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High quality silicon junction detectors have been made by implantation of boron and 
phosphorus ions into silicon wafers. Resolutions of 20 keV for Po e-particles were 
obtained. 

MARTIN and coworkers reported the fabrication of silicon p - n  
junctions by ion implantation doping 1,2. However, the detectors pro- 
duced with boron and phosphorus ions of 100 keV energy exhibited 
resolutions of about 80 keV (FWHM) for 5.48 MeV e-particles, which 
has to be compared with 30 keV typically obtained with surface barrier 
counters. The high reverse currents of the implanted devices indicate 
that the carrier life time had been reduced considerably. 

This can be avoided by reducing the radiation damage level and by 
keeping the temperatures well below 500 ~ for all post bombardment 
treatments a. 

We used boron and phosphorus ions with energies between 2--5 keV 
to produce highly doped layers in n-type silicon. The beam was extracted 
from a Penning source and magnetically separated. Annealing at 400 ~ 
removed most of the radiation damage as judged by resistivity measure- 
ments of the implanted layer. At total doses of about 1014 ions/cm ~ it 
was possible to apply mechanical contacts. 

Detectors were made by implanting boron and phosphorus into the 
front resp. back surface of the wafer. Though no protection against sur- 
face currents was made, about 50 ~o of the diodes exhibited resolutions 
of about 30 keV. The best resolution obtained at room temperature was 
about 20 keV for 2~ and 21~ a-particles (Fig. 1). It seems that the 
carrier life time had not decreased considerably. Effective window 
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thicknesses of abou t  .2 g were found  by  measur ing  the energy loss of 
c~-particles pene t ra t ing  the implan ted  layer  under  varying angles. Espe- 
cially no tewor thy  is the behavior  of the fully deple ted  counters  which 
do  no t  show any increase in current  due to inject ion of carr iers  f rom the 
back  contac t ;  even " U b e r s p a n n u n g  ' ' 4  was appl ied  wi thou t  observing 
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Fig. 1. Spectrum of the 2~ and 21~ c~-particles measured with a p+--n--n + 
detector at room temperature. Parameters of the counter: 9250 f2 cm n-Si, 1014 
ions/cm 2 of B resp. P of 2-- 5 keV, 10 mm diameter of the implanted area, annealed 
at 400 ~ for 1/2 h, bias 50 V, reverse current .5 llA, 1.6/1.6 I-tsec RC-pulse shaping 

any m a r k e d  increase. The full  dep le t ion  was p roved  by  capaci tance  
measurements  and  by  exposing the n+-con tac t  to e-rays.  

These results show clearly tha t  by  imp lan ta t ion  counters  can be made  
with  resolut ions  equal  or  even be t te r  t han  by  diffusion or  surface bar r ie r  
techniques.  

F ina l ly  we would  l ike to  stress the ease and  the low expense in t ime 
for  mak ing  the imp lan ted  p + - n - n  + structures.  A wide field of appl ica-  
t ion  seems to be open to  this technique.  
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