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INTRODUCTION

In recent years semiconductor detectors have grown steadily in importance in nuclear
technology. Owing to their versatility, compactness and relatively high resistance to radioactive
radiations, these detectors have attracted the interest of many scientific and technical experi-
menters and sparked off a continuous advance in instrumentation and measurement technique.
Naturally, this scientific interest in refinement and further development has been followed by an
avalanche of publications. It is very difficult for the instrumentation specialist or nuclear engineer
to do his own job, namely, investigating his own specific problems, and at the same time keep
abreast of the latest state of the art or acquire a rapid and comprehensive insight into new develop-
ments affecting his particular field. The practical engineer in the laboratory faces the almost
overwhelming task of, on the one hand, carrying out his frequently time-consuming and expensive
series of experiments and, on the other hand, reading and understanding a vast number of publi-
cations in his special field and assessing their value or lack of it. This is a more than full-time
occupation. Here is an opportunity for a modern documentation and information service, which
can help the laboratory scientist by selecting the relevant material for him and presenting it in
a condensed form. At the suggestion of Professor Bertolini of the Euratom Joint Research Centre
at Ispra, the present compilation seeks to present a selection of publications on semiconductor
techniques which will help instrument makers, reactor physicists and users of these instruments,
together with the interested laymen, to inform themselves quickly and comprehensively about
technical innovations and developments from the short notes before studying and analysing the
original publications. The compiler is aware that, owing to its cursory character and the rapid
advance of technical developments, this compilation will be only a short-lived aid to the instrument
specialist. He would therefore like to point out the possibilities afforded by the Euratom semi-
automatic documentation system for obtaining up-to-date information in the future.

Lastly, the compiler would like to thank the kindly helpers, advisers and initiators of this
work, who by their diligence, perseverance and continual encouragement made its present form
possible. Among many other sources, the report collection of the Euratom library, the Nuclear
Science Abstracts and the reference files of the Euratom Centre for Information and Documen-
tation (CID) were used as basic material.

Brussels,
August 1967 THE COMPILER
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1 INVESTIGATION OF THE ANOMALY
IN THE RESPONSE OF SILICON SEMICONDUCTOR

RADIATION DETECTORS AT LOW TEMPERA-
TURES.

W.R. Dodge, S.R. Domen, A.T. Hirshfeld, and D.D.
Hoppes (National Bureau of Standards, Washington,
D.C).

IEEE (Inst. Elec. Electron. Engrs.), Trans. Nucl. Sci., NS-12:
295-303 (Feb. 1965).

Investigation of the response anomaly in silicon semicon-
ductor radiation detectors cooled to temperatures below
40°K was continued. Experiments wich surfacebarrier
detectors show that the mean temperature at which nor-
mally ionized imputity atoms accept electrons (as deduced
from dE/dx measurements of the depletion depth) is a
slowly varying function of the impurity concentration.
This behavior is expected from the dependence of the
Fermi level on the temperatute, impurity concentration
and ionization energy. Below the narrow temperature
intetval in which the majority of the impurity atoms
accept electrons and hence become electrically neutral,
particles which produce low ionization densities (beta
patticles) produce pulse heights with room temperature
magnitudes, while particles with high ionization densities
(alpha particles) produce pulse heights which are lower
than those characteristic of room temperature opetation and
which depend on the detector bias voltage. The tesults
of experiments conducted to investigate polarization effects
in lithium-drifted semiconductor radiation detectors are

described.

2 CYCLOTRON TESTS TO DETERMINE
THE RESPONSE OF SOLID-STATE DETECTORS
TO PROTONS OF ENERGIES 50 TO 160 Mev FOR
USE IN A PROTON SPECTROMETER.

Gary W. Grew (Langley Research Center, Hampton, Va.).

IEEE (Inst. Elec, Electron. Engrs.), Trans. Nucl. Sci,
NS-12: 308-13 (Feb. 1965).

Tests were conducted at the 160-Mev Harvard cyclotron
on fully depleted solid-state detectors. This wotk was done
in conjunction with a feasibility study of a proposed pto-
ton spectrometer consisting of two dE/dx detectors in a
coincident telescope arfangement that can analyze ptotons
over an enetgy range from 0.5 Mev to greater than
200 Mev. The surface barrier sensors were exposed to
protons of energies varying from 50 to 160 Mev to deter-
mine the response of these sensors to high-energy protons.
The two major parameters to be determined were the most
probable energy loss in the detector by protons of energy
E and the resolution of the energy-loss distribution. The
results of the tests are compared with the Symon treatment
of the Landau effect. The proposed proton spectrometer
is also discussed briefly.

3 CORRELATION BETWEEN LITHIUM
DRIFT MOBILITY AND MINORITY-CARRIER
DRITF MOBILITY IN GERMANIUM.

Armantrout G.A.

IEEE Transactions on Nuclear Science, Vol. N§-13, No. 3,
June 1966, p. 370-372.

The minority-carrier drifc mobility of driftable and non-
driftable getmanium was measured in an effort to deter-

mine the presence of an impurity which reduced the
lithium drift mobility but did not affect the resistivity and
lifetime of some of the material used to make lithium-
drift detectors. The measurements were made at 77°K
where the mobility is limited by impurity scattering rather
than lattice scattering. The mobility was measured as a
function of temperature for five samples of Ge which had
varying lithium drift mobilities. Good correlation was
found between the driftability of the material and the
minority-carrier drift mobility at 77°K. Estimated impur-
ity levels in the range of 10'4-1015/cm?® apparently reduce
the effective lithium mobility, while impurity concentra-
tions greater than 5 X 105 make the Ge unsuitable for
making lithium-drift detectors.

A mass-spectrometet analysis indicated that the impurity
apparently has 2 mass number less than Mg; oxygen is a
likely possibility due to its known behavior with Li in
silicon.

4 MONITORING OF SILICON DETECTOR
SYSTEMS WITH PULSED GaAs.

Robert W. Kuckuck (Univ. of California, Livermore) and
J. Chong Lee.

IEEE (Inst. Elec. Electron. Engrs.), Trans. Nucl. Sci., NS-12:
356-60 (Feb. 1965). (UCRL-7957).

The use of the closely matching emission of GaAs and the
spectral response of silicon detectors ate proposed as an
optical method if monitoring overall nuclear detector sys-
tem response. A GaAs diode is a high-speed current
device which emits light with an intensity linearly related
to the electrical input over a wide range and which has a
frequency response well beyond that of normal silicon
detectors. The speed of the GaAs source permits overall
evaluation of the silicon detectot and its associated circuitry.
Whete applicable, the optical monitoting of nuclear detec-
tor systems with compact GaAs sources offers a highly
flexible alternative to isotope and electrical pulse methods.
Experimental behavior of some typical sources and detec-
tors and the results of a procedure developed to monitor
a nuclear pulse detector system are presented.

5 MONTE CARLO CALCULATIONS OF
SEMI-CONDUCTOR DETECTOR RESPONSE TO
GAMMA RAYS.

K.M. Wainio and G. F. Knoll (Univ. of Michigan, Ann
Arbor).

Trans. Am. Nucl. Soc., 8: 61-2 (May 1965).

6 SILICON CARBIDE HIGH-TEMPERA-
TURE NEUTRON DETECTORS FOR REACTOR
INSTRUMENTATION.

R. R. Ferber and G. N. Hamilton (Westinghouse Electric
Co., Pittsburgh).

Trans. Am. Nucl. Soc,, 8: 72-3 (May 1965).




7 CHARACTERISTICS OF SOME LARGE,
COAXIAL LITHIUM DRIFT SEMICONDUCTOR
GAMMA-RAY SPECTROMETERS.

Tavendale A.J.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 315-327.

Large-volume, lithium drift germanium and silicon diodes
have been fabricated using the “coaxial” configuration
and their diode and gamma-ray spectrometer characteristics
investigated at liquid nitrogen temperatures (77°K).
Techniques are described which have been used to drift
volume up to 40 cm® from 10 ohm-cm, Ga-doped getma-
nium and 22 cm?® from 1100 ohm-cm, B-doped silicon
Drift data, diode d.c. conditions for best spectrometer
operation, and experimental resolutions for Co-57, 60
source gamma-rays are tabulated for Ge diodes, 14.5 -
40 ¢m® active volume, and other sections taken from
these. Gamma-ray spectta up to 17 MeV gamma-ray
energy are presented for typical diodes.

Resolutions (FWHM) of 2.0, 34 and 7.3 keV on the
full-energy peak of 122, 1173 and 2754 keV gamma-
rays have been obtained from a 14 cm® Ge (Li) diode
using a cooled, FET input stage pre-amplifier.

The performance of a coaxial Ge(Li) diode with a guard-
ring construction for high bias voltage operation is
described.

Coaxial Si(Li) diodes primarily intended for application
as gamma-ray pair spectrometers have been drifted to
22 cm® active volume. The spectral responses to 122
and 2754 keV gamma-rays from a smaller, 11,5 cm?®
Si(Li) diode are given. Problems in drifting “single-
ended” coaxial Si(Li) diode structures are discussed.

8 (MLM-1221) MOUND LABORATORY
PROGRESS REPORT FOR OCTOBER 1964.

J. F. Eichelbetget, G. R. Grove, and L. V. Jones (Mound
Lab., Miamisburg, Ohio).

Oct. 22, 1964. Contract AT-33-1-GEN-53. 24 p. Dep.
(mn); $1.00(cy), 1(mn) CESTL

As an alternate to internal-gas-phase proportional count-
ing for detection of trace quantities of #3Kr in Kr and Xe,
work was started on the quantitative determination of
conversion electrons from 85Kt in a thin film of material
condensed cryogenically. Preliminary experiments with
Li drift detectors showed that this method possesses the
energy tesolution trequired for quantitative measurement,
In particular, tesolution of convetsion electrons at 623 kev
and 655 kev arising from conversion of the 661-kev
gamma ray from !37Cs is satisfactory. Twelve cylinders
of P-10 gas (90% Ar 109 CHi) were found to contain
1% 10~8 mole % tritium as determined by liquid scintilla-
tion counting.

9 NEW CONCEPTS IN NUCLEAR PULSE
AMPLIFIER DESIGN.

Blankenship J.L., Nowlin C.H.
IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 495-507.
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Network analysis and synthesis techniques were applied to
design a new experimental nuclear pulse amplifier whose
performance is superior to any other similar type of
amplifier. The amplifier is designed to closely approxi-
mate desirable overall transfer functions. The instrument
consists of broadband, fixed-feedback amplifiers and a
novel passive, linear lumped-element network. The gain
of the amplifier is adjusted by passive, constant-impedance
attenuators. The variation of ctossover time with attenua-
tor position (for both fine and coarse controls) is less
than + 0.50 nsec., and it is not necessaty to make separate
trimming adjustements for each attenuator setting.

The pulse-shaping network yields a unipolar output pulse
having a monotonic return to the base line and having
a theoretical signal-to-noise ratio superior to that of any
published lumped-element network, and having minimum
pile-up distortion for a given noise-cotner time-constant.
The bipolar pulse has nearly equal-amplitude positive and
negative peaks, but with no tertiary overshoot. No delay
lines are used. Minimum pile-up distortion and excellent
recovery from ovetload are achieved by the use of pole-
zeto concellation techniques throughout the system. This
amplifier was evaluated for ovetload recovery, crossover
walk, pile--up distortion, common mode tejection, and
noise-to-signal ratio.

10 (CLOR/IBJ-11-36/D) MULTI-GUARD-
RING GOLD-SILICON SURFACE-BARRIER DE-
TECTORS.

J. Roman, A. Dabrowski, S. Glowacki, M. Jagusztyn,
M. Slapa and J. Chwaszczewska.

Centralne Laboratorium Ochrony Radiologiczej, Watsaw
(Poland), 1965, 11, p., Dep.

Gold-silicon surface-barrier beta specttometers with multi-
guard-tings (3000-5000 ohm-cm n-type silicon) have been
made. The devices have proved to be very stable in long-
term operation and to withstand at room temperatute a
reverse bias greater than 1500 volts. The revetse current
passing through the signal electrode and the guard-rings
was less than 1 wamp at 1000 volts bias. The beta
patticles and internal-conversion electtons energy spectra
have been measured. The energy resolution at room
temperature was of about 9 kev (f.wh.m.) for 625 kev
electrons.

11 (ORNL-P-1089) ABSOLUTE ENERGY
CALIBRATION OF SOLID-STATE DETECTORS
FOR FISSION FRAGMENTS AND HEAVY IONS.

H. W. Schmitt, W. M. Gibson, J. H. Neiler, F. J. Walter,
and T. D. Thomas (Oak Ridge National Lab., Tenn.).
{19651.

Contract {W-7405-eng-261. 19 p. (CONF-650301-11).
Dep.(mn); $1.00(cy), 1(mn) CFSTI.

From Symposium on the Physics and Chemistry of Fission,
Salzburg, Austria.

The response of silicon semiconductor detectors to 252Cf,
2351, and 2%°Pu fission fragments and to monoenergetic
bromine nad iodine ions was studied to obtain information
from which precise particle enetgies can be obtained from




pulse-height measurements. Measurements were made for
surface-barrier and diffused junction detectors of widely
varying tesistivities with different window thickness and
diffusion depth and for a broad range of opetating condi-
tions. The experiment is described and the results are
analyzed.

12 (WCAP-2644) MINIATURE NEUTRON
DETECTOR DEVELOPMENT.

Quarterly Progress Report, April 1 - June 30, 1964.

J. Weisman, ed. (Westinghouse Electric Corp., Pittsburgh,
Pa. Atomic Power Div.).

July 15, 1964. Work Performed under United States —
Euratom Joint Research and Development Program.
Contract AT(30-1)-2827. 17 p. (EURAEC-1150). Dep.
(mn); $1.00(cy), 1(mn) CFSTL

Work has continued on the development of silicon car-
bide diodes for the detection of neutrons undet sustained
high-temperature, high-flux conditions. A technique was
developed for evaporating a thin film of 235U on the surface
of the diode. Diodes so processed successfully counted
fission fragments produced by exposure to a neutron
source. The greatest emphasis during this period has
been placed on the preparation of a high temperature
mounting for counting diodes. Such a mounting will
allow the entire assembly to be repeatedly heated to
temperatures up to 1300°C. It is expected that this will
allow substantial annealing of irradiation damage. Con-
figurations which successfully withstand this thermal
cycling have been developed but units so processed have
shown a very poot = counting ability.

13 (WCAP-2666) MINIATURE NEUTRON
DETECTOR DEVELOPMENT.

Final Report.

J. Weisman, ed. (Westinghouse Electric Corp., Pittsburgh,
Pa. Atomic Power Div.).

Oct. 1964. Work Performed under United States —
Euratom Joint Research and Development Program.
Contract AT(30-1)-2827, 85 p. (EURAEC-1278). Dep.
(mn); $3.00(cy), 2(mn) CFSTI.

This report summarizes the results of the development of
miniature silicon carbide neutron detectors carried out
from June 1961 to September 1964. The program has
developed surface junctions capable of detecting charged
pariicles. The detector diodes are produced by diffusing
aluminjium into SiC crystals to a predetermined depth.
The 3-stage diffusion process used is teproducible and has
a good yield of useable diodes. A technique for convert-
ing the diodes into neutron detectors by vapor deposition
of 235U has been developed. Such diodes have been
shown capable of counting thermal neutrons up to 800°C.
Radiation damage studies have shown the diodes to have
appreciably more radiation resistance than similar silicon
diodes. Howevet, the lifetime of present structutes within
a power reactor is estimated to be only between 100 and
1000 seconds. There is evidence that substantially im-
proved lifetimes can be obtained by annealing the diodes

at temperatures above 1000°C. Substantial efforts have
been made to develop diode contacts which will withstand
these temperatures but these efforts have not been success-
ful. The diodes would appear to have significant utility
for flux mapping in high temperature criticals and for
some space exploration applications.

14 dE/dx SURFACE-BARRIER SILICON
DETECTORS.

T. Krogulski, J. Chwaszczewska, and M. Jaskola (Inst. of
Nuclear Research, Warsaw).

Nukleonika, 10: 69-75(1965). (In Russian).

A new technology of type dE/dx surface-barrier detectors
was developed. The detectors obtained had thickness 70,
50, 40, 30, and 25 p, active area 1—1.5 cm? while their
barrier could be broadened over the whole geometrical
detector thickness, The detectors were studied by means
of natural polonium and thorium = soutces and 24-Mev
a-particles and 127-Mev deuterons from the cyclotron.

15 SOLID STATE POWER MAPPING
INSTRUMENT.

Robert Steinberg and William B. Schwab (U. S. Atomic
Energy Commission).

U. S. Patent 3,160,567. Dec. 8, 1964.

A radiation detector was designed for mapping reactor
neutron flux. It consists of a plurality of probes, each
probe having a pluralitcy of 23°U-coated p-n junction
diodes connected in series, means to guide the ptobes
along a fuel element, a motor drive, and means for
determining the position of the probes along the fuel
element.

16 (MLM-1245) MOUND LABORATORY
PROGRESS REPORT FOR FEBRUARY 1965.

J. F. Eichelberger, G. R. Grove, and L. V. Jones (Mound
Lab., Miamisburg, Ohio).

Feb. 26, 1965 . Contract AT(33-1)-Gen-53. 26 p. Dep.
(mn); $2.00(cy), 1(mn) CFSTL

Techniques are being developed for preparing and rework-
ing semiconductor radiation detectors. Si-barrier detectors
were prepated with resolutions of the order of 2.5%
(FWHM) for 4.88-Mev alpha particles from 2°°Po. Alpha
groups from a mixture of polonium-208, -209, and -210
at 4.88, 5.11, and 5.30 Mev are resolved completely.

17 INVESTIGATIONS OF ELASTIC p-p
SCATTERING AT HIGH ENERGIES BY MEANS
OF TRANSISTOR COUNTERS.

Yu. K. Akimov, A. I. Kalinin, V. A. Nikitin, V. S. Pan-
tuev, V. A. Sviridov, A. 1. Sidorov, and M. N. Khacha-
turyan,

Zh. Eksperim. i Teor. 4., 48; 767-9 ~ (Feb. 1965) (In
Russian).
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Solid-state countets wete placed in vacuum at an angle
of 87.7° to a proton beam at a distance of 3 meters from
a target which was struck by 10-Bev protons. The target
was an organic polymeric film 0.7 p thick. The dimen-
sions of the surface-batrier counter were 3 X 4 X 0.09 mm?.
The counting time was 10 minutes. The amplitude
analyzer clearly showed a peak due to 2.2-Mev tecoil
protons. The peak width at half the height was 330 kev
(15%). The half width AE/E was ~~18% in a nuclear
emulsion, that is, somewhat broader than the distribution
obtained with the solid-state counter. Protons whose
range is included in a silicon layer 0.7 mm thick can be
identified by the solid-state counter.

18 (SGAE-PH-10/1964) MESSUNG DER
KINETISCHEN ENERGIE DER SPALTBRUCH-
STUCKE DER U-235 SPALTUNG.

(Measurement of the Kinetic Energy of Fission Fragments
from U-235 Fission).

M. Schneeberger and H. P. Axmann.

(Oesterreichische  Studiengesellschaft  fuer Atomenergie
GmbH, Seibersdorf. Physik-Institut). Oct. 1964. 8 p.

Phosphorus-diffused (np) silicon deteciors were used in
ionization study of the kinetic energy of fission fragments
from 235U fission. The energy distribution of the fission
fragments was measured to determine the counting
properties of the semiconductor detectors. For the measure-
ment of the kinetic enetgy, a two-detector system with
the uranium foils, two amplifier stages, and recording unit
was used. A two-dimensional energy analysis was made
of the kinetic energy in the form of a contour diagram.

19 ON THE AMPLIFICATION OF TRANS-
VERSE OPTICAL PHONONS.

H. N. Spector (Illinois Inst. of Tech., Chicago).
Nuovo Cimento (10), 37: 1731-3 (June 16, 1965).

A previous phenomenological treatment (Phys. Rev., 132:
679(1964)) in which it was found that transverse optical
phonon modes in semiconductors can be excited only by
coupling them to the longitudinal mode is discussed. It
is shown that this result arises due to neglect of the effect
of the a-c magnetic field, which arises from the lattice
vibrations, on the electron current.

20 NOISE ANALYSIS FOR A SILICON
PARTICLE DETECTOR WITH INTERNAL MULTI-
PLICATION.

Haitz R.H., Smits .M.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 198-207.

Internal catrier multiplication in a particle detector makes
possible a reduction in the noise contribution of the
following amplifier. The carrier multiplication, however,
introduces additional noise from two sources. First, the
statistical nature of the multiplication process gives rise
to variations in the magnitude of the carrier multiplica-
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tions. Second, as pointed out by Shockley, I the inherent
statistical spatial fluctuations of impurity density within
the space charge layer of a p-n juntion lead to cortespond-
ing local flucturations of the avalanche breakdown volt-
age Vin. At a bias below Vy this corresponds to local
fluctuations of the multiplication factor M. The signifi-
cance of both noise soutces is evaluated. It is found that in
general multiplication will improve the enetgy resolution
only for the detection of low energy particles and for
moderate values of M. The findings are illustrated by
detailed calculations for a silicon junction having a break-
down voltage of 30 volts with a corresponding space
charge layer thickness of 1.3 microns, appropriate for low
energy particle detection.

21 (NYO-3267-2) USE OF ISOTOPES AND
SLOW NEUTRONS IN DIAGNOSIS AND TREAT-
MENT OF NEOPLASMS.

Massachusetts General Hospital, Boston. Physics Research
Lab. and Massachusetts General Hospital, Boston. Neuro-
surgical Service). [1965].

Contract AT (30-1)-3267. 45 p. Dep.(mn); $2.00(cy),
1(mn) CFSTIL

Recent developments are teported in the use of ultra
short-lived positron-emitting radioisotopes with a camera-
type scintillation detector for the localization of tumors.
The advantages of 6-hr °*™Tc and 1.8-hr ®F for rapid
diagnosis and low radiation dose to the patient are
discussed. Results ate summarized from investigations of
the use of '9B-neutron capture teactions for the selective
destruction of infiltrating gliomas in selected patients.
Results indicate this mode of therapy combines some of
the most attractive features of external radiation therapy
and internal isotope therapy. A numbetr of boron com-
pounds were synthetized and evaluated in mice for their
selective deposition in tumors. Data are included on
boron analogs of biologically-important compounds, B-con-
taining antibodies, and miscellaneous B compounds. The
development of thermoluminescent dosimeters for y dosi-
metry and solid state probes using LiF plastics or H3BOs
as powder or solutions in water for the detection of
a particles from 1°B is discussed. Neutron spectra were
measured by threshold foil activation and converted to a
differential dose spectra by use of dose-flux relationships.
A computer was used in reactor neutton dose calculations
and a code was developed for the IBM 7090 for the
calculation of neutron spectrum and total neutron dose.
The code gave excellent results with a2 minimum ot input
data and computer time when used for dose calculations
on the Medical Beam Facility of the M.IT. reactor.

22 SPECTROMETRIC ANALYSIS OF BETA-
RADIATION USING SEMICONDUCTOR DETEC-
TORS.

Hashizume A., Legrand J., Hateux F. (Centre d’Etudes
Nucléaires, Saclay, France).

Vienna, International Atomic Energy Agency, 1965.

Preprint No. SM-61/66, 24 p. (In French). (CONF-
650507-18).

From IAEA Symposium on Radioisotope Sample Measure-
ment Techniques in Medicine and Biology, Vienna.




The identification and analysis of pure S emitters are
often necessaty in connection with the biological and
medical applications of radioisotopes. Junction, sutface-
barrier and lithium-ion drift silicon detectots were used
to analyze complex B spectra. The detectors were placed
in a vacuum (1073 mm Hg) at a temperature of —30°C.
The resolving power of the best detector varied with
temperature from 20 to 8 kev. Since the stability and
resolving power of the spectrometer with junction detec-
tors were far superior to those of the counters with
organic scintillators, analytical precision was substantially
improved. The results obtained for a large number of
mixtures, including 32P 4 33P, 89Sr + (®°Sr + 2Y), etc,
wete compared. The results bring out the considetable
advantages of this method (ease of analysis, precision,
detection of low concentrations, etc.) over the conventional
techniques.

23 (EUR 2274.e) PRELIMINARY RESULTS
ON TIMING WITH PHOTOMULTIPLIERS AND
SOLID-STATE DETECTORS.

Bertolini G., Mandl V., Pedrini A., Stanchi L.

(European Atomic Energy Community, Ispra (Italy). Joint
Nuclear Reseatch Center). 1965. 56 p. Dep.(mn).

Electronic instruments for a delayed coincidence spectro-
meter in the nanosecond region were developed, and a
half life measurement of the 73.6-Kev excited level of
239Np was petformed. Preliminaty measurements of the
time resolution with photomultipliers were done.

24 (NG64-18291) PROGRESS REPORT ON
PARTICLE DETECTION AND PARTICLE DETEC-
TORS.

Ziock K., Ritter R. C.

(Vitrginia Univ., Charlottesville). Nov. 30, 1963. 4 p.
(NASA-CR-53389). $1.10 (CFSTI).

An investigation is conducted of a method for increasing
the active volume of lithium-drifted germanium semi-
conductor detectors . This method involves a combination
of lithium-drifting and special geometrical configurations.

25 (NP-14962) THE NONDESTRUCTIVE
TESTING OF FUEL ELEMENTS BY MEANS OF
COMPTON RECOIL SPECTROMETRY.

Annual Report. (Oesterreichische Studiengesellschaft fur
Atomenergie GmbH, Seibersdorf. Physik-Institut). [1962].
IAEA Contract 180/RB. 32 p. Dep.(min).

Results of research are presented which show that it is
possible to isolate the 661-kev 137Cs gamma line after
fuel butning time of about 2 years and 2 weeks cooling
time using Compton spectrometers with semiconductor
detectors for Compton-electron determination.  Design
and performance of this system are described.

26 (ZfK-PhA-16) EIN STABILER UND
RAUSCHARMER 'LADUNGSEMPFINDLICHER
VORVERSTARKER FUR HALBLEITERDETEKTO-
REN.

(A Stable and Low-Noise Charge-Sensitive Preamplifier
for Semiconductor Detectors).

Kemnitz Peter, Kaufmann Claus.

(Deutsche Akademie der Wissenschaften zu Berlin (East
Germany) and Zentralinstitut fiir Kernphysik, Rossendorf
bei Dresden (East Getmany)). Sept. 1964. 14 p. Dep.
(mn).

A low-noise charge-sensitive preamplifier for semi-con-
ductor detectors is described. After a survey of the
propetties of the preamplifier that are tequired for spec-
trometry, some methods for the practical tealization of
these requirements are discussed. A variant of the Hahn
circuit is especially suitable for this putpose. It produces
a noise half-value width of 2.6 kev for silicon with form-
ing time constants from 0.3 to 0.5 usec. The effective
input capacity is 8nF. This corresponds to a change of
the input pulse height of about 1% with a change of the
input capacity from 20 to 100 pF.

27 SEMICONDUCTOR RADIATION DE-
TECTORS.

Deme Sandort.
Atomtech. Tajekoztato, 8: 244-5(1965). (In Hungarian).

Semiconductor-type detectots were first used for the detec-
tion of alpha particles, at a resolution of 0.6%. Recent
advances in the preparation of high-purity Si made it
possible to build specttometers with a thicker barrier
layer, suitable for studying high-energy protons and other
charged particles. The barrier layer of the new Li-type
detectors is more than 5 mm thick; these instruments may
be used for the spectrometty of 2-Mev electrons with a
resolution of 40 to 50 kev. The greatest achievement
during the last 2 years in this field was the development
of the high-resolution Ge gamma spectrometer. As a
general rule, the resolution of semi-conductor detectors is
about ten times better than that of scintillation spectro-
meters, but their efficiency is low. Therefore, they ate
especially suited for studies in low-energy nuclear physics.
The chief drawback of these insttuments is their price and
their short useful life; they lose their excellent resolution
after a few months in operation or 1 to 2 yeats of storage.
On the other hand, their fabrication is simple enough to
allow their preparation at the research institutes by the
workers themselves.

28 A LARGE-VOLUME, COAXIAL, LI-
THIUM-DRIFT, GERMANIUM GAMMA-RAY SPEC-
TROMETER.

Malm H. L., Tavendale A. J., Fowler 1. L. (Atomic Energy
of Canada Ltd., Chalk River, Ont.).

