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(1Y ]

%:f?:ihé@pnrpoée?of this project was to redeéigﬁ a bakea“le spuizarin

-spparatus and examine its capabilities as an ion implantation & ':t:m. T
Assembly s modification of the machine, as well as the :gfzi:

R

of several of the electronic components, consumed most of the 1i;

' available for this project. : i

! R

. containéﬁ in Chapter VI.
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Abstract

A machine originally designed as a bakeable, monoenergetic sput-
tering spparatus was redesigned for use as an icn imrlantation system.
Engideering modifications produced a virtually oil-free high-vacuum
system. The base pressure of {he system (urbaked) in its precent con-
figuration i# 1Xx 10.8 Torr. A 0.8-pA, 6.5-keV nitrogen iun beam was
,obfaincd. The machine, after modifications, was studied to determine
its feasibility aw an jon implantation syster. If beam voltages
greater than 10 kV are used, the machine will be sultable to perform
small-srea fmplants (areas ® 0.5 cm?) with dopants available in

gaseous form (non-corrosive) ranging in energy from 10 %¢ 30 keV.

viii
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A DESIGN Al EVALUATION
OF AN IOM IMPLANTATION SYSTEM o

T Introduction

Background Information

The successful fabrication of p-n junctions in semiconductor ms*z-
rials depends upon the precise control of minute quantities of dopant
elements. The electrical properties of theose p-n junctions are deter-

mined by the concentration and distribution in depth of the dopants

(donors and acceptors). These dopants are normally introduced into the

semiconductur material- by oné of the following conventional methods:
(1) growing the semiconductor crystal from a mixture containing a
specified amount of the desired impurity, (2) diffusing the desired
impurity into the semiconductor crystal lattice thermally, (3) alloying
the deséred dopant with the semiconductor substréée, or (4) introducing

the dopant inton thé»semiconductor during epitaxial growth of the parent

*
]

material upon the exiéting crystal lattice.
: Recentfy, "io; implantation,”" a unique method df introducing
dopants inte éemicénéuctor materials, has been shown to have great
potential, When a #emiconductor crystal lattice is bombarded by a beam
of high-energy ions,-the host matarial will lose some of its atoms by
sputtering, but the lattice will retain a significant fraction of the

incident ions. The ions remaining in the semiconductor crystal are

said to have been implanted.

bbb
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_ In the implantationrprocess, ions generated in a source are
accelersted through a potential of typicall& 25 to 300 kV, mass analyzed‘
for beam purity, focused, swept for uniformity, and al}owed to impinge
on the surface of § semiconductor substrate. The depth to which the
ions are implanted (typically between 100 and 10,000 ﬂ) depends pri-
marily upon the incident energy (non-channeling direction) of the ions.
The total number of implanted ions 1 & function of the ion beam cur-
rent 3nd the exposufe time,

Am&ng the moré important advantages of ion implantation are the
following: {1)'ddbants which have not been used in the past because
of problems with limited solubility or dissociation can ge introduced
éasily into the crystal lattice, (2) impurity distributions which differ
significantly from those possible by cénventional techniques may be
selectively produced, (3) materials may be doped which ére diffiéult
or impossib{e to dope by usual methods, and (4) very shallow uniform
léygrs and, therefore, very high resistivities may be obtained. The
ion implentation technique is not without'its‘disadvantages. Crystal
damage effects and post-implant elgctrical activity are important
problems which are under intensive research at the present tim;.

The equipment required for an ion iﬁplantation system is as
follows: (1) an ion source capable of producing the desired ione,
(2) an electrostatic acceleration and focusing system capable of pro-
ducing a well-focused beam of the desired energy, (3) a mass analyzer
to produce a highly pure beam of a single species of the desired
fonization state, (4) a target chamber, (5) a clean high-vacuum pumping

system, and (6) suitable instrumentation.
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v ( | A simplified arrangement of an fon impléntation system is shown
‘ in Fig. 1. '
ION . .
" SOURCE - FOCUS
AND S
ACCELERATION - MASS
- ANALYZER ‘
TARGET
CHAMBER
VACUUM ”
PUMPS

Figure 1

Simplified Diagram of a Typical Ion Implantation System

A system with these basic components (originally d.signed }n 1963
by Radiation Dynamics, Inc. as a bakeable sputtering apparatus ;nd
modified by Systoms Research laboratories, In:.) was available in com-
pletely disassembled form in the AFIT-AFML Cooperative Laboratory in
Bldg. 125 at Wright-Patterson Air Force Base, Ohio.

The theeis problem was to reassemble the machine, locate and
repair any vacuum leaks, test and repair associated electronic equip-
ment, obtain an ion beam of 2 convenient species, and determine the

fezsibility of the machine as a high-vacuum fon-implantation system.

P B
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- Approach ;é the Problem

Initially, it was realized that a large number of diverse problems

weuld have to be solved in order to obtain useful results. Equipment,

~ 3195, and accessories would have to be fabricated to meet the power,

/ vacuum, cooling, and electronic requirements of the machin:.

“The machin® was modified«andjassembl(d, vacuum leaks were found
and xepai;ed;‘electrical and electronic components Were tested and
repaired, and an icn beam was obtained. The characteristics of this
béaﬁ\aré giveﬁfin 6hapte; V. 1In addition, laboratory facilities wezae

modified to meet fhe water and power needs of the machine.

Thesis Organization

"Two primary tasks were involved in the solution of this problem:
(1) modification and construction of the machine, which included
obtaining high-vacuum conditions and insuring'proper operation of
associated electronic equipment, and (2) determination of fhe operating
characteristics and potential of the machine.

A description of the final configuration of the apparatus is pre-
sented in Chapter II. The assembly and modification process is described:
in Chapter III. Operatigg characteristics and procedures are given in
Chapter IV. The results and conclusions of this endeavor are includad
in Chapter V. Since numarous further Invesiigations and madification.,
that could not be made by the author due to the obvious constraints, ar:
possible, a number of recommendations for further study and possible

modifications are presented in Chapter VI.

A AR S TR W

P Gk )
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Projected Capabilities

The capabilities of this machine are best illustrated by comparing
it to systems of similar construction. Several such'sjstems are
described in the literature (Refs 111539, 2116, and 3:7-10). Esch of .
these systems has a gaseous‘ion source, ion accelerating and focusing
ascenbly, mass analyzer, beam deflection assembly, and a target chamber.

Thesé sysiéms are capable of producing singly ionized ions of
ritroaen (N*), arsenic (Ast), phosphorus (P*), and boron (B*) (other
ions way be generated also) with energies from O to approximately
106 koV, These s¥stems are capable of uniform implants over relatively
large areas (approximately one square inch). These systems are quite'
versatile and useful in many ion implantation applications.

The ion beam machine, when compared to these three éystems, is
limited in two respectsz' (i) no provision exists for sweeping the tar-
get to obta'n uniform implants, and (2) the maximum eneigy obtainable,
at present, is:abprpximately 30 kgv. A,bgam‘deflection asseﬁbiy, out-
lined in Chaptex VI, may be added to the systeh; The meximum energy
avaslable may be increased to ap§¥oximatelyu60'kev,‘és described in
Chaptloe VI, | o

The ie57b9am machine is presently capable of perfoiﬁing implants
ove ¢ zmall areésf(épproximateiy one squars ceﬁfﬁﬁeter) where ehefgiés
h;?vaBQ LoV are r=ouired. | o

:,Asﬁaé of resear ¢h in which this fon imnlantation system would be
unw?n?lih \J1r? \1) charautprization of mplented layers in single-
crvstsl silicon (10 to 50 kev) (Refs 5:37-43 and ‘0:40~66) (2) forma-
the o7 sl Ox-~itrzde (dioxectric) films (10 keV) (Ref 5171~ 75), and

(Y e iwvc~:cn forma ion in matﬂrials other than silicon ‘silicon
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carbide (SiC), gallium areenide (GaAs), etc.] (10 to 50 keV)

| (Ref 10:87,88). This machine would also be useful for fabri:ation of:

(1) high-value ion-implanted resistors (30 to 55 keV) (Ref 9),

" (2) diodes (10 to 80 keV) (Ref 10:68-70), (3) avalanche diodes (60 keV)

(Ref 10s73), (4) particle detectors for nuclear instrumentation
(2 to 80 keV) (Ref 10:73,74), and (5) MOSFET's (20 :o0 50 keV)
(Ref 10:87,88). It should be noted that many us~ful faplarts may be

made with energies less than 50 keV.

ST -J-'M“::i;{}‘:




II. Ion Implantation Apparatus

This chapter gives a detailed description of the»ion’beamfmachine
in its present state. Subsequoent sections describe the functional parts
of the eguipment, beginning with the ion source and ter&inatiﬁg at the
target. B o

Genarel Description

ihis morhine’is capable of producing mass analyzed beaﬁs of pogi?
tive, straly lonized ions ranging in mass from hydrogen to krypton and
in energy from 10 to 30 keV., Beams approximately 0.5 c¢m in diameter
with current densities to 500 pA/'cm2 are possible. Some of these
specifications are the same as those of the original maéhine (Ref 617).
(Man§ of the specifications of the original machine are no longer valid
due to rodesian.)

The ion beam machine {s evacuated to a nominal pressure of
2 x 1078 Torr by a 500-1/s ion pump located at the base of the target
shamhar, A separate 8-1/s ion pump is locate§ on the source chamber
end cvaziates it to a pressure of approximately 1 X% 10'7 Torr before the
sougte T ply~ad in operation, Pumping the source to a low pressure
r.o.vi oo bortrants fram the source chamber and thus reduces the prota-
bility »f ecanerating unwanted ion species.

