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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.
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Solid-state detectors are increasingly used nowadays for nuclear
spect_:x;oscopy. Surface—barrieri’ o and lithium—drift.ed3 silicon detectors
are commonly used for beta-ray measurements,. This letter describes
briefly a high-resdlutio’n spectrometer with which resolution of 0.97 keV
" | 5 237

(fwhm) was obtained for U electrons,

7Co X rays and 1.5 keV for
The influence of the electron source on the energy resolution is discussed.

The spectrometer consists of a cooled lithium-drifted silicon

detector, a novel low-noise preamplifier, 4 and a main amplifier, The

detector is mounted in a vacuumtight housing and is cooled by a liquid
nitrogen cooling system. Measurements were made to establish the
optimum.operating‘conditions for the semiconductor cietector, i.e., tem-
perature and bias voltage. Figure 1 shows the results of these measure-
ments on one particular detector (3 mm thicl; and 5 mm in diameter). >
The optimum femperature ‘was found to be -140°C, and the bias voltage
corresponding to this temperature was 300 V. The optimum temperature
for different detectors was in the range -150°C to -130°C, and in all |
cases the résoluﬁon was a slowly varying function of temperature in the
range -170°C to -1_10°C. ‘The optimum bias voltage range extends from
200V to 500 V, and is a function of detectér thickness and fabrication

process.

o>
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The optimum temperature was achieved in the described spec-
trometer by the arrangement shown in Fig. 2. The lithium-drifted silicon
detector is attached to a small circular aluminum plate by meané of a thin
Mylar strip. Two cylindrical ceramic rods are used to mount the plate
on the col.d surface and to provide the necessary heat leak. The required
temperature of the detector was set by the diameter and length of the
ceramic rods, The input stage oif the preamplifier mounted on the cold
surface is aléo shown in Fig. 2.

The cerar_nic rods, which are good electrical insulators, allow
one to connect the detector in an isolated-from-ground configuration, This
feature simplifiés the input stage of the preamplifier, causihg significant
reduction of the input stray capacitance. The low—ﬁoise preampl’::tfier4
uses a field-effect transistor in its input stage, and itsvdesigh is based on
optimiza;ion'of the signal -to-noise ratio. The i:)uls.e-generatorbresolution
obtained for zero external capacitance was 0.5 keV, aﬁd it increases by
0.05 keV pef picofarad. The choice of the main amplifier and its éhaping
timg constants iﬁad little inﬂuencéon the resolution of the syétem.

vThe performance of the spectrometer describe& \%/as tested Qith

7U electrons and 57Co X rays. The spectrum of 237U, electrons

23
and y rays, is giv‘én iﬁ Fig. 3. The \'/-ray' sp'_ectrum of this édurce was
separated by means of a Teflon absorber, and is sho’wnvin. tﬁe lower part
of Fig, 3. The resolution for electrons measured from the energy lines
of 89.4 and 42 keV is 1.5 keV (fwhm). The uranium source wa‘.s a film-
layer source, less than 7 Hg/cnuz thick. |

In Ordel'_:t'o show the influence of the source fhickri'ess on resolution

in electron spectroscopy, we compare the results for the K and L]:H
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lines of ~237U with the K line of,_io’

Cd (62 keV), which is not unlike in
109 ' '

energy.. The spectrum of Cd \.:: ;;ivcﬁ in Fig, 4; the resolution meas-
ured from the K line is 2.5 keV. The '»h:ckm':ss' of this source was
250 }Lg/cmz. | |

The resolution of _thé spectrometer for low-energy X rayé is
0.97 keV (fwhm), and it is demonstrated by the spectrum of 57Co, given
in Flg 5. In addition to the linc of 14.37 kéV, from which the resolution
was measured, the X-rays of iron (K, =6.4 keV, Kﬁ=7.06 keV) are clearly
resolved from the background. Thus, the spectrum also exhibits the very
low noise of the svystbem. The noise limit of the spnectrometcr was at approx-
imately 3 keV.

Comparing the resolution values obtained for electrons and X rays,
we can conclude that the energy-loss spread in electron-silicon interactions
is larger than for X-ray interactions.. The results obtained for electron
spectra show that in high-resolution analyzing systems, the sourcé thick-
ness is' an important factqr in determining the resolution of the measure-
ment, Furthe‘rrﬁofe, comparing t‘né resolution valueé Ifor electrons and
X rays with the pulse-generatdr resélﬁtiorl of the preamplifier reveals
that the noise associated with the clectronics is not the limiting factor in
the spectrometer described,

| The describéd high-resc.lution spectrometer was used succeés-—
fully by several experimenters in our Laboratory. A novel technique for
chernical .analysis of.material samples waé developed, 6 and angular corre-
. - : _ _ . N\
lation experiments involving subshell conversion electrons have been made.

The authors would like to acknowledge the contribution to and

interest in this work of Toshimitsu Yamazaki, Harry R. Bowrnan,
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Stanléy G. Thompson, Georgé W.. Kilian, A. Judd Haverfield, and

Rand L, Watson, Many thanks arc die Roger A. Gembala, Richard C. Jared.

and Donald F. Malone for their technical assistance.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