Can. J. Phys., 43: 1173-81 (July 1965). (AECL-2301).
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A high-resolution, germanium p-i-n diode gamma-tay spec-
trometer was made using the coaxial method of lithium
drift. The detector desctibed is ~~16 cm® in sensitive
volume, three to four times that of the largest “planar”
drifted diodes of this type rescribed to date. Its petfor-
mance as a spectrometet is comparable with that of smaller
diodes; resolutions (fwhm) of 3.3 and 4.8 kev were
obtained at y-ray energies of 122 and 1,333 kev respect-
ively with a detector bias of 1,000 to 1,500 v. Typical
v-ray spectra obtained with sources of *7Co, ¢°Co, '37Cs,
and Th(B+C+C"”) are shown. Also shown are curves
of intrinsic full-energy peak efficiency over a range of
energies. This efficiency is 2.5% at 1,300-kev vy-ray
enetgy — compatable to that of a Nal scintillation spectro-
meter 1 in. in diameter by 1 in. long.

29 SEMICONDUCTOR RADIATION DE-
TECTORS.

Terada D.
Genshiryoku Kogyo, 9: No. 8, 49-56 (1963).
(In Japanese).

Advantages of semiconductor detectors are given, with
emphasis on p-n silicon detectors of 2.5, and 12.5 mm dia.
The results of studies on alpha particles to 13 Mev showed
the energy output is lineatly dependent on the alpha
energy. Spectrum resolution is high: the alpha spectrum
from 21°Po, measured with a 12.5-mm-dia detector,
showed a half-width of 24 kw. For wider application of
such detectors the lithium-drift method is used, the high
diffusion coefficient permitting a high transfer coefficient.
Such a detector with a semiconductor is equivalent to a
gas-filled ionization chamber. Its external appearance and
construction are identical with a p-n detector. Its window
diameter is 5 mm, useful area 20 mm?2, characteristic zone
thickness 1500 m.,

30 GAMMA ASSAY WITH LITHIUM
DRIFTED GERMANIUM SEMICONDUCTOR NU-
CLEAR DETECTORS.

Friedland S. S. (Solid State Radiations Inc., Los Angeles).
Vienna, International Atomic Energy Agency, 1965.
Preprint No. SM-61/55, 12 p. (CONF-650507-33). ORINS.

From JAEA Symposium on Radioisotope Sample Measure-
ment Techniques in Medicine and Biology, Vienna.

The characteristics and applications of the semiconductor
nuclear radiation detector which has been fabricated from
germanium and compensated to high resistivity by the
Pell lithium drift method to obtain a large sensitive
volume for gamma ray detection are presented. Detector
thicknesses of 1 to 4 mm are readily fabricated whereas
6 mm and greater are low yield devices. Areas of 1 to
6 cm? are available only yield depends inversely upon
the. area. Gamma resolutions of less than 10 kev are
obtainable under standard laboratory conditions and less
than 3 kev under ideal conditions. Such high resolutions
will have immediate effect on gamma assay as it may
prove possible in many applications to remove the need
for chemical separation. Results with 2°7Bi, 16¢Ho, and
other sources will be shown.
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31 IMPROVEMENTS IN OR RELATING TO
SILICON SEMICONDUCTORS.

Messier Jean (Commissariat a I'Energie Atomique).

British Patent 979,844. Jan. 6, 1965. Priority date
Nov. 24, 1961, France.

A process is described for the production of a semi-
conductor device that includes a silicon diode obtained
by diffusion of donor and acceptor materials into the
regions adjacent to parallel faces of a plate that includes
an intrinsic Si semiconductot element having a resistivity
of at least 5000 © cm. The inttinsic Si is prepared from
low p conductivity Si formed by the floating zone method
and subjected to thermal neutron bombardment. The
irradiated Si is annealed for about 12 hr at 550°C. A
heat treatment is necessary to cause the activator materials
(donor and acceptor) to diffuse into the Si plate. The
heat treatment is carried out in a neutral atmosphere
followed by a cooling stage in which the temperature is
reduced by at least 5°C/min. The resulting semiconductor
device withstands a high reverse voltage, and is useful in
ionization and nucleat radiation detectors.

32 NUCLEONICS HANDBOOK OF REAC-
TOR RESEARCH AND TECHNOLOGY.

New York, Nucleonics, (1965). 255 p. $2.00.

General reference data are given on nuclear instrumenta-
tion for medicine and biology, measuring gamma activity
with whole-body counters, world development of whole-
body counters, autofluoroscopes, gamma and positron scin-
tillation camera, solid-state dosimeters for iz wivo meas-
urement, miniature p-i-n juactions for #z wvivo dosimetry,
computet techniques, radiotracers in medicine, tailoring
the isotope to the need, optimization of a scanning method
using 29™Tc, biological aspects in the choice of scanning
agents, high-geometry system for counting low activity
levels, developments in nuclear-particle detections, semi-
conductor and scintillator data analysis, semiconductor
detectors, semiconductor properties and applications, iso-
tope costs and availability, isotope-generator reliability and
safety, generator petformance and mission prospects, RBE
for solat-flare protons, separation distance for %°Sr and
244Cm, single-stage spaceships, missions for nuclear instru-
ments, surface-barrier detectors for isotopic age measure-
ments, Van de Graaff nuclear structure studies, medical
research with high-energy heavy patticles, activation analy-
sis, tadiation effects on transistors in space and in-line
fission-product monitot.

33 IN VIVO RADIATION DOSIMETRY FOR
CLINICAL AND EXPERIMENTAL RADIATION
THERAPY.

Roswit Bernard, Malsky Stanley J., Amato Charles G.
(Veterans Administration Hospital, Bronx, N. Y).

Progr. Clin. Cancer, 1: 96-126 (1965).

An extensive account of the development, characteristics,
and applications of solid-state, #» vivo dosimeters is given.
A systematic and critical sutvey was made of existing
dosimeters, employing certain criteria generally regarded




as essential and desirable for any proposed iz wvivo dosi-
metry system (detectors, applicators, reader, and instru-
mentation). Examination of ionization chambets, Geiget
counters, scintillation crystals, chemical dosimeters, photo-
graphic emulsions, and solid state detectors showed that
none, with the exception of the solid state materials,
satisfied most of these criteria, Their outstanding limita-
tion was excessive size, but other faults included marked
energy dependence, unsatisfactory dose tange, costliness,
poor read-up technology, sterilization problems, and un-
availability. ‘The solid state materials, however, appeared
to provide the best soutces for development of successful
in vivo dosimetry systems, and two solid state systems,
both based on the production of luminescence, were used
as a basis for the /# vivo dosimetry developed. The devel-
opment of a miniature radiophotoluminiscent (RPL) glass
tod dosimeter (measuring 1 by 6 mm) is discussed. This
dosimeter, with appropriate shielding and screening, can
be employed effectively in clinical and investigative studies
wherte accurate sz vivo measutements are essential. Also
described are RPL dosimeters, made in the form of a
cylinder: 1 mm in outside dia and 6 mm in length.
Spheres 5 mm in dia have also been made. These glass
dosimetets are comprised of a mattix and an added
imputity of dope; silver metaphosphate — the radiation
sensitive element. When x or vy rays are absorbed by the
glass, disassociation takes place and photochemical reac-
tions follow. Thete is a net formation of atomic silver
of zero valence, which in the ptoper electronic environ-
ment as provided by the host absorb uv light and re-emits
it as orange-yellow light, the intensity of which is directly
propottional to the amount of radiation absorbed. This
is the basis for this relative dosimetry system, ionizing
radiation exciting the radiation-sensitive glass. The orange-
yellow fluorescence is detected, using a yellow bypass
filter and a suitable photo-multiplier tube: the output
current of the tube is amplified and a read-out system is
employed using a dc microammeter. The characteristics
of some glasses are listed in a table, and are extensively
discussed. These dosimeters cost less than $.50 each. The
glass is fabricated as long rods having the desired dia-
meter, and these rods are cut into small cylinders, 6 mm
high. The use of regular composition glass to measure
the v exposure deliveted by a mixed radiation field
containing both v tays and neutrons is also considered.
Clinical applications of the iz wivo system of dosimetry
in radiation therapy, using screened, predised, gold-
shielded glass rods which ate energy independent in the
whole therapy range from 250 to 2000 kev, including
radium, radon, irridium-192, cobalt-60 and cesium-137,
are considered. Its accuracy was good (+79%), and it
was dependable in all tissue volumes, even for total-body
radiation.  Precise radiographic localization within the
body is possible because of the opaque gold shield. With
the dosimeter so miniaturized it is possible to place it
with safety and ease in neatly every body tissue organ
and space in the living patient. Although RPL dosimetry
has solved many clinical problems in radiotherapy, it has
certain limitations. Its range is testricted to from 10 to
15,000 R; and its energy tesponse in the very low-energy
region (as in diagnostic radiology) is unsatisfactory, even
when low Z glass is used. A complementary dosimetry
system based on the principle of radiothermoluminescence
(RTL) may overcome these deficiencies. The estimated
range for RTL dosimeters is slightly less than 1 mR to
almost 250,000 R.

34 BIOLOGICAL, MEDICAL, AND ENVI-
RONMENTAL RESEARCH PROGRAM. CURRENT
MAJOR ADVANCEMENTS.

P. 183-201 of “Fundamental Nuclear Enetgy Research,
1964.” Washington, D. C., Atomic Energy Commission,
1964.

The development of silicon diode detectors for low-energy
x and y measurements and Li-drifted Ge detectors of
measurements of high-enetgy v radiation; the develop-
ment of insttuments for use in studies of the color and
time course of delayed light in illuminated plants and
the relation of delayed light to fluorescence; the develop-
ment of a low-level multidimensional y spectrometer for
use in coincidence measutements of charactetistic photons
of radionuclides in a mixtute; the development of an
automated recording densitometer for use in film badge
ptocessing and data recording; and the development of
procedures for measuring atmospheric radioactivity and
fallout.

35 APPLICATION OF LITHIUM-DRIFTED
GERMANIUM SOLID-STATE DETECTORS TO THE
DETERMINATION OF HAFNIUM IN ZIRCONIUM
OXIDE BY ACTIVATION ANALYSIS.

Girardi Francesco, Guzzi Giampaolo, Pauly Jules (European
Atomic Energy Community — Joint Nuclear Research
Centet, Ispra, Italy).

Radiochim. Acta, 4: 109-10 (June 1965).

Samples (about 0.1 g of zitconium oxide) were irradiated
for two hours in the reactor in a flux of about 2 x 1013
n/cm?/sec. The irradiated capsule was then left for 2 to 7
days to allow for the decay of the short-lived interfering
radioactivities, especially that of °"Zr+927Nb. Then the
radioactivity was measured by means of a lithium-drifted
germanium detector. The gamma spectrum of an irradi-
ated sample of zirconium oxide containing 90 + 3 ppm
of hafnium is shown.

36 (AECL-2252) v-RAY DOSIMETRY WITH
p-i-n JUNCTION COUNTERS.

Jones A. (Atomic Energy of Canada Ltd, Chalk River
[Ontario}).

Feb. 1965. 17 p. Dep.; $0.50 (AECL).

A manufactuting process was developed for low cost p-i-n
junction counters, having 5 and 100 mm? junctions with
intrinsic layer thickness of 1 mm. The performance of
20 samples as y-ray dosimeters and the performance
stability ovet a period of 19 months are described. In
addition, suitable techniques and circuits to permit the
application of these detectors to vy-ray dosimetry are
discussed.

37 (INR-584/11/PS) BEAT-FREQUENCY
METHOD FOR THE CAPACITANCE MEASURE-
MENT OF SEMICONDUCTOR NUCLEAR- PARTI-
CLE DETECTORS.

Przyborski W. (Institute of Nuclear Research, Warsaw
(Poland)).

Dec. 1964. 15 p. CFSTL
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Capacitance effects in semiconductor nuclear particle
detectors, the principle of capacitance measurement
methods, and the apparatus constructed are discussed
briefly. Vol:age-capacitance chatacteristics for the sut-
face-batrier, thermal-diffused, and Li-ion-drifted detectors
are presented.

38 SEMICONDUCTOR DETECTORS AS
COUNTERS FOR A MAGNETIC BETA SPECTRO-
METER.

Walthatd B., Schellenberg L., Huber O. (Universitit Frei-
burg i. B.).

Helv. Phys. Acta, 38: 299-327(May 15, 1965) (In German).

Some genetal properties of commercially available Si-
detectors are discussed. The problem of opiimal pream-
plifiers in order to obtain best coincidence-resolution is
then considered. With the assumption of exponential
tise of the detector-pulse the optimal time-constants of
the amplifier were found to be 2 to 10 times longer than
that of the detector. Finally some coincidence-arrange-
ments are described.

39 COLLECTION TIME AND EQUIVALENT
CIRCUIT OF SURFACE BARRIER SEMICONDUC-
TOR DETECTORS.

Fabri G., Svel:o V. (Laboratori CISE, Milan).
Nucl. Instr. Methods, 35: 83-7 (1965).

The tise time of silicon surface-barrier detector pulses
was measuted under excitation by alpha particles. Such a
measurement made it possible to check both the collection
time of charge carriers in the depletion region and the
equivalent circuit of the detector. The measurements were
made by comparing, at the output of a fast amplifying
chain, the waveforms due, tespectively, to alpha particles
and to artificial pulses obtained by injecting a calibrated
charge (5(t)-current pulse) into the detector. The meas-
ured parameter T turns out to be equal to T=7+4RsCo+
RcCo, where 7 is the collection time, Co the depletion
layer capacity, Rs the bulk resistance due to the undepleted
matetial, and Ro a series resistance. It was experimentally
verified that T, according to the theory, is a linear func-
tion of V7%, where V is the detector bias.

40 ON THE INFORMATION AVAILABLE
FROM THE RISE-TIME OF THE CHARGE PULSE
SUPPLIED BY SEMICONDUCTOR PARTICLE
DETECTORS.

Quaranta A. Alberigi (Universita, Bologna), Casadei G.,
Martini M., Ottaviani G., Zanarini G.

Nucl. Instr. Methods, 35: 93-9 (1965).

It is shown that by measuting the collection time of the
charge released in the depletion layer of a solid-state
radiation detector, some information can be obtained about
the ionizing particle impact angle or about its range in
the depletion layer. Several criteria ate also given for
selecting the detectors suitable to obtain the above men-
tioned information.
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41 POSSIBLE IMPROVEMENT OF SIGNAL-
TO-NOISE RATIO BY CORRELATION IN AN
EXPERIMENT ON PARTICLE IDENTIFICATION.

Escudie B., Chety R. (Institut de Physique Nucléaire,
Lyon).

Nucl. Instr. Methods, 35: 105-8 (1965). (In French).

A technique for improving the signal-to-noise ratio in
patticle identification by energy losses in semiconductor
detectors is analyzed.

42 MEASUREMENT OF PARAMETERS
AND THEIR INFLUENCE ON RESOLUTION ON
PREAMPLIFIERS USED WITH SEMICONDUCTOR
PARTICLE DETECTORS.

Leventhal E. A. (Philips Labs., New York).
Nucl. Instr. Methods, 35: 325-7 (Aug. 1965).

A condition that relates an optimum preamplifier capaci-
tance to the detector capacitance is derived; the intercept
and initial slope of the resolution vs external capacitance
curve are expressed in terms of the parameters of the
preamplifier input tube. A method for determining tube
parametets is also described.

43 A Ge(Li) GAMMA RAY SPECTROMETER.

Fox R. J., Williams I. R., Toth K. S. (Oak Ridge National
Lab., Tenn.).

Nucl. Instr. Methods, 35: 331-3 (Aug. 1965). (ORNL-
P-1314).

A gamma- and x-ray spectrometer is described in which
a lithium-drifted germanium crystal immersed in liquid
nittogen is used. Photopeak detection efficiency curves
obtained for Ge(Li) and Na I(Tl) crystals using x and
gamma soutces are included, together with 2°7Bi gamma
calibration spectra obtained with both types of crystals.
Photon spectra obtained from gadolinium isotopes using
Ge(Li) detectors demonstrate the use of the detector both
in the conventional manner and as a sum spectrometer.

44 A dE/dx-E-T PARTICLE IDENTIFICA-
TION SYSTEM.

Parkinson E. R., Bodansky D. (Univ. of Washington,
Seattle).

Nucl. Instr. Methods, 35: 347-9 (Aug. 1965).

A particle identification system is described in which the
enetgy-loss and time-of-flight methods ate combined.

45 (EURAEC-1384) SOLID STATE NEU-
TRON DETECTOR.

Final Report No. 2, October 1, 1963-Sep:ember 30, 1964.




Contract 099-63-10-RDB. 64 p. (EUR 2347) Dep.(mn);
$3.00(cy), 2(mn) CFSTI.

Work Petformed under United States-Euratom Joint Re-
search and Development Program.

The tesponse to @ particles of an ameticium and polonium
source of SiC particle detectors upon reactor irradiation
is studied. The change of the pulse-height, the I-V cha-
racteristics, the capacity vs. revetse bias, the shott-circuit
photocurtent and the open-citcuit photovoltage upon
reactor irradiation (BR1) were measuted. Annealing
studies were performed to 650°C. By comparing the
calculated and the expetimentally determined pulse-heights
a relation is obtained between the lifetime of the charge-
carriers and the fast neutron flux. Although the observa-
tions ate too scanty to be decisive they seem to point to
a simple radiation damage mechanism. Assuming that
one kind of recombination center is formed, that the
number of recombination centers is propottional to the
fast neutron flux and that the Fermi-level is not displaced
upon irradiation. The term & was calculated from the
relation 7j=1[1/8¢ 4 1/70)}. For detector CEN-4, which
was irradiated at 80°C, 8 is found to be 107* ¢m? sec™.
For detector CEN-6, which was irradiated at 250°C,
§ = 1075 ni~' cm? sec”!. The smaller value for detector
CEN-6 may indicate that a simultaneous annealing of a
part of the primary defects along with their formation
upon irradiation occurs at 250°C in agreement with the
observations. Heating to 650°C has no further effect.
From the assumption that 100 recombination centers are
formed per fast neutron pet c¢m follows that for §=10"*%
ne~! cm? sec™! the capture ctoss-section fot recombination
of charge-carriers is 10713 c¢m2  For §=10"% ns™* cm?
sec! the charge collection-efficiency of a propetly designed
SiC particle detector will reduce to 10%, which is about
equivalent to the noise-level, at 105 avt.

46 PREPARATION, CHARACTERISTICS,
AND APPLICATIONS OF HIGH-VOLTAGE SILI-
CON SURFACE-BARRIER DETECTORS.

Etnest D. Klema (Northwestern Univ., Evanston, Ill).

IEEE (Inst. Elec. Electron, Engrs.), Trans. Nucl. Sci.,
NS-12: 288-90 (Feb. 1965).

Surface-barrier detectors were fabricated from high-resist-
ivity (up to 20,000 ohm-cm) n-type silicon by a technique
which allows them to be operated at large reverse-bias
voltages without guard rings. Protons of 17-Mev energy
obtained from (d,p) reactions at the Argonne National
Laboratory Tandem Van de Graaff accelerator were stopped
with a reverse bias of 700 v on a detector made of
20,000 ohm-cm material. < The detector area is 28 mm?,
and it was cooled by means of a thermoelectric device.
Under these conditions, the measured energy resolution
is 29 kev for the protons, and the leakage current is
0.1 pamp. This detector operates satisfactorily at reverse
biases up to 1800 v. At this voltage, its measured energy
resolution for 1-Mev electrons is 35 kev at room temper-
ature, and its leakage current is 1.12 pamp. Special pre-
cautions required when the detectors are used at accelera-
tors are discussed. The methods used to form the inversion
layers of these detectors and to protect theit edges are
discussed in some detail since it is necessary that the
reverse bias be withstood with both low noise and low

leakage current to obtain good energy resolution. The
characteristics of some of these detectors were obsetved
for a period of two years, and conditions necessary for
their stability with time are given. The detectors were
also tested in a vacuum of 2 X 10~ mm of Hg for a
period of several months and were found to be stable
under these conditions. Satisfactory techniques were
developed and used to fabricate detectors as small as 2 mm
and as large as 2.7 ¢cm in diameter.

47 NEW RESULTS ON THE RECTIFYING
PROCESS IN SURFACE BARRIER COUNTERS.

P. Siffert and A. Coche (Centre de Recherches Nucléaires,
Strasboutg).

IEEE (Inst. Elec. Electron. Engts.), Trans. Nucl. Sci,
NS-12: 284-7 (Feb. 1965).

In order to understand the rectifying process involved in
silicon surface-barrier particle counters, the usual gold
contact was substituted with various metals. The results
obtained from this substitution with twenty different
metals ate given. Results concerning the formation of
the rectifying process for the case of gold-silicon diodes
are presented. In particular, the resistivity of silicon and
the thickness of the gold film were considered.

48 A LITHIUM DRIFTED GERMANIUM
SURFACE BARRIER DETECTOR.

H. DeLyser (Solid State Radiations, Inc., Los Angeles),
F. P. Ziemba, and W. R. Van Antwerp.

IEEE (Inst. Elec. Electron. Engss.), Trans. Nucl. Sci,
NS-12: 265-74 (Feb. 1965).

The fabrication procedure and some properties of thin-
window lithium-compensated germanium nuclear-particle
detectors are described. Their response to various nuclear
particles is illustrated with typical spectra. In addition,
some data on collection times in germanium and silicon
detectors are presented, along with a description of experi-
ments concerning the relative energies to form an electron-
hole pair in silicon and germanium at liquid-nitrogen
temperature. Finally, the relative response of germanium
and silicon detectors to fast neutrons is compated.

49 LARGE GERMANIUM LITHIUM-DRIFT
p-i-n DIODES FOR GAMMA-RAY SPECTROSCOPY.

A. J. Tavendale (Atomic Enetgy of Canada Ltd., Chalk
River, Ont.).

IEEE (Inst. Elec. Electron. - Engrs.), Trans. Nucl. Sci.
NS-12: 255-64 (Feb. 1965).

Lithium-drifted germanium p-i-n diodes with depletion
depths up to 11 mm and an active volume 6 cm® were
fabricated from 10 ohm-cm, gallium-doped material using
a high-power drift method. The diodes were immersed
in chloroform and drifted at ohmic dissipation power
levels in the range 50 to 100 w at 30 to 50 v d-c drift
bias. Diodes were electrothetmally stabilized duting drift
by the boiling action of the chloroform. Peak power
levels of up to 250 w at 200 v bias were obtained at the
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commencement of the chloroform drift, but were reduced
to within the range given above following a rapid increase
in leakage cutrent during the first few hours of drift.
Diode temperatutes were estimated at 10 to 20°C above
the chloroform boiling point. Drift times were typically
500 to 700 hr for depletion depths of 8 and 10 mm
respectively. Seven diodes with depletion depths of 6 to
11 mm werte operated as gamma spectrometets in vacuum
(10~ mm Hg) at liquid Na temperatures (77°K) with
bias up to 1200 v and leakage current ~~10~° amp.
Some typical spectral response characteristics are given for
diodes used as photoelecttic gamma specttometers, and
the effect of carrier trapping on enetgy resolution is
demonstrated. Resolutions of 3.5 and 8.0 kev on the
full-energy peaks of 122- and 1333-kev gamma rays wete
obtained from a device of average performance (5 cm?2 X
7 mm depletion depth). The intrinsic full-energy peak
efficiency of a 4.0 cm® diode was measured at 1% at
1000-kev gamma energy. A diode of “open-ended” coaxial
construction, partially drifted to an active volume of
16.5 cm3, was tested as a gamma detector. The advan-
tages of this structure are discussed.

50 UTILIZATION OF WEB SILICON FOR
POSITION-SENSITIVE DETECTORS.

E. J. Ludwig (Rutgers Univ.,, New Brunswick, N. J.),
W. B. Gibson, and J. S. Hood.

IEEE (Inst. Elec. Electron. Engrs.), Trans. Nucl. Sci.,
NS-12: 247-54 (Feb. 1965).

Position-sensitive, susface-barrier detectors were made with
web silicon, a hyper-pure silicon in ribbon form.. Several
chatracteristics of this material are especially suited for
position detectors, long lengths, flexibility and high sut-
face lifetimes. In addition, the structural stability, thick-
ness uniformity, and thin cross sections make this material
attractive for standard ot position-sensitive dE/dx detectots.
Counters with active areas of 2-3.5 c¢cm X 2-4 mm were
tested with 5.5-Mev alpha particles yielding spectra sensi-
tive in position to less than 19%. A region of twin
planes is exhibited within the material by changes in the
slope of the plots of detector capacitance and leakage
cuttent as functions of teverse bias. The effect of the
twin planes on the carriet collection efficiency was inves-
tigated with several samples and found to be significant
in certain cases. These results are discussed in terms of
carrier lifetimes.

51 (ORNL-TM-1055) OPTIMIZATION OF
SEMICONDUCTOR PREAMPLIFIERS FOR USE
WITH SEMICONDUCTOR RADIATION DETEC-
TORS.

Theron Vaughn Blalock (Oak Ridge National Lab., Tenn.).

Feb. 23, 1965. Contract [W-7405-eng-26}. 252 bp.
Dep.(mn); $6.00(cy), 4(mn) CFSTL

The input and filter sections of the nucleonic preampli-
fier, which determine the noise line width and the pulse
shape, are considered. A literature survey of theoretical
physical operation and noise characteristics of field-effect
transistors is presented. A noise theory based on a powet-
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law doping profile is developed. Design considerations
for optimum input-section performance are presented. Ex-
pressions for pulse response and noise power spectral
density are derived. Pulse geometry and signal-to-noise
ratios of various filter sections are considered. Experi-
mental results are presented and correlated with the
design theoty.

52 (INR-583/I1/PL) SIMPLE CRYOSTAT
FOR COOLING OF NUCLEAR RADIATION SEMI-
CONDUCTOR DETECTORS.

W. Przyborski (Institute of Nuclear Research, Warsaw
(Poland)).

Dec. 1964 . 8 p. Dep.

The design of a simple cryostat for nuclear radiation semi-
conductor detectors applications at low temperatures is
described.  In this cryostat, a sample temperature of
about 90°K can be achieved, using % liter of liquid
nitrogen only, and 1 liter suffices to maintain this tem-
perature for 5 to 7 hours. The appropriate cooling time
is 20 min, and 5 to 7 min is required to warm up the
previously cooled sample to the room temperature.

53 GAS DENSITY MEASURING APPARA-
TUS USEFUL AS ALTIMETER.

James Montgomery McKenzie (North American Philips
Co., Inc.).

U. S, Patent 3,173,004. Mar. 9, 1965. Filed July 17,
1961.

The gas density measuring apparatus described consists of
a source of heavy charged particles for injecting patticles
into a sample of the gas whose density is to be measured,
a semiconductor radiation detector positioned to receive
and detect the particles after passage through the gas
sample and to generate a signal representative of the
enetrgy attenuation of the particles, and means for utilizing
the signal to determine the density of the gas. The pre-
ferted particles ate « particles from Am?2!'. The device
is applicable in a gas density range of about 1.0 to
0.1 mg/cm?2, which corresponds to an altitude of 6000 to
60000 ft.

54 A CRYOSTAT FOR SEMI-CONDUCTOR
GAMMA RAY DETECTORS.

C. Chasman and R. A. Ristinen (Brookhaven National
Lab., Upton, N. Y.).

Nucl. Instr. Methods, 34: 250-2 (May 1965). (BNL-8692),

Cryostats for lithium-drifted germanium gamma detectors
were designed and constructed using routine machine shop
practices. These holders feature liquid nitrogen replenish-
ment cycles of up to three weeks and activated charcoal
sorption pumping which eliminates the need for external
vacuum pumps. Low rates of lquid nitrogen consumption
were attained by using thin walled stainless steel com-




poneats in heat leakage paths, by utilizing commercially
available super-insulated Dewars and by maintaining a
sufficiently high vacuum.

55 PERFORMANCE OF A Au-Si SURFACE
BARRIER DIODE AS A BETA RAY DETECTOR.

PART II

D. R. Brundrit and S. K. Sen (Univ. of Manitoba, Win-
nipeg, Can.).

Nucl. Instr. Methods, 34: 225-8 (May 1965).