Tr. dhe rrocsent configuration the fon beam {s accelerated to its
fina! o 3uv in a single stage as it emerges {rom the icn source.

The r.ng analyzing magne? has cadmjium pole pleces 7 in. in diameter
ant Yg taratls of producing a uniform field of approximately 10,000 G

§ro 4 ¥ USooin,owids mass analyzing section between the pole pieces.

7
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In the present configumation, there are no slits or apertures
which would ‘nsure mass separation of the beam. |

A partial sectional view of the ion beam machine is shoun in “
Fig, 2, and a drawing of the system is shown in Fig. 3. Photog:aphs of
the system with associated control uﬁif; pouei'supplies; and instrumen-
tﬁtion are shown in Figs 4 and 5. Figure 6 is a close-up of the sYStem
from the source to the target chamber. A close-up of the source end i;s_vi
shown in Fig. 7.

Since the power supplies and other electronirs o1 eu;ra't.rg

equipment, they are described separately in Appendii A.

Ion Source

The ion source is 8 low-voltage-arc source of the duoplasmatron
type (Ref 12:540). The source is shown schematically in Fig. 8.

'A tungsten dispenser cathode (see Appendix B) supplies electron§
which are attracted to the intermediate electrode (z-electrode) and
;node by a potential of approximately 60 V. As the electrons proceed
from cathode to ancde, they fonize the intermediate gas (nitrogen in
this configuration) and form a plasma. The intermediate electrode and
the anode form the pole pieces of the erc-focusing magnet. The action
of the intense inhomdgenzous magnetic field produced by this magnet and
the clectrostatic action of the Intermadiate electrode (maintalned at a
potential slightly more positive than the filament) cause the plasma to
be compressed and increase the efficiency of the source. The ion beam
{s extracted from the plasma through » 0.3%-am {0.014-in.) aperture in
the center of the anode by the electrostatic action of the extractor

electrede. A low-voltage-arc source of this nature opcrates with a gas
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pregsurs in the range 1 to 2.9 X 10-] Torr. This source is capable of

wroctraing poamne of positive ions from a wide variety of elemental and
f I }

[ e s SRR

0.
i

0.0
L Y

W

ol

7- ELECTRODE —~-m—m

ANODE

ARC FOCUSING
MAGNET

[ PN ] “d - ] v -
Schamztic Drawing oF Tan Source
- ot ot i o s
- - 1. PO : - AR IS &) - \ . .
e h vee , aveln At L, oGt L. v Sptaetant s
H b

4 - \ . v N -

I 3 Y . . . . = , .

\ 4 « ¥ e Tl e \ 1] 1Y R ERAS J‘ '%_‘ ST oan 38 e~ te
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source, the high-energy ions are rapidly'diverging. In order for the
beam to be propagated through the rast of the system, it must be

focused. A schematic drawing of a portion of the ion svurce and the

lens system is shown in Fig. 9. The fon sodrce is attached on the

- ANODE

ION. : : g T MASS
SOURCE *]* LENS SYSTEM — T ANALYZER

Figure 9

. Schematic Drawing of Beam-Focusing ASsembly '

' qut; and the inlet flange of the mass analyzer is attached on the right.
bThe'fédglcgnsEsts of cylindrical stainless-steel electrodas whose

B - : . B ‘.'H‘ 2 o . Fa - 3 . L. - . .a N
Gostde Sfametor 13 0 10700 Iny The elzsirodss aves ssparstad By girs

zrarstd

P

cof §.174 ine Tlestrostalis lenses are formed at the gaps betueen the

é%ectrcdes. In this configuration the anade is held at +10 to 25 kY, .
ard the extractor {!l) and the third electrode (La) sre grounded. The
Qolgagc aprlied to the center electrode (L2) is variable, and it con-

trols the focal leagth of the lens system. This particular lens arrange-

"mgn; is called an =inzel or unipotential lens. The lons voltage applied
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.at L, is adjusted such that ihe focal point of thc lens is at the

2
correct position at the entrance to the mas' anal,zer.

Deceleration Assembly

Since the desired bheam enzrgy for ion implantation in most cases
is 10 keV or greater, the deccleration a2ssembly in the present configu~
ration is used only as a drifi specr:. Fossible future uses for this

assembly are discussed in Chapiler Vi,

Target Chamber

The target chamber is 2 !--u-It r{nainless-stzcl chamber with three
quartz viewing ports, vertical and !.:rizentzl rotary motion feedthroughs,

and four standard 2 3/4-in. ultra-high-vacuun flanges to which elec-

trical feedthroughs, ifonizatior. gaug::, and various other fittings may

bé sttached. In the present confiouration, onc quartz viewing port is
in line with the beam at the rear of the chamber, two quartz windows are
perpendicular to the beam at the entrsnce of the target chamber, and two
ibnization gauges end two electri-al feedthrouchs are mounted on the
standerd flanges.

A Faraday cup is attached to ii: viortical rotary-motion feed-
through by a universal mountiua bracket which permits the cup to be
positioned at arny location and 2t Ay d2sivred anglse 1a 2 horirontal
plane within the target chambsr. T'- procent Faraday cup is {or meas-
uring total beam currents, ani it co . sts of a closed stalnless-steel
cylinder with two insulated oride as shuwn fn Flg. )0. The grids con-
sist of stzinless-steel wire s:reens insulated from the cup and from

esch other by glass ${nsulaters. The grids may bhe biased highly negative

17
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to prevent the escape of secendary electrons generated by the high-

energy ion bcam impinging on the cup.

TO LEAM CURRENT : .TO_GRID BIAS 2
TO GRID BIAS 1

{O\O4 '_
E L~ GPID #1
[}
' [} N
! ' GRID #2
[}
]
P 4 .

Figure 10

Faraday Cup for Total Beam Current Measurements

A quart: viewing plate is attached to the horizontal rotary motion
feedthrough by a lever arm which permits the viewing plate to be raised
to a yoriti o directly in front of the last decelerator electrode at ‘ ]
the citlre- t  the target chamber. This viewing plate provides a
sifgl~ detedior for the presence of an fon beam. At low current den-

e

styt 2 P 0} s guartr olows blues at higher beam currants it

baoonoow T - o ety Thie quartz indicator has several advantages
bozar.s b o rter (1) has a very high melting peint, (2) can detect
curt- -t dor Ctteg frem Y0 pA/me to %0 mA/bmz, and (3) can provide
Ggualiiotive -7 orradion ahout the shape of the beam becsuse its glow or
froa toer s To Y defineds

18
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.

I1l. Assembly and Modification

The first task prior to assembling the machine_was—to examine the
previous configuration to determine whether it was compatible with the
new facility in Bld:. 125, Tt was necessary to modify both the labora-
tory facilitics an! ihe machine as the system was assembled. The

modifications and t%.: cszemhly procedure are outlined below.

=
In 4he previous < nfigmretion of the ion beam machine, the high

vacuum was maintained by a G-in. o1l diffusion pump having a mechanical
forepump, a cold-vater chevron baffle, and a liquid-nitrogen cold trap.
Water and power requiremepts for this configuration are shown in Table I..

A single 208-V, 1-f, 20-A electrical circuit was available in the
laboratory. Arrangements were made to have the following additional
electrical circuits installed: (1) one 110/220 V, 1 ¢, 30 A, and (2)
two 208 V, 3 ¢, 6.2 kVA/F. An enclosure for a 208-V, 3-d, A-Y trans-
former with multiple outlets was fabricated to provide 208-V, ifﬂ,

Y-connected power.

A recirculatir, water system was avallable in the laboratory, zut

its capacity was Ineufficient to satisfy the cooling requirements of
both the ion bzam machine and the existing laboratory equipment. After
8 special study, the nccessary alterations to increase the capacity of
the recirculating water systen wore determined.

During this planning stane, I studied various lon implantation

systems at Hughes Rezcarch Laborstoriecs, Malibu, Cajifornia; Stanford

19
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Electronics Laboratory, Stanford University, Stanford, California; and
the production facility at Hughes, Newpart Beach, Chlifotnia. The

Table I
Electrical and Water Requirementé for Ion Beam Machine
‘Electrical
Component Requirement
Analyzing Magnet 208 V, 3 g, Y-connected, 5 kVA/§
Console 208 V, 3 g, A-connacted, 5 kVA/{
Diffusion”Pump 115V, 1 4, 17 A
Machanical Pump 220V, 1 ¢, 8A
Miscellaneous 115V, 1 4, 45 A
Water
Analyzing Magnet 5 to 7 gpm, 80°F max, 75 psi§ max
Diffusion Pump 0.5 gpm, 60 _to 70°F max

information gained while studying these systems was véiy:vaiuébie in

providing an overall view of the problem.

In this Int4lal phasa it be»am- ,psrent tFa+ serious d'f cu;tiesf,: -

-

could arise 17 oil-diffusion pumps,'even-u@}i,trapped. wore used to
evacuate the sys*em. A surface fiim of vacuhm ﬂﬁmp 211 uould alﬁasé~
certainly form on the interfor of the target chamber and on leus sur-
fares. 1f the ion beam mere %o hit surfaces coutawlnated in this

miatnar, a charge would accumulate and pgtsist’due to the dielectric'

rropoerties of the oil., The presence of such chﬁrge,noéld vioiaie:the

2
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fundamental assumption that all electroststic lens surfaces are equi-
potential. The result of the accurulation of charge would be a drift
in beam intensity and position. As the beam drifted; it would strike
new areas causing instabilitivé deiriﬁantal to the implantation process.
This o1l problem could be a)leviaicd by the installation of titanium,
éetter-ion type pumps. |

A 500-1/s getter-ien pum; was svailable in the laboratory, but the

flange on the jon punp was not (oL lible with the flange or. the

auxiliary chamber. An adgp o sroc? was d "gqed and plans were sub-
mitted for its rabrication. ’A voseTule de tinw of two to three
morniths was‘anticiﬁatcd fer Fﬁimirr*‘ha of this ion puzp adapter there-
fore, T decided that the systim s2uld be aSSomblﬂd with the di ffusicn
pump until th2 new adapter was aval ;ahle.

