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This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT 

Results demonstrating the successful use of a gold surface-

barrier as a thin-window p+  termination of the intrinsic region 

of a lithium-drifted germanium detector are reviewed; these results 

are arebutal to statements recently made by De.arnaley et.al . in 

this journal.. 

t This work was carried out as part of the research program of 
the Nuclear Chemistry Division of the Lawrence Radiation Laboratory, 
University of California, which is supported by U.S. Atomic Energy 
Commission Contract W_7405_eng_48. 
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I. INTRODUCTION 

• The purpose of this brief note is to refute some erroneous 

and misleading statements recently published in this journal by 

Dearnaley et.al.. We speak from our own experience but would 

like to note that other groups observe similar results, and that 

devices similar to ours are commercially available. 

For more than five years we have been routinely making thin-

window detectors using the gold surface-barrier technique 2 . About 

LO successful detectors havebeen produced and used without a single 

failure caused by the surface-barrier contact. These detectors are 

commonly used for photon measurements, and occasionally for charged 

particle measurements. 

We would like to differentiate here between the conventional type 
of gold surface-barrier used on n-type material and its use as a p+ 

• 	 termination of the intrinsic region in a lithium-drifted detector. 
In the latter case, at least in silicon detectors, our observations 
strongly indicate that the performance is much less sensitive to the 
environment, damage and edge effects than is the conventional surface-
barrier. This has led us to question whether the mechanism of 
operation of the barrier is the samein the two cases. 
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Figure lcompares a typical voltage-current curve for one of 

our detectors against the "low reverse current" detector of Dearnaley 

et al.. This dramatically demonstrates that "excessive" reverse 

current is not present in our surface-barrier, detectors, and that 

the detector described in ref. 1 would not be considered acceptable 

• 

	

	by our reverse current standards. A possible explanation of the 

shape of the V-I curve presented in ref. 1 is that the gallium 

• 	implanted layer is not providing a sufficiently p contact. 

As for the unstable characteristics of germanium surface-barrier 

devices alluded to in ref. 1, the detector shown in fig 1 has been 

in almost continuous operation for nearly four years, and we have 

about ten other detectors that have been in operation over two years. 

In fact there has been no case where detector degradation has forced 

removal of a thin-window detector. (Except due to radiation damage 

in detectors used near accelerators.) 

In.1965 we used these thin-window germanium detectors to measure 

protons up to kO MeV' 	Similar work was reported by Bertrand, 

Although this program has received little emphasis, a 

total system resolution of 17 keV for 42-.MeV protons has now been 

obtained6 . (This includes the cyclotron beam-energy spread, electronic 

noise, detector statistics and other sources of signal spread.) 
	 'I 
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As discussed previouiy, maintaining an extremely thin window 

presents some problems, but we .have no difficulty maintaining a 

considerably thinner window than Dearnaley et • a?.?), Fig. 2 shows 

228 
a 	Th alpha particle energy spectrum obtained using a surface- 

barrier entrance window; a comparison of this spectrum with the 

alpha particle spectrum presented in fig. 3 of ref. 1 is quite 

enlightening. Our nearly symmetric peak at 5.427 MeV with a 

resolution of 14 keV compares quite favorably with their very 

asymmetric peak with a resolution of 200 - 300 keV, 

• Figure 3 shows the type of high quality gamma-ray spectrum 

that can be obtained with surface-barrier thin-window detectors. 

This spectrum was recently obtained from the detector discussed 

in conjunction with fig. 1. Somewhat better resolution has been 

obtained using a smaller detector surrounded by a cold shield to 

reduce IR-induced leakage current. 

In conclusion we would like to say that our purpose in this 

note is to emphasize to other groups that the surface-barrier technique 

can provide a very satisfactory method of achieving the p+ entrance 

window for lithium-drifted germanium detectors. We do not wish to 

indicate any lack of interest in ion-implantation which has its own 

attractive features independent of techniques which compete in a 

particular application. 
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4 

	 FIGURE CAPTIONS 

Fig. 1. Comparison of the voltage-current curves for a good (but 

not unique) gold surface-barrier thin-window lithium-drifted 

germanium diode against the device shown in ref. 1. Both 

• 

	

	 measurements were made at 77 0K.. Our detector..had a drift depth 

of 9 mm and an area of 1.2 cm 2 ; the device in ref. 1 had a 

• 	
depth of 4 mm and an area of 2,7 cm 2 . We believe that the 

leakage current in our •device is due to IR absorption from the 

walls of the vacuum chamber. Surrounding the detector with a 

cold shield reduces the leakage to less than 10_ 12  amperes. 

For this particular detector the breakdown voltage exceeded 

2.5 Ky. (The measurement was not extended to higher biases at 

the time because an appropriate power supply was not available.) 

Breakdown voltages greater than 2 KV are typically achieved, 

and several devices have been used at ' Ky. 

Fig. 2. Partial alpha particle energy spectrum from a 228Th source. 

The broadening of the higher energy peaks is caused by the 

additional effective source thickness seen by alpha particles 

emitted later in the decay chain due to the recoil of the 

daughter nuclei. 

Fig. 3. Spectrum for 60Co gamma-rays in the gold surface-barrier 

thin-window detector discussed in conjunction with fig. 1. 
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Fig. 2. Partial alpha particle energy spectrum 
from a 228Th source, 

a 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use ,f, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such con tractor prepares, disseminates, or pro-
vides access to, any in formation pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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