A study was made of the variation of the peak absorption
efficiency of a Au-Si surface barrier detector with energy
and depletion depth using monoenergetic beams of elec-
trons and positrons. The results differ from those of
previous work, in the sense that this work shows a
continuous decrease of peak efficiency with electron energy
mainly because of scattering out of the detector. A slight
difference between electron and positron detection was
observed. The positron cutve shows a tail on the high
energy side due to Compton scattering of the positron
annihilation gamma rays.

56 ENERGY DEPENDENCE OF PULSE
HEIGHT DEFECT WITH FISSION FRAGMENTS IN
A SILICON SURFACE BARRIER DETECTOR.

H. Kobayashi, A. Nakamoto, and M. Hosoe (St. Paul’s
Univ. Rikkyo Daigaku, Yokosuka, Japan).

Nucl. Industr. Methods, 34: 222-4 (May 1965).

Pulse height defect of a surface barrier detector for fission
fragments was estimated for each energy respectively. The
pulse height defect was obtained from comparison between
an integrated curve of a fragment energy spectrum after
prompt neutron emission and an integrated curve meas-
ured by the surface barrier detector. A discontinuity
of pulse height defect was found between the heavy and
the light fragment groups. For the heavy fragment
group, the pulse height defect has linear relation with
fragment energy. While, for the light fragment group,
the pulse height defect incteases drastically at the high
energy region and no linear relation was observed.

57 PROGRESS IN THE APPLICATION OF
SEMICONDUCTOR DETECTORS TO NUCLEAR
PHYSICS EXPERIMENTS.

H. M. Mann (Argonne National Lab., Ill.).

IEEE (Inst. Elec. Electron. Engrs.), Trans. Nucl. Sci.,
NS-12: No. 2, 88-98 (Apr. 1965).

The selection of a detector for a particular experiment is
briefly discussed, together with experiments in which
phosphorus-diffused silicon detectors and lithium-drifted
germanium detectors were used. The performance and
areas of applicability of these detectors are considered.

58 (TID-21844) CALIBRATION OF A SILI-
CON SURFACE-BARRIER DETECTOR TO READ
NEUTRON DOSE INDEPENDENT OF INCIDENT
NEUTRON ENERGY.

(Thesis).
Alfred John Ahlquist (Washington Univ., Seattle).
1965. 42 p. Dep.(mn); $2.00(cy), 1(mn) CFSTL

A Si surface-barrier detector with a LiF foil was calibrated
for reading neutron doses independently of both the
neutron energy and the associated gamma radiation. The
10-inch polyethylene sphere, used to moderate the neu-
trons, was found to give a tesponse similar to the inverse
of the Radiation Protection Guide cutve. The sensitivity
and lifetime of the detector are discussed.

59 (NP-14875) TESTS ON A p-n JUNCTION
SEMICONDUCTOR RADIATION DETECTOR AND
A LOW NOISE AMPLIFIER SYSTEM.

M. De Carolis, G. Hannestad, and L. Svansson (European
Company for the Chemical Processing of Irradiated Fuels,
Mol (Belgium)).

Sept. 1964. 36 p. (ETR-168). Dep.(mn); $2.00(cy),
1(mn) CFSTI.

A series of measurements was taken on two surface bartier
semiconductor detectors, a charge sensitive preamplifier,
and a low noise amplifier assembly. The purpose of these
tests was to find the efficiency of all the equipment and
the difference existing between two detectors of different
resistivity, and to investigate the optimum conditions for
the electronic equipment. A short summary is given on
how a semiconductor detector works with its amplifier
system.

60 (KFK-257) SCHNELLER VORVERSTAR-
KER 100 X-EKP.

(The Fast preamplifier 100 K-EKP).

Joachim Kind (Keraforschungszenttum, Karlsruhe (West
Germany). Institut fir Experimentelle Kernphysik).

Nov. 1964. 9 p. Dep.(mn).

The characteristics, circuit, and performance of a fast pre-
amplifier that can be used for fast signals from semi-
conductor detectots are reported.

61 (CLOR/IBJ-11-33) COUNTING-RATES RE-
PRODUCIBILITY AND ACCURACY IN MEASUR-
ING ALPHA ACTIVITY WITH Si(Au) SURFACE-
BARRIER DETECTORS.

J. Roman, M. Slapa, and J. Chwaszczewska (Centralne
Laboratorium Ochrony Radiologicznej, Warsaw (Poland)).

1964, 33 p. Dep.

The behavior of the silicon surface-barrier detectors, under
ordinary laboratory conditions, in measuring alpha activity
was investigated. The operating characteristics taken both
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with voltage and with charge-sensitive preamplifiers are
given. It was investigated, whether any counting errors
can be stated in addition to the statistical fluctuations
theoretically expected, when measuring alpha acivity with
an accuracy of 0.3%. Also the drift of counting rates
in long-term operation was examined. The effects of
changes in temperature, fluctuations of detector bias, ex-
posure during storage to daylight, and rapid changes in
counting rates wete considered. The results obtained
show that the discussed detectors are well suited for low-
level counting, whete long-term stability is required. The
high accuracy and reproducibility of counting rates make
them promising in absolute measuring methods. The
useful life time of the detectors is limited by the radiation
damage in the silicon. The changes in the operating
characteristics were studied and relevant results are
presented.

62 NUCLEAR RADIATION MEASURING
SYSTEM UTILIZING A RADIO RECEIVER.

Robert M. Kiehn.
U. S. Patent 3,160,750. Dec. 8, 1964. Filed Dec. 8, 1964.

A radiation ratemeter device is patented for use with an
ordinary AM radio receiver to enable radiation intensity
to be indicated by the frequency scale on the radio receiver
when the tuning knob is turned to such a position that
a certain tell-tale tone signal is produced. The device
employs a radiation-sensing cell, such as a CdS photocell
screened from light, of high resistance at low radiation
intensity and whose resistance is inversely proportional to
radiation intensity. A semiconductor, variable capacitance,
junction diode and connections are provided for varying
the voltage across the diode in response to changes in
resistance of the sensing cell. A tuned oscillator circuit
generates an t-f carrier whose frequency is determined by
the capacitance of the diode; and a tone modulator
system, which may include at least most of the oscillator
circuit, produces a tone-modulated signal having a fre-
quency in the range of 550 to 1700 ke.

63 COUNTER DIODES AND COUNTER
TRANSISTORS.

Werner Czulius (Siemens-Schuckertwerke AG, Erlangen,
Get.).

P. 216-44 of[“Vortrag auf der Halbleiter-Tagung in Saat-
brucken am 5. IV. 1962, Erschienen in Festkorperpro-
bleme Band 2.”} Vetlag Vieweg, 1963 (In German).

A bibliographic review is given of the most important
properties and applications of counter diodes and counter
transistors.

64 A LOW NOISE CHARGE SENSITIVE
AMPLIFIER FOR USE WITH SOLID STATE RADIA-
TION DETECTORS.

S. Z. R. Hashmi (Univ. of Texas, Austin).
Indian J. Pure Appl. Phys., 3: 107-9 (Mar. 1965).

Circuit details and noise characteristics of an improved
charge-sensitive amplifier using the 8058 Nuvistor tubes,
are described. The amplifier employs negative charge
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feedback in order to keep the output amplitude essentially
independent of the value of the detector capacitance. A
noise line width of nearly 5 kv is obtainable for best
overall performance.

65 THE QUENCHING BY A MAGNETIC
FIELD OF ENHANCED PULSES IN A SILICON
RADIATION DETECTOR.

Hubert P. Yockey and Notman A. Baily (Hughes Research
Labs., Malibu, Calif.).

Appl. Phys. Letters, 6: 163-4 (Apr. 15, 1965).

The effects of an applied magnetic field on multiplication
phenomena in a Si semiconductor detector were studied
using a n-p-n sttucture made by evaporating Al on both
sides of a p-type Si wafer. Alpha particles from a
212po.212B; soutce were allowed to fall alternately on the
positively and negatively biased barrier surfaces. With a
magnetic field transverse to the applied electric field, the
larger effect was observed for particles entering the neg-
atively biased sutface. This observation and observations
with a parallel magnetic field are consistent with a depen-
dence of the degree of multiplication on the path length
of electrons in the device.

66 THE MEASUREMENT OF FAST NEU-
TRON SPECTRA AT HIGH REACTOR POWERS.

F. Boreli, N. Berovic, M. Aleksic, and V. Lazarevic.
Bull. Boris Kidrich Inst. Nucl. Sci., 14: 255-8 (Oct. 1963).

The fast neutron spectrum ranging from 1 to 6 Mev at
the exit aperture of the horizoatal channel B of the RA
reactotr was measured at 2 Mw, using a simple semi-
conductor countet telescope.

67 RESULTS OF THE TELSTAR RADIA-
TION EXPERIMENTS.

W. L. Brown, J. D. Gabbe, and W. Rosenzstig (Bell
Telephone Labs., Inc., Mutray Hill, N. J.).

Bell System Tech. J., 42: 1505-9 (July 1963).

Results are given of the Telstar experiments measuring
energy, time, and space distributions of electrons and
protons, using Si p-n junction detectors, and of the integral
radiation exposure of the satellite calculated from these
distributions. Connections of the charged-particle distri-
butions with nuclear explosions are discussed. Radiation
damage to the semiconductor detectors, the solar power
plant, and solar cells and damage transistors is reported
and compared with that predicted on the basis of orbital
integral radiation exposures.

68 THE SPACECRAFT RADIATION EXPE-
RIMENTS.

N. L. Brown, T. M. Buck, L. V. Medford, E. W. Thomas,
H. K. Gummel, G. L. Miller, and F. M. Smits (Bell Tele-
phone Labs., Inc,, Murray Hill, N. J.).

Bell System Tech. J. 42: 899-941 (July 1963).




Radiation experiments on the Telstar spacecratt were
designed to measure the distribution in energy, position,
and time of electrons and ptotons geomagnetically trapped
in the Van Allen belts, thus characterizing the radiation
environment of the satellite and providing an undet-
standing of mechanisms responsible for particle injection
into, and less from, the belts. Some experiments also
measured directly the integral radiation damage on semi-
conductors protected by different thicknesses of shielding.
An experiment measuring the orientation of the satellite
with respect to the sun is also included. A correspon-
dence was established between the radiation damage in
the solar-cell supply, the solar cells and transistors of the
radiation experiment, and the distribution of particles
responsible for the damage. All parts of the experiment
petformed as expected, and the patticle detectors, continu-
ing satisfactory operation after sevetal months in space.

69 CHARGE COLLECTION EFFICIENCY.
Frank Keywell.

20 p. (CONF-641210-5).

From American Physical Society Meeting, Berkeley, Calif.

A method is outlined for obtaining a first-ordet estimate
of the back collection efficiency in a solid-state detector
from pulse height vs bias voltage data.

70 TRUDY PYATOI NAUCHNO-TEKH-
NICHESKOI KONFERENTSII PO YADERNOI
RADIOELEKTRONIKE.

18-23 DEK. 1961. (Repotts of the Fif:h Scientific-Tech-
nical Conference on Nuclear Radioelectronics, Dec. 18-23,
1961. Vol. Radiation Detectors).

V. K. Voitovetskii, ed. Moscow, Gosatomizdat, 1963.
144 p. (CONF-611201 (Vol. 3)).

Nineteen papers on radiation detectors are included. Spark
chambers for particle track recordings, scintillation and
semiconductor neutron detectors, and ionization detectors
for fission particles are discussed. Neutron and y spectro-
meters used for measuring the neutron time of flight and
for separated gamma and neutron recotdings are also
discussed.

71 PREAMPLIFIERS FOR SEMICONDUC-
TOR CHARGED PARTICLE DETECTORS.

B. V. Fefilov.
Tr, 5-0i Pyatoi Nauchn.-Tekhn. Konf. po Yadern.
Radioelektronike, 1961, 39-43 (1962). (In Russian).

Specifications for semiconductor charged-particle detectors
are discussed. A preamplifier circuit diagram for use
with silicon detectors having a surface barrier is presented.
The preamplifier input is on a cascade circuit, which
ensures minimum noise. The best tubes for the circuit are
6S3P and G6S4P triodes . The signal is further amplified
by a twin with 6Zh9P tubes and a large negative feed-
back. The preamplifier output is coordinated with cable
RK-2 by a cathode follower on the 6S3P tube. The pre-
amplifier amplification factor is 500. The output am-

plitude of the signal is stabilized when the detector bias
and capacitance shift by a capacitance feedback through
a small capacitor on a so-called charge amplifier. A circuit
diagram is also given for a preamplifier for use with
semiconductor detectors in a strong magnetic field. The
best tubes here are the 6S6B and G6N16B. Because the
electrodes are flat, when they are oriented petpendicularly
to the lines of force of the magnetic field, the steepness
of the anode current does not decrease more than 30%
with an increase in the magnetic field from 0 to 12
kgauss. This preamplifier is built on the same circuit
as the first. Since the circuit has only a few small parts,
the total volume occupied is 50 cc or less. The overall
amplification factor is 35.

72 MULTI-CHANNEL DIGITAL PROGRAM
GENERATOR FOR SIMULATING CHARGED PAR-
TICLE PENETRATION OF COUNTER TELESCOPES.

Richard Weissman (Univ. of Chicago).
Rev. Sci. Instr., 36: 683-9 (May 1965).

The simulation of chatged-particle penetration in solid-
state detectors was accomplished, using 2-psec infrared
light pulses. Infrared stimulators were incotporated in the
design of cosmic-ray telescopes for space expetiments, and
a program generatot was designed and built to provide
programmed groups of stimulus pulses in which various
coincidence and anticoincidence combinations can be set
up in the detectors with a predetermined choice in each
group of amplitude, repetition rate, and number of simu-
lated events. The program generator and infrared pulsing
circuits are described with consideration given to the
logic design and circuitty employed. Other applications
of the program generator ate discussed, such as providing
serial and parallel binary coded word groups, progtammed
sets of pulse trains, and/or time delays of fractions of a
milli-second up to months in duration, control of or by
computer data systems, and general purpose digital system
testing.

73 APPLICATIONS OF GERMANIUM GAM-
MA-RAY DETECTORS.

David A. Shitley (Univ. of California, Berkeley).
Nucleonics, 23: No. 3, 62-6 (Mar. 1965). (UCRL-11865).

The performance of lithium-drifted germanium detectors
in gamma spectrometry is discussed in relation to that of
Nal(Tl) devices, showing the superior resolution and
speed of the former. Applications of germanium detectors
to gamma spectrum analysis; coincidence and angular-
correlation measurements; Mossbauer spectroscopy; and
studies of nuclear orientation, conversion coefficients,
neutron-capture gamma fays, and meson (p) X rays ate
then considered.

74 NUCLEAR INSTRUMENTATION MAKES
TRIPLE PLAY.

H. McIntyre, D. R. Popoff, and C. Arthur Law.
Can. Controls Instr., 4: 32-40 (Jan.-Feb. 1965).
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Descriptions of developments in nuclear insttumentation
are presented. Industrial radiosotope performance, failsafe
controls for irradiation plants, and semiconductor diodes
for gamma detection are discussed.

75 PI-N DIODES PINPOINT GAMMA
RADIATION.

Can. Chem. Process., 49: 77-82 (Feb. 1965).

A specially-treated semiconductor promises to provide the
key to bettet neutron activation analysis. Lithium-drifted
germanium p-i-n diodes developed for gamma spectro-
scopy allow intrinsic efficiencies of 0.1 to 1.09% with
resolutions that can be 10 times better than the sodium
iodide spectrometer,

76 BF; COUNTERS. CONVENTIONAL FIS-
SION CHAMBERS. SEMICONDUCTOR-FISSION
CHAMBERS.

J.-L. Campan, J. Duchene, J.-P. Gourdon, and R. Schuttler
(Centte d’Etudes Nucléaires, Saclay, France).

Bull. Inform. Sci. Tech. (Paris), No. 82, 1-7 (Apr. 1964).
(In French) (EUR 2136.f).

The essential characteristics of ionization detectors for the
measurement of in-pile neutrons available in industry or
produced in the CEA laboratories are summarized together
with the trends of detectors now being investigated.

77 THE INVESTIGATION OF THE BETA
SENSITIVITY OF A SURFACE-BARRIER SEMI-
CONDUCTOR DETECTOR.

Dezsoe Varga.
At. Kozlemen., 6: 143-9 (Dec. 1964). (In Hungarian).

The qualities of a surface barrier detector made of silicon
and having the resistivity of 300 Q cm, were investigated
from the point of view of electron detection. The relative
detection efficiency in the energy range 0-300 kev was
determined.

78 CONTINUOUS CHANNEL ELECTRON
MULTIPLIER OPERATED IN THE PULSE
SATURATED MODE.

Schmidt K.C., Hendee C.F.

IEEE Transactions in Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 100-111.

Peaked pulse height distributions are obtained from cutrved
channel electron multipliers at high gain levels. They are
caused by a gain saturating mechanism which limits the
instantaneous output current from the multiplier. Various

28

limiting mechanisms are considered. Experimental and
theoretical evidence strongly supports the hypothesis that
space charge limiting is the major cause of gain saturation,

79 (UCRL-12245) LITHIUM-DRIFTED GER-
MANIUM DETECTORS FOR HIGH-RESOLUTION
BETA- AND GAMMA-RAY SPECTROSCOPY.

D. C. Camp and G. A. Armantrout (Lawrence Radiation
Lab., Univ. of California, Livermore).

Mat. 30, 1965. Contract W-7405-eng-48. 31 p. (CONF-
650507-2). Dep.(mn); $2.00(cy), 1(mn) CFSTI.

From IAEA Symposium on Radioisotope Sample Measure-
ment Techniques in Medecine and Biology, Vienna.

Two types of germanium detectors have been fabricated
using the lithium-ion drift technique. Those of the first
type have active volumes in excess of 6 cm® and are pri-
marily intended for high-energy (>1.0 Mev) vy spectro-
scopy. Those of the second type ate large area, low
capacity, windowless detectors intended for very-high-
resolution B and low-energy vy spectroscopy. Both types
are operated in a vacuum at liquid nitrogen temperature
(77°K). The large volume detectors have areas greater
than 6 cm? with depletion depths in excess of 1 cm. The
experimental resolution (FWHM) obtainable with these
detectors is limited at low enetgies by the noise level of
the preamplifier, while at high energies (=1 Mev) the
limitation is due to amplifier instability. Typical resolu-
tions are 3, 6, and 12 kev for 0.122, 1.333, and 5.0 Mev
v tays, respectively, while the photopeak efficiency ranges
from approximately 759 at 122 kev to 1% at 1.333 Mev
and 0.5% at 5 Mev. At 5 Mev the pair-peak efficiency
is ~59%. Typical low capacity detectors are slices (less
than 5 mm thick) from the large volume detectors and
have an area of 3 cm by 1 cm (the depletion depth).
This gives a reduction in detector capacitance, which
results in a significant improvement in the resolution
compared to that obtained with the large volume detectors
for a given preamplifier. At 0.122 and 1.333 Mev,
resolutions of 1.9 and 4.1 kev respectively have been
observed. Since these are essentially windowless detectors
they make excellent small 8 spectrometers. A detailed
evaluation of the properties and various applications of
these two types of germanium detectors is discussed.

80 (UCRL-11946) MOUNTINGS AND
HOUSINGS FOR LITHIUM-DRIFTED SILICON
AND GERMANIUM DETECTORS.

C. Eugene Minet (Lawrence Radiation Lab., Univ. of
California, Betkeley).

Feb. 24, 1965. Contract W-7405-eng-48, 41 p. Dep.;
$2.00(cy), 1(mn) CFSTI.

A versatile cooling and housing design and several meth-
ods for mounting lithium-drifted silicon and germanium
detectors are desctibed. Since considerable cate must be
exercised to keep non-encapsulated germanium detectors
in their best operating condition, greater emphasis is
placed on mountings for germanium detectors than on
mountings for silicon detectors. Developmental problems,
materials, and methods of evacuating the housings ate
discussed in detail.




81 (AE-174) IMPROVEMENTS IN APPLIED
GAMA-RAY SPECTROMETRY WITH GERMA-
NIUM SEMICONDUCTOR DETECTOR.

D. Brune, J. Dubois, and S. Hellsttoem (Aktiebolaget
Atomenergi, Stockholm (Sweden)).

Jan. 1965. 17 p. Dep.(mn).

A germanium semiconductor detector is used in four cases
of applied gamma spectrometry. In one case the weak
activity contribution of '¥1Cs in '¥7Cs standard soutces
has been determined. The second case concerns the deter-
mination of 42K in samples of biological origin containing
strong 24Na activities. In the third case the *2Nb and *>Nb
activities from neutron-irradiated niobium foils used in
the dosimetry of high neutron fluxes with long exposure
times have been completely resolved, and it has been
possible te determine the ratio of the two activities with
a high degree of accuracy. Finally, a *3Zr—95Nb source
has been analyzed in a similar way with respect to its
radiochemical composition. The resolution obtained also
made possible a determination of the branching ratio of
the two gamma transitions in %5Zr and the energies of
the gamma transitions of both nuclides.

82 ON THE ACCURACY OF THE CALI-
BRATION TECHNIQUES USED WITH SEMI-
CONDUCTORS.

F. E. Emery and T. A. Rabson (Rice Univ., Houston,
Tex.).

Nucl. Instr. Methods, 34: 171-2 (Apr. 1965).

A fairly common technique used to calibrate amplifier
chains used in semiconductor detector spectroscopy is to
use a fast rise time mercury relay pulser. The signal is
fed through a series capacitot to the input of the charge
sensitive preamplifier. Accurate determinations of the
pulse height may be made conveniently if a capacitor is
chatged for several time constants and then discharged.
Two simple multiplicative etrors were found in this
technique and ate discussed.

83 PRELIMINARY RESULTS ABOUT THE
INFORMATION AVAILABLE FROM RISE-TIME OF
THE PULSES SUPPLIED BY SEMICONDUCTOR
DETECTORS.

A. Alberigi Quaranta, M. Martini, G. Ottaviani, and G.
Zanarini (Istituto Nazionale di Fisica Nucleare, Bologna
and Istituto di Fisica, Bologna).

Nucl. Inste. Methods, 34: 167-8 (Apr. 1965).

The possibility of obtaining information about the impact
angle of ionizing particles on a semiconductor detector by
means of a measurement of the pulse rise time is dis-
cussed. Experiments were petformed with proton beams
and the possibility of distinguishing, by a direct measure-
ment of the pulse rise times, protons with different
impact angles or protons from other chatged particles of
the same energy but with different ranges in the detector
is confirmed.

84 INFLUENCE OF NON-CONSTANT CAR-
RIER MOBILITY ON THE CHARGE TRANSPORT
TIME IN SEMICONDUCTOR DETECTORS.

K. Falk, P. A. Tove, and M. Madakbas (Uppsala Univ.).
Nucl. Instr. Methods, 34: 157-9 (Apr. 1965).

The influence of non-constant carrier mobility on the
charge transport time in semiconductor detectors was
calculated. Two main conditions are considered: non-
fully depleted detectors and fully depleted de:ectors, with
applied overvoltage. Approximation formulas for the
pulse rise time are given for special cases. It is found
that the transport time calculated under the assumption
of constant mobility is modified by an appreciable factor,
under some conditions, especially when a high voltage is
applied to low-resistivity diodes.

85 STUDIES OF BETA SPECTRA USING A
SOLID STATE SPECTROMETER.

P. Charoenkwan (Univ. of California, Los Angeles).
Nucl. Instr. Methods, 34: 93-9 (Apr. 1965).

The lithium drifted detectors of different depletion depths
were used as beta spectrometers studying beta spectra of
both allowed and forbidden shapes. Distortions to the
beta spectra are mainly due to the backscattering effect
of the detectors. Corrections to this effect were petformed
by using the backscattering coefficient independent of the
primary energy and by using a standard source as a
reference. This technique gives very satisfactory results
in the study of beta spectra of medium energy range.

86 THE MOBILITY OF HOT ELECTRONS
AND THEIR INFLUENCE ON THE RISE TIME OF
THE PULSES OF n-SILICON SEMICONDUCTOR
COUNTERS.

O. Meyer and H. J. Langmann (Kernforschungszentrum,
Karlsruhe, Germ.).

Nucl. Instr. Methods, 34: 77-8 (Apt. 1965). (In German).

The rise time of the pulses in semiconductor counters
excited by alpha particles is calculated and compated with
measurements on countets fabricated fo high resistance
n-silicon. The calculation is effected including the strong
dependence of the mobility of chatge cartiers on the high
electric field in a semiconductor counter. The case of
overvoltage on a fully depleted counter was taken into
account, too. Calculated and measured rise times agreed
reasonably well, using a fixed set of constants for all
counters. For low electric field strengths of the order
of 1000 v/cm the governing time constant is the plasma
time. Its value for alpha patticles was empirically detet-
mined to be 1.9 X 1072 sec-v2/cm2. For an average field
sttength the rise time is strongly influenced by integration
of the pulses by the resistance of the counter base together
with the input capacitance of the measuring equipment,
provided the depletion layer is not extended up to the
back contact. Only in a fully depleted counter the rise
time is proportional to the transient time of the charge
carriers. This transient time even in a not fully depleted
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counter will depend on the electric field strength in as
much as the mobility itself is field dependent. For field
strengths of about 30,000 v/cm the transient time and
thus the drift velocity are constant, the mobility thetefore
is inversely proportional to the field strength. The value
determined for this maximum drift velocity vee for con-
duction electrons amounts to 7.4x 10% cm/sec, and for
defect electrons to 4.8 x 10¢ c¢m/sec.

87 (UCRL-11828 (p. 225-6)) SILICON RADIA-
TION DETECTORS.

Robert P. Lothrop, Morris D. Roach, and Harry E. Smith
(Lawrence Radiation Lab., Univ. of California, Berkeley).

A fabrication process for diffused silicon devices 1s de-
scribed in which control of surface states is effected by
means of the gaseous ambient during the end of the final
high-temperature diffusion. Progtess in the fabrication of
Li-drifted silicon devices is also summarized.

88 (NYO-3246-4) STUDY OF SURFACE
CONTOURING AS APPLIED TO SEMICONDUCT-
OR RADIATION DETECTORS.

Semiannual Report, June 1964-January 1965.

Gerald C. Huth, James B. Trice, Robert J. Locker, and
Russell A. McKinney (General Electric Co., King of Prus-
sia, Pa. Space Sciences Lab.).

Contract AT(30-1)-3246. 63 p. Dep.(mn); $3.00(cy),
2(mn) CFSTL

Studies are reported of semiconductor p-n junctions, utiliz-
ing geomettical surface-field control, and possessing suf-
ficiently high values of internal electric field to cause
carriet multiplication and thus pulse amplification. Specific
topics studied include: the effect of directionality of
response of the detector junction in the amplifying mode;
the effects of variations in the base resistivity (and thus
the field-distance relation); development of surface-field-
controlled P 4+ NN + devices; development of a tunnel-
diode univibrator for use with amplifying detectors; and
measurement and resolution of the 5.6-kev K 2 x ray from
Mn produced by decay of ®%Fe.

89 (LA-DC-6397) A SEMICONDUCTOR
ANTICOINCIDENCE DETECTOR SYSTEM.

Dale M. Holm and William Mort Sanders (Los Alamos
Scientific Lab., Univ. of California, N. Mex.). [nd}.

Contract [W-7403-eng-36}. 10 p. (CONF-641001-54).
Dep.(mn); $1.00(cy), 1(mn) CFSTIL

From Symposium on Radiochemical Methods of Analysis,
Salzbutg, Austtia.

An anticoincidence lithium-drifted germanium detector
system is described. A block diagram of the circuitry is
included. Features and applications of the detector ate
also discussed.
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90 (UCRL-11828 (p. 197-9)) NONDESTRUCT-
IVE ACTIVATION ANALYSIS WITH LITHIUM-
DRIFTED GERMANIUM DETECTORS.

S. G. Prussin, J. A. Harris, and J. M. Hollander (Law-
rence Radiation Lab., Univ. of California, Betkeley).

In order to assess the potential of high-resolution Li-drifted
Ge detectors for activation analysis, the concentrations of
several trace metals (Na, Cu, Mn, and Ga) were deter-
mined in 99.9 and 99.999% pute Al. The gamma spectra
of the irradiated 99.9% pure Al are compared with that
obtained using a NaI(Tl) crystal.