The machine was assemhlcd in three pha§§§3ﬂ~(l) mechanical assembly
to insure completenéss and pr&par b}acameﬁi of.systém components, (2)
disassembly and cleaning, and (3) final aascmbly. leck testing,rand

electrical checkout..

Kachanice! Assembly

For the piacément of‘systﬁﬁ cxponents, refer to Fig. 3. Early
examination o‘ the ms\ar systal ceensneats ravealed that the seals

butwzen the colﬁ—xgaff shaveess LiffY w2 diffuston pusp, tha told-

’.uttgr chevton baffle and liqgéﬁaﬁ’t&agen trap, the diffusion-punyp

adspter and auxiliary ch;P “Ts At thy auxiliary chamber and targst
chamber were diasond-cxes$wav*tzf&}.:?r;cr crush rings. The machaaizel
srrangement of this configuratinn 14 ;Eﬁmn in Fig. 1.

»Thii‘t?pe of ceal wac Lr:r$g¢*) in the previous configuration

because the system was to b~ 1abio'io: hasaver, 1t was difficult to
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obtain a reliable seal without applying a great deal of torque to the

flange bolis {greater than 100 ft-lbs). In the present configuration,

TARGET CHAMBER

| ' 7 — AUXILIARY CHAMBER
/——— DIFFUSION PUMP
ADAPTER |

1;::::;::::;— o ) | 1
S’R/—_ LIQUID NITROGEN TRAP .

COLD WATER CHEVRON i
BAFFLE :
DIFFUSION PUMP
Figure 11
Be-hari-al Arramqgaomzat of .

Vasu~ ruspling Jerpocents in Frevicus Tonflouration

th~ systor poed not be hakeable; therefore, these geals were rerlaced

st atutfrﬁf—rc&afor:ed viton gaskets for increased reliabiiity.
Sirre the target chamter is the basic urit of the systen, it wae

frotailed Tnothe alusingm frasework first. To lend stability te the

~ystor, thr auriliary chamdar was secured to the bottoe of the target

i e slai,
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chambe. The decelerator and mass analyzer sections were then bolted
to the target chamber. To'align the target chamber properly, it was
first necessary to install the mass~analyzer polc-piéce framzwork and
pole pieces. Extreme cauticn was observed when working with the frame-
work and pole plece. since they are extremely heavy (total 800 1Ls) and
unwieldy. The slid.ng mechanism (Ref.2:8—]4) vas scoured to privent ‘
accidenta® slippage during framswork and pole-picce in. Lilletion. Vhen
the magnet framework and pole pieces ware in place, the target chamber
was aligned in such a way that the mass-analyzer cecilon (it proyorly
between the magnet, pele pleces. Th2 einzel ']c'n.s with th osre-foone
assenhly (anodc-intermediate eloctrode saction) attzchesd was Eoltes to
tbe mass-anelyzer section. The next step was to attach thevsource
chanuer to the arc-focus assembly. The arc-focus assently consisis of
two metal flanges separated by a ceramic insulator. Originally, the
ceramic section was secured to the flanges by ceramic-to-m-tali brazed
s2als. In the past these scals could not be majde leak fro. as called
fpr in the design. A leak-free seal hzd been sbtained {inally (Ref 21
14, 13) through the use-ofvepoxy>and a3 spring-loade” suspension system.
Wher. the mechine was dismantled, moved to its presenc location, and
stored, this section was probably weakenad. A new insu}ated susj ension

2

systex was deslgmed ard fabrlicacs i U support the sogrce taziov, g

et ®
B

the alurinm frazruorc atove the support table «aé tremgBonsd. Wrile
the scurce aas being remauﬂfed on the machine, the wealeonid seals
fajled. Refore proceading with the asserbly of the rachine, it wos
nrcess2Ty to repair the arc-focus assembly. Repalr of this soction ig

coveres in Appendix C.
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Becanse of the delay encountered in the repair of the arc-focus
ascembly and carly receipt of the ion pump adapter, mechanicalrinstal-
lation of the ion punp was begun. The ion pump and £6n~pump adapter
(approximafe1y 450 ]hs) wore too‘heaQy to hang uasupported from thé
Auminum framevork. A sfand w.o designed and fabricafed to support
them from !o1o:. Adjustable lege were fitted to the fon pump so that
§t zould b2 alionsd with the base\of the au:.iliary chambes:

The retary wotion (»cdthroughs, gauges, elecirical feedthroughs,
and porte wovo attn Twod to the Y arget chamber.

AYY ropnt e fu:ponwntsknocessary for final assembly were on
kand. Th cosfonents vhich required alignment were installed and '
checked, M:chanical assembly was completed with the exception of the
installation of th: source which was béing repaired, and of other items

which would nst be installed until the final assembly phase.

* The michine was disassembled; all components and associated
fittings v.oro cazefully identified to speed final assembly. (The pole
pieces and {vaue of the mass-analyzer magnet were left intact.i

The ¢.ve chaner, einzel lens, and decelerator assembly were
completoty itcszwa”lﬁﬁ. A)Y the fittings attached to the targst
chawt oo poran e

Viith dia?:s:u“!y complete all components--flanges, fittings, etc.--
vhich would wiimatdy be in contact with the interior of the vacuum
systen (wiih 40 cxcoption of therchouple gaugas, lon pumps, rotary
moticn fe Hiionsh- . and roughing-system components) were cleaned

fndividus1ty, fn 4 following manner: (1) rough cleaned with

24
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trichloroethylene, (2) vapor degreased in trichloroethylene (three
times), (3) hand cleaned with lint-free cloths in acetone and methanol.

Final Assembly, Leak Testing, and Electrical Checkout

A e

The target chambef was reinstalled on the support table. The com-

~_ponents were bolted together in the order listed in Table II. The types

T i

of seals between the compongg}zf;;é‘alséfiisted in Table II. The fol-

lowing description'suppleﬁents th2 information given in this table. The

S

viton gasket is an aluminum, reinféfced‘pélymer gasket. The gold seal
is a continuous gold "O" riné made of high-nurity, 0.040-in.-diamzter
gold wire.; The cg%per seal is a flat OHFC copper gasket used with é
"con-flat" ultra-high-vacuum flanges. Co

At that point the arc-focus assembly was not yet repaired; there- .
fore, the open end of the mass-analyzer section was capped with a blank

flange.

s i ese s
AR

To install the 500-1/s ion pump, the ion-pump stand was pléced
Beneath.the ;uxiliary chamber, and the ion pump was carefully moved
onto it. The ion pump adapter was then bolted to the ion pump, and the
ion-pump-adaptér flange andréﬁe flange on the base of the auxiijary
chamber were carefully aligned. The viton gasket was insertéd,.the
pump was raisad into position with_the adjustable legs, and the adapter
and chamber were securely bolted together. The load was distributed
evenly on each pump leg to prevent unnecessary stresses.’ The ion pump,
ion-pump adapter, and stand are shown in Fig. 12. The roughing vacuum
system was then attached to the 2 3/4-in. flange on the auxiliary
chamber. The roughing vacuum.system was modified previously to make it
compatible with the ion-pumped system. The roughing system consists of

a-mechanical pump, vent valve, bakeable zeolite trap with isolation

25




HMU.N
gy

- Table II

\Compoﬁent Assembly and Flange Seal.Types

arc-focus assembly/source chamber

- Comporents Seal
auxiliary chamber/target chamber viton
'deceierator/target chamber_  gold wirc "
mass-analyzer geqtion/aecelerator " "
einzeF lens/decelerator . "o
rotary motion fecdttiroughs/ " "
ta;get chamber ¥ ;
viewing portﬁ/ta?éet cbaﬁber " n
ionizglion gauges/target chamber: copper

" electrical feedthroughs/‘ "
target chamber
blank f1‘an§e/einze1"1ens" gold wire
ion-pump-adaQiEr/ﬁon<ppm§ copper

~ lon-pump adapter/auxiliary chamber viton
thermocouple gauge/source chamber copper
viewing port/source chamber "
gas line/source chamber "
8-1/s ion pump/source chamber "
filament feedthrough/source chamber "
arc-focus asssmbly/sinzel lens gold wire

26
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valven, soteiieon-ypursp station with three sorption pumps, pressure

. v
(o Y.y
e
vt

Piletevicuum 1solation valves ac shown in Fig. 3.

was Lhea roual pumped down to a preséure of 300 mTorr
p
feat pned. At this ﬁressure the rechanical pump was
vir First sorption pump (whfch had been cooled) was
el 2T miory was‘attained. The sorption pump )
T ke apsten pressure rose rapldly indicsting that
Cira. Joite wmve found ot the decelerator/target
Chonrer-analyrov section flangas. The leaks vers
ChTante ﬁ;e {laagee,  Th2 syctem then sttained 3
oately Yondezrs At this pressura the lon pumd
e oovption purn wes valved off. With the fon pump

: -8
yebomroathod @ base pressure of 2 X 10 T Torr.

