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81 per cent fuel efficiency. The application of ion 
propulsion to the raising of communication satellites 
to synchronous orbit would warrant their development 
in the United Kingdom. The confidence of Dr R. S. 
Pease (UKAEA, Culham) in the eventual success of 
controlled nuclear fusion, partly because of the lO ms 
confinement times achieved in Anglo-Soviet experi
ments, contrasted with the catalogue of difficulties 
which Dr D. Balfour (IRD Co., Ltd) was obliged to 
report for MHD generation. The materials problems 
associated with this technology are being attacked, 
however, and one awaits with interest news of the 
performance of the 25 MW open-cycle system which is 
being constructed in Russia. 

LABORATORIES 

Atomic Architecture 
from a Correspondent 

UNIVERSITY architects were in the audience at a 
symposium on the design of laboratories for work with 
radioactive materials held by the British Radiological 
Protection Association at Birmingham on September 18. 
Effective communication between architect, builder 
and user is crucial when the laboratory must handle 
large quantities of unsealed (or open) radioactive 
substances. 

Mr J. M. Rees (Department of Employment and 
Productivity) discussed the theoretical grading of 
laboratories originating in the International Atomic 
Energy Agency Safety Series Booklet 1. Three grades 
of laboratory were defined in increasing levels of special
ization which required minimum standards of finish , 
fitting and facilities. Although this helps to ensure 
that work is not done in a seriously inadequate labora
tory, Rees said that it was equally important to avoid 
costly and elaborate facilities for elementary work. 
There was general agreement that high grade labora
tories were difficult to incorporate in a multistory block. 
A ground floor suite of laboratories gave least difficulty 
for drainage of radioactive waste and permitted high 
load bearing floors to carry shielding and other heavy 
equipment. 

Ventilation of laboratories and discharge of fumes 
have been studied at Leeds by wind tunnel tests of a 
building model. Mr K. Everett (University of Leeds) 
said that the exhaust fumes should be discharged at a 
height 50 per cent greater than that of the building. 
This ensured penetration of the turbulence envelope 
around the building and discharge of the fumes into a 
dispersal zone away from the building. 

Dr D. Hughes (University of Leeds) stressed that 
laboratory design must allow for accidents. Because 
spills of radioactive liquids arc inevitable, surface 
finishes must suffer the rigours of frequent decon
tamination. Mr J. W. Lucas, describing a bewildering 
array of surface finishes, said that good planning 
could prevent excessive demands on these surface 
finishes. He offered a simple procedure for selection 
of the finish which did not suffer from the complex 
decontaminations and counting procedure of the British 
Standards Institution test (BS4247, Parts 1 and 2, 
1969). 

The choice of stainless steel (preferably EN58J 
grade) for lining fume cupboards was unanimous. 
The Department of Employment and Productivity 
has produced an advisory note on fume cupboards, 
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or _partial enclosures, which should be read by all 
designers and users of this equipment. Mr P. J. 
Hewitt (University of Bradford) favoured the by-pass 
type of fume cupboard which maintains a satisfactory 
:velocity of air through the open sash, substantially 
mdependent of each opening and operator movement. 
He reminded users that certain fume cupboards with 
a by-pass to the laboratory must be operated con
tinuously if they are to be regarded as total enclo~nres 
for the more toxic radioactive substances. 

ION IMPLANTATION 

Technique goes Critical 
from a Correspondent 

THE current interest in the controlled introduction of 
impurities into solids by implanting them from an 
accelerated ion beam was reflected in the large and 
enthusiastic attendance at a conference held, by the 
Institute of Physics and the Physical Society with 
the Institution of Electrical Engineers, in Reading from 
September 7 to 9. As a practical technique for semi
conductor doping the topic was summed up neatly 
by Dr J. Beale (Mullard Research Laboratory, Redhill, 
Surrey), who feels that ion implantation has now gone 
critical and there is no barrier, technical or economic, 
to its use. He emphasized that as well as its application 
in semiconducting devices the technique provides a 
means for making good resistors in integrated micro
circuits. The designers of such circuits have thus 
been saved from abandoning their practice of using 
resistors as the stable elements in circuits. 

Many contributors dealt with the underlying science 
of ion implantation. Considering the concentration 
gradients that exist in implanted specimens, Dr G. 
Dearnaley (Atomic Energy Research Establishment, 
Harwell) emphasized the relevant features of ion range 
distributions in solids, particularly the dependence of 
the electronic stopping power on atomic number. In 
carefully selected cases, such as N a+ channelled in a 
Cu crystal, he has shown that surprisingly long ranges 
are possible, even up to lO f-lm at a few hundred keV. 

Once implanted, the ion becomes a foreign atom in a 
damaged solid, but several speakers emphasized that 
this is not necessarily a stable state thermodynamically, 
and the impurity atom is quite likely to be associated 
with other defects, or with other impurity atoms, in 
defect clusters. Many contributions made it evident 
that anne£1-ling after implantation caused defect re
arrangements which further affected the physical pro
perties. It is well known that ion bombardment to 
doses larger than 1015 ion/cm2 can turn Si and Ge 
apparently "amorphous". But what is really meant 
by amorphous ? This tricky point was explored care
fully by Dr P. A. Whalley (Chelsea College of Science 
and Technology) drawing on his observations of evapor
ated or sputtered semiconductor films. 

One of the high spots of the conference was a descrip
tion by Dr J. A. Davies (Aarhus University, Aarhus, 
Denmark, and Chalk River Nuclear Laboratories, 
Chalk River, Ontario) of the techniques he and his 
colleagues have developed for using ion beams them
selves as a probe to determine the state of an implanted 
crystal, to detect displacement damage and distinguish 
it from implanted atoms. He also showed how the 
location of the implanted atom relative to the crystal 
lattice can be deduced. 
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