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ABSTRACT

'Results demonstrating that the Fano factor for germanium

is less than 0.08 are presented.
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1)

The Fano factor has been something of a 'phantom factor" to
many-wobkers in the field of semiconductor detectorss However, the
extensivé work of Bilger2) appeared to clarify the situation in
germanium, 'and put an end to the era of plunging experimental values

3)

as summarized by Klein™’,°

The objective of this brief note is to conclusively demonstrate
that the intrinsic Fano factor for germanium is appreciably less

2)

than the 0,129 vaiue obtéineé by Bilger™ . . For several years we
occasionally have observed detectors, invariably having relatively
small dimensions, whose resolution was significantly better thén
could be accounted for unless the Fano factor was less than 0,10,
However, iack of time prevented us from studying these detectors
extensively enough to warrant reporfing these results, With the -
advent of our high-resolution optoelectronic feedback preamplifieru)9
the opportunity to make a relatively‘simple assessment of the Fano

factor became available. Early results using this teéhnique are

described in the following paragraphs.

Measurements were carried out uéing several small, thin window,
lithium-drifted germanium detectors (intrinsic area of 4 mm x 4 mm,
and a drift depth of 4 mm) that exhibited a leakage current of about

5 x 10-13

A 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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tﬁé,Fano factor, and our result may therefore be considered .
conservative. The détectors.Were_made from a germanium ingot

grown by W. . Hansen,

The electronic resclution of the complete system9 measured
with a Gaussian shaper peaking at 8 usec, was 140 eV, Both
‘pulser and RMS noise-meter measurements gave essentially the

same value,

From 8 keV to 1333 keV, our results establish a maximum
value of 0,08 for the Fédé fécfor.'.We émphasize that thié 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 keV the pulser peak is spread’o?er so few anaiyzer
. cﬁ;nnels that anvaccurate determination of the pulser resolution
could not be made. However, this presents no sefious problem
‘since the electronic (pulser) resolution becomes an almost negligible
componént of the observed gamma peék width at higher energies.,
Conéequently‘the safe assumption was made that the pulser resolution
rémained 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. Present indications are that the measured peak widths in

fad

fi
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earlier experiments are not representative of the intrinsic statistical

_processes in germanium, 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

5)

+ i .
areas between the n and p contacts “; such a measurement is consistent
with our observation that the effective Fano factor decreases as the

detector size decreases.
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Resolution of the germanium detector system at
A pulser resolution of 140 eV was used

throughout for the calculation of the Fano factor.

Source
60Co

GOCO

137Cs

57Co

ZQlAm

B? KB1 X ray

As Ka X ray

ng Ka. X ray -

Energy
1333 keV
il;S ReV

662 keV
122 keV
59,54 keV

13,3 keV

10.53 keV

8,04 keV

1.30
1,23
924
420
310
195
183

175

Y

Resolution

ReV
keV
eV
eV
eV
eV
eV

eV

Fano factor

0,076

0,077

8,077

0.078

0.078

0.084

0,080

0.083

a
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