91 (UCRL-11871) NUCLEAR  STUDIES
USING SEMICONDUCTOR DETECTORS (thesis).

Richard Barry Frankel (Lawrence Radiation Lab., Univ.
of Califormia, Berkeley).

Jan. 5, 1964. Contract W-7405-eng-48. 159 p. Dep.
(mn); $5.00(cy), 3(mn) CFSTL

Germanium sutface barrier detectors were used to measure
the angular distribution of conversion electrons from the
255-kev isomeric transition in 7®Ce for #"™Ce nuclei
aligned in the neodymium ethyl sulfate lattice. Direct
comparison with the y-ray angular distributions gave the
particle parameters (b2)x=1.061(18), (b =1.059(20).
From the variation of the y-ray anisotropy with tem-
perature, the hypetfine coupling constant for 37™Ce was
determined to be A=0.0147(7) cm™! using the 1957
temperatute scale for this salt. The '3"mCe was also
aligned in cerium magnesium nitrate, and the variation
of the 255-kev y-ray anisotropy was studied as a function
of temperature. Anomalies were shown to exist in the
cerium magnesium nitrate temperature scale derived by
Daniels and Robinson. A new temperature scale is pro-
posed which goes down to 0.0019°K. To test the new
scale, "Pm was aligned in cetium magnesium nitrate.
The anisotropies of the 615- and 695-kev y-rays were
found to be attenuated, but confirmed the 1¥72Ce results.
The decay of 13"™Ce+ 1378Ce to 37La was investigated
with Ge(Li) y-ray detectors, Si(Li) electron detectors, and
nuclear alignment. Levels were found a: 10, 446, 492,
708, 762, 781, 835, 925, 1004, and 1170 kev. Definite
spin and parity assignments were 762 kev (11/24),
835 kev (9/2+4), and 1004 kev (11/2—). A spin of
5/2+ was tentatively assigned to the 446-kev level. The
11/2— state corresponds to a quasi-particle state predicted
by Rho. The distribution of alpha particles from 283Es
oriented in neodymium ethyl sulfate was measured using
germanium surface barrier detectors. The L = 4 wave in
the ground state transition was found to be out of phase
with the L =0 and L =2 waves. The L =4 wave
was found to have a larger amplitude and the L = 2
wave a smaller amplitude than predictions based on the
Bohr, Froman, and Mottleson coupling relations. The
relative amplitudes for the ground state transitions are
a = 1, as = 0.11, and as = 0.016.

92 FAST SINGLE-CHANNEL PULSE-HEIGHT
ANALYZER.

Leonard M. Welter (Argonne National Lab., IIL).
Rev. Sci. Instr., 36: 487-92 (Apr. 1965).




A circuit description and performance evaluation are
presented for an analyzer capable of processing pulses
with risetimes as fast as 7 nsec and widths as natrow
as 10nsec. An integral nonlineatity of +0.15% and a
differential nonlinearity of +3.5% were obtained over its
dynamic range of 100:1. The maximum input repetition
rate for the lower and upper level thresholds was 13
and 5 Mc, respectively, when using a 12 nsec input pulse
width. The entire analyzer is mounted on a single-sided
114x 17.8 cm printed circuit board.

93 LATEST DEVELOPMENTS IN SEMI-
CONDUCTOR TYPE NUCLEAR RADIATION
DETECTORS.

Ludwik Kowalski (Technical Univ., Warsaw).
Postepy Fiz,, 15: 547-58(1964). (In Polish).

Developments in semiconductor type radiation detectors
since the last review compiled by the authors in 1961
are reviewed. Only commertcially available devices are
covered. The detectors reviewed are lithium-drifted silicon
diodes used especially for gamma radiation electrons,
high-energy protons, and heavier particles; dE/dx-type
detectors as thin as 50 microns; neutron detectors with
a sensitive film of 1B, SLiF, 235U30sS, 2%%Us0sS, and
(CHa)n; silicon semiconductor detectors with guard rings;
and special atrays of detectors. Detector resolution is also
covered.

94 A COMPTON-REJECTION GERMANIUM
SPECTROMETER.

Y. Sever (Soteq Research Establishment, Yavne, Israel)
and J. Lippert.

Nucl. Instr. Methods, 33: 347-8 (Mar. 1965).

When lithium-drifted germanium detectors are used for
gamma spectrometry instead of Nal crystals, the advantage
of higher resolution is much dampened by the height
(relative to the photopeak) and shatpness of Compton
edges. The danger of misinterpretation of a Compton
edge as a photopeak in a composite specirum is stronger
in this case. A 1 cm? x 7 mm germanium detector with
a 5 mm thick lithium-drifted layer that was guarded by
a 108 mm diameter Nal(Tl) well counter with wall
thickness of 31 mm is described. The specttum of 37Cs
with and without Compton rejection is illustrated.

95 INFLUENCE OF THE DEAD LAYER OF
SEMICONDUCTOR DETECTORS ON THE PRECI-
SION OF ENERGY MEASUREMENTS OF ¢ PARTI-
CLES.

G. Roux (Centre d’Etudes Nucléaires, Saclay, France).

Nucl. Instr. Methods, 33: 329-31 (Mar. 1965). (In
French).

The influence of the dead layer of semiconductor detect-
ors upon the shape of rays obtained by spectrometry of

enetgy of = particles is studied theoretically. The calcu-
lated shape of the rays is given for the values of the
ratio t/Ro of the thickness of the dead layer r of the
detector to the maximum range of the particles Ry with
range from 1073 to 5 x 103 for silicon junction detectors
and for diffetent angles of collimation of the particle
beam. An experimental specttum obtained with a silicon
junction detector (dead layer 0.55 ) and a 2'°Po =« source
(5.3 Mev) is in good agreement with the theoretical
spectrum.

96 METHOD AND APPARATUS FOR THE
PRODUCTION OF SEMICONDUCTOR LITHIUM-
ION DRIFT DIODES.

Tavendale A. ]J. (Atomic Energy of Canada Ltd.).
Canadian Patent 752,583. Feb. 7, 1967.

A method is decribed for producing lithium-drifted ger-
manium diodes. A thin layer of lithium is applied to
one face of a slab of germanium crystal to form a P-N
junction, followed by heating in a liquid such as chloro-
form, whose boiling point is 50-70°C. About 200 volts
dc across the junction causes lithium ions to drift into
the germanium to form a wide intrinsic layer of 5 mm
thickness in ten days. Intermittent operation enhances
the drifting process.

97 ON THE BEHAVIOUR OF HIGH
RESISTIVITY Si SURFACE BARRIER DETECTORS.

C. Bussolati (Istituto di Fisica Sperimentale, Politecnico,
Milan), M. Bertolaccini, and S. Cova.

Nucl. Instr. Methods, 33: 293-7 (Mar. 1965).

An investigation was performed on the behaviour of high
resistivity (21 kQ-cm) silicon surface barrier detectors
in view of their application to electron spectroscopy. The
detectors can develop depletion layers 1.3 mm thick and
were used to detect 137Cs and '13Sn internal conversion
electrons. Some anomalous effects, consisting in poor
energy resolution and distortion of the spectra, were
observed cooling the detectors (T 2 260°K), with low
bias voltage. The effects are probably due to inhomogene-
ities of Si that may cause nonuniform trapping of chatge
carriers in the detector; they can be reduced by increasing
the bias and by collimating the beam of ionizing particles
so as to work with only a small portion of the surface
of the detector.

98 DOSIMETRY BY MEANS OF SOLID
SUBSTANCES.

Jozsef Patko and Istvan Berta (Kossuth Lajos Tudoma-
nyegyetem, Alkalmazott Fizikai Intezet, Debrecen, Hun-
gaty).

Magy. Radiol., 16: 303-12 (Oct. 1964). (In Hungatian).
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The merits of various dosimeters are discussed in detail
and particular attention is given to solid-state dosimeters.
It is pointed out that for the ideal dosimetet, the optical
changes in the irradiated substance should be independent
of: the enetgy of the radiation, temperature, age of the
dosimeter, and the dose being measured. Fading should
be a minimum, and a criterion for stability is that, for
dosimeters measuring doses from a few millirads to a
few trads, measurements should be 10 to 209 accurate,
whereas measurements from a few rads to a few thousand
rads should have an accuracy of 2 to 5%. A table shows
the dose ranges for vatious dosimeters now in use; they
are divided into two groups, those which may be used
many times and those which may be used only once.
Dosimeters made of crystalline substances may be used
over the range of 20 to 10* rad; glass, 10* to 16® rad
(and possibly 10% to 10° rad); synthetic materjals, 10*
to 10° rad; tinted synthetics, 10% to 107 rad; activated
glass, 10 to 10° rad; and anthracene 10% to 5x 10? rad.
Those for one time use are CaSOs: Mn, 10~?! to 107 rad;
CaFz: Mn, 1073 tot 3x 105 rad; and LiF: Mn, 10~! to
10° rad. The characteristics of photoluminescent dosi-
meters are as follows: silver-activated phophate glass
ranges from 10 to 10° rad, the max dose rate for these
is 50 rad/sec, and fading is slow; phosphate glass with
high effective atomic number, 10 to 10° rad; phosphate
glass with low effective atomic number, 10 to 105 rad;
and silver-activitad boron - lithium glass, 5 x 1072
to 5x10% rad. The characteristics of thermoluminescent
dosimets ate as follows: CaSOs Mn, ranges from 10-! to
10° rad, fading is substantial; CaFs: Mn, 1 to 10° rad,
max dose rate 117 rad/sec, fading 109 in first hr; the
same in a plastic cover, 1073 to 3 x 10% rad; the same in
a 1 by 12 mm tube, 10~2 to 3x 10% rad, fading 16 hr,
thereafter 1% daily, wavelength dependency of 7; and
LiF: AlOs 107! to 10° rad, 4 x 10% rad/sec, fading at
50°C none in 24 hr, wavelength dependency of 1.3. The
wavelength figures refer to the sensitivity facior between
1-Mev and 50-kev energy radiations. Semiconductor detec-
tors and their relative ease of construction and light
weight are also considered as dosimeter materials. It was
concluded that, although the presently available dosimeters
do not qualify as meeting all requitements, the photo-
and thermoluminescent dosimeters ate suitable for medical
use and the CaS type for measuring dose rate.

99 (NP-14729) NEKOTORYE OSOBENNOSTI
USILITELEL, PRIMENYAEMYKH PRI RABOTE
S n-p DETEKTORAMI YADERNOGO IZLUCHE-
NIYA.

(Some Properties of Amplifiers Used with Nuclear Radia-
tion n-p Detectors).

Yu. P. Sel'dyakov (Gosudarstvennyi Komitet po Ispol’zo-
vaniyuo Atomnoi Energii SSSR).

1963. 14 p. Dep.(mn).

A review is given of the available data on calculations,
and construction of low-noise tube amplifiers used with
semi-conductor detectors. A design is also given of a
preamplifier for the incoming section. The characteristics
and performance of this preamplifier are compared with
the ORTEC-101 model pteamplifier.
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100 (EURAEC-1215) SOLID-STATE NEU-
TRON DETECTOR.

Period Covered: Julyl-September 30, 1964. (Centre d'Ftu-
de de I'Energie Nucléaire, Mol (Belgium)).

Work Performed under United States - Furatom Joint
Research and Development Program. Contract 099-63-10
RDB. 16 p. (R-2315). Dep.(mn): $1.00 (cy), 1(mn)
CFSTI.

A SiC charged-particle detector is reactor-irradiated to a
dose of 3.6x10'S avt at 250°C. The pulse height
decreased to such an extent that the peak to the = spec-
trum disappeared in the noise level. No annealing has
been found upon heating at 500°C. At a temperature of
700°C, the detector became short circuited by diffusion
of Zn into the SiC crystal. The Zn was found to come
from one of the constituent parts of the encapsulation.
Other detectors, whete these parts are omitted, have been
prepated. The pre-irradiated electrical and counting
characteristics of the detectors are given.

101 (BNL-902) SOLAR CELL INTEGRATING
DOSIMETER.

A. C. Muller, F. X. Rizzo, and L. Galanter (Brookhaven
National Lab., Upton, N. Y.).

July 1964. Contract AT-30-2-GEN-16. 8 p. Dep.; $1.00
(cy), 1{mn) CFSTL

When irradiated with ®°Co gamma rays, commetcially
available p-on-n silicon solar cells suffer a reproducible
and predictable amount of radiation damage. Te resulting
degradation in photoresponse is found to be propottional
to this gamma-ray-induced radiation damage. By using 2
tungsten lamp as a calibrated light source with which to
measure the resulting photodegradation, total doses of
50Co gamma rays in the range of 10¢ to 10% rads may
be determined, with an accuracy of +35%.

102 FLUCTUATIONS OF ENERGY LOSS IN
SEMICONDUCTOR DETECTORS.

MacCabee H.D.,, Raju M.R., Tobias C.A.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 176-179.

Significant fluctuations and broadening of the energy-loss
spectrtum ate expected in certain cases of passage of
charged particles through “thin” detectors. Experimental
measurements of this phenomenon (by use of lithium-
drifted silicon detectors) are in good agreement with the
rigorous theory of Vavilov, as tabulated by Seltzer and
Berger. Escherichia coli bacteria efforts are concerned with
modifying procedures to reduce the overall time required
for analysis. The analysis of powdered solids was investig-
ated by the x-ray absorption-edge method with a rotating
sample holder. Disposable one-piece polystyrene cells
were fabricated for use in the analysis of radioactive
solutions by the same method. Computer codes were
written for determining the height of an x-ray absotption
edge by extrapolation and for analyzing multicomponent
alloys by x-ray fluotescence. Ru and Se were determined




at the 0.5-pg/ml level by atomic absorption with an
air-Hp flame and an end-fed absotption tube. Only 1 to
2 ng of sample is required; rare isotopes in concentration
as low as 1 ppm can be measured. The isotopic composi-
tion of atmospheric Ne was measured by use of 2°Ne and
22Ne standards of high isotopic and chemical purity;
the composition (atom petcent) is indicated to be: 2°Ne,
90.514 + 0.031; 2'Ne, 0.266 * 0.005; 22Ne, 9.220 +
0.029. Infrared spectroscopy was used to determine the
effect of gamma de Graaf accelerator with *He particles;
the potential usefulness of such procedures for activation
analysis is being investigated.

103 (JINR-E-1898) METHOD OF INVESTI-
GATING ELASTIC pp-SCATTERING IN THE
HIGH-ENERGY REGION WITH SEMICONDUCTOR
DETECTORS.

Yu. K. Akimov, A. I. Kalinin, M. N. Khachaturyan,
V. A. Nikitin, V. S. Pantuyev, A. I. Sidorov, and V. A.
Sviridov (Joint Inst. for Nuclear Research, Dubna (USSR).
Lab. of High Enetgy and Joint Inst. for Nuclear Research,
Dubna (USSR). Lab. of Nuclear Problems).

1964, 5 p.

The energy spectrum of particles emerging at an angle
of 87.7° from a thin (CHa)un target bombarded with
10-Bev protons has been measured with a semiconductor
detector. An obvious peak has been observed, which
cottesponds to tecoil protons in elastic p-p scattering.

104 MEANINGFUL TESTING FOR RADIA-
TION EFFECTS IN SEMICONDUCTOR DEVICES.

H. Schulman (Martin Co,, Baitimose).

New York, Institute of Electtical and Electronics Engin-
eers, 1964, Paper No. 64-499, 10 p, $1.00 (CONF-
776-7).

From National Electronics Conference, Chicago, Oct. 1964.

The difficulties encountered in relating diverse tadiation-
experimental results, obtained in non-equivalent condi-
tions, are considered. Included are questions relating to
particle differences (e.g. neutrons, electtons, protons, and
gammas), and, chiefly, the disparities in reactor neutton
spectra. It was demonstrated that the use of bulk semi-
conductor materials as damage monitors (as distinct from
dosimeters) achieves the desired relationships ditectly.
The necessity of relating changes in device characteristics
to modifications in material parameters is motivated by
these considerations.

105 THE DEPLETION DEPTH OF LITHIUM-
ION DRIFT DETECTORS AS A FUNCTION OF THE
TIME, VOLTAGE AND THE DIFFUSION COEF-
FICIENT.

J. Takacs (Oxford Univ.).
Nucl. Instr. Methods, 33: 174-5 (Mar. 1, 1965).

The depletion depth (w) of lithium-ion drift detectors was
calculated from the equation w={2puVt/kT]l, where p is
the mobility, V is the drifting voltage, and t is the
time . The mobility and the diffusion coefficient D

are connected by Einstein’s telation D = (kT/e)ps. The
results of the calculations are presented in the form of
nomographs from which the depletion depth as a function
of time can be read for different drift voltages and
temperatures.

106 A BETA SPECTROMETER USING SOLID
STATE DETECTORS.

J. Reynolds and B. Petsson (Univ. of Lund, Sweden).
Nucl. Instr. Methods, 33: 77-83 (Mar. 1, 1965).

The construction and operation of a surface-barrier solid
state beta spectrometer of approximately 4« aperture is
described. Its properties were investigated by the use of
electrons from internal conversion and beta decay. Cotrec-
tions to the spectra measured are small, and methods for
their evaluation are given.

107 A VERSATILE n-He® COINCIDENCE
SYSTEM WITH IMPROVED He* RESOLUTION.

R. A. L Bell, N. G. Chapman, and P. B. Johnson (Victo-
ria Univ. of Wellington, N. Z.).

Nucl. Instt. Methods, 33: 13-18 (Mar. 1, 1965).

A versatile n-He® coincidence system for use with the
D(d,n)3He reaction is described. The use of a silicon
sutface barrier detector, with a thin nickel foil window
has enabled complete resolution of the 3He peak with
consequent improved neutron flux determination. The
angular distribution of the neutron beam tagged by the
associated particle technique was investigated using a
plastic scintillator as the neutton detector. This distribu-
tion is compared with the calculated angular sptead of
neutrons from a thick target.

108 A HYBRID PREAMPLIFIER FOR COOLED
LITHIUM ION-DRIFTED SEMICONDUCTOR DE-
TECTORS.

T. W. Nybakken and V. Vali (Boeing Scientific Research
Labs., Seattle).

Nucl. Instr. Methods, 32: 121-4 (Jan. 1965).

The use of a cooled field-effect trapsistor as the input
stage of a preamplifier for lithium-ion-drifted semicon-
ductor detectors is discussed: A resolution of 0.98 kev
fwhm Si was measured for zero external capacitance. As
an example, the preamplifier was connected to a cooled
detector, and a pulse-height analyzer spectrum was taken
of the 6.5 kev x ray and 14.4 kev gamma ray of 57Fe.

109 CONSTRUCTION AND PERFORMANCES
OF SILICON LITHIUM DRIFTED DETECTORS.

G. Bertolini, F. Cappellani, and G. Restelli (EURATOM,
Ispta, Italy).

Nucl. Instr. Methods, 32: 86-92 (Jan. 1965).
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Some results obtained in the construction of silicon
lithium-drifted detectors are presented. The applications
to electron spectroscopy and performances of these detect-
ors in the investigation of low-energy gamma-ray complex
spectra are studied.

110 THE PULSE HEIGHT DEFECT IN
SEMICONDUCTOR DETECTORS.

R. C. Axtmann and D. Kedem (Soteq Research Establish-
ment, Yavne, Israel).

Nucl. Instr. Methods, 32: 70-7 (Jan. 1965). (IA-983).

Measurements of the pulse height defect in a silicon
sutface barrier detector, with fission fragments whose
energies were degraded in air, show that the defect is
approximately constant in the fragment energy range
25-100 Mev. The results contradict an earlier hypothesis
that the defect is caused by recombination of electron-hole
pairs in the dense plasma produced by the fragment at
the beginning of its track. A coincidence arrangement
permitted separate studies of the median light and median
heavy fragments. At increased fields in the detector, pulse
height distributions of the respective fragment groups
became distorted toward greater pulse heights. This result
is interpreted to mean that, rather than decreasing recom-
bination, the increased field causes charge multiplication
in the counter. The onset of the multiplication appears
to be a function of the ionization density in the fragment
track.

111 IMPROVED SPECTRUM EXPANDER
FOR SEMICONDUCTOR DETECTOR SPECTROS-
COPY.

M. Bertolaccini (Istituto Nazionale di Fisica Nucleare,
Milan), C. Bussolati, and S. Cova.

Nucl. Instr. Methods, 32: 31-6 (Jan. 1965).

An instrument is described by which semiconductor de-
tectot spectroscopy can be performed employing a conven-
tional amplification chain and multichannel PHA with an
increase by a factor of 10 or more in the numbet of
available equivalent channels, as far as resolution capability
is concerned. The method of compensation by charge
injection in the detector is employed: a waveform is
adopted which calculations show to allow linear compen-
sation of the voltage pulse maximum at the input of the
PHA without overload in the amplification chain. Circuit
design ensures the stability required by high resolution
spectroscopy, pulse pile-up tejection, and a dead time
smaller than that of a conventional PHA. Experimental
results confirm the expected performance.

112 RECENT DEVELOPMENTS IN Li-
DRIFTED DETECTORS.

I. L. Fowler (Atomic Energy of Canada Ltd., Chalk River,
Ont.).

Can. Nucl. Technol., 4: 40-4 (1965).
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A review is presented of Canadian efforts in the fabrica-
tion and further development of lithium-drifted p-i-n
semiconductor detectors of spectrometetr use. Emphasis is
on gamme spectroscopy.

113 (UCRL-13106) RESEARCH AND DEVE-
LOPMENT ON FABRICATION OF PIN AND LID
DETECTORS AND THE DRY RUN INTERFACE
SYSTEM.

Final Report.

F. P. Ziemba (Solid State Radiations, Int., Los Angeles).
Aug. 31, 1963, For California. Univ., Livermore.

Lawrence Radiation Lab. Contract [W-7405-eng-48].
86 p. Dep.; $3.00 (OTS).

The design, fabrication, and performance of two types of
semiconductor detectors suitable for field use are pre-
sented. The first type is based on the lithium ion drift
technique having a sensitive depth between 1 mm and
1 cm and active areas between 0.04 and 1.0 cm?. The
second type is the PIN detector having a sensitive depth
of 250 p and an active area between 0.04 and 1.0 cm2.
Detectors fabricated using the LID approach are designed
primarily for high sensitivity, and the detectors fabricated
using the PIN structure are designed primarily for speed.
The performance of the detectors for high intensity gam-
ma radiation and the dry run apparatus that was designed
for the testing of the static and dynamic characteristics of
these detectors under field conditions are described.

114 (NP-14721) O PRIMENENII POLUPRO-
VODNIKOVYKH DETEKTOROV YADERNYKHIZ-
LUCHENII V SERIINOI APPARATURE.

(The Use of Semiconductor Nuclear-Radiation Detectors
in Mass-Produced Instruments).

V. V. Matveev and Yu. P. Sel'dyakov (U.S.S.R. Sovet
Ministrov.  Gosudarstvennyi Komitet po Ispol’zovaniyu
Atomnoi Energii).

[1962]. 12 p. Dep.(mn).

Studies of semiconductor nuclear radiation detectors
indicated the highest resolution with 5.5-Mev to 13-kev
@ particles and 660- to 6.5-kev electrons. The design of
the spectrometer and electronic equipment used for ampli-
fication and development of the obtained pulses are
described.

115 SEMICONDUCTOR JUNCTION DEVICE
FOR MONITORING RADIOACTIVITY IN A WELL
LOGGING SONDE.

John T. Dewan (Well Surveying Corp.).

U. S. Patent 3,158,743. Nov. 24, 1964, Filed Feb. 23,
1961.

The radioactivity well logging apparatus described consists
of a pressure-resistant housing adapted to be loweted
through a borehole. The housing contains a neutton




source and a radiant energy detector. The radiant energy
detector is a junction-type semiconductor elongated in a
direction transverse to its junction and supported with
its elongated dimension extending radially of the housing.
Means ate coupled with the detector for deriving indica-
tions primarily representative of radiant energy incident
upon the semiconductor in the tadial direction. The semi-
conductor detector fequires minimum space and minimum
electrical circuitry, and use of the radial direction reduces
botehole size effects.

116 THE ROLE OF PARTICLE CHANNEL-
LING IN DETECTOR SYSTEMS.

Gibson W.M.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 162-175.

The orientation dependence of the enetgy loss rates of
energetic protons and alpha particles in thin silicon
crystals was first repotrted at the last Semiconductor and
Scintillation Counter Symposium two years ago. Since
that time the effect has been extensively and systematically
studied in several laboratories. Particle channeling, as the
effect is now called, can be manifest as anomalous energy
loss rate, anomalous range, anomalous charge production,
anomalous radiation damage, anomalous scattering or
anomalous reaction yield. These phenomena can affect
appteciably the results obtained from the use of ctystalline
detectors for charged particles and can also affect general
nuclear and atomic scattering measurements independent
of the type of detector used. It is important thetefore
that the nuclear experimentalist be aware of the nature
and causes of particle channeling and be familiar with
the techniques to test for, eliminate or in some cases use
the effect in his measurements.

117 BEHAVIOR OF SOLID DETECTORS IN
A FLUX OF RADIATION.

R. Schuttler, B. Girault, J. Lebailly, J. P. Noel, and S.
Passe (Centte d’Etudes Nucléaires , Fontenay-aux-Roses,
France).

Mem. Soc. Roy. Sci. Liége, 10: No. 2, 127-53 (1964).
(In French).

The manner in which radiations perturb the functioning
of a solid detector is studied. It is shown that, independ-
ently of the destructive effects, transitory perturbations, at
least as interference, can distort the measurements. The
action of the radiation was shown in two fashions: the
first classical by the variation of the collection yield
(connected to the tecombination velocity and the mobility)
and the other corresponding to the transitory variation
of the internal geometry of the detector.

118 METHOD OF FABRICATING SURFACE
BARRIER.

R. J. Fox (U. S. Atomic Energy Commission).
U. S. Patent 3,163,915. Jan. 5, 1965.

An invention relating to the fabrication of surface barrier
detectors is described which will ptroduce uniform units
having imptroved geometty on a routine basis, by using
a diglycidal ether of bisphenol A with ethylene diamine
as a curing catalyst and an amine type hardener.

119 SEMICONDUCTOR DETECTORS FOR
NUCLEAR MEDICINE AND BIOLOGY.

Stephen S. Friedland, Henty S. Katzenstein, and Michael
R. Zatzick (Solid State Radiations Inc., Los Angeles).

Nucleonics, 23: No. 2, 56-61 (Feb. 1965).

Applications of semiconductor detectors in nuclear bio-
medicine for detecting radioisotopes 7% vivo and in uptake
studies are discussed. Resolution, noise, dynamic range,
and sensitivity are discussed for phosphotus-diffused-junc-
tion detectors, surface-barrier detectors, and lithium-drifted
detectors. Uses for radioactive assay, én wivo tracer detec-
tion, brain probes, gastrointestinal probes, alpha probes,
circulation probes, and dosimetry are described.

120 A CRYOSTAT FOR GERMANIUM DE-
TECTORS.

J. Lippert (Atomenergikommissionen, Riso, Denmark).
Nucl. Instr. Methods, 32: 360 (Feb. 1965).

A cryostat was developed for cooling germanium solid
state detectors to liquid nitrogen temperature. When in
use the cryostat is placed on top of a standard S5-liter
Dewar bottle with liquid nitrogen and maintains the
liquid nitrogen temperature for 50 to 60 houts.

121 ON A NEW FAST CHARGE-SENSITIVE
PREAMPLIFIER.

A. Alberigi Quaranta, M. Martini, G. Ottaviani, and
G. Zanarini (Universita, Bologna).

Nucl. Instr. Methods, 32: 352 (Feb. 1965).

A prototype charge-sensitive preamplifier that works satis-
factorily for pulse repetition rates up to 5 Mc is described.
The conversion gain is 75 mv/Mev, and the noise is
35 kev (fwhm) at 1 pF detector capacitance.

122 AN INTERNAL CONVERSION COEF-
FICIENT SPECTROMETER UTILIZING SEMI-
CONDUCTOR DETECTORS.

H. T. Easterday, A. J. Havetfield, and J. M. Hollandet
(Univ. of California, Betkeley).

Nucl. Instr. Methods, 32: 333-8 (Feb. 1965). (UCRL-
11524).

