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ABSTRACT

The response of a lithium-drifted solid state detector has been meas-
ured for protons and found to be linear up to the highest energy observed,.
13.2 Mev. The resolution observed for these protons is 0.81% with a bias of

500 volts and 0.65% with a bias of 250 volts.
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J. Benveniste, R. Booth, and A. C. Mitchell

Lawrence Radiation Laboratory, University of California

Livermore, California -

This report describes some observations on the response of a lithium-

d'riftecl.l silicon p-n junction diode to protons ol various energies up-to 13.2

Mev. The unit in question was made available to us.through the courtesy of

~J. H. Elliott of the Lawrence Rad1at1on Laboratory in Berkeley The wafer

is, square, about 300 mils on a side, and is about 100 mils thick. In use, a

l/8-1nch colhmator is set before the detector to define the central portion of

_the act1ve area

The exper1menta1 procedure has been descrlbed in some detail previ-
ously.,2 Briefly, the detector is mounted in a charged particle scattering
chamber in such a way as to observe protons elastically and inelastically
scattered from a thin (1 mg/cm ) mylar foil. The bombarding energy is de-
term1ned by measurlng the range of the protons in aluminum. With the ap-
pl1cat10n of the range-energy relations, the precision of the energy measure-
ment.is expected to be 0.5%. We find, for the beam energy at the center of .
the scat‘terer,' 13.2 Mev. The energy of the various proton groups observed
was determlned from the kinematics of scattering from H and the several

levels of C and O16

A charge preamplifier is operated in the scattering chamber. The rest
of the electronics includes a good linear amplifier and a 256-channel analyzer.
The block diagram appears in Fig. 1. The linearity of the system was checked
by feeding a tail-pulser signal through an attenoator into the amplifier input.
Figu're 2 shows that the departure from a linear responsé never. exceeded 0.5

channels over the entire 256-channel range.

PROTON RESPONSE |

With 500-volts bias on the detector, a typical pulse-height spectrum
observed in the multichannel analyzer appears in Fig. 3. The origin of the

several groups is identified in the figure.
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Observations of this type at a number of scattering angles yield the
information necessary to construct the response curve of Fig. 4. This curve
is seen to be perfectly linear up to the highest energy observed; furthermore,
the pulse height spectrum of the highest energy groups show no sign of dete-
rioration as observed2 when the particle range was commensurate with the
depletion layer.thickness. It has been es1:ima1ted3 that. this particular detec-
tor is capable of yielding a linear response for protons up to 18 Mlé.v.

| The triangle represents a-particle data from.a C1n343 source. . That 1t '
lands on the same straight line as for protons indicates that the detectot re-
sponse is a function only of the energy deposited, and that there is no appre-
ciable dead-layer at the detector surface. |

The response of the detector to 13-Mev protons and 6.11-Mev a-particles
was measured as a function of bias voltage. Figure 5 shows that.above 250.

- volts bias the line joining the two data points 'passeAs through the origin — as
one would expect if the response remained linear. Below 250 volts, however,
a straight line joining the two points misses the origin, indicaﬁng that the
response to a-particles is less than it should be due either to the existen;e

of a dead-layer between the surface and the depletion layer, or to a loss of
collection efficiency of electron-hole pairs.

The resolution of the detector for 13-Mev protons and 6.11-Mev a-

particles was found to be:

500-v bias 250-v bias
6.11-Mev alphas 1.2% (73 kev) -
13.2-Mev protons 0.81% (105 kev) 0.65% (84 kev)
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Fig. 2. Linearity check.
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ig. 3. Pulse height spectrum of protons scattered from mylar (44°).
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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 information con-
tained in this report, or that the use of any information, apparatus, 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 information, apparatus, method or process dis-
closed 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 provides access
to, any information pursuant to his employment or contract with the Commis-
sion, or his employment with such contractor.