Jooun azsarbly, source chamber, and einzel lens were

¢4 wcuring the repair processs therefore, the need for

T epenglon systen weas suviated, and instead a support

.

ared insizlizd under the mass-analyzer sectior to relieve

ST L atovatar asecably.

wor vemaved from th: mass-analvzer section. The

nerinexl lens asgertiy was 2ttached 4o the mass-
Carot Toeidbroaga® garz atiathed to the lanesiurce

s e with the mechanlcal puny te a prassure
Ve sorg tion puinged to aprroxirmately 1 mierr.
Caeledy e B puried e cystem to 2 tressurs of

Sias et e glantfisand loaks ware procent §n the

28
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sourca-chinter assunbly and that the arc-focus assembly had been

-
e

v

=atisfactorily.
The waz-fiod asgsembly--which consists of a source gas bottle,
procsusy ooouleter. drler, leak valve, gless insulator tube, and a
lenate o0 ctoln. g-stesl tubdng--was fabricated and attached toc the
Porto L teta it ation of the gas-food asseahly, the universal
Faval~r, o vr07 s e nwglagnd and fabricated.  This assenbly was
a.'.i.n‘ " P .’- ; :!.‘ LA 34 -VV J (RS -0-! r"FJ anuqh t!n‘;" tal“,"?t (.f:eﬂ‘.‘.fi'r.
Tre Foo ooy T eerweiied to the eleatrical fesdthrovghs. A mechent-
.
this g=neahdy wun witachsd te the horizontal rotery sotion feedthrough

in the tovgel chanle

el

.
“The nechanicc! assembiy was then complete, and the system was

puiped deine 1% reachud 2 base pressure of 2 X ‘0 Torr, indicating

[

that th . wore no significant leaks in the system. .

Wiih mochandoal aseenrly cexpleted and high vacuum attained in the

gysion, ¢ oitde was progsred for installation. The system was
vended foo ainenibevie presiives and the fllament electirisal feedthreugh
AR S o Wota B Lee gioaed Imoa casyiiesosted l3ge oone
talrir o v - Tralteand dolewtoratlon, TR ooathode aa

e . 4 P I . S, 4 VAN L33 e 2 e
I™asey Do e r o painr.e Platloun and ;.13‘.;"&4?:? + 0% rhediun wliras

(tharro Yol gy grotenn Vi s gt aedatine sgrfars, aad tha zadileds
A PR U heeter lesds) ante the filameand 2l: trisa) faed-
aam? . Y
threug' . T Alarmncomple sires wove then attached to the filament
»
elo-irionl canioapt s The olectrlcal fewdthrsugh, with czthoads 20d

110d in the too of the soureo chamber,

32
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The sysiem was phmped down to 2 X 10.8 Torr. MNitrogen gas was
adrittad to the system through the gas-feed line to remove the air and
any irpurities which might have entered when the system was at atmos-
phevic pressure. |

The poaor supplies and associated instrumentation where then con-
e U o the vavious syctem components. A check of the system revealed
1ol the power snp;}ies end instrumentation were functioning
inttial atfogds at obtaining en arc were hampered by the apparent
ok oaf sutfi e emizaton (electrons) from the filament. I found
et o the orioinal set-ug of the sysiem, btefore it was brought to
Pidy. 120, the enitting surface of the cathode was not connected elec~
trically to the filament supply {electrical zero with respect to the
anade and intermediate eiectrode). As a result the gas ionization

cificiany was reduced, and the filament had to be operated at

j]
-
)

3

23

Py

mally high currents {approximately 10 A) to obtain an arc. To

roredy 4his, the emitiing surface was connected to the filament by

i ing an oexternal jumesy from one leg of the £ilamznt to one leg of

Tk : Tood mlel 3 Filamead curvand of approximatsly £A
b ISR it Thos Soan Tallen Laojuss avroing cncurrad
< a« Y=l e b - PR
: Wi czulstor In by aas-feed asszably. This problenm had

e e sdarad vy bR artaleal dqesignirs since, 2s the records
Tt e 41 padisg bad nzeor bozn ocarated in this configuration
{ooarat positive bean polential).  The length of lhe glass insulator

corene a3/ Ins 49 2% in. with the aduition of the
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specially designed insulacor shown in Fig. 13. This modification
enabled the auther Lo succeed in ohbtaining a nitrogen jon beam in

the system. The ¢haracteristics of this heam are given in Chapter V.

A
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1V. Operating Charazteristics and Diccedures
f

This chapter is dSvidcd inte twe moin 5&»?;3 g3 _(1) electronic

circuitry and typica; garameter vuluu,, 3 {=} apvratizg procedures.

The purpose of the thapt;:-.s to Trets- ."‘-O't?hés fex the aperatinn‘

. of the ioa beam manh!ns.

rd Typical Deramet o Yare

2. N2 »
Jectrenic Clicuitry 20
&2 b 2 28

Elecirgnie Cir siitvye The power eny Pies w0l listrurentation are

described §n Bppendix Ao A srteasilc deaing of the paciing with its

-

assoctated electronic *‘rcu.»'y ts shovn in Fla. 4.

Tre cathtode {3 2n indirecily e +v4 type dascribed in Appendix B.
Powar is supplied tc thé cothede heater by a 0 10 26V, 12-A alterrating

‘ac curzrent supply. The cathode {tnperatuua iz monitored ky 8 platinum-

versus~-platinum + 1C% rhodium thareucoupli which is spot-welded to the

emitting surface. & temprratune calibrstion chart for the tharaocoupla

piet o7 dngoeratuie -versus-

3

1s giver in Apperdix B (Ref 7 7:32,22).

$nput power and voltagz s 3130 contalne’® in Acoondix B (Ref125. The

2]

operation of the filament scemss to agr.. ore itsely wlith the plot of

3 WU . R . e ¥ e S - ¥ . -
‘.2"'?'»'?---.':"°-""T':25'.": JLOTETY R WY .
- P TLAi S TP UUURIIE I S T NI SHNE A I SN S S SO
5 o020 YRR A T T ISR 1 P A T T e

’ » ” P R - . - . [ B . . 3 Y
poazr suprlve Wasn Rp spurie lo erorartiogeoroorly, e dntapacilate
. R 4 » - N 3 . - - 1.4 P s s % -
electrads 1s =2%d at 3 polential of a oo walt pacldlwe vt reepast &2

2 Ca ..t el Dgas A T . R P . N
hz fllzment “warles ol 2p turssot) o, codeepping resister
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'electrode monitor, and the thermocouple-guuge control -

to be grounded for safety and maximum flexibility.
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The arc-focus magnet is energized by a 0 to 200 V, 4 A dc power

supply.

“The pressuro in the source chamber is monitored hy & 0 to 1000 mlory

'thermocouple gauge (control unrit §s in the contro) concale).

The arc, arc focus, and filam :nt power supplies, the int. ~-diate-

» . s
Loars v feere

. enced to the beam potential. Si-ce all the sourcc o)er:n s are

referenced to the heam potential; the entire 3orn sovro - * 1 ;a“§1év&

 with respect to ground by sn amount equal to the drsir -7 ' Lotial,

Thds sllows the mass-analyzer section, decelerator, ar! " yet it oy

The beam-ensrgy and einzel-lens voltages are sup;l®ed Ly 7 to 30 kV,
10 mA, filtered, dc power supplies.

Grid bias for the‘Fartd;y cup is iupplied by a 0 to 270 V dc power
supply. | '

Jypical Operatina Paramoter Valuas. Ooerating paro.-ters of the
fon beam nachine were observed during it. eoe;étion'in the present con-
figuration. These nominal values are ihtended to sarve 2xnoa cutds in
the operation of the system. Any changes made to the ¢y.leii @ on 2.r
these values considerably. - The parameters (for nitroy » o v- ¢ q3s) are
shovra In Table I1I. The valuss of thesc paramsteszs -« + a0 . ° 14 g
beam potential of 6.3 kV ard an einzel-lens voltage of =, v,

The values of the remaining parameters (hecz wolle: . 1 ' < Miags,

snalyzing-magnet current, etc.) are not typical aad are 1o - ! in

- Chapter V.
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Table 111

Typical Parametec Values for Ion Beam Machine

Far. -cup grid bias

Parameter Typical Value Units
source gas nitrogen -
source-gas pressure 180 te 220 mTorr
filamznl voltage 1O to 11 i
filamcnt current 6 to 7 3
intemmadiate-electrode | 30 tn 50 v
voltage
intermadiate-«lectrode 130 to 150 niA
current
arc-focus-magnat voltaoe 9 to 15 \)
arc-focus-megnet current 1l to 2 A
anode voltage 50 to 60 v
anode current 1 to 2 A

"~ target-chamber pressure o X 10h7 Torr
=100 v

Oporating Frocedures

-

stud, and operation of the system are racommanded.

iha followirg

location, refer to Fig. 3.)

srerating procedures which evolved throughout the

Atnospharic Pressurs to High Vacuum

1.

Insure that all valves in the system ar. closed and that all

ports and flanges have been tightened securely.

Tnsurc that a'l electronics are off, with the exception of

tha thermocouple gauges.

(For componant
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3. Fill the Dewars of two of the sorption pumps with liquid nitro-

gen (insure that tﬁe corks-on the sorption phmps are in tight);

wait 40 minutes (refill the Dewars as necessary). -Notes The

mechanical pump is used for leak checking oﬁly Qhen it is

apparent that there are gross léaks in the system. The trap
must be well baked and the system must ﬁot be pumped below

] _ ' 300 mTorr with the méchanical pump.