A description is given of a device that was designed for
the measurement of internal conversion coefficients by
simultaneous observation of electron and gamma spectra
with lithijum-drifted silicon and germanium detectors,
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respectively. Calibration of the device was made by use
of several well-known internal conversion coefficients
(2°3Hg, 198Au, 137Cs, 207Bi, and !'°°Cd sources). Depend-
ence of the efficiency of the germanium detector for full-
energy absotption of gamma rays was determined. Applic-
ation of the method to the detetmination of convetsion
coefficients of the 191-kev transition from 97Pt decay
and of the 346-kev transition from 97%Pt decay is
described. The following tesults are obtained: !°7Pt:
191-kev ttansition, ex = 0.69 + 0.07, K/L = 5.2 + 0.6,
and 197mPt: 346-kev transition, ¢ex = 3.9 £ 0.4, K/L =
1.8 + 02.

123 APPLICATIONS OF DETECTORS IN
LOW ENERGY NUCLEAR PHYSICS.
Donovan P.F.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 21-33.

This review paper discusses new applications of detectors
in low energy nuclear physics and emphasizes semi-
conductor particle detectors where new development have
had an outstanding influence on the nuclear physics which
can be done. The paper includes an account of: new
limits of detector resolution; a new method for measure-
ment of gamma ray lifetimes; gamma-gamma angular
correlation studies with multiple scintillation detectors;
kinematic enetgy shift correction with radial position
sensitive detectors; an imptroved particle identification
system with multiple detectors; and the application of
germanium to measurements of long-tange charged
patticles . The paper also discusses present state-of-the-art
limitations and possibilities in areas of patticular import-
ance to nuclear physics.

124 TECHNIQUES FOR THE FABRICATION
OF LITHIUM DRIFTED GERMANIUM GAMMA
DETECTORS.

W. L. Hansen and B. V. Jarrett (Univ. of Calfornia,
Berkeley).

Nucl. Instr. Methods, 31: 301-6 (Dec. 11, 1964). (UCRL-
11589).

Two pulse generators utilizing the negative resistance of
zener diodes in a relaxation circuit are described. It is
shown that the neat randomness and average rates to 107
pulses per second make these pulses especially suitable for
testing nuclear electrons.

125 DEVELOPMENT AND FIRST APPLICA-
TIONS OF A SEMICONDUCTOR DETECTION
APPARATUS DESIGNED FOR MEDICAL AND
BIOLOGICAL RESEARCH.

R. V. Rechenmann and J. G. Swart.

Mem. Soc. Roy. Sci. Liege, 10: No. 2, 357-69 (1964).
(In French).

A semiconductor detection device, using Si-base surface
batriers, was constructed to test its utility in medical and
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biological reseatch. The properties of the device were
reported. The first applications were to the study of the
translocation of elements in oat seedlings. The tracets
145Ca and ?2Na were used. The semiconductor detector
gave a true pictute of the phenomenon: increase of the
activity at the point measured, maximum, decrease to a
plateau. A G-M counter measuring the same migration
showed the effects of the slow increase of v intensity
around the counters.

126 RADIATION DETECTORS IN HIGH
ENERGY PHYSICS.

Piroue P.A.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 1.8

Spark chambers, scintillation and Cerenkov detectors are
used extensively in high enetgy physics experiments. The
potential usefulness of semiconductor detectors is being
investigated. ‘Thete is a need for detectors which will
identify very high energy particles. The various types
of spatk chambers ate briefly reviewed, including narrow
gap, wide gap and filmless chambers. Applications of
scintillation detectors are discussed, together with remarks
on light pipes, localization of particles by time-of-flight,
use of multiparameter pulse height analysis, hodoscopes
and on-line computers. The use of Cerenkov counters is
summarized. Several new types of detectors ate considered
which may be suitable for identification of particles of
very high energy, hundreds of BeV, including transition
radiation detectors and semiconductor devices.

127 A SEMICONDUCTOR PROTON RECOIL
TELESCOPE FOR NEUTRON SPECTRA AND FLUX
DETERMINATION.

P. H. White (Atomic Weapons Research Establishment,
Aldersmaston, Berks, Eng.).

Mem. Soc. Roy. Sci. Liége, 10: No. 2, 341-9 (1964).

Two silicon surface-batrier detectors were used to construct
a proton recoil telescope for the measurement of neutron
spectra and neutron flux in the enetgy range 3.5 to
14 Mev. Measurements made with the telescope were
described and its petformance was compared critically
with a proton recoil telescope of conventional design. The
factors affecting the resolution, accuracy, and energy range
of the counter system wete discussed. It was indicated
that a telescope made with semiconductor ctystals can, by
careful design, be more versatile than one made with a
proportional counter and CsI crystal.

128 EXAMINATION OF THE POSSIBILITIES
OF DIRECT METHODS OF SPECTRAL ANALYSIS
OF INTERMEDIARY AND FAST NEUTRONS.

C. Beets, Ph. Colle, H. Deckers, G. Gierts, and S. De
Leeuw (CEN, Mol, Belg.).

Mem. Soc. Roy. Sci. Liege, 10: No. 2, 317-40 (1964).
(In French).




The areas of validity of the spectral analysis of isotropic
neutton populations wete analyzed for ionographic-emul-
sion, proportional-counter, and junction-detector techni-
ques in the case of (n,p) scattering and the SLi(n,t)*He
reaction.

129 SLIF SANDWICH SPECTROMETER MEA-
SUREMENTS.

J. Moritz (Gesellschaft fiir Kernenergieverwertung in
Schiffbau und Schiffahrt mbH, Geesthacht, Ger.).

Mem. Soc. Roy. Sci. Liege, 10: No. 2, 311-16 (1964).

Silicon surface-barrier detectors, having a LiF layer of
96% enriched SLi between them, are used. The sensitivity
of the spectrometer is ~107% for # in the Mev region
with LiF layers ~»1 p thick. Data are given for fast
neutton spectra (1.0—G6 Mev) measurements. Variations
of the beam caused by polyethylene containing B and by
graphite are shown,

130 ANNULAR DETECTOR FOR SPECTRO-
METRY AT 180 DEGREES.

Gilbert Lemaitre.

Mem. Soc. Roy. Sci. Liege, 10: No. 2, 307-10 (1964).
(In French).

The construction and characteristics of a surface-battier
annular detector of monocrystalline Si of the # type are

described.

i31 STUDY OF THE LOW-TEMPERATURE
BEHAVIOR OF A LITHIUM-COMPENSATED SILI-
CON JUNCTION.

J. Heughebaert, G. Lemaitre, J. Qostens, and L. Van
Gerven (Laboratoire des Hautes Energies, Brussels).

Mem. Soc. Roy. Sci. Liége, 10: No. 2, 303-6 (1964).
(In French).

The response of a Li-compensated Si junction having a
surface of 20 mm? and 2.5 mm thickness to a 207Bi
source was investigated at the temperatute of liquid air
and below. A resolution of 25 kev was ob:ained at the
temperature of liquid air. On a progressive lowering of
the temperature to 58°K, no significant change was
detected in the pulse spectra. But at the temperature of
liquid hydrogen, the tesponse became faulty. Reheating
restored the response of the junction.

132 USE OF DOPED SILICON JUNCTIONS
IN HIGH-ENERGY PHYSICS.

G. B. Collins, J. Menes, and J. Qostens (Brookhaven
National Lab., Upton, N. Y.).

Mem. Soc. Roy. Sci. Liege, 10: No. 2, 293-301 (1964).
(In French).

A 4.76-mm thick Li-doped Si ctystal detector was tested
in a beam of particles from the proton synchrotron. The
beam, by the action of 2 magnets, furnished e, mesons ()
and (), p, and d of different momenta. The charactet-
istics of the beam were detetmined by calibrating the
magnets by the floating wite method to establish the
trajectory of the charged patticles in the magnetic field,
then fixing other points from trajectory curves obtained
by inserting increasing thicknesses of absorber in the beam
and observing the disappearance of transmitted particles.
The detector, in a Styrofoam box cooled by a tod which
dipped into liquid N, was then placed in the path of the
beam. A multichannel analyzer gave the pulse-height
specttum which showed peaks for the d, p, and particles
of minimum ionization. The specific ionization value for
each could be calculated from the position of the peaks.
Plotting the number of the channel corresponding to the
peak maximum against the specific ionization gave a
straight line. The width of the peaks at mid-height
showed an indeterminacy of 4 109% on the ionization
value of an individual particle.

133 CHARACTERISTICS OF THE ELEC-
TRONIC EQUIPMENT USED WITH SEMICONDUC-
TOR DETECTORS AT THE REACTOR STATION
GEESTHACHT.

H. J. Tauffenbach (Gesellschaft fiir Kernenergieverwer-
tung in Schiffbau und Schiffahrt mbH, Geesthacht, Ger.).

Mem. Soc. Roy. Sci. Liége, 10: No. 2, 285-91 (1964).

Two charge-sensitive preamplifiets for work with semi-
conductor detectors are described. One preamplifier . fol-
lows a classical design. The othet is a transistorized ver-
sion for specttometry of fast neutrons with LiF sandwich
spectrometers. The circuit diagrams and noise contribu-
tions of the preamplifiets are given.

134 A SOLID STATE DETECTOR TELE-
SCOPE.

W. Mausberg and E. Roesle (Institut fiir Kernphysik,
Frankfurt am Main).

Mém. Soc. Roy. Sci. Liege, 10: No. 2, 277-83 (1964).

A detector telescope using only solid s:ate detectors, some
4E/dx and one E, and used to measure differential ctoss
sections and angular distributions of the protons emitted
by the reaction 28Si(n,p)28Al is described. The differen-
ces in energy loss, the pulse-height analysis of enetgies
lost, and the efficiency of directional disctimination vs
proton energy are shown. Distinctions can be made
between opposite particle directions with the telescope.

135 ON THE USE OF SEMICONDUCTOR
COUNTERS IN THE INVESTIGATION OF RE-
SONANCE REACTIONS.

P. M. Endt (Rijksuniversiteit, Utrecht).
Mém. Soc. Roy. Sci. Liége, 10: No. 2, 245-54 (1964).
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The possibilities and limitations of semiconductotr counters
for the detection of protons and & particles, produced in
reactions showing a resonant character, are discussed. The
discussion is limited to the investigation of nuclides in
the 2s5-14 shell at bombarding enetgies below 3 Mev.
The ground state transitions of (p,2) and («,p) treactions
and the elastic scattering of protons or « particles ate
considered. Studies being made on 22Ne(p,p)22Ne, 2°Na-
(p,®), 27Al(p,®), 3'P(p,2), 1°F(q,p), and 3'P(a,p) reactions
are discussed.

136 PULSE HEIGHT DEFECT OF SURFACE
BARRIER DETECTORS FOR FISSION FRAGMENTS.

A. J. Deruytter (SCK-CEN, Mol, Belg.).
Mém. Soc. Roy. Sci. Liége, 10: No. 2, 231-43 (1964).

The pulse-height defect of large Au-Si sutface-bartier
detectots for fission fragments was evaluated. The average
pulse height of the difference specttum (Eir — En) was
used as an absolute energy point. With this calibration
the pulse-height defects of the average light and heavy
fragment pulses and of the average sum pulse wete deter-
mined. These measurements were made for the thermal
neutron induced fission of 23%U. Also = particles from
234]J and from a Th source were used for calibration,
and the resulting pulse-height defects for fission fragments
were compated with the values obtained by the method
previously described. ‘The calibration of a detector by
compatison of the measured pulse-height distribution to
a standard fission fragment energy specttum was shown
for the thermal neutron induced fission of 235U, The
different parts of the pulse-height defect, ie., window
effect and true pulse-height defect of the junction, were
discussed. The influence on the pulse-height defect of
the supplementary absorption in the backing of two kinds
of 4= targets made by electro-spraying and by evaporation
was illustrated.

137 TRANSISTORIZED  PREAMPLIFIERS
USED AT THE LABORATOIRE DE PHYSIQUE
NUCLEAIRE D’ORSAY WITH SILICON JUNCTION
DETECTORS. :

Guy Corbe (Faculté des Sciences, Orsay, France).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 221.9 (1964).
(In French).

Two types of transistorized preamplifiers were used with
Si junction detectors, one with a resolution close to 15 kev
and large dynamic capacity and the other with inferior
characteristics but making possible 2 high counting rate
and pulse durations less than 2 X 10~7 sec. The character-
istics, design, and performance of each of these pre-
amplifiers are described.

138 SHAPING OF p-i-n DETECTOR PULSES
BY RC NETWORKS.

C. A. J. Ammerlaan (Inst. for Nuclear Physics Research,
Amsterdam).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 211-20 (1964).
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The results of pulse shape calculations for particles inci-
dent perpendiculatly to the p-type surface of a lithium-
drifted junction detectot are presented. The nonlinearities
introduced by shaping these pulses with a single RC
integrator followed by a single RC differentiator are
determined. The time constants of the networks ate equal
and have the same otder of magnitude as the pulse rise
time.

139 MEASUREMENT APPARATUS FOR
ALPHA SPECTROMETRY.

R. Allemand and J. L. Lecomte.

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 201-9 (1964).
(In French).

The characteristics and performance of a measurement
circuit adapted to semiconductor junction detectors (pattic-
ularly in the area of = spectrometry) wete studied. The
transistorized measurement apparatus consists of a low-
noise preamplifier and an amplifier stage. The theoretical
aspects of the background noise in two vetsions of the
preamplifier (the first with ordinary transistors and the
second with transistors with field effect as input stage)
were investigated.

140 JUNCTIVE-BARRIER DETECTORS.
G. Vallois (CEN, Saclay, France).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 105-13 (1964).
(In French).

The performance of energy loss detectors formed on the
same platelet of Si by four large surface barriers and
sepatated from each other by 80 microns was tested.
The independence of each junction (possible influence by
one junction on the othet), extension of the sensitive
zones, and variation of the resolution at the boundaty
of the zones separating the junctions was investigated. It
was concluded that each junction was practically independ-
ent. The dead times wete so nartow that they could not
be shown. There was constant resolution ovet the entite
sutfacce of the junction.

141 COLLOQUE SUR LUTILISATION DES
DETECTEURS A SEMI-CONDUCTEURS EN PHY-
SIQUE NUCLEAIRE, UNIVERSITE DE LIEGE, 16-17-
18 SEPTEMBRE 1963.

(Conference on the Utilization of Semiconductor Detectors
in Nuclear Physics, Liége, Belgium, September 16-18,
1963).

L. Winand (ed.).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 1-371 (1964).
(CONF-630904).

Seperate abstracts are prepared for 27 of the 28 papers
presented. An abstract of one paper pteviously appeared
in NSA (18:41788).




142 SURFACE-BARRIER NUCLEAR RADIA-
TION DETECTORS WITH FAST RESPONSE,

P. Siffett, H. Rougeot, and A. Coche (Centre de Recher-
ches Nucléaires, Strasbourg).

Mém, Soc. Roy. Sci. Liege, 10: No. 2, 119-26 (1964).
(In French).

Because of the utilization of surface-barrier detectors in
fast electronic circuits, the form of the pulses (produced
by 21°Po « particles) at the output of these devices was
studied and the optimum conditions for a rapid response
were determined. The electronic apparatus for pulse
observation made it possible to measute rise times of less
than 1 nsec when the signal amplitude was more than
2 mv. By the selection of a suitable thickness of the
platelet constituting the diode and of the polarization
applied, it was possible to attain rise times of less than
2 nsec even when the resistivity of the Si base exceeded
104Q-cm.

143 SILICON RADIATION DETECTORS AND
SOME SIMPLE APPLICATIONS.

Williams I. R. (Oak Ridge National Lab., Tenn. Wantage
Radiation Lab., Eng.).

Phys. Educ, 2: 949 (Mar. 1967). (ORNL-P-2376).

The semiconductor detector of ionizing radiations is rapidly
becoming standard equipment in nuclear physics research
experiments. The devices have many advantages the most
important of which is that they can be used in spectro-
meters. The elementaty physics of their operation is out-
lined, togethet with the techniques involved in their use,
Details are also given of some student laboratory expeti-
ments that were performed with silicon detectors in order
to demonstrate certain aspects of nuclear and solid-state
physics.

144 DETECTION OF NUCLEAR RADIATION
WITH THE AID OF LITHIUM-COMPENSATED
DIODES, WITHOUT INPUT WINDOW.

P. Siffert, H. Rougeot, and A, Coche (Centre de Rechet-
ches Nucléaires, Strasbourg).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 95-104 (1964).
(In French).

Beginning with the classical techniques for the fabrication
of lithium-compensated diodes, an apparatus, whose input
window is equivalent to 30 kev or less (for 5-Mev «
particles) was perfected by developing a surface-barrier
diode on compensated silicon. The electric characteristics
and the time stability, as well as the possibilities for the
particles, electtons, and vy radiation, wete indicated.

145 LARGE GOLD-SILICON SURFACE BAR-
RIER DETECTORS FOR FISSION EXPERIMENTS,

A. J. Detuytter, J. A. Moore, and 1. G. Schroeder (Colum-
bia Univ., New York and Brookhaven National Lab,
Upton, N. Y.).

Mém. Soc. Roy. Sci. Liege, 10: No. 2, 8393 (1964).

Large gold-silicon surface-barrier detectors were consttucted
for the detection of fission fragments and energetic
patticles (30 Mev). In the construction techniques, em-
phasis was put on the large surface, resolution, and sturdy
construction. Careful surface treatment of the silicon
wafer proved to be important for the final resolution.
The use of delicate wires to make contact to the inversion
layer was avoided. To illustrate the performance of the
detectors, single fragment kinetic energy spectra and sum
spectra (E1+Es) were shown for the fission of 235U with
thermal neutrons. The performance for z-particle detec-
tion was also illustrated.

146 SURFACE-BARRIER DETECTORS FOR
NUCLEAR RADIATION.

A. Coche (Faculté des Sciences, Strasbourg).

Mém. Soc. Roy. Sci. Liége, 10: No. 2, 23-52 (1964). (In
French).

The procedures for the preparation of improved Si and
Ge surface-barrier detectors and their performance and
characteristics are discussed,

147 (UCRL-13128) PART 1. FABRICATION
PROCESS FOR HIGH-VOLTAGE PIN DETECTORS.
PART II. APPENDIX. RESEARCH AND DEVELOP-
MENT ON FABRICATION OF PIN AND LID DE-
TECTORS AND THE DRY RUN INTERFACE
SYSTEM.

(Solid State Radiations, Inc., Los Angeles).

Sept. 1, 1964. For California. Univ., Livermore. Law-
rence Radiation Lab.

Contract W-7405-eng-48. 113 p. Dep.(mn); $4.00(cy),
3(mn) OTS.

Process specifications are given for the various operations
involved in the manufactute of PIN gamma-transient
detectors using boron-doped p-type silicon. Development
work on the fabrication of lithium-ion-drift detectors for
high sensitivity and of PIN detectors for high speed is
reported. A dry run system for field testing detectors
with simulated gamma-ray bursts is described, and some
test results are given.

148 (TID-21446) DEVELOPMENT OF A
HIGH-SENSITIVE FAST NEUTRON DOSIMETER.

Quarterly Report No. 6, August 1-October 31, 1964.
B. H. Chase, R. R. F. Speers, J. M. Swartz, and M. O.
Thutston (Phylatton Cotp., Columbus, Ohio).

Contract AT(11-1)-1226. 5 p. Dep.(mn); $1.00(cy),
1(mn) OTS.

Diode processing studies were continued; plating of nickel
(+boron) onto silicon and simultaneous diffusion of
boron and phosphorus onto silicon were attempted. A
compatison was made of the performance of different
readout circuits.
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149 (NP-14473) REALISATION DE DETEC-
TEURS A JONCTION DE GRANDE EPAISSEUR PAR
LE PROCEDE DE LA MIGRATION DES IONS Li+
(ION DRIFT) (thése):

(Utilization of Junction Detectors of Great Thickness by
the Method of Migration of Lit Ions (Ion Drift) (thesis)).
Gaston Bruge (Paris. Université).

Aug. 2, 1963. 58 p. Dep.(mn).

The development of junction detectors capable of detect-
ing heavy ions of average energy produced by the Saclay
cyclotron was investigated. The theory of semiconductor
detectors and a simplified theoty of the processes of ion
migrations were summarized. The different methods
available for the fabrication of semiconductor detectors
and their testing were reviewed. Impurities wete impot-
tant in the fabrication of this type of detector as the
impurities delay the thermal diffusion and migtration
of Li. Impurities trap temporarily and definitively the
charges produced by the passage of a charged particle,
affecting the amplitude and rise time of the pulses. It was
concluded that the impurity content in the initial materials
was an essential factor in the successful fabrication of
this type of junction. The conditions of cleaning, thermal
diffusion, and development of contacts were also of great
importance.

150 (PR-P-63) PHYSICS DIVISION PRO-
GRESS REPORT, JULY 1 TO SEPTEMBER 30, 1964.

(Atomic Energy of Canada Ltd., Chalk River, Ont.).
60 p. (AECL-2108). Dep.; $1.50 (AECL).

Progress is reported in each of the fields: nuclear physics,
genetal physics, neutron physics, and theoretical physics.
Among the topics treated are pulse-shape discrimination,
nuclear lifetime measurement, detectors and spectrometers,
space physics, nuclear models, computation, etc.

151 REDUCING CHARGE-SENSITIVE-AMPLI-
FIER SENSITIVITY TO DETECTOR CAPACITANCE
VARIATIONS.

Goldsworthy, W. W. (Univ. of California, Berkeley).
Nucl. Instrum. Methods, 52: 343-4(1967). (UCRL-17403).

A method for reducing the sensitivity of charge-sensitive
preamplifiers to detector capacitance variations is described.
This method 1s directly applicable to many existing charge-
sensitive preamplifiers with only minor modifications.

152 PREAMPLIFIER FOR SEMICONDUCTOR
DETECTORS FOR CHARGED PARTICLES.

B. V. Fefilov (Joint Inst. for Nuclear Research, [Dubna,
USSRD). )

Pribory i Tekhn. Eksperim., No. 5, 121-2 (Sept. - Oct.
1964). (In Russian).
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The design of a charge-sensitive preamplifier tube is
described. A triode 6C3P is used as the input tube. The
noise line width is not > 12 kev with the external
capacitance at the entrance of 100 nF (integration and
differentiation time constants are 0.5 to 0.8 psec, respect-
ively).

153 FAST-ACTING SEMICONDUCTOR SCHE-
ME FOR MULTIPLE COINCIDENCES.

A. F. Dunaitsev (Joint Inst. for Nuclear Research, [Dub-
na, USSR}).

Pribory i Tekhn. Eksperim., No. 5, 119-20 (Sept. - Oct.
1964). (In Russian).

Descriptions ate given of a transistorized bridge-type
multiple-coincidence scheme. The resolving time for a
chatged meson beam is ~v2 nsec.

154 MULTICHANNEL SCHEME FOR COIN-
CIDENCES-ANTICOINCIDENCES OF NANOSE-
COND RANGE IN SEMICONDUCTORS.

I. F. Kolpakov (Joint Inst. for Nuclear Research, {Dubna,
USSR}Y).

Pribory 1 Tekhn. Eksperim., No. 5, 99-102 (Sept. - Oct.
1964). (In Russian).

A 4-channel coincidence scheme with one-anticoincidence
channel opetating on the principle of current intetference
at a tunnel diode, with an inlet pulse former to the
transistor is described. Tests with fast scintillation count-
ers opetating with = sources with 1 M cable indicated the
resolving time of 10 nsec for coincidences and 7 nsec for
anticoincidences at a tesolving curve decrement of 5 and
3 nsec for coincidences and anticoincidences respectively.
The scheme selectivity coefficient is™~~ 10, the anticoinci-
dence efficiency is ~0 1078, and the dead time is 30 nsec.
The time chatacteristics do not vary at temperatures up
to 50°C. The amplitude range of incoming pulses is 0.15
to 8 v. High-frequency diffusion triodes with maximum
frequency of 700 Mc, D 10 diodes, and a p-germanium
tunnel diode with maximum curtent of 10 ma are utilized
in the scheme.

155 “ A WINDOW ” IN SEMICONDUCTOR
SPECTROMETER FOR CHARGED PARTICLES,

A. K. Mednikov, N. I Sroikin, and A. A. Babushkin
(Kazakh State Univ., Alma-ata, SSR).

Pribory i Tekhn. Eksperim., No. 5, 87-92 (Sept. - Oct.
1964). (In Russian).

Descriptions ate given of a silicon surface-barrier nuclear
emission detector coated with 0.15 to 3.80 and 0.37 X
1.20 mg/cm? films of Au and Al, respectively. The
influence of the coating on the amplitude resolution of
the detector was found. The energy losses in thin layers
of the substance, in particalar in Au, was determined by
the surface-barrier semiconductor detector during the a-
particle passage. The mean excitation enetgy of Au is
900 ev. :




156 (PPAD-529-E) PREPARATION AND
PERFORMANCE OF A HOMOGENEQUS SILICON
MINIMUM-IONIZING PARTICLE DETECTOR.

H. Blumenfeld and F. P. Pandolfi (Princeton-Pennsylvania
Accelerator, Princeton, N. J.).

Oct. 29, 1964. Contract AT(30-1)-2137. 14 p. (CONE-
799-11). Dep.(mn); $1.00(cy), 1(mn) OTS.

From 11th Annual Nuclear Science Symposium, Phila-
delphia, Oct. 1964.

A homogeneous high-resistivity silicon crystal detector was
developed for minimum-ionizing particles in a hydrogen
bubble chamber. The detector is operated at liquid nitro-
gen temperature, and the resistivity is raised close to the
intrinsic level by gamma irradiation. The performance of
the detector was studied using beta and cosmic ray tests.

157 (AE-162) A NEEDLE-TYPE p-i-n JUNC-
TION SEMICONDUCTOR DETECTOR FOR IN-
VIVO MEASUREMENT OF BETA TRACER ACTI-
VITY.

A. Lauber and B. Rosencrantz (Aktiebolaget Atomenergi,
Stockholm).

1964. 18 p. Dep.(mn).

A miniature detector probe was developed for iz wivo
detection of beta tracer activity. A lithium-drifted p-i-n
semiconductor detector shaped as a cylinder 0.9 mm in
diameter and 3 mm long acts as the sensing element.
The detector is encased in a stainless steel tube 50 mm
long, fastened to a holder fitted with a miniature coaxial
contact. The free end of the tube has a syringe-like,
entirely tight tip. The steel tube has an outer diameter
of 1.4 mm except for 10 mm at the free end where the
outer diameter is 1.1 mm corresponding to a wall thick-
ness of 0.05 mm. The detector is placed in the 1.1 mm
patt of the tube. The construction and the properties of
the probe are described.

158 P-N JUNCTION SEMICONDUCTOR
RADIATION DETECTOR.

Junji Shimizu, Kyoichi Miyashita, Mamoru Takada, and
Yoshiyuki Sugawa (Mitsubishi Electric Corp., Hyogo Pre-
fecture, Japan).

Mitsubishi Denki Lab. Rept., 4: 495-503 (Oct. 1963).

Semiconducior tadiation detector of the p-n junction type
is an attractive detector having many outstanding features.
Using a 5,000 Q-cm p-type silicon crystal, many detectors
of the same size (4X4.5 mm) are manufactured and
tested. The best energy resolution obtained is 0.7% for
5.3-Mev @ particles. Measurable uppet enetgy limit of the
o particles is tested by scattered « particles from carbon
nuclei. The measured limit is 23 Mev, but it may be
expansible up to 28 Mev using a detector applicable
200 v bias. As for the optimum enetrgy tesolution and
charge collection efficiency, two types of detectors having
an opposite inclination for the applied bias were found.

Measurement of internal conversion electron of 57Co was
attempted but two peaks corresponding to 115 and 129
kev were not separated. Detection of thermal neuttons
is possible using a boron converter.

159 STEADY-STATE RESPONSE OF SILICON
RADIATION DETECTORS OF THE DIFFUSED pm
JUNCTION TYPE TO X RAYS. I. PHOTOVOLTAIC
MODE OF OPERATION.

Karl Scharf and Julian H. Sparrow.
J. Res. Natl. Bur. Std., 68A: 683-701 (Nov.-Dec. 1964).

