
A high-current industrial ion implantation 
system used for treating metal surfaces. 
(Photo Danfysik, JyHinge, Denmark) 

Most industr ial ion implantat ion 
process ing is handled by special is t 
compan ies and the d e m a n d is 
increasing. It is a cha l lenge for the 
implanter manufac turers to sat isfy 
h igher demands for ef f ic iency, 
reliabil i ty and reduced cost . 

From Bjarne Roger Nielsen, 
Danfysik, Jyllinge, Denmark. 

Ion implantation for 
semiconductors 

Over the past two decades , 
thousands of part ic le acce lera­

tors have been used to implant 
fore ign a toms like boron , phosphorus 
and arsenic into si l icon crystal wa fe rs 
to produce special e m b e d d e d layers 
for manufactur ing semiconduc to r 
dev ices. 

Depend ing on the dev ice requi red, 
the a tomic spec ies, the depth of 
implant and dop ing levels are the 
main parameters for the implantat ion 

process; the select ion and parameter 
control is total ly au tomated . 

The depth of the implant, usual ly 
less than 1 micron, is de termined by 
the ion energy, wh ich can be var ied 
be tween 2 and 600 keV. The ion 
beam is ext racted f rom a F reeman or 
Bernas type ion source and acceler­
ated to 60 keV before mass analys is . 
For h igher beam energ ies post-
accelerat ion is appl ied up to 200 keV 
and even higher energ ies can be 
ach ieved by mass select ing mult iply-
charged ions, but with a co r respond­
ing reduct ion in beam output. 

Depend ing on the device to be 
manufac tu red , dop ing levels can 
range f rom 1 0 1 0 to 1 0 1 5 a t o m s / c m 2 

and are contro l led by implanter beam 
currents in the range up to 30mA; 
cont inuous process moni tor ing 
ensures uni formity across the wafer 
of better than 1 % . 

As semiconduc tor dev ices get 
smal ler , addi t ional sophist icat ion is 
required in the des ign of the 
implanter. The si l icon wafers charge 
electr ical ly dur ing implantat ion and 

this charge must be d iss ipated 
cont inuous ly to reduce the electr ical 
s t ress in the dev ice and avoid de­
struct ive electr ical b reakdown. 
Electron f lood guns produce low 
energy e lect rons (below 10 e lect ron-
volts) to neutral ize posit ive charge 
bui ldup and implanter des ign must 
ensure m in imum contaminat ion by 
other isotopic spec ies and ensure 
low internal sput ter rates. 

The pace of techno logy in the 
semiconduc to r industry is such that 
implanters are being built now for 
256 Megabi t circuits but wh ich are 
only l ikely to be wide ly avai lable f ive 
years f rom now. Severa l special ist 
compan ies manufac ture implanter 
sys tems, each cost ing around US$5 
mi l l ion, depend ing on the conf igura­
t ion and remote handl ing opt ions. 
Current implanter capaci t ies are 
a round 60 wafers/hr , each wafer 
being 1 5 0 m m in d iameter wi th a 
typical dop ing level of 3 x 10 1 5 cr r r 2 . 

From T. Grey-Morgan, Amersham 
International, UK 

Contraband detection 

nspect ing incoming cargo for 
drugs, exp los ives and other cont ra­

band wou ld quickly overwhe lm 
inspect ion agenc ies even if a smal l 
percen tage of the cargoes were 
manua l ly searched . Now a new 
acce lera tor -based inspect ion sys tem 
using pu lsed fast neutron analys is 
(PFNA) a l lows au tomated inspect ion 
of loaded cargo conta iners and 
t rucks. 

A co l l imated pu lsed beam of fast 
neut rons, scanned over the s ide of a 
cargo conta iner as it passes, exci tes 
the nuclei of c o m m o n e lements in 
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A new accelerator-based inspection system 
allows automated inspection of loaded cargo 
containers and trucks. A neutron beam scans 
the cargo and the detected gamma ray 
emissions can give a reconstruction with the 
appropriate signature for drug materials. 

bulk mater ia ls. The pr imary s ignals of 
interest for con t raband are g a m m a -
ray emiss ions fo l lowing inelast ic 
scat ter ing of the fast neut rons f rom 
carbon and oxygen . 

Direct imaging of the contents of the 
mater ial by t ime-of- f l ight analys is 
identi f ies the posi t ion of the interac­
t ions, whi le gamma- ray spect roscopy 
identi f ies the e lementa l g a m m a rays. 
The ratio of e lements or other comb i ­
nat ions of the e lementa l s ignatures 
are used to identify con t raband - a 
high carbon- to -oxygen ratio, for 
example , is character ist ic of drugs. 

The sys tem incorporates g a m m a 
ray detectors, and ana logue and 
digital p rocessors sort the pulses for 
posi t ion and e lementa l in format ion. 
Detect ion a lgor i thms produce three-

ln the PFNA technique for contraband 
detection, a deuteron beam is injected into a 
beamline and neutron production target 
mounted on a rotatable scan arm. The fast 
neutrons excite nucleii within the bulk material 
and analysis of the resulting gamma emission 
identifies possible illegal materials. 
(Photos SAIC, Santa Clara, California) 

d imens iona l images of possib le 
concea led con t raband. From these 
images the inspector can identify 
susp ic ious objects wi th in the cargo 
container. 