4. Open the sorption-pump manifold valve of the first sorption
pump slowly,_but fully. Open the sorption-pump-manifold-to-
auxiliary::hambeé valve very slowly to avoid having 1iquid

.ﬁitrogen boil out of the sorption-pump Dewar. Monitor the
pressure with the roughing-pressure thermncouple-gauge indi-
cator in the panel helow the ion-pump contrcl unit.

3 (:? - 5. Wait fof the system pressure to drop to-500 mTorr (approxi-

“.mately fifteen minutes).‘ Refill the sorption-pump Dewar as

E needed. Valve off the first sorption pump at the manifold.

6. Open the valve on ths second sorption pump. Turn on main

power switch #2 on the laboratory wall (insure that the high-

voltage power supplies are off). Turn on only the circuit

T T Y RAPON

breaker on the low-voltage side of the control console. Adjust

Vo vy

the current set knohb on the source-prassure thermocouple-gauge

e sty
el

control unit on the console to 121 mA. Monitor the system

pressure on this gauge. When the pressure has dropped to

approximately 1 mTorr, stai* the 500-1/s ion pump in accordance

with its operating instructions (Ref 3:2-11). When the pump

I ST O

has started, close the sorption-pump—manifold—to;auxiliary-

. chamber valve. Secure the sorptior. pumps. _ 3

. o
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7.

8.

The system pressure should drop to apprqximately 1Xx 10'7 Torr
(measured at jon pump) within one hour after the 500-1/s pump
is started (assuming that the system has no ;ignificant leaks).
Note: The ionization gauges are used to measure target—cﬁamber
pressure only when increased accuracy 1; desired.

Waen the system pressure reaches approximately D X 10'7 Torr,
start the 8-1/s sourcefchamber ion pump in accordance with

jts operating instructions (Ref 4:5-6). The pressure (from

log scale ¢n pump-control unit) in the source chamber should

rop to approximately 5 X 10" Torr in one hour.

LN

System Operation at High Vacuum

1.

3.

4,

5.

System pressuie should be at least 1 X 10-6 Torr pricr to con-

tinuing with these instructions.

Turn on the source-cooling air blower and the analyzing-
magnet coolihg water.

Depress the filament-supply ON button (current control should
Se in extrem2 counterclockwise position).

Slowly increasz filament current in small amounts (1 to 2 A)
until the operating tempzrature is reached (approximateiy

10.5 V at 6.0 A on power-supply meters). The filament will
outgas as it is heated; kecp the pressure in the source chambar
below 1 X 107> Torr while the filament is heating.

Wien the filamant operating temperature is reached and out-
gassing has stopped (as indicated by decreasing source -chamber
pressure), turn .off the 8-1/s source-chamber ion pump.
Filament emission shodld be checked at this time. Depress the

ON button on the arc supply (voltage control would be in

38
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7.

10.

extreme counterclockwise position). Raise the arc voltage to
approximately 50 V; the intermediate-electrode current should
be approximately 5 to 10 mA. If filament emi;sion is not
épparent, follow the filamen£ activation procedure in Appendix
B. When activation is complete, return the filament supply to
normal settings and repeat this step. Should the filament fail
to activate, check and replace it if necessary.

Open the source-gas bottle. Adjust the gas-pressure regulator
to approxiﬁately 10 psi.

Return the‘arc-supply control to the fully counterclockwise
pogition. Open the precision leak valve and adjust the source-
gas pressure to the desired value (50 to 400 mTorr, depending
upon the source gas used).

Check the current setting on the source-pressure thermocduple
gauge (121 mA); adjust the gas pressure if necessary. -

Raise the arc-supply voltage control until the arc strikes

(50 to 100 mA intermediate—electroae éurrent). Continue to
raise the arc-voltage control untii the intermadiate-electrode
current peaks (300 to 400 ﬁA). Continue to increase thé arc-
voltage control; a point will be reached when the intermediate-
electrode current will drop sharply accempanied by a simul-
tancous rapid increase in arc-ﬁupply current (anode currant).
Waen this occurs, adjust the arc supply quickly for the desired
arc current (approximately 60 V). Check the source-gas pres-
sure immediately and adjust it as necessary to maintain the
desired pressure. Obtaining a steady arc is an art and will

require patience and practice. If the arc is extinguished

39
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11.

12.

13.

(i{ntermediate electrode and arc supply current drop to zero),
redpce the arc voliage to zero (wait several minutes) and

repeat the procedure beginning with Step 8. If the intermediate

electrode current peaks and then drops to zero, the gas pressure

may be improperly set or the filament emission may be insuffi-
cient to maintain the arc. Check the filament emission (raisé
slightly if necessary) and/or try a different source-gas
pressure.

Once a continuous arc and stable operating conditions have
been obtaiped, depressrthe‘ON button of the arc-focrs-magnet
supply and adjust the magnet current to its normal operating °
value (1 to 2 A).

Enzrgize the Faraday-cup grid-bias supply and set the bias at
- 100 V.

Insure that the coarse-current conirol on the analyzing-magnet
powar supply is in the extreme counterclockwise position.
Depress the ON button and adjust the coarse-current control

to the approximate setting (Ref 2:28-32).

Insure that the voltag2 control of the high-voltage power
supplies (b2am 2nergy and lens voltage) are in the extreme
countsrcloctwise prsitions Turn on the circuit bfeaker for
th2 high-valtag2 saction of the console; turn on the safety
key switch,

Slowly raiso the boam voltage to the desired value. HAZARDQUS

POTEATIALS NOd EXIST ON THE SOURCE END OF THE MACHINE. Check

e et — - ——

the arc operaling paramaters and adjust as necessary {arc paran-

eters may change as an ion beam is extracted from the source).

40
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16. Raise the lens voltage to the spproximate operating value.

17, If the operating parameters are reasonably correct, the beam-
current micro-amnater should indicate the totgllbeam current.

18. Adjust the following parameters to obtain maximum beam current:
(1) Mass-analyzer-magnzt current
(2) Lens voltage
(3) Arc current
(4) Arc-focus-magnat current
(5) Source-gas pressure.

19. A}l operating conditions must be checked at short intervals due
to the extreme line-voltage fluctuations which occur in the
electrical circuits in the laboratory.

20. If the beam should stop, do the following as safely and
quickly as possible: (1) reduce both high-voltage powsr
supplies to zero, (2) set the arc supply to zero, (Z) close
the precision gas-leak valve, (4) set the analyzing-magnat
;urrent to zero, (5) set the arc-focus-magnet current to zero,
and (6) begin again at Step 8.

21. If the 500-1/s ion pump should trip otf at any time,'acéomplish

| Step 20 immediately and. in addition, reduce filament current
to one-half of its operating value; wait twe minutes, and
reduce filamant current to zero. Begin energizing the system
again beginning at Step 1 of this section.

Securing System Electronics. Carry out Step 20 of the previous

section. In addition, turn off 38ll surplies mentioned in Step 20,
reduce thz filament current slowly to zero, closs source-gas bottle,

shut of f mass-analyzer-magnet cooling water wher the pole pieces are

4]
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cool, turn off the high-voltage safety switch, turn off the high- and
low-voltage section circuit breakers, turn off main power switch #2 on
the laboratory wall, turn off Faraday-cup grid-bias supply, and turn off
source-cooling air blower when the source chamber is cooi. Start the
8-1/s ion pump and insure that 500-1/s ion pump is §perating properly.

Venting the System to Atmospheric Pressure

1.

2.

5.

Insure that all power supplies are de-energized and make sure
the filamant is cool.

Turn of f both ion pumps if one or both are on.

Attach a gps linc from the gas phase connection on the liquid-
nitrogen Dewar to the vent valve on the auxiliary chamber.  °
Remove as much air from the nitrogen line a¢ possible before
attaching it to the vent valve.

Open the sorption-pump-manifold-to-auxiliary-chamber valve so

that chamber pressure may be monitored on the Bourdon pressure

gauge in the sorption-pump manifold.

Open the vent valve and admit nitrogen slowly to prevent
creating a vacuum in the nitrogen Cewar. Watch the pressure
gauge and close the vent valve when the pressure is zero inches

of mercury or zero psi. DJ NOT PRESSURIZE THE SYSTEM.

42
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V: Results and Conclusions

The characteristics of the vacuum system and the ion beam are dis~-
cussed in this chapter. The results are analyzed and som” conclusions

presented.

A major problem in the assembly of this machine was the attainment

- of high vacuum. As a result of the modifications discussed in Chapter

oh .
111, a vacuum sy"*-u was obtained with a base pressure (without baking)

of less than 1 X% 10-8

Torr. This ultimate vacuum exceeds the projected
requirements of the system. The 500-1/s ion pump handles the gas load
(neutral gas escaping fr9m the anode orifice) satisfactorily with
ﬁitrogen as the source gas. The pressure in the targat chamber rises
to approximately 7 X.lO"7 with the source in operation, with an arc
current of 1 A and source gas pressure of 220 mTorr. This target
chamber pressure is sufficiently low to prevent the ion beam from being

adversely affected and to make target contamination insignificant. The

system 1s virtually oil free.

Jon Beam Characteristics

A nitrogen jon beam was obtained in the syster; the characteristics
of the beam and the cperating condition of the system are presented in
Table IV. The beam current was maximized by adjusting the following
parameters: (1) arc current, (2) arc-focus-magnet current, (3) einzel-
lens voltage, (4) source-gas pressure, and (&) masc-analyzing-magnet

current.