A relation is derived for the photocutrent produced by
x rays in silicon radiation detector cells of the p-n junc-
tion type, giving the dependence of the generated photo-
current on exposure rate, photon energy, and electrical
and geometrical parameters of the silicon wafer. Silicon
radiation detector cells operated as photovoltaic cells are
found to be more sensitive to x rays than silicon solar
cells previously investigated, open-citcuit voltages being
several hundred times larger than those measured in solar
cells. The short-circuit current produced by x rays increases
with increasing temperature by about 0.3 percent per °C
at 25°C cell temperature. Due to the high zero voltage
junction resistance of silicon radiation detector cells, the
temperature dependence of the photovoltaic output current
increases with increasing load resistance at a smaller rate
than that observed in silicon solar cells. The energy
dependence of the short-circuit current produced by x rays,
measured over a wide range of radiation qualities, is
shown to be in good qualitative agreement with calculated
values.

160 (NYO-32463) PROTON AND ELEC-
TRON IRRADIATIONS OF CONTOURED SEMI-
CONDUCTOR RADIATION DETECTORS.

J. B. Trice, G. C. Huth, H. E. Bergeson, and R. A.
McKinney (General Electric Co. Missile and Space Div.,
Valley Forge Space Technology Center, King of Prussia,
Penna.).

(1964). Contract AT(30-1)-3308. 45 p. Dep. (mn);
$2.00(cy), 1(mn) OTS.

Irtadiations of surface contoured silicon semiconductor
detectors with monoenergetic beams of low energy elec-
trons (45 kev) and protons from 100 kev to 3.0 Mev
are described. Sperior noise charactetistics, energy resolu-
tion, stability, and freedom of these detectors from surface
breakdown (the most common difficulty with solid state
detectors) are discussed in terms of fundamental electrical
properties. Two specific classes of detectors are described.
The first of these is a2 window detector in a shallow-cone
geometry oriented so that low energy particles from above
are incident over a large fraction of the lateral surface.
The response of this detector to low energy protons and
electrons is described. The second detector described is
the propottional solid state detector the operation of
which depends on the attainment of very high bulk
electric fields. Its response to protons up to 3.0 Mev
is described.
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161 (GPI-57) PROGRESS ON A FAST-DRIFT
METHOD FOR MAKING LITHIUM-ION-DRIFT
GERMANIUM p-in GAMMA-RAY SPECTROME-
TERS.

A. J. Tavendale and I. L. Fowler (Atomic Energy of
Canada Ltd. Chalk River Nuclear Labs.,, Chalk River,
Ont.).

Apr. 1964, Revised and Re-issued Nov. 1964. 10 p.
(AECL-2110). Dep.; $0.50 (AECL).

A fast boiling-liquid method, used to drift large-volume
(6 cm?3), deep-depletion-layer (up to 11 mm), p-i-n ger-
manium diodes for use as high-resolution gamma spectro-
meters is described. The method is about five times as
fast as that obtained in an air-drift apparatus.

162 SOME RECENT APPLICATIONS OF
SCINTILLATION AND SOLID STATE COUNTERS
IN CHEMISTRY.

Sayre E. V.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 18-20.

The high resolution obtainable with semiconductor radia-
tion detectors has extended the scope of neutron aciivation
analysis. Illustrations are nondestructive analysis of archeo-
logical artifacts, meteorites and tetrestrial rocks. A quite
different new technique is the counting of tracks ptroduced
by massive, enetgetic particles in glasses and crystals,
which has been used, for example, to date ancient uranium
containing glasses. The use of scintillation and propot-
tional counters, amplitude selection, coincidence and anti-
coincidence techniques, and the Mossbauer effect are dis-
cussed for various applications from x-ray crystallography
to the detection of neutrino induced reactions. The aniso-
tropic behavior ot channeling in silicon detectors has
opened a nex field of research on the effect of crystal
otientation on energy loss of penetrating particles.

163 (EURAEC-1113) SOLID-STATE NEU-
TRON DETECTOR.

Quarterly Report No. 3, April 1-June 30, 1964 (Centre
d’Etude de I'Energie Nucléaire, Mol, Belgium).

Work Performed under United States - Euratom Joint
Research and Development Program.

Contract 099-63-10-RDB. 13 p. (R-2295) Dep.(mn);
$1.00(cy), 1(mn) OTS.

A SiC diode, itradiated at 250°C, was lost because of
failure of the irradiation facility. The results of some

measurements before irradiation are given. After the .

construction of a new furnace, a first irradiation up to
1.2x 105 nvt of a second SiC diode was carried out
at 250°C. The results do not show any annealing while
the pulse height decreased by 25%.

164 SPECTRAL CHARACTERISTICS OF
SEMICONDUCTOR DETECTORS FOR PULSED X
RADIATION.

A. A. Egotov, A. A. Lukashov, and E. V. Nitochkina.
Zh. Tekhn. Fiz,, 34: 2038-43 (WNov. 1964). (In Russian).
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Some characteristics of Ge and Si semiconductor radiation
detectors for x radiation pulses on the order of 1077 sec
were studied. The short-circuit current of the detectors
under these conditions is proportional to the radiation
intensity, and the spectral characteristic in the quantum
energy range from 30 to 600 kev is proportional to pe.

165 SILICON SURFACE BARRIER DETEC-
TOR.

Seiichito Gotoh and Zinzaburo Takagi (Nippon Atomic
Industry Group Co., Japan).

J. Nucl. Sci. Technol. (Tokyo), 1: 311-15 (Nov. 1964).

A method was established for producing silicon sutface-
barrier detectors with an energy tesolution of 0.7% for
5.3-Mev alpha particles and with long-term stability. The
fabricated detector was found to have a depletion layer
as thick as 200 u and a sutface layer with an energy loss
of less than 15 kev for 5.3-Mev alpha particles. The
detector was found to be stable for at least 2 to 3 months.

166 A RADIOGRAFHIC  INSPECTION
DEVICE USING SOLID-STATE p-i-n JUNCTION
DETECTORS.

N. A. Baily, G. D. Robettson, and F. W. Cleary (Hughes
Research Labs., Malibu, Calif.).

Intern. J. Appl. Radiation Isotopes, 15: 523-8 (Sept.
1964).

The use of p-i-n junctions as the sensitive elements of
dynamic radiographic inspection systems was investigated.
The feasibility of doing this was established for both
steady-state and pulsed radiation sources. The resolution
obtained using a differential system was excellent for
beam intensities delivering an exposure of at least 2 mr
at the surface of the detectors in a time period short
compared to the decay characteristics of the circuitry. At
this radiation level, signal-to-noise tatios of approximately
15:1 without amplification were obtained for defects
representing 2% change in flux level. Scanning rates of
6 to 12 in./min, should be possible. Large area scanning
may be accomplished through the use of mosaics made
up of a large number of junctions.

167 LITHIUM-DRIFTED SILICON JUNC-
TION DETECTORS.

Sakae Nishiu, Takashi Nakakado, Yasuyuki Nakayama,
and Sakae Shimizu.

Bull. Inst. Chem. Res., Kyoto Univ., 42: 319-37 (Sept.
1964).

Details of the procedure for preparation of Li-ion-drifted
silicon detectors are described. Vatious characteristics of
the detectors prepared were examined by use of nuclear
radiations including electrons, alpha particles, and gamma
rays. Special attention was given to the detector response
for incident electrons using conversion electrons from
some nuclides and mono-energetic electrons obtained by
a beta spectrometer at room and liquid-nitrogen tempera-




tures, ‘The p-i-n junction detectors prepared exhibited
their extteme usefulness for measuring beta rays from
very weak sources. It may be emphasized that in some
aspects the use of the semiconductor detector of such a
type for beta spectroscopy scems to be advantageous com-
pared with the usual magnetic spectrometer, although
some essential properties remain to be improved. For
gamma spectroscopy the detector showed its usefulness
when it was used at lower temperature, especially by its
excellent energy selection for incident photons compared
with the crystal scintillation detector. The radiation dam-
age and spontaneous detetioration of the detector were
also studied. As a cause responsible for the deterioration,
the redistribution of lithium atoms in silicon with the
lapse of time after the Li-ion drifting process was
examined in some details. Measurements of nuclear radia-
tions petformed with the p-i-n junction detector are also
discussed.

168 (BNL-8633) THE ENERGY LOSS BY
CHARGED PARTICLES IN SILICON AS A FUNC-
TION OF TRACK ORIENTATION.

H. E. Wegner, C. Erginsoy (Brookhaven National Lab.,
Upton, N. Y.); and W. M. Gibson (Bell Telephone Labs.,
Inc., Murray Hill, N. J).

{1964]. Contract AT-30-2-GEN-16. 12 p. (CONF-799-
6). Dep.(mn); $1.00(cy), 1(mn) OTS.

From 11th Annual Nuclear Science Symposium, Philadel-
phia, Oct. 1964.

It is important to know the orientation of the crystal axis
of silicon semiconductor detectors when they are used
for the detection of energetic charged particles in stacked
arrays and the particles ate expected to traverse all of
the detectors. It has been observed that particles that
pass through the crystal along the directions of crystal
planes or axes lose less energy than those in other direc-
tions. This anomalous energy loss spoils the response
characteristics of the detector. Various experiments have
demonstrated that the penetrating particles tend to move
along crystal planes ot axes by a process of correlated
multiple-coulomb scattering. The experimental evidence
for these anomalous characteristics will be reviewed and
the degrading effects on the discrimination ability of
mass-disctimination detector-systems will be shown. Mass
distribution cutves were taken for protons, deuterons, and
tritons, as well as 3He and alpha particles in the 20 to
40 Mev region with a thin silicon AE detector oriented
with the (111), (110), and other axis parallel to the
penetrating particle ditection. The mass separation is
appreciably improved when the crystal is oriented so that
the direction of the penetrating particles is well away from
any of the major crystal planes or axes.

169 SOME KINETIC PHENOMENA IN
IMPURE IONIC SEMICONDUCTORS.
Plavitu C.N.

Physica Status Solidi, Vol. 16, No. 1, 1966, p. 69-78.

A criterion is given for finding the regions whete one
of the various scattering mechanisms is dominant. The

phonon dtag contribution to some of the kinetic coeffi-
cients is only slightly modified when ionized impurity
scattering is taken into account.

170 STUDIES OF THE RESPONSE SPEED OF
SILICON SURFACE BARRIER DETECTORS, WHEN
IRRADIATED WITH DIFFERENT PARTICLES.

Meyer H.

IEEE Transactions on Nuclear Science, Vol. N8-13, No. 3,
June 1966, p. 180-188.

The rise time of produced sutface barrier detectors fot
a-particles, fission fragments and conversion electrons was
measured with and without over-voltage and compared
with calculations. The detectors were produced from n-type
silicon with resistivities in the range, 2500 cm to
9000 cm.

The best rise times, 7 (0-63 %), obtained up to now are
~ (.8 ns for alphas (24'Am) and 1.4 ns for fission frag-
ments (232Cf) at high fields (system rise time, 72=0.6 ns
included). The contribution of the plasma time, 7p, due
to the erosion of the ionisation tracks with their high
catrier density by the field was studied in some more
detail. 7pvs. Em (effective field), derived from the rise
time measurements, seems to be a relatively pure expo-
nential dependence, wp~k Em™, for a given detector at
fields greater than 500 V/cm (0.7<<n<<1.3). “k” is a
constant, dependent on particle type.

With fission fragments from 252Cf the time jitter of
correlated fragments in selected energy ranges was feasured
by irradiating two detectors in a wide angle (sandwich
counter).

A minimum jitter (EW.H.M.) of 90 ps was reached for
threshold detection. Zero crossing circuitry was also used
for time detection to have an idea of the probable pulse
shape jitter from fragments irradiating a detector under
different angles.

(Different orientation of the particle track with respect to
the field).

Such jitter seems to exist, also at relativety high fields.

171 GAMMA-RAY SPECTROSCOPY ON
155-DAY ILu' USING LITHIUM-DRIFTED GER-
MANIUM COUNTERS.

J. Blok and D. A. Shirley (Univ. of California, Berkeley).
Phys. Letters, 13: 232-4 (Dec. 1, 1964). (UCRL-11644).

Lithium drifted germanium gamma detectors were used
to study the spectrum from the decay of the isomer of
177Lu. The presence of the 426-kev gamma ray was
detected, thus establishing the 19/2 member of the
7/27{514} band.

172 (CEA-R-2408) CONTRIBUTION A L’E-
TUDE DU PROCESSUS DE LA FISSION THERMI-
QUE DE L'URANIUM 235.

(Conttibution to the Study of the Thermal Fission Process
for Uranium 235). Mostafa Chahrtache (France, Commis-
sariat a I'Energie Atomique. Centre d’Etudes Nucléaires,
Saclay). 1964. 86 p. Dep. (mn).

Thesis submitted to Université, Paris.
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The disttibution of the masses of the fragments produced
by the disintegration of 236U formed when 235U captures
a thermal neutron was studied. The experimental method
chosen consists in the simultaneous measurement — using
p-n silicon junction detectors — of the enetgies of the two
fragments emitted in coincidence. This measurement is
first made by a conditioned analysis of the energy of one
of the fragments and then by a two-dimensional analysis of
the energies of the two fragments. Systematic results are
obtained concerning the distribution of the masses for dif-
fetent values of the total kinetic energy. The five structures
appearing both for the mass distributions and for the ener-
gies of the fragments are studied and discussed. Generally
speaking, the results are in agreement with those obtained
by the time-of-flight method.

173 SOLID-STATE CHARGED PARTICLE
DETECTORS.

Niels J. Hansen.

Progr. Nucl. Enetgy, Ser. IX, 4: 1-72 (1964). New York,
The Macmillan Company, $4.25.

Information is included on solid-state theoty, formation of
the charge-depleted region, interaction of charged par-
ticles with matter, charge collection and the charge collec-
tion time, amplifier configurations and pulse rise time,
enetgy resolution, and applications of junction and drifted
detectors to nuclear spectroscopy, 55 references are included.

174 SPECTRUM  STABILIZATION WITH
VARIABLE REACTANCE GAIN CONTROL.

PK. Patwardhan (Atomic Energy of Canada Ltd., Chalk
River, Ont.).

Nucl. Instr. Methods, 31: 169-72 (Dec. 1, 1964).

This paper describes a novel and simple method of spec-
trum stabilization effected by “overall” gain control em-
ploying variable capacitance p-n junction diodes. The
stabilizing peak is referenced directly from the analyzer
store. Digital windows set on the stabilizing peak sense
the magnitude of the spectrum shift and generate an analog
signal of apptopriate polarity and amplitude. This is
applied as a reverse bias to a variable capacitance diode
causing the effective feedback capacitance of a charge
sensitive amplifier to change. This holds the spectrum
in a fixed position. The high gamma-ray tesolution (0.1 to
0.29% fwhm at 6 Mev) obtainable with the lithium-drifted
germanium detectors call for an amplifier stability of
1 part in 10,000. At lower gamma energies the amplifier
noise contributes primarily to the line width, while at
higher energies, where the amplifier noise contribution
is negligible, gain drifts of the order of 0.1 to 0.01%,
cause line broadening. The system is capable of efficiently
correcting these ordets of drifts, Typical resolutions
obtained with the stabilizer are 6.3 kev (fwhm) for 2.614
Mev gamma rays from a Th(B+G+C”) soutrce and 4.15
kev for 1.333 Mev ®°Co gamma rays.

175 SEMI-CONDUCTOR PROBE FOR INVES-
TIGATING ACCELERATOR BEAM PULSES.

H.E. Conzett, L. B. Robinson, and R. N. Burger (Univ. of
California, Berkeley).

Nucl. Instr. Methods, 31: 109-11 (Dec. 1, 1964). (UCRL-
11492).
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An insttument which makes possible the investigation of
individual beam pulses from a cyclotron is described. It
utilizes a fully depleted diffused-silicon junction detector
of 100 to 200 microns thickaess. The detector character-
istics of fast charge collection time (~v1nsec) and of
inherent amplification are important in this application.
Examples of the detector system response to beams from
the Berkeley sector-focused cyclotron are ptesented.

176 A COMPTON SPECTROMETER WITH
A P-N JUNCTION PARTICLE DETECTOR.

H. Aiginger (Atom-institut der Osterreichischen Hoch-
schulen, Vienna).

Atomkernenergie, 9: 355-8 (Sept.-Oct. 1964). (In German).

An experiment was catried out to study replacing the
scintillation counter normally used for the detection of the
Compton electrons by a p-n semiconductor detector. The
high resolution of these detectots for conversion electrons
and the sharply defined Compton edges of v spectra attained
with these detectors offered the probability of an improve-
ment in resolution., The experiment showed an improve-
ment of 7% in a usual Compton spectrometer to 3.2% in
this arrangement. In evaluating this improvement it is
necessary to know the contribution of amplifier noise to
line width and the resolution of the detector for mono-
energetic electtons. The measurement of both is described.

177 SEMICONDUCTOR DETECTOR SPEC-
TROSCOPY OF THE NUCLEAR REACTIONS O
+ d, O + p.

Georges Amsel (Ecole Normale Supérieure, Paris).

Ann. Phys. (Paris) (13), 9: 297-344 (May-June 1964).
(In French).

Semiconductor detectors were used to study the reac-
tions 180 +d and 80+ p. The principles of semiconduc-
tor detectors, and their fabrication, characteristics, resolu-
tion, stability, and experimental utilization are reviewed.
The preparation of the oxygen targets by anodic oxidation
on Al and the petformance of the AlQs films (non-
metallized and metallized) are reported. The experimental
techniques and the results obtained atre discussed in some
detail. The theoretical interpretation of the data showed
the validity of the Breit-Wignet R mattix theory in the
excitation region at 9 Mev in 18F for the emission of alpha
particles. ‘The existence of selection rules of isotopic spin
in the same excitation region for 1®8F and 1°F was con-
firmed. The theory of (d, p) stripping at proton emission
enetgies of the order of 1 Mev was verified.

178 A SOLID STATE NEEDLE DETECTOR
FOR THE DETERMINATION OF REGIONAL
BLOODFLOW IN THE BRAIN AND KIDNEY BY
THE ®Kr CLEARANCE METHOD.

Appelgten, K. L; Lewis, D. H.; Haeggendal, E. (Sahl-
grenska Sjukhuset, Goteborg, Sweden).
Scand.- J. Clin. Lab. Invest., 17: 511-12 (1965).

A new type of needle detector for B radiation was deve-
loped for use with 85Kr in the determination of the
regional blood-flow of an ofgan by the clearance of the




inert gas from the tissue. A small solid state needle detec-
tor can be inserted directly into the tissue which is sensi-
tive almost exclusively to f radioactivity from a small area
of tissue around the detector. The new detector is a
needle-type lithium-drifted p-i-n junction semiconductor
detector shaped as a cylinder 0.9 mm in diameter and
2.5 mm long. It is encased in a stainless tube 50 mm long
with an OD 1.4 mm except for 10 mm in the free end
of the tube where the OD is 1.1 mm, corresponding to a
wall thickness of 0.05 mm, The sensing element is placed
in the 1.1 mm part of the tube. The free tip of the needle
is sealed by No. 1 Hivac epoxy inert to the tissue. The
detector is operated with a bias voltage 20-40 v. The
signal from the detector is amplified by a low-noise charge-
sensitive, preamplifier and recorded via a conventional
discriminator unit on a ratemeter-scaler unit. With 3%Kr
the detector gave a measured ratio of y to total activity
which was 109% of the theoretical ratio which is 0.4%.
That is, the detector works practically as a £ detector with
a good B: v ratio for 85Kr,

179 (LAL-1102) UTILISATION DES DETEC-
TEURS A SEMICONDUCTEUR AUPRES DUN
ACCELERATEUR A HAUTE ENERGIE. 1. ETUDE
EXPERIMENTALE D'UN DETECTEUR A SEMI-
CONDUCTEUR AUPRES DE LI’ACCELERATEUR
LINEAIRE. II. AMPLIFICATEUR A FORT DEBIT
D'IMPULSIONS POUR DETECTEUR A SEMI-
CONDUCTEUR.

(Utilization of Semiconductor Detectors with a High-
Energy Accelerator. 1. Experimental Study of a Semicon-
ductor Detector With the {Orsay] Linear Accelerator).
Amsel, G.; Benaksas, D.; Zajde, C. (IL High-Pulse-Rate
Amplifier for a Semiconductor Detector). Bosshard, R.
(Laboratoire de l'Accelerateur Linéaire, Univ. de Paris,
Orsay (France)). Mar. 1965. 87 p. Dep. mn.

The special techniques required for the use of semicon-
ductor detectors near a beam of high energy electrons are
studied and their advantages discussed. An amplifier is
described with capabilities of handling very high counting
rates without pile up. The amplifier has a 6 ns risetime;
pulses can be clipped down to 10ns. Gain is 300 and
noise levels in the range of 30 Kev (F.W.H.M. for silicon)
are achieved. « particle pulses in presence of 108 counts
per second due to protons from an electrostatic accelerator
were correctly measured. Operation with pulsed acceler-
ators yields satisfactory background reduction. The struc-
ture of the amplifier is given in detail. Pile up problems
are discussed both in pulsed and continuous operation. The
noise charactetistics are studied, taking into account the
effect of amplifier and detector risetimes and clipping time.

180 ENERGY FOR ELECTRON-HOLE PAIR
GENERATION IN SILICON BY ELECTRONS AND
2 PARTICLES.

C. Bussolati (Istituto di Fisica del Politecnico, Milan),
A. Fiotentini, and G. Fabri,

Phys. Rev., 136: A1756-8 (Dec. 14. 1964).

The difference of response of Si semiconductor detectors
to « particles and electrons was tested. The mean energy
required for electron-hole pair generation by electrons was

found to be different from that for « particles. These values
are, respectively, £ =3.79 + 0.01 and g4 =3.61 + 0.01
at a temperatute of 300°K for electrons (365 kev) and
a’s (5.477 Mev).

181 ON THE TIME RESOLUTION OF
CHARGED PARTICLE SEMICONDUCTOR DETEC-
TORS.

I. A. Baranov, M. V. Blinov, and N. M. Kazarinov.

Izv. Akad. Nauk SSSR, Ser. Fiz., 28: 1257-8 (July 1964).
(In Russian).

182 (LA-DC-6500) TRANSIENT RESPONSE
OF SOLID-STATE DETECTORS.

A. Hemmendinget, M.G. Silbert, and A. Moat (Los Ala-
mos Scientific Lab., N. Mex.).

[1964). Contract W-7405-eng-36. 8 p. (CONF-799.3).
Dep. (mn); $1.00 (cy), 1 (mn) OTS.

From 11th Annual Nuclear Science Symposium, Phila-
delphia, Oct. 1964.

The response of a solid state detector to large bursts of
ionizing particles was investigated for the purpose of
determining detectors suitable for recording accurately
the sizes and shapes of rapidly changing ionizing flux.
Basic design details for a gamma detector with response
proportional to the incident energy flux are given.

183 (CRGP-1182) LOW-NOISE, CHARGE-
SENSITIVE, VACUUM TUBE PREAMPLIFIER FOR
SEMICONDUCTOR DETECTORS.

A. J. Tavendale (Atomic Energy of Canada Ltd., Chalk
Rivet, Ont.).

Sept. 1964, 11 p. (AECL-2071). Dep.; $0.50 (AECL).

The design and performance of a low-noise, charge-sensi-
tive vacuum tube preamplifier for semiconductor detectors
are described. The preamplifier has a noise figure of
1.8 kev FWHM-getmanium equivalent or 270 rms elec-
tron-hole pairs at zeto load capacitance. The slope of the
poise versus input load capacitance characteristic is 0.04
kev FWHM-germanium equivalent per picofarad.

184 (AED-C-06-10) INSTRUMENTS AND
MEASURING TECHNIQUES IN NUCLEAR PHY-
SICS.

Series C: Bibliographies. K. Debertin, comp. (Johann-
Wolfgang-Goethe-Universitit, Frankfurt am Main. Insti-
tut fir Kernphysik).

May 1964. 185 p. Dep. (mn).

A total of 642 titles is included for methods and instru-
ments used in radiation detection and measurement. Author,
patent-number, report-number, and subject indexes ate
included. The majority of the references have been
announced in NSA.
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185 (PAN-347) ELASTIC SCATTERING OF
24.7-Mev ALPHA PARTICLES.

A. Budzanowski, K. Grotowski, S. Micek, H. Niewodnic-
zanski, J. Sliz, A. Strzalkowski, and H. Wojciechowski

(Polish Academy of Sciences, Inst. of Nuclear Physics,
Krakow). May 1964. 48 p. Dep.

The differential cross sections for the elastic scattering of
24.7-Mev alpha particles on O, Mg, Al, Si, Ca, Mn, Co,
Ni, Cu, Ge, Zr, Ag, In, Sn, Hf, W, Au, Bi, and U nuclei
were measured by means of a semiconductor detector in a
wide range of angles. The behavior of the angular distri-
bution curves for different mass numbers is discussed.

186 (PR-P-62) PHYSICS DIVISION PROGRESS
REPORT, APRIL 1 TO JUNE 30, 1964.

(Atomic Energy of Canada Ltd. Chalk River Nuclear Labs.,
Chalk River, Ont.). 59 p. (AECL-2044). Dep.; $1.50
(AECL).

Two high-resolution techniques were developed to study
the closely spaced enetgy levels above 9 Mev excitation in
20Ne. Using one method, y rays from the reaction
19F(d,ny)2°Ne ate studied in a good-tesolution Li-drifted
Ge spectrometer as a function of the deuteron beam
enetgy. A pulse shape discrimination, which rejected many
of the pulses from electrons passing through the walls of
the y-ray detector, was used and gave a peak to background
improvement of about a factor of two.

187 DEVICES FOR THE DETECTION OF
ENERGETIC PARTICLES,

J. A. Newth (Imperial Coll. of Science and Tech., London).
Rept. Progt. Phys,, 27: 93-159 (1964).

A brief sutvey of some of the problems of high-energy
particle physics is followed by a discussion of the proper-
ties of particle acceletators and the production and hand-
ling of beams of particles. The performance of four main
types of particle detectors — scintillation and Cherenkov
counters, bubble and spark chambets — is then described
in some detail. A number of different detectors that are
less common and important are briefly described. The
capabilities and limitations of the different types if instru-
ments ate emphasized. 90 references.

188 SEMICONDUCTOR RADIATION DE-
TECTORS.

Hisanobu Kobayashi. Radioisotopes (Tokyo), 13: 323-8
(July 1964). (In Japanese).

The theory and characteristics of semiconductor ‘radiation
detectors are reviewed. The singular properties examined
include the energy distribution, linearity. of the output
wave height with respect to the energy of the incoming
patticle, and the pulse build-up time. The operating cha-
racteristics of pulse ionization chambers, proportional
counters, G-M tubes, scintillation counters and semicon-
ductor detectors are compared, describing in detail three
types of semiconductor detectors: the surface batrier, p-n
junction, and p-i-n junction types.
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189 SIGNIFICANT PROGRESS FOR GAMMA
SPECTROSCOPY : LITHIUM DRIFTED GERMA-
NIUM COUNTERS.

M. Roemer and H. Schneider (Universitit, Giessen, Get.).
Kerntechnik, 6: 421 (Sept. 1964). (In German).

Petformance of lithium-drifted germanium counters in
gamma spectroscopy is discussed. Results are compared
with Nal(Tl) scintillation counters for 8°Co gamma spectra.

190 (UCRL-3307(Rev.2) LAWRENCE RADIA-
TION LABORATORY COUNTING HANDBOOK.

(California. Univ., Berkeley. Lawrence Radiation Lab.).
June 5, 1964. Contract W-7405-eng-48. 185 p. Dep.
(mn); $5.00 (cy), 4 (mn) OTS.

A compilation is presented of operational techniques and
performance specifications on counting equipment. The
counting notes are written from the viewpoint of the
user. The equipment covered includes amplifiers, cables,
coaxial components, coincidence systems, discriminatots,
amplitude analysis components, photomultipliers, scintil-
lators, scalers, readout equipment, waveform generatoss,
and. powet generators.

191 (PAN-516/11) POVERKHNOSTNO-BAR’
ERNYE KREMNIEVYE DETEKTORY TIPA dE/dx.

(dE/dx Sutface-Barrier Silicon Detectors).

