be '
exposed to atmoepheri,c air—for example, when the ion source f ilaments. " are
replacedé—.-eimpl); follow the recomrﬁended shut-down procedure for the turbomo;ecular ‘
pump as given in the manufacturer’s operating smanual, ventmg the pump through the.
target chamber. On the other hand, when servicingl of the target ehamber is required or
when the vavcuumbpumps need maintenance, the target chamber need bnly be exposed tb
air. In this c°ase close the gate valve that is located between the acceleration tube anc.il‘target |

chamber before turmng the turbomolecular pump off. This keeps the beam hne above the

. target chamber under vacuum, thereby avoiding cdntammauon of -the beam ling and

permitting a faster pumpdown upon restarting the vacuum system.

Once the turbomolecular pump has coasted to a stop, close the gate above the pump and

close the target chamber vent valve.

Circuit breaker #28 should thep be placed in the off poeition. '
Po restart the vacuum system, proce&e as follows.

Place ciruit breaker #28 in the on position.‘

Open the gate valve above the turbomolecular pumb.

If the entire beam line was exposed to'air, perform sfeps #1 and #2 of Initial start-pp. =

The remainder of the initial start-up procedure mey have to be followed if the beam line

| | | ¥
Otherwise, with only the target chamber vented, start the turbomolecular pump.

After the pump has run for about five minutes, restart the target chamber pressure ‘gauge
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according to the manuf acturer’s recommended procedure When a pressure ogabout 7 mPa

a (510 Torr) has been achieved 1n the target chamber (about 20 minutes after starting the e

.%
pump) open the 1solatmg gate valve upstream of the target chamber

4, The accelerator may be run after target chamber pressure falls below 0.7 mPa
(5 . 10 Torr). This may take one -0r more days, -dependmg on how long the vacuum
system remained idle. Care ‘must be exercised, however to ensure that, upon raising ion
source f 1lament current to operatmg levels, the pressure in the target chamber does not ise '
too high, that is, above 1.3 mPa (10-* Torr). If this happens, allow one or two addttronal
days of pumprng with the filament current at 10 A and the ac mains supplyrng electrrcal
'power Then try running the accelerator again.

If there isa power f arlure or power transrent the magnetrc contactor swrtch will open,

and this, w:ll cut power to all accelerator systems mcludmg the vacuum equrpment The .

turbomolecular pump and the target chamber pressure gauge will go off. In addmon the gate

+

“valve above the turbomolecular pump . will close. Before reconnectmg the power, place the

pump, gauge and valve switches in the off posmon Reconnect the power. Start the roughmg
pump on the turbomolecular pump unit. Then after about one mmute start the
turbomolecular pump 1tself After the pump has run for about one of. two mmutes open the
gate valye and restart the pressure gauge ’I'he gauge should not- be kept on lf the pressure
reading is hrgher than 10 mPa (10 Torr). If thxs is‘the case, check that the' target chamber .

vent valve is closed and continue pumping for a few more ‘mmutes. Try to restart the pressure

E

 gauge again. A N

\
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