43
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Table 1V

Characteristics of the Nitrogen fon Bean
a.id Operating Conditions of the System

Parameter Value Units
source gas nitrogen --
SOLLCO=-QAs Pressure 190 mTorr
filamant voltage | 10,75 v
filament iurfent 6.8 A
interm&di;te-electrode 415 v .
voltage
intermadiate-electrode 145 mA
current
arc-focus-magnat voltag?2 10 v
arc-focus-magaat current 1.05 A
anode voltage 56 v
-anode ;ﬁrrent 1.25 A
beam energy 6.5 keV
enizel-lens voltage 5.3 kV
analyzing-magn2t current i.0 A
boasn urront 0.8 BA
Farai-we-cur blae -100 v

The maxirem beoocctontial was limited to 6.5 kV by arcing which

occurred throw,

Staty, .
| AN Piyge b

pote

-~ 4-feed-1inc insulator (source end of gas linz at
o, procisten leak valve at ground--earth ground--

Ctroaan g2s at 200 nTorr formed a lowx-resistance path,
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- jonized, and overloaded the beam-voltage power cupply. Originally the
glass insulator was 2 3/3 in. long and breakdown occurred at 700 V.
The breakdown volt#ge was increased to approximately ; kV by installing
the redesigned insulator shown in Fig; 13, This problem was not apparent
at the outset because as far as can be ascertained, the system had never
been operated in this configuration before (Refs 3 and 4). This problem
could not be completely solved because of the time limitation, but pro-
posed solutions are presonted in Chapler VI.

The beam-energy pousr supply current was eacessive (e2C pA) for
the beam curreni oltaincd (0.8 2). This phonsmcnon is explained by
the'fact thét at Jow extractior voliayzs, the jon beam divergzs rapidl§
and the whole beam does not pass through the aperturc in the extraction
electrode. A largz fraction of it impinges upon the extraction electrode
causing current in the beam-potential (extractor) circuit. (This cur-
rent is the sum of the fonic current and the secondary electron current.)
This phenomenon decreases with increasing extractor voltage until the
whélé beam passes through the extractor apérture (Ref 10:144-145). Waen
sufficient extraction voltage is obtained in this system (i.e., when the
gss-feed problem is solved), the beém current available in the tsrget
chamber should increase markedly.

At times the lor-voltaor arc was unstable and difficult to {nitiste
and maintain. Incressing the filament temperature and, consequently,
its electron emission, scemed to alleviate this condition. Operating
the filament at these increased temperatures !s inconsistent with good
enginecring practice. It is épparent that either the anode-to-cathode

distance §s too large or the cathode electron emiscion is fnsufficient.

&5
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This problem should b: studied in detall to improve the performance of
the source. |
Solutions for these and other less significant problems are dis-

cussed in the following rhapter.

Performance as zn Ion ._,_....Imlant...a.t..._ion System
The mach ne in its present form has the essent. 1]l components to
pérform small arca Implants of dopants which may be derjved from
eicmont)l or compouvl nﬁnmcor;osive_gases. nen the restriction on
the maximun beon petential has beon eliainzied by the incorporaticn of

.
onc of the nodifications discussed in Chapter VI, the machine will per:

form satisfactorily as an jon implantation system.
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VI. Recommendations

In addition to the many modifications which the system has under-
gone, othar possible modifications--soms nacessary, some desirable--
have come to light. Th2 following itews are nrec-nted vwhich would
inzrease the usefulness of the lon beam machine as an jen invlnntation
system. Th  recemmandations a»> divided fnto two classos: {1) nvcos-‘
sary and (2) desirable.

»
Recommendaticns (Necessary)

1. The most sigrificant problem is the limited boam potential.
Two courses of action are advisable at the present timer
(1) instsll a glass frit (porous giass filter) in the glass
insulating section of the gas-feed line and (2) float the
entire gas-feed system at the beam potential. Since it is
‘desirable for ths precision gas-leak valve to be grounded
for safety and case of control, the solution utilizino the
glass frit should be attaroted first.

2. The repair of the src-focus assemhly should b2 considered
§nly 3 temrorary s2lutien slince the prestans o7 apoawy To 4h,
systex posrs patant!is! prolicess. Thie assonils shguid ke
replaced ith 8 propsrly dosiored ceramic ard cotal saztian
of similar, but improved, construction.

3. Instabllities noted in the arc w'en the sturce #as in opzra-
tion {ndicate that feprovocint of the caihosé ar.d asesrtated

components is necessiry. ) study should bte conducted to

47
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determine the optimum filam:nt or‘cathode typu, thn correct

,filament spacing, and the optimum source geometry.

‘4. “The electrical system (line voltaae)‘in the laboratory'auf— |
:eiffers from fluctuations and transients whiah cause the system l‘

,ito be unstable. A three-phase constant-voltage transformer

‘or solid state regulator should be installed in the incoming
‘vr¥7208?V feeder forrthe laboratgry. The;capacity of thrsi:
?reéuTatiné;neVice shbuld.bn‘enffiniently large to’prnviAei‘
'regulated power for all equlpment in the 1aboratory. e
s, 'The charaaterletlcs of . the beam should be examlned closely
‘once the beam-voltage problem has been alleviated. The fol- °©

““;lowing characterietics of>thé5beam should be determined

"Laccuratelya (1) beam intens;ty (uA/Em;A Yg; am energy Lgev),

,<beam.1ntensity (pA/bm ) Vs source pressure (MTorr), arc
current (A), arc- fouus-magnet current (A), and mees-analyzing— :
magnet current (A), and (3) beam—current—gen51ty spatial dis- . .=

. tribution at the target,

Recommendatlons (Desirable)

- 1. Two high vacuum valves should ba installed in the system. if 7;
Rt were‘possible to 1solate the 500-1/s ion pump from the |
‘rest of tne system, the auxiliary and target chambers could
be brought to atmosphere without securing the ton‘ppmp. An
e '\e ~ additlonal high-vacuum valve should be installed between the
deceierator aseembly and the target Chamber; the target
. ; | B Véhamber could then be brought to atmosphere without inter-

~ rupting the beam. It is desirable that the beam be inter-

runted as little as possible since a significant amount of
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e u installed, 1t um be. necessm to elter the pmping systen

the eonrci i‘

e
G

intofthe targnt chamber. It should have the follcwiﬁg-chara

);it should

(3) it shguld be insulated from the targst chamber up fo

30 kV (1 x 107 Torr), and (4) it should be p0551ble to. heat

vzoa%tily. Proper alignment of the beam at the entrance’ to

the mass-analyzing section will -insure the most efficient mass

O
e T Lt e ey

s separation.

5. The dételgratorJagsémblyceleétroaes codld’be removed and a _

- beam-scanning assembly installed ip their place. This assembly
would con#iéf of vertical and hortzontai deflection plates to s
which variable dc and ac signals could be applied for posi- T
tioning and sweeping the beam. In this manner, uniform 1mp1ants

could be obtained over a much larger area.
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6. The following modifications to the source sre proposed to
increase the efficiehcyubf the system: (1) the anod:-aperture

diameter could be reduced to a value consistent with the

required beam 1ntewsity which would reduce the neu%ral-gas SR

load orn the system, (2) the 250-Q resistor in the intermediai -
electrode circuit could be repiaced with a 0: tc 375-leoten- e

tiometer which could be used to\fur¥ﬁ§¥'opt1m126‘theﬁsource .
: '*pﬂrformance, and (3) the arc- focus magnet could be replaced
| with ;nkgfe conventlonal concentr1ca11y wound type consistlng
of appggx;mately 1000 turns of #20-wire wound-ea~a-Teflon---
Cepool. T | .
:*=7a ?Finally, the~imp1antation energy rangs of the system could be
. extended to approximately 50 keV by replacing the electrical |
feedthrovghs in the targat chamber With the ultra-high“VBItage '
type {up to 25 kV at 1 %10 Torr) and by operating the tar-
get at a potentlal of up to 25 kV negatlve with respect to ‘

r;the target chamber.

o
.
50 -
.-
N ter " - . " i
n, R ok
Al -y

-

i
- I
3
vy
. 4
- 5
. . £
o
.. Y

2

f

=4

’

-

o

 E

-

K



8.

9.

10.

1.
12,

13

B

" Bibliography

Bréwar, G. R., et al. Ion Implantation Doping Techniques. Interim
Technical Report No. 4 under Contract AF33 615)-3821 with Hughes
Research Laboraxoﬁes, Malibu, California. Wright-Patterson Air
Force Base, O‘xioz Air Force Avionics Laboratory, May 1967.

- AD 814878,

Chase, Wayne R..low Energy-Sruttering Ion Beam Machine Redesign
and Cheracterization and Thiri Film Devices Research.” Interim -
Report under Contract F33615-67-C-1312 with-Systems Research

- Laboratories, Inc., Dayton, Ohio. Wr1ght -Patterson Air Force Base,
Ohio Air Force Avionics Iaboratory,‘i?ﬁg e EE

.- Beneral”™ Eléairic Cdﬁﬁbﬁy Instruction Manual TrioVac 500-L/S Ion .

Bﬂ@g. (no publisher, no city, no date)

-

Genaral Electric. Company. Instruction Manual TrioVac 8-L/S Ion
Pum Pump. (no publisher, ‘no city, no date). - S

R .

Kl ‘nfelde: xﬁ J. Preger+ies of - Ion-I@planted Boron, Nitrogen, and

55,Phgzgggrus in Single-Crystal Si;ico . Technical Report No. K701-1., -
Sfagford— California: _Stenford Electronics Laborateries, 1967. ‘

Laubert, Roman. Design and Construction of a Bakeable Sputterlnq
Apparatus. ALTDR 64-58. Wright-Patterson Air Force Base, Ohio: Alr
Force Avionics Laboratory, 1965. AD 62G002.

