
Lawrence Berkeley National Laboratory
Recent Work

Title
RECENT OBSERVATIONS ON THE PANO FACTOR IN GERMANIUM

Permalink
https://escholarship.org/uc/item/1z51v08s

Authors
Pehl, Richard H.
Goulding, Fred S.

Publication Date
1969-12-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1z51v08s
https://escholarship.org
http://www.cdlib.org/


SubITlitted to Nuclear InstruITlents and Methods 

RECENT OBSERVATIONS ON THE 
FANO FACTOR IN GERMANIUM 

Richard H. Pehl and Fred S. Goulding 

DeceITlber 1969 

AEC Contract No. W -7405 -eng -48 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
whkh may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diuision, Ext. 5545 

~-

UCRL-19439 
Preprint 

c.2 

c::: 
n 

r~ ::0 

LAWRENCE RADIATION LABORATORYSl. t 
UNIVERSITY of CALIFORNIA BERKELEY 'if ~ 



DISCLAIMER 

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. 

( .' 
. ; 

~. 



• 

-iii-

RECENT OBSERVATIONS ON THE 
FANO FACTOR IN GERMANIUM* 

Richard H. Pehl and Fred S. Goulding 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

December 1969 

ABSTRACT 
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Results demonstrating that the Fano factor for germanium 

is less than 0.08 are presented • 
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The Fano factor has been something of a "phantom factor" to 

many workers in the field of semiconductor detectors. However, the 

. k·f B' 1 2 ) d·' h . . . extens~ve wor 0 ~ gel' appeare to clar~fy t e s~tuat~on ~n 

germanium,and put an end to the era of plunging experimental values 

. d b Kl' 3} . as summar~ze y e~n • 

The objective of this brief note is to conclusively demonstrate 

that the intrinsic Fano factor for germanium is appreciably less 

than the 0.129 value obtained by Bilger2). For several years we 

occasionally have observed detectors, invariably having relatively 

small dimensions, whose resolution was significantly better than 

could be accounted for unless the Fano factor was less than 0.10. 

However, lack of time prevented us from studying these detectors 

extensively enough to warrant reporting these results. With the 

d f h · hI' . . f db k l'f' 4) a vent 0 our ~g -reso ut~on optoelectron~c .ee ac preamp ~ ~er , 

the opportunity to make a relatively simple assessment of the Fano 

factor became available. Early results using this technique are 

described in the following paragraphs. 

Measurements were carried out using several small. thin window9 

lithium-drifted germanium detectors (intrinsic area of 4 rom x 4 rom, 

and a drift depth of 4 rom) that exhibited a leakage current of about 

5 x 10-l3A at a bias of 1000 volts. It is quite possible that the 

energy resolution at high energies is degraded by charge collection 

problems but our purpose here is only to obtain an upper limit for 
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the Fano factor, and our result may therefore be considered , 
~ 

conser~ative. The detectors were made from a germanium ingot 

grown by W ~',Hansen 0 

The electronic resolution of the complete system\) measured 

with a Gaussian shaperpeaking at 8 lJsec, was 140 eY. Both 

pulseI' and RMS noise~meter measurements gave essentially the 

same value. 

From 8 keY to 1333 keY, our results establish a maximum 

value of 0.08 for the Fan'~ factor. We emphasize that this is a 

maximum value as it is easy for extraneous problems to broaden 

peaks but the reverse is an unlikely possibility. At energies 

higher than 122 keY the pulseI' peak is spread over so few analyzer 

channels that an accurate determination of the pulseI' resolution 

could not be madeo However, this presents no serious problem 

since the electronic (pulseI') resolution becomes an almost negligible 

component of the observed gamma peak width at higher energies. 

Consequently the safe assumption was made that the pulseI' resolution 

remained at the value determined at lower energies. Table I sum-

marizes our results. 

We plan to extend these measurements over a larger energy range, 

and to survey a number of detectors made 'from different germanium 

ingots 0 Present indications are that the measured peak widths in 

n 
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earlier experiments are not representative of the intrinsic statistical 

processes in germanium o and are affected in some manner by properties 

of the particular piece of germanium. Since the results given here 

conclusively show that the presently accepted value of the Fano factor 

is in error, we have decided to present them at this early stage. 

Recently an effective Fano factor of less than 0.11 has been 

measured using a collimated beam of gamma rays to irradiate selected 

areas between the n+ and p contacts5); such a measurement is consistent 

with our observation that the effective Fano factor decreases as the 

detector size decreases. 
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TABLE I. Resolution of the germanium detector system at 
various energies. A pulseI' resolution of 140 eV was used 
throughout for the calculation of the Fano factor. 

soUrce Ener~ Resolution Fano factor 

60Co 1333 keY 1.30 keY 0.076 

60Co 1173 keY 1023 keY 0.077 

137Cs 662 keY 924 eV 0.077 

57Co 122 keY 420 eV 0.078 

241Am 59.54 keY 310 eV 0.078 

Br KSl X ray 13.3 keY 195 eV 0.084 

As K a X ray 10.53 keY 183 eV 0.080 

. Cu Ka X ray 8.04 keY 175 eV 0.083 

v 
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LEGAL NOTICE 

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: 

A. 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 

B. Assumes any liabilities with respect to the use of, 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 contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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