One PFNA dev ice uses a beam of 
8 MeV neutrons raster scanned 

across the face of a t ruck or co n ­
tainer. The beam is p roduced by an 
80 mic roamp b e a m of 6.0 MeV 
deuterons f rom a Nat ional Electro­
stat ics Corporat ion (NEC) Pel letron 
t andem Van de Graaff. The ion 
source is a newly deve loped Toro ida l 
Vo lume Ion Source (TORVIS) based 
on a Brookhaven des ign wi th an 
output of 300 m ic roamps DC of 
negat ive ions. The deuteron b e a m is 
acce lera ted to 80 keV and then 
ana lysed in a d ipole magne t before 
enter ing the bunch ing sys tem. A 5 
MHz doub le drift buncher ach ieves a 
bunch ing eff ic iency of 4 0 % with a 
pulse wid th of 1 ns at full energy. The 
deuteron beam then enters a self-
coo led deuteron gas target , whe re 
neut rons are p roduced . 

The neutron b e a m is ach ieved by 
mechanica l ly raster ing the acceler­
ated deuteron b e a m through 90° 
using a dipole magnet , and the 
scann ing mot ion is accompl i shed by 
mount ing the dipole, the 90° beaml ine 
and deuter ium gas cell on a plat form 
wh ich rotates concentr ic wi th the 
beam axis. Dr iven by a hydraul ic 
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Research applications 

actuator, the scann ing speed of the 
plat form is adjustable up to approx i ­
mate ly 0.25 Hz. S ince the rotat ing 
and f ixed beaml ines are one cont inu­
ous high v a c u u m sys tem, a high 
v a c u u m rotary union is needed . A 
non-mechan ica l , low vapour pressure 
l iquid (ferrofluid) v a c u u m seal is 
used. A col l imator on the scan a rm 
limits the vert ical extent of the neu­
tron beam and there is a f ixed col l i ­
mator in the hor izontal p lane. 

The PFNA concept has undergone 
numerous tests to demonst ra te its 
eff icacy for detect ing drugs and 
exp los ives. A ful l -s ized sys tem has 
been built by SA IC in Santa Clara 
and is undergo ing integrat ion test ing 
wi th a var iety of cargoes . 

Increase in wor ld t rade favours the 
use of a tool like PFNA cargo inspec­
t ion for moni tor ing incoming ship­
ments . PFNA 's abil i ty to image 
e lements can be expanded th rough 
advanced da tabases to veri fy cargo 
mani fests and to moni tor sh ipments . 
In a modi f ied fo rm, P F N A could also 
be used to examine the contents of 
sea led barrels of hazardous was te to 
avoid manua l sampl ing . 

From T.Gozzani, Science Applica­
tions International Corporation, Santa 
Clara, USA 

Synchrotron radiation is one of the most 
valuable and widely useful of all accelerator 
applications. The European Synchrotron 
Radiation Facility - ESRF - in Grenoble, 
France is a 6 GeV, third generation synchro­
tron radiation source which will provide up to 
30 beamlines for fundamental and applied 
research. 
(Photo ESRF) 

Most types of accelerator were 
original ly des igned by accelerator 
eng ineers for part icle or nuclear 
physics research. Today , there are 
some large and very sophis t icated 
accelerators ded icated to a w ide 
range of other research and deve lop­
ment work . Part icle acce lerators 
prov ide a very va luab le tool for 
s tudy ing the propert ies of matter. 

Synchrotron radiation 
research 

In the many var ied appl icat ion f ields 
of accelerators , synchrot ron radia­

t ion ranks as one of the most va lu ­
able and wide ly useful tools. Syn ­
chrot ron radiat ion is p roduced in 
mul t i -GeV electron synchro t rons and 
s torage r ings, and emerges tangen-
tially in a narrow vert ical fan . 

Synchrot ron radiat ion has been 

used extensively for basic s tudies 
and , more recently, for appl ied 
research in the chemica l , mater ia ls , 
b io technology and pharmaceut ica l 
industr ies. 

Initially, the radiat ion w a s a by­
product of high energy phys ics 
laborator ies but the high d e m a n d 
soon resul ted in the const ruct ion of 
ded icated electron s torage r ings. The 
accelerator techno logy is now wel l 
deve loped and a large number of 
sources have been const ruc ted , with 
energ ies ranging f rom about 1.5 to 
8 G e V including the 6 G e V European 
Synchrot ron Radiat ion Facil i ty 
(ESRF) source at Grenob le , France. 

A modern th i rd-generat ion synchro­
tron radiat ion source has an electron 
s torage ring wi th a comp lex magne t 
lattice to produce ul tra- low emi t tance 
beams , long stra ights for ' insert ion 
dev ices ' , and 'undulator ' or 'wiggler ' 
magne ts to genera te radiat ion wi th 
part icular propert ies. Large b e a m 
currents are necessary to give high 
radiat ion f luxes and long beam 
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