Leeds aad Northrup Company. Conversion Tables for Thermocouples.
Philadelphia, Pennsylvania. (no. publisher, no date)

wMacdougall Jey et 3l. "An Ion Implantation System which Employs a
_Velocity Filter for Mass Separation.” Proc. 3rd International Con-

ference on Electron and Ion Beam Science and Technol_gx 1968.
Pp. 649-655, (no publisher, no no city)

Macdougall, J.y et al."High Value Implanted Resistors for Micro-
circuits." Proceedings of the IEEE, 57:1538-1542 (September 1969).

Mayer, J. W., and O. J. Marsh. Advanced Concepts for Improved Semi-
conductor Techniques. AFAL-TR-67-282. Wright-Patterson Air Force
Base, Ohio: Air Force Avionics Laboratory, October 1967. -

Septier, Albert. Fo*ussing of Charged Particles, Volume II. New
York: Academic Press, 1967.

von Ardenne, M. Tabellen fur Elektronen, gnenghz sik und Ubermikro-
skopie. Berlin: FEB Deutscher ‘Verlag der Wissenschaften, 1956.

Iblephone‘intetview with Mr. Reeves of Spectra-Mat, Inc.,
Watsonville, Callfornia, January 7, 1969.

I - 8




e e e s .

T T MPNEF TR
* o

Appendix A

Power Supplies and Instrumentation

General

The power supplies associated with the ion beam machine were

designed initially to allow a great deal of flexibility in the opera-

~tion of the machine.

)
Console

The console power supplies are divided into .wo. .sectiomst- {1l low - R

voltage (left side) and (2) high voltage (right side). ‘The fnput power

is 208 V, 3 g, A-connected. Each s»ction is protected by a separate

e mi s

Pt O AU IR A

-

Soame M via il L

_a.,...--—,.w..-_.__m-_ .

circuit breaker.

The low-voltage section is electrically isolated from the line (by
a lsl, 30 kv i;olagion transformer) and from the cabinet in ordgr that
it may float at the high voltage (beam energy supply up to 30 kV), The .~
controls for the low-voltage section are isolated from the front panel

by insulating shafts to prevent hazardous voltages from being applied to

these controls.,.

The following components are located in the low-voltage section

(1eft half) of the consolet (1) arc supply (O to 200 V, O to 4 A dc), -
(2) arc-focus-magnet supply (O to 200 V, O to 4 A dc), (3) filament
(cathode) supply (0 to 26 V, O to 12 A ac), (4) intermediate-electrode

dropping resistor 1250 Q), (5) Internadiate-clectrode moaltor (0 to

500 mA dc and O to 200 V dc meters), and (6) thermocouple-gauge-ccntrol

unit.
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The high-voltage section of the console has a safety key sﬁitehbe

in eddition to the circuit breaker to prevent the high—vcltage suppliee‘ 

from being energized accidentally. The high-voltage section (rignt

half) has two 0 *o 30 kV, 0 to 10 A dc pover supplies. These supplies

. are also.isolated from the line by the 30 kV isolation transformar.

In addition, several safety interlocks are included in the high—voltage

section. The high-voltage power supplies cannot be energized unless

 their controls are set for zero voltage (extreme counterclockwise

-~ egative, “tadtpendant. 1 each. TUher. — Extrene. core- should: Lo- exeallesd - - - —

position) There is a door interloeck, and the h1gH uoleago outputs‘
are automatlcally‘croundud when the hngh voltage section safety key
ewitch is in the OFF position. Both high-voltage power supplies are )
eqoipoedbwith adjustable pverload trips.‘AThe high-voltage supplies are
fery7Versatile; they may be used to provide 0 to 30 kV positive or

when using the control console.

-- Faraday-Cup Grid-Bias Supply

“esupply is energized, the coeling water for »he magne*s mast bo turned on,gf

‘»iery chamber, end in the source chamber is monitored by three thermo- ““v

This supply may be any O to 200V, O to 10 mA dc supply.

ggalx;ingnMagna Power Sugolx

_ This power supply 1: dasigned to provide continuously regulated
current to the electromagnets. Controls provide for coarse and fine

edjustmeht of the magnetrourrenf from-Ovto 50 A dc._ Before this power

1 ML Ganges

The roughing pressure in the sorption-pump menifold, $n the euxil-

’e_: couple gauges calib:eted,to read preeeures from O to 1000 mTorr.
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| | . - The target chamber. prassure cun be monitored by either of tuo , 
ionization gtﬁgas installed in the . chember. The controlle: fo: the
ionization gsuges is in the auxiliary-equipnent rack to tha left of

 the target chamber.

‘ _,_Lgctromater
The thermocouple voltage may be measured by an electrometer or
»‘potentiometer. Ttroughout the opgration of the machine inhthis study
the beam current was measured'by a Millivac electrometer,’Model”MM852A; _
- R x =
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Apperdix B
o Tungsfén Dispenser Cathode Charéctegggtics'

The fdllowihg techhica1 bulletins and graphs describe

, fibn;of'fhe tungstenfdispensér cathode.
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GE/EE/10-20

NOTEM Thin sheet o Dnginets and Supervisors

YECHNICAL DULLETIN - #106 .
b TUNGSTEN DMIPENSER CATHODES
E : f. Handling and Care of Cathedes,

) Porous tungsten with a formula of Lierium oxide dispersed throughout the maetix is
the essential form of thess dispor: o cothades. Because BaO will absorb moisture and
sapors, the cathodes are pocked 1o 1inimize exposure snd! 10 keep out dust and other.
wndesirable impurities To msgre e n parformance, cathodes should not be c:rowd
1o atmospheric condition. for morc thar 48 hours. Keep in & partial vacuum of 107
torr or better. 1f exthodus are rot o lid in glass when received, immediately transfer
10 . vacuum of 1C ? torr or better. Bliiters muy occasionally occur on the surface due
fo 100 rapid heating after wodvzrt i exposure 10 moisture during assembly and han-
dling. These blistars may b vl 120 Dy aslower rate of heating.

t) Dispenser catharles have b o e Tt oo £60°C d 1250 C depending upon the -
custemer's objective. Hoviears, Bt i e cuntomary *~ run them between 1025°C snd

£3C. AL thess temprictuies, <o oad DO uinission of 3 and 9 a/an? can be expected.

Activifion and U:e.

The following suggestions are b oced wo a ¢less diode structure. They are offered as a guide

only_ Time, tomperature and prozeszing e cubjuet to some changes for large tubes and tubes ~

using ceramic-metal structures.

) mmbe for ane hour at 450°C. Cool. Vacuum should be- better than 107 torr at this

1.

b) Raise cathode temperature slowdy 1c 119C°C, und hold for 5§ minutes. Measure tempera-
ture on tungsten emitter.

( ¢) Outges anode by induction heating. 900°Cy for 10 minutes. Reduce E, 1o prevent cathode

: from exceeding 1190°C. '

d) With anode cool, set cathode tempcrature to 1150°C,. Apply DC anode voltage slowly
to 50 volts across 025" spacing. Emission current should flow immediately and be sutl-
ficiently stable for tube 1o be transfarred 1o aging and life rack in V2 hour.

¢) Partially flash getter and scel off dizde.

f) Finish flashing getter. Put tube on test.

9) Activation should be complete in from V2 1o < hours with the cathode at 1150°C,.
Anode voltage is onticnal.

h) A vacuum of 10°7 1o 10 * torr is batter than 10 ¥ 1o 10°* torr with respect to reducing

. adverse effects on emission dwring oparation.

1240 NIGNWAY 1. WATSONVIILE. CACITORNIA 95076
TEIEPNONE AREA CODE 400: F22.4118

_Msterials fcr Elecirosisy snd Aetﬁp&e Industries.
Electron and ton Sourtes. Spe-ial Components.
Resesrch. Devikipament and Preduction.
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1240 IGHWAY |, WATSONVILE, CALITORNIA 93076
TELRPHOLNE ARIA CODGE 400: 732-411 8

Standard Cathode Types

2 l e A _.__‘____)( emitter
B o=t .
T — 1/3 emitter
%iiickness
[ o4
' Braze le———— molybdenum
fb——— D
Cat™ e ic . Dimensions (inches)
A" QQCi . ,'t .002 C* ¢°05 D* .001
td. 1.4 <134 T 040 .285 116
std. 2CC - .209 .04C .30 .370
std. ” .450 L340 . «3%3 . &0 -
std. 3° ) 300 040 .400 20
gtd. 4 0 400 050 450 . 9
gtd. 3ov .50 050 ) 300 YTy
std. 600 806G 078 800 » Sl
std. 750 . .78 078 .7%0 L
#t4.1970 1.000 100 1.000 - 940

MATFRLALS FOR it "O0WAC AMD ABRUBPALT inlATINS
CUSTORS ST FuR o2 BS AND BLECTEONSC {Quaimtn?
' TEMAROK, BETOPMNT AND FEODU 110N




B L e Rt e A A

Gt/EE/70-20

TECHNICAL BULLETIN - #10%
TUNGSTEN DISPENSFEF. CATHODES

Tungsten dispenser cathodes, in general, consist of a porous matrix
with a formuia of barium oxide dispersed uniformly throughout. They
have becn operated between B800°C and 1250°C depending upon the appli-
cation. Some generalized curves taken from the literature or exprr-
ience are shown below to illustrate certain key parameters.