T. Krogul'ski, Ya. Khvashchevska, and M. Yaskula (Po-
lish Academy of Sciences. Inst. of Nuclear Research,
Warsaw).

Apr. 1964. 13 p. Dep.(mn).

The detectors obtained had thicknesses 70, 50, 40, 30,
and 25 p, the active area 1 to 1.5 cm? while their barrier
could be broadened ovet the whole geometrical detectot
thickness. The detectors were studied by means of natural
polonium and thorium « sources and by means of 24-Mev
« particles and 12.7-Mev protons obtained from a cyclo-
tron.

192 (NP-14332) IMPROVED SOLID-STATE
RADIATION DETECTOR.

Final Report. M. S. Shaikh, R. R. Ferber, E. L. Kellet,
and P. R. Malmberg (Westinghouse Electric Corp. Semi-
conductor Div.,, Youngwood, Penna. and Westinghouse
Electric Cotp. Research Labs., Pittsburgh).

Apr. 22, 1963. Coatract OCD-08-62-70. 151 p.

An investigation of silicon diode structures as solid-state
gamma radiation detectots, and recommendations for their
utilization in OCD instrumentation are presented. The
efforts are divided into five categories: (1). Theoretical
studies and a mathematical analysis of gamma response
for the determination of optimum detector parametets.
This wotk was catried out using an IBM 7094 computer.
(2). Setting up diode production and evaluation facilities.
This includes instrumentation for diode evaluation, gam-
ma soutce preparation, diode diffusion and alloying furna-
ces, special vacuum evaporator facilities, lithium ion drift-




ing apparatus and power supply. (3). Development of
diode formation processes including diffusion, alloying,
ion drift, and combinations of processes. (4). Fabrication
and evaluation of diode structures, contacting, and encap-
sulations. (5). Development of transistorized insttument
electronics, i.e., ultralow noise preamplifiet, amplifier,
response compensation citcuit, and metering circuit design.

i93 (HW-81746 (p.5.46-53)) EXPERIMENTAL
METHOD FOR MEASUREMENT OF NEUTRON
DOSE.

G. F. Garlick (General Electtic Co. Hanford Atomic
Products Operation, Richland, Wash.).

A technique was investigated for the measurement of
neutron dose and dose rates ovet a wide energy range. The
objective was to achieve a composite response correspond-
ing to that established by the National Committee on
Radiation Protection (NCRP). Further, it was desired
that the developed instrument be compact for direct
petsonal use and also be applicable for use in general
area neutron monitoting. The experimental multiple-
detector neutron dosemeter showed promise in providing
a measurement of neutron dose and dose rates over an
enetgy range from thermal to 10 Mev. A composite
sensor system using three solid state junction diodes as
thermal, intermediate, and fast neutron energy detectors
was developed. Response over the thermal to low kev
range is provided by a SLiF covet over a diode plus a
3-in. diameter hydrogenous moderator. The intermediate
range, from a low kev value to several hundred kev, is
monitored by a 1% Rh foil covered diode plus a cadmium
cover and suitable moderation. The fast neutron pottion
of the specttum is measured through the use of a 23U
foil over the third diode. During the experimental tests,
appropriate weighting functions wete applied electronically
by line-operated instrumentation to the signals from the
three detectors. The composite tesponse curve was deter-
mined through measurements with neutron soutces, a
Van de Graaff accelerator, and through specific calcula-
tions. Results indicated that a neutron dose of less than
1 mrem could be measured.

194 TECHNIQUE AND APPARATUS FOR
DETERMINING THE RESPONSE OF SCINTIL-
LATORS AND SEMICONDUCTORS TO LOW-
ENERGY X-RAY EXCITATION.

Aitken D. W., Marcum A. I, Zulliget H. R. (Stanford
Univ., Calif.).

IEEE (Inst. Elec. Electron. Eng.). Trans. Nucl. Sci., NS-13:
No. 1, 28796 (Feb. 1966).

Some apparatus and techniques that are being developed
in otder to investigate the response of scintillators and
semiconductots to x-ray excitation are described. Examples
of the signal-averaging technique are shown using the
highly attenuated output of a precision pulse generator
as the signal soutce. A discussion of the intended applica-
tions of the apparatus is presented.

195 ON THE MAXIMUM RESOLVING
POWER OF SEMICONDUCTOR DETECTORS.

Alkhazov G. D., Vorb’ev A. A., Komar A. P. (Ioffe Inst.
of Physics and Tech., Leningrad).

Izv. Akad. Nauk SSSR, Ser. Fiz, 29: 1227-32 (July
1965). (In Russian).

The ratio of the mean squate deviation of the number
of electron-hole pairs produced in a semiconductor char-
ged-patticle detector to the Fano coefficient is calculated
for Si and Ge detectots, using the Fano method and
assuming that the ionization process is correctly described
by the Shockley model. The ertor in the calculations is
estimated to be 30%. The calculated Fano coefficient
for Ge is in agreement with previous experimental values;
that for Si is much smaller than experimental values.
It is concluded that close to maximum resolution is being
achieved with Ge detectors, but that Si detectors can be
further improved and are capable of considerably higher
resolution than Ge detectors. A temperature dependence
of the Fano coefficient is also found.

196 RADIATION DETECTOR AND DISCRI-
MINATOR UTILIZING A SEMICONDUCTOR
SOLID STATE DETECTOR.

Allenden, Dennis; Boddy, Keith; Freck, David Vetnon;
Huant, Stanley Ernest (Associated Electrical Industries Ltd.).

U. S. Patent 3,209,151. Sept. 28, 1965. Priority date
Sept. 18, 1961, Great Britain.

An apparatus for detecting radiation in gases includes a
semiconductor solid state detector, means for exposing a
strip of material to the radiation, means for moving the
irradiated strip into operative relation with the detector,
means for producing an electric pulse output from the
detector, and means for analyzing the pulse output to
determine the nature of the radiation. The analyzing
means is made up of a number of filters each passing
a pulse of a different pulse height band, selector switching
means for tendering a required filter operative, and
means for varying the length of time during which the
strip of material is exposed to the radiation. The appa-
ratus is particulatly applicable to detecting Pu-239, U-235,
and U-238 in the air.

197 DETECTION OF THE REACTION
#Si(n,p)2®Al IN SILICON SEMICONDUCTOR DE-
TECTORS AT NEUTRON ENERGIES OF 14 Mev.

Andersson-Lindstroem G., Zausig B. (Institut fiir Experi-
mentalphysik, Hamburg).

Ann. Physik (7), 15: 287-93 (1965). (In German).

The use of very thick surface-barrier detectors (1 mm
deep) in the investigation of neutron-induced nuclear
reactions in Si was described. Whereas earlier works in
the neutron enetgy range around 14 Mev wete limited
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to the study of the Si(n,z) reaction, the (n,p) teactions
were also observed. A difference method for the sepata-
tion of the (n,#) and (n,p) spectra was given and the
initial results wete reported. The pattern of the effective
cross section was measuted in the tegion from 135 to
144 Mev. The results were discussed.

198 SILICON SURFACE-BARRIER DETEC-
TORS; FABRICATION, TEST METHODS, PRO-
PERTIES, AND SOME APPLICATIONS.

Andersson-Lindstroem G., Zausig B. (L. Institut fiir Expe-
rimentalphysik, Hambusrg).

Nucl. Instrum. Methods, 40: 276-90 (Mar. 1966).

Investigations were petformed on fabrication methods for
silicon surface barrier detectors and their correlated
ptopetties. The resulting technique currently applied is
presented. The method is based on the use of high
resistivity silicon material (10000—30000Q - cm). Some
special tests and tesults for several properties are given in
detail and examples of applications in nuclear experiments
are described.

199 SIMULTANEOUS MEASUREMENTS OF
FLIGHT TIMES AND ENERGIES OF FISSION
FRAGMENTS.

Andritsopoulos G., Cornell T., Rodgers A. L. (Atomic
Weapons Research Establishment, Aldetmaston, Eng.).

pp. 481-9 of STI/PUB/101 (Vol. 1).

An alternative way of measuting the prompt neutron
emission is described. Fragment time-of-flight apparatus
is mounted in an evacuated tube that passes laterally
through the thermal column of the 5-Mw tesearch teactor
HERALD. A centrally positioned thin source produces
3x 105 fissions s~1, Fragments travel distances of 180
and 300 cm respectively to the terminal detectors, and in
passing through a VYNS film, positioned 180 cm from
the source along the longer flight path, eject electrons
that are used to form a refetence time-signal. Essentially
the times of flight of both fission fragments are measured
simultaneously with the kinetic energy of one of the pair.
This is achieved by using 2 surface barrier counter for
the 300-cm detector. The difficulty of maintaining good
timing and energy fesolutions simultaneously is overcome
by routing the pulse to the charge sensitive preamplifier
through a delay line amplifier from which a fast timing
pulse is derived. The collected data enables the fragment
mass to be determined both before and after prompt
neutrons have been emitted. Hence the expetiment provi-
des a means, for studying the behavior of neutron emis-
sion from individual fragments. The expetimental un-
certainties are those associated with the measutement of
small differences, and an apptaisal is made of the errors
and calibrations that enter into the measutements. Of
particular importance, the response of the sutface bartier
counter to fission fragments is obtained directly from the
collected data from events in which the neutron emission
is low. These calibrations ate used in the measurements
of post-neutron mass.
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200 (JINR-P-2487) PRIMENENIE ELEKTRO-
FOTOGRAFII DLYA IZMERENIYA CHUVSTVITEL’
NOI OBLASTI GERMANIEVYKH p-i-n- DETEK-
TOROV.

(Application of Electrophotogtaphy for Measurements of
Sensitive Region of Germanium p-i-n Detectors).

Antonov A. S., Yuskeselieva L. G. (Joint Inst. for Nuclear
Research, Dubna (USSR). Lab. of Nuclear Problems).

1965. 10 p. Dep. mn.

The width of the sensitive region in germanium pin
detectors is determined by developing the p-n-junction
with dry and liquid electrophotographic developers.

201 ANTICOINCIDENCE SPECTROMETERS
FOR NUCLEAR REACTION STUDIES.

Arnell S. E., Hasselgren A. (Chalmers Univ. of Techn.,
Goetebotg).

Arkiv Fys.,, 30: 397-409 (1965).

An anticoincidence specttometer was constructed, in which
the main detector consists of 2 5 in. diameter by 6 in.
long Nal crystal enveloped by a large cylinder of NE
102 A plastic scintillator. The intended use of the spectro-
meter is to simplify the response of the Nal crystal to
high energy gamma radiation resulting from nuclear
capture reactions without greatly reducing the detector
efficiency. The behavior of the arrangement was tested
with some (p,y) reactions. The other type of anticoin-
cidence specttometer consists of a 2 mm thick Ge(Li)
detector surrounded by the plastic scintillator. The intended
use of this arrangement is to simplify the response of the
Ge(Li) detector to low energy gammas by reducing the
Compton distribution, The arrangement was tested with
radioactive sources.

202 (EUR 2494.d) ABSCHIRMUNGSEXPERI-
MENTE AM FORSCHUNGSREAKTOR GEEST-
HACHT—JAHRESBERICHT 1964.

(Shielding Experiments at the Reactor Station Geesthacht
— Annual Report, 1964).

Bagge E., Fischer E. (Gesellschaft fiir Kernenergieverwer-
tung in Schiffbau und Schiffahrt m.b.H., Hamburg {West
Germany]).

1965. 175 p. Dep. mn.

The experimental rigs ESTAKOS, ESTAGROP I and
ESTAGROP II were used for several tests. The ESTAKOS
group carried out various tests to check the measuring
accuracy as well as measuring the radiation field on 5
shield arrays and determining the effective relaxation
values of a number of materials. A start was made on
tests to verify the accuracy with which ESTAKOS measut-
ing results can be used to predict the measuring results
obtained on othet experimental devices. In Pool IV of
the FRG (ESTAGROP I) the temperature rise resulting
from radiation absorption in a 5 cm steel plate was
investigated. It was shown that the temperature increase
was evetywhere ptroportional to the gamma dose-rate, the




neutrons playing only a small part in the heating effect.
On conclusion of these tests, the first experiments were
catried out on shield penetrations. Studies were made on
gamma-permeability at 2 penetration in a 20 cm-thick
iron slab and at an S-shaped penetration in concrete. The
measurements provided basic data for the design of the
main steam duct penetration in the secondary shielding of
the research ship. Shielding tests were performed with
layered shielding assemblies for the purpose of defining
the optimum shielding design for mobile reactors. It
proved possible to deal with 12 different shielding setups.
A start was made on the first shielding experiments in
the large irradiation-channel of the FRS (ESTAGROP II).
The radiation field was measured in a water-filled irradia-
tion space (thermal, epithermal and fast neutron flux and
gamma dose-rate). The work aimed at the elaboration of
measuring devices coveted basically the further develop-
ment of a recoil proton spectrometer and tests intended
to ptovide data concerning the possibility of using semi-
conductor specttometers for neutron spectrometty in shield-
ing rigs. Indications ate given of the difficulties arising
as a result of interference reactions in the silicon of the
semiconductor diodes. The theoretical group performed
tough calculations for shield penetrations while continuing
its work connected with the setting-up of comparative
calculations for the experiments with flat assemblies. The
computation programs MENDIP-65, COGA, and SHIGA
made it possible to estimate group constants from micro-
scopic data. A new method for radiation shielding optimi-
zation was devised with which layeted shields including
their material components, in flat, cylindrical and spheto-
symmetrical geometry, can be optimized. Furthermore,
new mathematical methods were evolved in connection
with neutron transport theoty.

203 (UR-875-117) CHARGED PARTICLE
COUNTING SYSTEM, WITH PARTICLE SEPARA-
TION BY dE/dx MEASUREMENT.

Bahnsen A., West R. W. (Rochester Univ., N. Y. Dept.
of Physics and Astronomy).

Jan. 1, 1966. Contract AT(30-1)-875. 18 p. Dep. mn.
CFSTI $1.00 cy. $0.50 mn.

A counter and electronic system designed for the purpose
of identifying charged particles is desctibed. It consists of
a proportional dE/dx counter-solid state E counter tele-
scope, a pulse multiplier and additional electronics to store
the energy spectta of protons and deuterons in separate
patts of a 400-channel analyzer. This system was used in
an investigation of the 12C(d,p) reaction near 4 Mev.

204 (SAN-549-1) RESEARCH AND DEVELOP-
MENT ON SINGLE-CRYSTAL HIGH RESISTIVITY
CADMIUM ‘TELLURIDE FOR USE AS A GAMMA
RAY SPECTROMETER.

Annual Report.
Baily N. A. (Hughes Research Labs., Malibu, Calif.)

June 1965. Contract AT(04-3)-549. 43 p. Dep. mn.
CFSTI $2.00 cy, $0.50 mn.

Methods of preparing single crystals of CdTe were studied;
as well as the properties of such crystals. Methods of

preparing CdTe junctions were also investigated, and the
characteristics of several diodes wete measured. The
response of the diodes to radiation was also studied.

205 THE RESPONSE OF P-I-N JUNCTIONS
TO BETA RAYS. II. COUNT RATE VERSUS SUR-
FACE ABSORBED DOSE RATE FOR P AND *“TI.

Baily N. A., Hilbert J.W. (Hughes Research Labs., Ma-
libu, Calif.).

Phys. Med. Biol., 11: 75-81 (Jan. 1966).

The use of lithium-drifted silicon p-i-n junctions as pulse
counters for B dosimetry was investigated using the S
patticles emitted by 32P and 2°4Tl. The counting rate is
directly compared with the surface absorbed dose rate as
measured at the polystyrene electrode of a thin window
extrapolation chamber. The rate of change of the detector
response is compared with the rate of change of absorbed
dose rate as a function of soutce-to-detector distance,
soutce geometry and detector area. It was found that the
ratio of these quantities remains constant after a ceftain
minimum soutce-to-detector distance is achieved. In all
cases investigated this distance did not exceed 10 cm.
The absolute sensitivity of these devices is such that dose
rates as low as 0.1 mrad/hr can be measured.

206 ON THE PREPARATION OF LITHIUM-
DRIFTED Ge COUNTER DIODES.

Baldinger E., Matile G. (Univ., Basel).
Z. Angew. Math. Phys., 16: 822-6 (1965). (In German),

The lithium-compensated Ge counters are used for the
detection of v rays because of theit excellent resolution
powet. The fabrication of these counters and their cha-
racteristics are described.

207 (ORNL-3908, pp 90-9) ATOMIC AND
MOLECULAR CROSS SECTIONS.

Barnett C. F.,, Griffin D. A., Krause M. O.,, Ray J. A.
(Oak Ridge National Lab., Tenn.).

Measurements were made to confirm the existence of
stable electronic excited states of Hj, similar to those
found in H and Ha Captute into repulsive levels of Hj
dominates the electron capture process, but the capture
into all levels is an order of magnitude less than expected.
The parameters influencing the charge-transfer conversion
of monoenetgetic protons into energy-dispersed neutral
patticle beams were investigated. A 50-kev proton beam
was passed through an argon gas cell composed of 11
insulated electrodes arranged to provide a linear decelerat-
ing field. Application of a 40-kv retarding field resulted
in a nearly flat enetgy distribution with a 40% conversion
efficiency of incident protons to neutrals. Fifty-kiloelec-
tron-volt Hzt particles incident on the gas cell exhibited
45% conversion. Engineering modifications have decreas-
ed the measured noise width of the silicon surface barrier
for measuring low-energy protons. A minimum noise
width of 2.75 kev was obtained. The pulse spectrum of

49



6-kev protons was tesolvable with the present geometty.
Resolvable pulse spectra were also obtained for 10-kev
Het and 15-kev N1 ions. The fast time tesponse of a
barium titanae crystal was determined for a pulsed 300-
kev HY beam. At low power levels (10* w/cm) the
shape of the output signal pulse from the crystal was
differentiated; however, as the input power increased, the
time response of the crystal was the same as that of the
beam.

208 MULTIPLE SPECTROMETER CONTROL
BY COMPUTER.

Beaucage D. R., Kelley M. A., Ophir D., Rankowitz S,
Spinrad R. J., Van Norton R. (Brookhaven National Lab.,
Upton, N. Y.).

Nucl. Instrum. Methods, 40: 26-44 (Feb. 1966). (BNL-
9275).

A computer system whose function is to simultaneously
operate, control and monitor nine neutron and x-ray spec-
trometers is described. The specttometer equipment and
the local control station characteristics ate presented. The
programmed control of the apparatus details asynchronous
and synchronous con:rol tasks. A time shating supervisory
system allows semi-automatic and fully automatic opera-
tion of the equipment and offers a library of mutually-
used computet programs. Communication with the system
is through a console typewriter and a complete record of
experiment operation is printed.

209 PHOTOGRAPHIC, GLASS OR THERMO-
LUMINESCENCE DOSIMETRY.

Becker K. (Nuclear Research Establishment, Jilich, Ger.).
30 p. (CONF-650616-15). ORINS.
From Health Physics Society Annual Meeting, Los Angeles.

An attempt is made to compare advantages and disadvan-
tages of “classical” photographic and modern solid-state
detectors. Both advanced thermoluminescent detectots
(TLD), in particular LiF and similar materials, and more
recent radiophotoluminescent glasses are superior to photo-
graphic systems with tegard to reliability and accuracy of
the dose indication, sensitivity, dose range, energy and
directional dependence of sensitivity, fading and “fogging”
stability, reusability, fast and cheap evaluation, etc. LiF
seems to be superior for certain radiobiological and
medical purposes because of its flat response. For routine
and accident (military or civil defense) petsonnel dosi-
metry, however, a propetly designed glass badge gives
more information and is a remeasurable “document” of
the exposure similar to the photographic film because the
radiation effect is integrated in spite of an unlimited
number of interval measutements. As an example of a
possible next genetation personnel dosimetet proposals
for a multiglass badge are briefly described. It is capable
of giving instant information about the gamma and beta
dose, the average gamma energy and the presence of
neutrons. Fast neutrons can be measured by automatic
counting of the number of fission fragment tracks in
glass or other nonphotographic nuclear track detectors.
Some practical aspects of this system ate discussed.
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210 MEASUREMENT OF HIGH-ENERGY
v+RAYS WITH Ge(Li) DETECTORS.

Berg R. E.,, Kashy E. (Michigan State Univ., East Lansing).
Nucl. Instrum. Methods, 39: 169-72 (Jan. 1966).

A method of measuring the energy of high-energy gamma
rays is described. Parallel capacitors are used as an effec-
tive energy multiplier of a pulser signal to compare
unknown high-enetgy gamma rays to known low-energy
standards. This method has also provided an effective tool
for measuring the linearity of the energy response of
Ge(Li) detectors, This response is found to be linear to
better than + 0.03% in the range 662 to 2614 kev and
better than +0.19% up to 6 Mev. As an example of this
capacitor multiplying method the energy of the gamma
ray from the 3~ excited level of 10 is measured to be
6127.8 + 1.2 kev.

211 RADIATION-INDUCED NOISE IN SEMI-
CONDUCTOR COUNTERS.

Bertin A., Gondi P., Scandola G. (Univ., Bologna).
Nuovo Cimento, (10), 41B: 198-207 (Feb. 11, 1966).

The effects of electromagnetic radiations of various en-
ergies, ranging from 7 to ~o10% ev, on silicon surface-
barrier detectors were examined. Induced shot noise
resulted; the noise amount, for equal induced currents,
increases with the number of electron-hole pairs per
primary electron, with departures from the law of propor-
tonality that depend on the root mean square deviations
specific of each radiation. The most energetical photons
give rise to exceptionally high rms deviations whose otigin
was consideted by examining the thickness and bias volt-
age effects.

212 (EUR 2580.e) LITHIUM DRIFTED SEMI-
CONDUCTOR DETECTORS IN NUCLEAR SPEC-
TROSCOPY.

Bertolini G., Cappellani F., Fumagalli W., Henuset M.,
Restelli G. (European Atomic Energy Community, Ispra
(Italy), Joint Nuclear Research Center).

Aug. 31, 1965. 10 p. Dep. mn.

Resulis obtained in beta and gamma spectroscopy, together
with short details on the construction of silicon and
germanium Li-drifted detectors are presented.

213 THE DEGENERATE SEMICONDUCTOR
THIN FILMS. I - THE FERMI ENERGY.

Bezak V.

The Journal of Physics and Chemistty of Solids, Vol. 27,
No. 5, May 1966, p. 815-820.

A formula is derived for the electronic Fermi energy of
the srongly degenerate monocrystalline n-type semicon-
ductor thin films. If a set of these films, having equal
concentration of conduction electrons, is borne in mind,




then the dependence of the Fermi energy (related to the
conduction band bottom) upon the film thickness is
shown to have a tendency to oscillate, provided that no
Tamm levels are present in the fotbidden gap. The n-type
InSb films are discussed in connection with the topic of
this paper.

214 THE DEGENERATE SEMICONDUCTOR
THIN FILMS. II - THE LONGITUDINAL ELEC-
TRICAL CONDUCTIVITY.

Bezak V.

The Journal of Physics and Chemistry of Solids, Vol. 27,
No. 5, May 1966, p. 821-834.

A quan:um theory of the longitudinal electrical conduct-
ivity of the mono-crystalline strongly degenerate semi-
conductor thin films is developed under some simplifying
assumptions (no sutface states are assumed, the effective
mass of the carriers, as well as their relaxation time, are
taken isotropic, constant and independent of the film
thickness, the external electrical field is assumed so small
that the Ohm’s law may be in force, etc.). The n-type
InSb films with donor concentrations 10'3-10'¢ cm® may
represent objects being most intetesting in regard to the
topic of the paper. In order to formulate a suitable
boundary condition for the diffuse scattering of the con-
duction electrons on the film surface, the Wigner repre-
sentation of the one-electron density matrix is taken into
account. When the film thicknesses are comparable with
(or smaller than) the mean interelectronic distance, then
only the values of the longitudinal electrical conductivity
are found seriously enough different from those obtained
in frame of the semi-classical theory having been pre-
sented for metallic films by Fuchs,

215 OPTIMUM ENERGY RESOLUTION OF
SEMICONDUCTOR RADIATION DETECTORS
WITH PREAMPLIFIERS USING TUBES, FIELD-
EFFECT TRANSISTORS, AND BIPOLAR TRANSIS-
TORS.

Bilger H. R. (Oklahoma State Univ., Stillwater).
Nucl. Instrum. Methods, 40: 54-60 (Feb. 1966).

A uniform treatment of tubes, field-effect transistors
(FET’s) and bipolar transistots (transistors) in first stages
in nuclear-detector preamplifiets is given by introducing
equivalent circuits with suitable noise sources. Optimizing
the system detector-preamplifiet with respect to energy-
resolution, it is feasible to obtain a rms-fluctuation of
90 electron-hole pairs with electrometet-type tubes ot
FET’s, whereas with transistors it is feasible to achieve
900 pairs. These values correspond to AEfwhm,Ge = 0.6 kev
and AEswin,Ge = 6 kev.

216 HIGH-RESOLUTION PHOTON SPEC-
TROMETRY WITH LITHIUM-DRIFTED GER-
MANIUM DETECTORS.

Bilger H. R., Sherman I. S. (Argonne National Lab., IIL).
Phys. Leit,, 20: 513-16 (Mar. 15, 1966).

Line-widths of 850 ev (f.wh.m.) were obtained for y rays
below 100 kev with new field-effect transistors in the
preamplifier used with germanium detectors. The “doub-
let” of ¥33Ba (cascade vy rays from 133Cs) at 80 kev, which
consists of two lines 1.5 kev apart, was partially resolved.

217 NEW POSSIBILITIES OF SILICON p-n
JUNCTIONS IN NUCLEAR PARTICLE DETEC-
TORS.

Blanc D. (Faculté des Sciences, Toulouse), Casanovas J.,
Chapuis A.-M., Soudain G.

Nucl. Insttum. Methods, 37: 90-2 (Nov. 1965). (In
French).

By measuring the number of electric charges produced
through ionization in a silicon surface-barrier p-n junc-
tion, it is possible to evaluate the absorbed dose of each
type of particles in a complex beam of «, 8, and v rays
and to be aware of the collection share of each such
radiations. The detector and the results obtained with
2, £, and v soutces of vatious energies are described.

218 A VERSATILE VACUUM CHAMBER
FOR SEMICONDUCTOR BETA AND GAMMA DE-
TECTORS.

Benvenuti A., Blasi P.,, Maurenzing P., Sona P. (Univ.,
Flotence).

Nucl. Instrum. Methods, 37: 168-70 (Nov. 1965).

The vacuum chamber described has the following features:
capability of simultaneous use of several semiconductor
detectors, and a scintillation detector, in the chamber;
provision for source replacement and movement under
vacuum; and provision for rapid insertion of soutces into
the chamber. The chamber is a cubical enclosure 28 cm
on a side, designed for operating at 10 u Torr and 78°K.

219 USE OF SURFACE-BARRIER SILICON
DETECTORS FOR MEASURING FAST PARTICLE
SPECTRA.

Bogdanov G. F., Maksimenko B. P.
At. Energ. (USSR), 19: 449 (Nov. 1965). (In Russian).

Silicon surface-barrier detectors were used to measure the
spectra of plasma ions and charge-exchange neutrals with
energies of 10 to 200 kev. Calibration of the detectors
using 28- to 70-kev protons indicated their response was
linear. A sample spectrum of atoms and molecules from
the Ogra device is presented and discussed.

220 APPLICATION OF HIGH-RESOLUTION
SEMICONDUCTOR DETECTORS IN X-RAY EMIS-
SION SPECTROGRAPHY.

Bowmon Harry R., Hyde Eatl K., Thompson Stanley G.,
Jared Richard C. (Univ. of California, Berkeley).

Science, 151: 562-8 (Feb. 4, 1966). (UCRL-16485).




Solid-state devices developed primarily for nuclear gamma
spectroscopy have many potential uses in x-ray analysis.
Experiments are described which demonstrate their pet-
formance.

221 METHODISCHES UBER HOCHENERGIE-
EXPERIMENTE AN SCHWEREN KERNEN UNTER
BENUTZUNG VON GLIMMER ALS DETEKTOR.

Brande R.
Nukleonik, Band 8, Heft 4, 1966, z. 235-239.