It is apparent that custom-tailored cathodes, which can trade one
property for anotker, can have significant advantages over a standard R
cathode for some applications. For example, choice of processing or ‘ 3 3
dcsign can move properties up or down on the curve or even displace ;
a curve to the right or left. ) 7
1
12 Ig vs T Hrs. Life vs Temp. Porosity 3
10 53280 a 106 50
{44y g . 411y
N lo: g %0 0seec . ,
EY 6 104 N 30| Ref.15 [
o 4 103 I 2 _
E8 2 T 10
5 53280 0 : E
0 :
900 1000 1100 900 1000 1100 0 510 15 20 25 30 3
c o Po it 2
Cp Cp (40) % Porosity
Ba0 vs Evap. 120] Ba0 vs Ig Ma Evap. vs Temp.
1100¢°C Ref.15 Ref.10
- 1060 .
100 Ref. 15 ~ H 50280
£ -~ N (] ™~ 10
o 60 \g e W 60 b ;
§ a8 5 40| 925°c > 1 3
N — \\\ 5 2 Sat.DC Ig 3 1 5
T 04 ~._ €| .120"pia. 10- §
0 S~ 0 1 3‘
4 3 2 1 4 3 2 1 .
BaC - Mols BaO - Mols e < 3
© W~ o~ <4 3
(\\ ng) References Cited on T.B. 104 - ;
\é !
X /”’:7 ‘ é.
ECTRA - MAT, INC. i
1
G 1240 HIGHWAY 1, WATSONVILLE, CALIFORNIA 93076 !
TELEPHONE AREA CODE 408 722-41164

Materjals for Electronics and Aerospace Industries.
Electron and Ion Sources. Special Components.
Research, Developrient and Production.

. August 1966
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GE/EE/70-20
PLAT, vs. PLAT. +10% RHODIUM THERMOCQUPLE
» Pegunas Ceontigrade teference Junction 0° €,
o ) 1 IR L 7 0 )
) T Midtivels - X
) $.081 5238 5245 S35 5295 5308 . 3.M8
$13 8357 8387 5377 5366 5233 . 5408 8418
€73 §:39 5470, 5450 547 S0 . S5 852
. £19 5533 5573 S5S3 55937 5604 3614 5.824
- £ £53€ 875 5633 5607 5707 . ST 5928
< 69 360 5779 57¢0 SE0 5511 S621 563
- 0 573 5£53 5.£3% 5904 59147 5975 5935
: . € 977 5697 693 6003 6019 6079 6040 |
- ¢y B 3B 6l 6I3 612 6134 €244
A 83 BT 6207 6B €223 6230  6.240
ST 769 B.30E 67 6323 6733 §au 6255
Eronr 71 6437 E413 6420 64533 6450  6.450 |
¥ 6513 0520 6531 615 6558  6.568
- Ca E519 6510  EEM 6551 6662  6.673
S 8703 6437 6747 6755 6750 8.973
5.353 6551 6675 6578 6536
5,243 6.962 6.973 €.242 6.0J4
b ioir 7039 400 7.091 - 7.102
i 715 7ieT S 7V 738 7498 2210
: ; 7383 7287 733 7435 700/ 1318
S ogaw F.a32 73712 7. 7324 2.403 7416 7427
7o 7ae T 7 7503 7514 8% . 7575
2 7 78 735 7 7313 7333 YeM TS
[ 2.::7 - °3 7433 7.7.7 7.711 2.7:2 7.733 274 7755
a 7550 3301583 780 7enl 7z 7sa3 W3 sd
) 7537 307019 7.8 232 TS43 7.3 7935 2075
25y 513 38010 203l 2A42 8953  EL3  ICY6  3.u9))
2 313 3 B3 elee 2153 8184 817 4157 8198
P 2si3 1 ‘23 3334 o285 8976 8437 6998 8509
3 a2 g3 8hsa 83 2378 3208 893 A Bax | o -
32 Zagd 350 3438 3477 2430 @500 651 8372 8smf
¢{) £153 7 8573 850 Jéol 8612 5423 8.035 8646 =
3 273 3 Geil 8702 8714 872 8733 874y 8759 -
) n%) 3731 2733 3804 8815 3£ 6333 633 8851 8872 =
{ 5 £:3 <33 8317 33 854 8951 Pes3 8977 8953
31 S5 9020 9031 9892 9554 9055 6. ‘ i
<) 2 4 915 9 913 213 9
33 3 A3y 6 3 21 02
8 339374 e 234 3 9,
i3 73 9433 9 : .
1 230 605 54, 9
. ) 90 8 3.
)] 5 5.337 9. S.
3 1 3aa3
P 3 67 i fob
) M 9. 2
: i3 150 40
S k! 2 183
-3 el 3 73
3 Mo 34
"3 : 7 12
X " ‘ 1
i H
3 .
d .
3 ) )
3 Figurs 16. Thermocouple Calibration Chart
0 :
; (600 to 1199%C) (Ref 7:22) :
" »
’ 00\\(‘,\3\'_&
: . “0‘ R
1 60




PLAT vs PLI&T." lﬂ R 4’)T)xUM TIIF T{MOCOUPLE
_Pegroos (‘m.!zgu:b ~ . RNeference Juaction 0° C.°
-8 l_f-_".“z TR s 6 9 8 &
P 57. 1200910051 tztm’“,— :
b a5 12251 - 15163
17175 Y2060 12.272
12.295 - = 12369 12302
12416 12iaz 15500 <1252
ey
1277 :2}/§u To e N
12.837 12400 19‘331 12673 .
13018 13.0%0 : 9 733102 13114 \
12138 12150 $ 1321071392 13234 _
13.253 13970 1% 13243 12554 - ~ %
13373 _13.35 13452 12473 13
13453 13,510 SIS0V 13562 13594 136 o
13318 1363 13680 013702 f3A714 13 R
xa 738 ”"137~o. 5723 13510 13822 33534 .84 B
9z 13630 13942 718634 13ci6 -
i3y (14030 14652 14.074 140g8 B} 2
4137714163 1181 14133 14408 - e
4277 14289 14301 14313 14425 .
43587 10400 14421 14433 14,445
4513 14573 14590 14552 14.564: RS
3235~ 14348 41,660  14.672 14884 e
4735, 14967 14779 1499 laga ) .
4673 14937 14669 14911 14923 -
4,534 15096 . 15.018 - 15:620 - 15.012. -
11572 18025 15137  15:129  15.16%
15223 155  15.256° -§5.268 - 15.280
S15352 152610 15976 15397 15.39) -
547 15423 15.405° 15507 15318
’ 15502 15614 15.825 - 15.637
21 15732 15744 15758
5851 15333 15.378 .
5970 15932 1594
5033 161co 18112
. H 27 16219 16231
6325 16237 155}
37 5011 16456 16.437
) . £ 6.574 15.593
16587 16509 16621 5002 18.704
16718 18227 15730 3810 18032
16824 16845 13557 6523 15010
16852 15962 16975 7553 17.383
17059 17.051  17.093 7.173  17.178
17137 749 e 7.231 172203
17.205 17.316  17.5 17373 17.419
17422 17.434 17..::»; 17518 17.523
17520 17561 17.533 1751 17.248
17.393 I8 17,773 1 2
17,993 IR JREY AR Y S |
l [ SRY ]
13 ORI B L RL
I RN S T
1§ IR
LIS B
18,474 ey IREEVIIREATY!
1) 10511 S B R
" Figure 17. Thermocouple Calibration Chart
(1200 to 17699C) (Ref 7:23)
ot
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,Thelérc—focns assembly initiéllyﬁqdhsigfe; of‘tWO'Stéinless-steel
flanges sepafated by ;-ceramic?ihsul;;pr.;iThé ceramic insulator had
metal ébmpatible vith kovar embedded in it. kovar rings were brazed
_ intoithe flanges, and th; céramic insulator was brazed to éach flange.
The assembly failwd at these brazed seals.

This assembly hod leaked and failed previously {(Ref 4:14), A
. seal was finally obtained through the use of low-vapor-pressure epoxy -
i (Ref‘4=16).' » ' T o T
| One side of this_agéembiy failed again as explained igrdhapter;III. .
Low-Qapor-preséuré»epoxy was applied to the,éerémic inéulatbr and to
the stainless-steel flange. fhe assembly was pressed together and
allowed to cure. This attempt failed because the epoxy cracked.

Th2 assembly was heated to 500°F to break down the remaining
epoxy. At this point both seals failed. The flanges and the ceramic
s2al were cleaned and prepared for another attempt.

It was dacided that bolting the assembly to the machine after the
epoxy had cured strained the epoxy excessively. In this second
at{empt, the flanges were bolted, with gold wire seals in place, to the
einzel lens and to the source chamber prior to the application of the
epoxy. A special jig was designed‘andlfabficated to hold this assembly

while the repair was effected. Structural epoxy was used in lieu of the

low-vapor-pressure type. The source chamber was placed in the jig with
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‘ 3déwn., Epexy was applied to the flange on L R

ﬁ‘teram& b

Tl e

:_1atox (which had previously been roughed up with

;~¥eoarqe sandpéper)x The ceramic 1nsulator was placed upon the flange
o and weighted td hoid it aecurely in place. The epoxy-was allowed to
Sevre fe; moré than'fweniy four hours. _#hen thié epoxy had cured,

- epoxy was applied to the othe;,side ‘of the ceramic insmtator-and to s

the flaﬁgé’on the einieltlens. The einzel Zens and flange were placed

' Eﬁpon the insulator, and ‘the epoxy,wéé allowed to cure for more than

Ey

% wenty—four houry s - ' ‘ -

When the epoxy was thoroughly cured, the unit containing the

'fsoqrce—chamber,rarc-chus_assembly, and einzel lens was ready for

‘ lnstéilétfanOn the ton beam machine. Since these components were

ii }: L ‘assembled as a unit, no excessive strain ‘was app11ed to the arc-focus i

assembly during its installation. ‘ '
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