Es wirtd gezeigt, dass 18-GeV-Protonen keine dtzbaren
Spuren im Glimmer hinterlassen. Solange <<10%3p/cm?
durch eine Glimmerfolie treten, werden durch die Wech-
selwirkung mit Verunreinigungen im Glimmer vernach-
lassighbatr wenig dtzbare Sputen (A>30) erzeugt. Es wird
eine Glimmer-Packchen-(“sandwich”)-Methode entwickelt,
in der eine sehr diinne Metallschicht (etwa 10 pgt/cm?
Uran auf 200 ugr/cm? Aluminium) zwischen zwei Glim-
metfolien gepresst wird. Dieses Pickchen wird bestrahlt
und wie iblich werden die Teilchenspuren mit Fluss-
Siure herausgeatzt. Danach sieht man unter einem ge-
wohnlichen optischen Mikroskop einzelne Sputen, die von
Spallationsereignissen herriihren. Weiter beobachtet man
einander riumlich zugeordnet 2 Sputen, die von einem
Spaltereignis herkommen. Gelegentlich sieht man drei
einander zugeordnete Spuren, deten Utrsprung méglicher-
weise eine echte Kerndreifachspaltung ist. Diese Glimmet-
pickchenmethode ist geeignet, die Spaltwirkungsquer-
schnitte als Funktion der Energie und Masse genauer als
bishet zu bestimmen.

222 DETECTORS IN BIOLOGY AND MEDI-
CINE.

Dunham Ch. L.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 3,
June 1966, p. 9-17.

Detector applications are discussed for three fundamental
areas of Biology and Medicine: Radiobiology, Photobiology
and Nuclear Medicine. The detectots discussed include
photomultiplier tubes, image intensifier tubes, scintillators,
semiconductors and spark chambers. Examples of bio-
medical work in progress are given which have been made
possible by the development of adequate detectors. The
biological and medical significance of the wotk is dis-
cussed and some needed detector advances are pointed out.

223 IMPROVEMENTS IN APPLIED GAMMA-
RAY SPECTROMETRY BY GERMANIUM SEMI-
CONDUCTOR DETECTOR.

Brune D., Dubois J., Hellsttoem S. (Aktiebolaget Atom-
energi Studsvik, Sweden).

Nukleonik, 7: 484-8 (Oct. 1965).

A germanium semiconductor detector was used in the
investigation in four cases of applied gamma-ray spectro-
metry. In one case the weak activity contribution of
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134Cs to 137Cs standard sources was determined. The
second case concerns the determination of 42K in samples
of biological origin containing strong 2¢Na activities. In
the third case the ?4Nb and ?5Nb activities from neutron
irradiated niobium foils used in the dosimetry of high
neutron fluxes with long exposure times were completely
resolved, and it was possible to determine the ratio of
the two activities with a high degree of accuracy. Finally,
a 95Zr—95Nb source was analyzed in a similar way with
respect to its radiochemical composition The tesolution
obtained also made possible a determination of the bran-
ching ratio of the two gamma-transitions in °5Z¢ and the
energies of the gamma-transitions of both nuclides.

224 THE EFFECT OF HIGH-ENERGY PRO-
TONS ON SEMICONDUCTOR DETECTORS OF
NUCLEAR RADIATION. II. DIFFUSION-DRIFT
DETECTORS.

Brykina L. S., Vasilev V. S., Golovin B, M., Landsman
A. P, Osipenko B. P, Fedoseeva O. P.

Kosm. Issled., 3: 499-502 (May-June 1965). (In Russian).

Eighteen silicon n-i-p detectors with 0.3-mm sensitive
films and four with 2-mm layers were subjected to proton
bombardment of 2x 10? to 8 x 10° protons/cm?2-sec with
a maximum dose of 5Xx 103 protons/cm2 With the
0.3-mm type, investigation was made of detector output
pulse height, reverse cutrent, energy resolution, and detect-
or capacitance as a function of the radiation dose. The
results show that the immunity of the diffusion drift
detectors is approximately equal to that of the surface
barrier type; i.e., no substantial deterioration of para-
meters was observed for doses as high as 10'2 protons/
cm2, With the 2-mm type, the changes in the electrical
structure were determined by measuring the detector photo-
response before and after bombardment. It was found
that after a dose of 8X 1012 protons/cm? the sensitive
area of the detector was reduced, becoming practically
negligible after a dose of 5% 10'% protons/cm?.

225 COMPARISON OF BURNUP DETER-
MINATIONS BY MEANS OF MONITOR-ACTIVA-
TION AND GAMMA SPECTROSCOPY FOR AN
MTR ELEMENT.

Buba L., Hick H., Rumpold K. (Oesterteichische Studien-
gesellschaft fiir Atomenergie GmbH, Vienna).

Atomkernenergie, 11: 167-72 (Mar. - Apr. 1966). (In
German).

A semiconductor Compton spectrometer was developed
which allows nondestructive burnup determination of fuel
elements. To test the reliability of such a measurement a
pattial fuel element of the ASTRA-reactor was prepared
with monitot wires and irtadiated. After irradiation the
monitor wites were removed remotely and their activity
measuted. By neutron-physical evaluation the fuel-element
butnup could be calculated. Then the burnup of the fuel
element was determined by means of a Compton spectro-
meter too. The two results of 37.6 mg and 36.1 mg for
the amount of 235U consumed agree very well. The error
of a butnup determination with the semiconductor Comp-
ton spectrometer should thetefore be o < 15%.




226 (CLOR-39/D) ALPHA CONTAMINA-
TION LOCATOR WITH JUNCTION RADIATION
DETECTOR.

Bukowiecki B. (Centralne Laboratorium Ochrony Radiolo-
gicznej, Warsaw [Poland}).

1965. 5 p. Dep. mn.

An alpha contamination locator with semiconductor radia-
tion detector is developed. The alpha contamination
locator is designed as a small, portable instrument that
provides a precise location of alpha contamination. Elec-
tronic citcuits provide an audible acoustic signal for every
alpha particle that loses, within the detector sensitive
volume, at least 600 kev of its energy. The insttument
works with or without an extension of about 50 cm,
according to the conditions of the measurements actually
performed.

227 (CLOR-44/D) OPTYMALIZACJA SPEK-
TROMETRYCZNYCH STOPNI WEJSCIOWYCH NA
TRANZYSTORACH TYPU FET. WSPOLPRACU-
JACYCH Z POLPRZEWODNIKOWYMI DETEK-
TORAMI PROMIENIOWANIA JADROWEGO.

(Considerations on the Optimalization of FET. Spectro-
meter Stages Working with Semiconductor Radiation
Detector).

Bukowiecki B., Katkiewicz W. (Centralne Laboratotium
Ochrony Radiologicznej, Warsaw [Poland}).

1965. 21 p. Dep.

Some problems in the design of low-noise preamplifiers
for use with solid-state detectors are discussed, and the
petformance and optimization of some amplifier-detector
combinations ate described. Some experimental results
on preamplifiets using specific transistors are included.

228 GERMANIUM COMPENSATION BY Li-
DRIFT IN BOILING LIQUIDS FOR p-i-n-DIODE
CONSTRUCTION.

Cappellani F., Fumagalli W., Restelli G. (C.C.R., Euratom,
Ispta, Italy).

Nucl. Instrum. Methods, 37: 354-6 (Nov. 1965).

The fabrication of lithium-drifted germanium p-i-n diodes
having compensated volumes as high as 4 cc is reported.
The lithium drifting process is cartied out in boiling
liquids in order to provide temperature control and heat
removal. The liquids studied include pentane, hexane,
o-xylene, chloroform, methanol, acetone, and petroleum
spirits.

229 FAST NEUTRON BOMBARDMENT OF
A LITHIUM-DRIFTED GERMANIUM GAMMA-RAY
DETECTOR.

Chasman C., Jones K. W., Ristinen R. A. (Brookhaven
National Lab., Upton, N. Y.).

Nucl. Instrum. Methods, 37: 1-8 (Nov. 1965). (BNL-
9157).

Pulse height spectta from a lithium-drifted germanium
gamma-ray detector bombarded with monoenergetic neu-
trons ate measured at neutron energies of 1.2, 2.2, 4.7,
and 16.3 Mev. Gamma rays from inelastic neutton scat-
tering in the counter and the counter cryostat are identi-
fied. An EO conversion electron line from the decay of
the 691-kev first excited state in 72Ge is very prominent,
and at neutron energies of 4.7 and 16.3 Mev charged
particle groups from neutton-induced reactions in the
germanium appear. A discussion of the application of
germanium gamma detectors to the study of (a,n'y) reac-
tions is presented. The setector is irradiated with a total
fast neutron flux of approximately 10! neutrons/cm?
and shows no deterioration of resolution.

230 (NAA-SR-11762) DEVELOPMENT OF A
SOLID-STATE NEUTRON DETECTOR FOR SNAP-
10A.

Chesavage A. (Atomics International, Canoga Patk, Calif.).

Mar. 25, 1966. Contract AT(11-1)-Gen-8. 40 p. (Dep.
mn. CFSTI $2.00 cy, $0.50 mn.

Electronic devices, primarily semiconductors, degrade in
a nuclear radiation envitonment. In a reactor environ-
ment most of the damage is due to fast meutrons. The
lithium hydride shield on SNAP 10A was designed to
attenuate the fast neutton exposure at the instrument com-
partment to a tolerable level. To evaluate shield effective-
ness fast neutron detectors wete developed. Eight detectors
were installed in the SNAP 10A FS-4 flight system. The
development and in-flight data of these detectors are dis-
cussed.

231 LITHIUM-DRIFTED DETECTORS FOR
BETA- AND GAMMA-SPECTROMETRY.

Chwaszczewska Janina; Dakowski Mitoslaw; Przyborski
Wincenty; Sowinski Mieczyslaw (Inst. of Nuclear Research,
Swierk, Poland).

Nukleonika, 10: 251-4 (1965).

The petformance of lithium-drifted £ and y-semiconductor
spectrometers is described. Lithium-drifted silicon diodes
prepated on the basis of the Pell method made possible
the construction of B-particle detectors with thin window
and very good characteristics. The depletion layer thick-
ness is 2.8 mm and active area -— 160 mm?. For gamma
spectroscopy, the lithium-drifting process was carried out
on p-type gallium-doped germanium samples of 5/cm
resistivity and about 100 usec life time minority carriers.
A compensated region 1.5 mm thick was obtained. Beta
and gamma spectta for 207Bi are illustrated.

232 A SEMICONDUCTOR SYSTEM FOR
CHARGED PARTICLES IDENTIFICATION.

Chwaszczewska J., Freindl L., Karcz W., Pryzyborski W,
Slapa M.

Report No. 444/PL. Institute of Nuclear Physics, Cracow,
January 1966.
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A system consisting of two semiconductor counters of
types “dE/dx” and “E” was built to separate particles
from nuclear teaction. The propetties of this system were
checked by detection of products of teaction induced by
24.8 MeV alpha particles and 12.4 MeV deuterons on
Au, C and Ca nuclei.

233 SEMICONDUCTOR NUCLEAR RADIA-
TION DETECTORS AND THEIR APPLICATIONS.

Chwaszczewska Janina, Dakowski Miroslaw, Przyborski
Wincenty, Sowinski Mieczyslaw.

Przeglad Elektron., 6: 174-9 (Apr. 1965). (In Polish).

The advantages of semiconductor radiation detectors are
briefly discussed, and the state of the art of semiconductot-
detector design and fabrication in Poland is outlined. Sut-
face-barrier detectors have been consttucted with gold
layers of 40-100 micrograms/cm? thickness, with areas of
4 mm?2 to 2 cm? for single detectors and up to 14 c¢m?
for a mosaic of detectors, and with a resolution of 16 Kev
for 8.776 Mev alphas (using a single 12 mm? detector).
Sensitive layers of 400-500 microns have been achieved.
Also, dE/dx type detectors have been built with thick-
nesses of 25 to 70 microns. Sutface barrier diodes with
guard rings have made depths of 1.2 to 1.5 mm. The
guard ring reduces the leakage current on the sensitive
inner gold conductor and thereby allows the use of higher
voltages across the sensitive layer. For thicknesses above
1 mm, lithium drifted germanium detectors have been
constructed. Thicknesses of 3 mm have been obtained.
The demands placed on the electronic citcuitry required
to obtain high resolution information from the millivolt-
level signals produced by these semiconductor type devices
are descussed.

234 (RT/EL(65)7) RIVELATORI A SEMI-
CONDUTTORE DEL TIPO A BARRIERA SUPER-
FICIALE.

(Semiconductor Detectors of the Sutface Barrier Type).

Coiante D., Michalowicz J., Parisi Presicce L., Spoglia U.
(Comitato Nazionale pet I'Energia Nucleare, Rome, Italy).
Sept. 1965. 17 p. Dep. mn.

A method of making semiconductot sutface barrier particle
detectors and their epoxy resin encapsulation is described.
The electrical and radiation testing results of devices ate
presented.

235 THE USE OF A LITHIUM DRIFTED
GERMANIUM DETECTOR TO OBSERVE THE DE-
EXCITATION GAMMA RAYS PRODUCED BY THE
INELASTIC SCATTERING OF 2.9 Mev NEUTRONS
BY COBALT AND COPPER.

Christie D. R., Daniels J. M., Felsteiner J. (Univ. of
Totonto).

Nucl. Instrum. Methods, 37: 165-7 (Nov. 1965).

Gamma spectra from inelastic scattering of 2.9-Mev neu-
trons by ®%Co, ®3Cu, and %°Cu are measured, and energy-
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level and gamma-decay schemes for these nuclides are
infetred from the data. The design of the lithium-drifted
germanium detector used in the measurements is described.

236 SEMICONDUCTOR DETECTORS OF
NUCLEAR RADIATION,

Coche A. (Centre of Nuclear Research, Strasbourg).
Ind. At, 9: 619 (1965). (In French).

The principal characteristics of diodes with a n-p linkage
and with surface batriers and their essential uses are
examined. Next the principle of the method is given for
compensating a material of the P type by the migration
of lithium, and lastly the properties of n-1-p diodes of
silicon and of germanium are studied, as well as their
applications, with special attention to gamma spectro-
metry.

237 (N-65-19766) BASIC RESEARCH IN SEMI-
CONDUCTOR DETECTOR-DOSIMETER CHARAC-
TERISTICS, AS APPLIED TO THE PROBLEMS OF
WHOLE BODY DOSIMETRY.

Informal Progress Report.

Crawford Geotge W. (Southern Methodist Univ., Dallas,
Tex.).

Feb. 1965. 3 p. (NASA-CR-57300). CFSTI $1.00 cy.
$0.50 mn.

A family of lithium-drifted silicon semiconductor detectors
for measuring the stopping power of protons and proton
absorption is reported. Stopping power measurements
were made fot protons of 5 to 187 Mev in metals, plastics
and tissue. A program for calculation of the linear stop-
ping power was completed, tested, and incorporated into
a Monte Carlo transport progtam which permits Coulomb
interaction with both orbital electrons and the nuclei.
Also, the Monte Catlo progtam was written to petmit
calculation of the depth-dose distribution in skin, muscle,
and fat.

238 SURFACE POTENTIAL MEASUREMENTS
OF LITHIUM DRIFTED GERMANIUM DIODES.

Davies D. E., Webb P. P.

15 p. (CONF-651001-25). ORAU, Gmelin, AED-CONF-
65-293-28.

From IEEE Nuclear Science Symposium, San Francisco.

A potential probe was built to measure the distribution
of potential on the etched surfaces of lithium-drifted Ge
diodes. A vibrating condenset proble was used. Initial
measurements with the probe confirmed a theoretical
model proposed by Mclntyre to explain previously ob-
served unusual behavior of some lithium-drifted diodes.
The probe was also used to determine the effect of various
surface treatments designed to produce Ge diodes having
high bteakdown voltages and low leakage currents. It
was found that a two-stage etch was frequently very useful




in achieving a low-leakage diode at 77°K. For surfaces
exhibiting strong n-type charactetistics, dipping in HO:
and washing in warm distilled water had the effect of
moving the potential drop towatd the front sutface, but
neither process was controllable. Efforts to obtain repro-
ducible results were hampered by lack of uniformity of
the crystal supplied by the manufacturer.

239 (NASA-CR-69479) SEMI-ANNUAL STATUS
REPORT, MARCH-AUGUST 1965.

CASPER K. J.
Western Reserve Univetsity, Cleveland, Ohio.

The research covered by this status report can be divided
into the following topics: (1) Studies of the fundamental
response of semiconductor detectors to charged particles.
(2) Fabrication techniques for lithium surface batrier
silicon detectors. (3) Compilation of the computer pro-
gram for the analysis of beta decay spectra. (4) Operation
of a supetconducting magnet in conjunction with solid
state detectors as a novel and unique beta ray spectro-
meter. (5) Direct observation of the internal Compton
effect with the superconducting magnet beta ray spectro-
meter. (6) Studies of high Z semiconductors for imptoved
gamma tay detection.

240 SEMICONDUCTOR-TYPE NUCLEAR
RADIATION DETECTORS AND SPECTROMETERS.
PART L

Deme Sandot, Csakany Antal (Central Inst. for Physics
Research, Budapest).

Magyar Fiz. Foly., 13: 273-307 (1965). (In Hungatian).

Semiconductor detectors have excellent energy resolution,
linearity, and small size. The thickness of the batriet
layer can be easily adjusted, allowing discrimination be-
tween radiations of different penetrating power. The
sensitive surface is smaller than that of scintillation
countets; this defect can be overcome by using several
detectors in parallel. The principle of operation involves
production of electron-vacancy pairs by chatged particles.
Fabrication methods are described, reviewing detectors
with surface-batrier layers, diffusion-barrier layers, and
Li-ion drifting. The magnitude, shape, and duration of
the signal are examined in detail. Factors affecting the
operation of the instruments, such as radiation damage,
environment, and high vacuum, are studied; high magnetic
fields have only a slight effect. Applications are discussed.
66 references.

241 (AD-620434) THE CONSTRUCTION OF
A LITHIUM DRIFTED GERMANIUM SOLID STATE
DETECTOR SYSTEM WITH SPECIAL ATTENTION
TO %Ag AND ?[r [Thesis].

Dessert Robert Allen (Ohio State Univ., Columbus).

1965. Contract AF33(608)-1095. 72 p. CFSTI $3.00 cy,
$0.75 mn.

A relatively inexpensive cryostat was constructed fot
operation of Li-drifted Ge gamma detectots at pressures
below 0.0000001 mm of Hg and at 77°K. Fundamental

data were obtained on a Li-drifted Ge detector, including
relative counting efficiency, resolution and peak-to-total
tatio. The spectra of 1°2Ir and '°5Ag were investigated
using the solid-state detector. A technique of segmenta-
tion and expansion of energy subgroups with a multi-
channel analyzer is proposed as a means to provide motre
points in a given peak of a spectrum taken on the
detector.

242 RADIATION ABSORPTION AND CHAR-
GE SEPARATION IN SEMICONDUCTOR COUN-
TERS.

de Vries H. (Universitit, Marburg, Ger.).
Ann. Phys,, 16: 41-69 (1965). (In German).

The spatial expansion of the trace of increased electron-
vacancy pair concentrations, which occur in the absotption
of heavy charged particles in a crystal counter, and the
time pattern of their origin, can be determined through
the discussion of the various slowing-down processes. The
electric propetties of the particle track and the process
of charge separation were investigated. The tepresentation
by Brown on successive plasma decomposition through the
electric field was extended to include the electrostatic
effect in the particle track. A quantitative comparison
was carried out between the charge separation through
the electric field and the charge separation through the
“normal” diffusion processes assumed by Northrop and
Simpson. In the treatment of charge separation it is
proved that the diffusion process in a particle track can
be described by a differential equation of the second order.
Accotding to the solution of this equation the time pattern
of the diffusion process goes through two successive stages.
The first rapid stage of the diffusion process can be
described with the ptrocess of a patticle slowing down to
a common process in which a range of increased electron-
vacancy pair concentration is given as a patticle trace.
This length expansion is given by the range of the
projected particles whose diameter was determined from
the semiconductor propetties (diffusion constant and colli-
sion time) of the crystal. Discrepancies between these and
previous results are discussed.

243 (BNL-948, pp 704-17) TECHNICAL DE-
VELOPMENTS [IN HARDWARE].

Donovan Paul F. (Bell Telephone Labs. [Mutray Hill,
N. I.D.

Some advances in semiconductor detectors are discussed
together with some problems with these detectors. A
particle identification system and setvo-stabilized analog-
to-digital converters are also briefly considered as well
as the use of computers in experiments in low-energy
nuclear physics.

244 SOLID BODY DOSIMETRY IN RADIO-
THERAPY.

Drexlet Giinter, Scharmann Arthutr (Univ., Erlangen-
Niirnberg).

Radiologe, 4: 262-7 (Aug. 1964). (In German).
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The physical principles of the thermoluminescence dosi-
meter, the radiophotoluminescence dosimeter, and the
semiconductor dosimeter ate described. The suitability of
these types of dosimeters for use in clinical dosimetry is
discussed. Doses within the range of 1 to 1000 R can
be measuted with thermoluminescent dosimetets. One dis-
advantage of thermoluminescent methods is their varying
sensitivity and the energy dependence of the LiF crystals,
and the shift of the “glow peaks”. The crystals are easy
to purify. For in wivo studies the crystals can be
sterilized. CaF2 with Mn is sometimes used as a
substitute for LiF. However, this is 10 times as energy
dependent, although it has greater sensitivity. Photo-
luminiscent dosimeters, or fluorods, ate suitable for meas-
urement of 2 R or more of hard or ultrahard irradiation,
and should be in or near to the beam. Measurements can
be made with +29% accuracy at doses of about 200 R.
The glass rods must be heat treated before use. The
energy dependence of CdS crystals limits their accurate
use to measutements of irradiation of known energy. Com-
parison of isodose measurements made with CdS crystals,
Ag phosphate glass, and LiF with ionization chamber
mesasutements indicate that hard radiation measurements
are in close agreement. However, for conventional irradia-
tion thermoluminescence dosimetty with LiF is the only
one that should be used.

245 THE INFLUENCE OF THE CONTACT
SURFACE ON EFFICIENCY OF SILICON COUN-
TERS FOR FISSION FRAGMENTS.

Dyachenko P. P., Kuzminov B. D., Chukichev M. V.

Prib. Tekn. Eksp., No. 5, 85-8 (Sept.-Oct. 1965). (In
Russian).

In the results of the investigation of two sets of surface-
batrier countets with different condition of the surface, it
was found that the ptresence of craters on the counter
surface is a basic cause for the appearance of “tails” in
the amplitude distribution of the pulses, created by fission
fragments, and hampers the attainment of information
from fragments with low yield.

246 (MLM-1268) MOUND LABORATORY
PROGRESS REPORT FOR JUNE 1965.

Eichelbetger J. B., Gtove G. R., Jones L. V. (Mound Lab.,
Miamisburg, Ohio).

June 21, 1965. Contract AT (33-1)-Gen-53. 37 p. Dep.
mn., CFSTI $2.00 cy, $0.50 mn.

Developments ate reported for studies on: uranium-234
recovery; measurement of 2.3-kev isomeric state in lead-
205; semiconductor radiation detectors; hydrolysis of plu-
tonyl ions; plutonium-238 alpha soutces; neutron spectfo-
metty; increase in neutron yields; carbon isotope separa-
tion; stable gaseous isotopes; thermal diffusion research;
helium vapor ptessute thermometry; controlled-potential
coulometric determination of uranium in uranyl acetyl-
acetonate salts; emission spectroscopy; and calorimetry.
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247 A PREAMPLIFIER WITH 0.7 kev RESO-
LUTION FOR SEMICONDUCTOR RADIATION
DETECTORS.

Elad E. (Univ. of California, Berkeley).

Nucl. Insttum. Methods, 37: 327-9 (Nov. 1965). (UCRL-
16390).

A low-noise preamplifier, utilizing a field-effect tran-
sistor in its input stage, is desctibed. The preamplifier
(pulse generator resolution 0.7 kev fwhm) is designed
from the viewpoint of optimization of the signal-to-noise
ratio. In use with a semiconductor radiation detector, the
preamplifier yields 1.1 kev tesolution.

248 TEMPERATURE DEPENDENCE - OF
AVERAGE ENERGY PER PAIR IN SEMICONDUC-
TOR DETECTORS.

Emery F.E., Rabson T.A.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 1,
February 1966, p. 48-52.

An accurate measurement of the average energy lost by
charged particles per hole-electron pair produced in semi-
conductor detectors as a function of temperature is
desirable in view of the recently noted response of
detectors at low temperatute. A simple model for the
value of e, the average energy per hole-electron pair, was
proposed by Shockley in 1960. This model has been
extended in the present wortk to predict temperature
effects upon. Silicon and germanium lithium-drifted
counters were designed and built for detecting 1 Mev
electrons and/or 5.5 Mev alphas over a temperature range
of 4°K to 300°K. Techniques and the necessary equip-
ment to measute the charged produced from a single
idident ionizing particle within 0.4% were developed.
Data were taken for silicon and germanium detectors for
temperatute ranging from 20°K to 300°K, These data
only qualitatively agree with the simple model. The
evidence points to an additional effect over the ones
invoked by Shockley. The room temperature values of
for the silicon lithium-drifted counters observed in the
present expetiment agree with those for silicon surface
batrier detectors which were recently published.

249 AVERAGE ENERGY EXPENDED PER
IONIZED ELECTRON-HOLE PAIR IN SILICON
AND GERMANIUM AS A FUNCTION OF TEMPE-
RATURE.

Emery F. E, Rabson T.A. (Rice Univ., Houston, Tex.).
Phys. Rev., 140:-A2089-93 (Dec. 13, 1965).

Measurements were made over a range of temperature of
the amount of ionization produced by the passage of
ionizing radiation through the junction of Ge and Si
Li-drifted solid-state detectors. These data are presented
in the form of the average enetgy per hole-electron pair.
A simple model for the value of ¢, the avetage energy
per hole-electron pair, was proposed by Shockley in 1960.
This model was extended to ptedict temperatute effects
upon e. Silicon and Ge Li-drifted counters were designed




for detecting 1-Mev electrons and/ot 5.5-Mev alphas over
a temperature range of 4 to 300°K. The techniques and
necessary equipment were designed to enable the meas-
urement of the charge detected from a single incident
ionizing particle with a probable error less than 0.4%.
Data were taken on Si and Ge detectors for temperatures
ranging from 20 to 200°K. The data only qualitatively
agree with the simple model. The evidence points to
additional effects besides those considered by Shockley.
The room tempetature values of ¢ for the Si Li-drifted
counters agree with those for silicon surface barriers which
were recently published.

250 SCATTERING CHAMBER FOR USE
WITH SOLID-STATE DETECTORS,

Etramuspe H. J., Seifert A. M. (Columbia Univ., New
York).

Nucl. Instrum. Methods, 40: 155-6 (Feb. 1966).

A scattering chamber is described, which was specifically
designed to work with solid state detectors mounted
internally in a tandem assembly or in multiple arrays.
The size of the chamber, which is of simple design, pet-
mits working with a large range of solid angles and the
rotation assembly covers practically the whole angular
range. A vertical cross-sectional view of the chamber,
target assembly, exit and entrance pipes and top view,
and a ball-bearing-holder diagram are shown. The maxi-
mum absolute angular error was estimated to be 0.2, the
relative error being 0.1 for a typical polyethylene experi-
ment using the Pupin Columbia University Cyclotron
with a proton beam under 15 Mev.

251 EXPERIMENTS WITH GERMANIUM vy
SPECTROMETERS IN THE CHALK RIVER LABO-
RATORY.

Ewan G. T.

Izv. Akad. Nauk SSSR, Ser. Fiz., 29: 1054-69 (July 1965).
(In Russian).

The propetties of the Li-drifted p-i-n Ge detectors are
summarized, including their design and layout, tesolution
for gamma rays of various energies, efficiency, resolving
time, and response to high-energy gammas. The perfor-
mance of these detectors in recording the gamma decay
scheme of 134Cs, in measuting internal conversion coeffi-
cients, in determining high-energy levels in deformed
even-even nuclei, in measuting the gamma spectrum from
the 1°F(d,ny)2°Ne reaction, and in measuring the life-
time of nuclear states by the recoil-nucleus method is
described.

252 STUDY OF SEMICONDUCTOR SUR-
FACE BARRIER DETECTORS AT 4.2 deg K.

Fabjan C. W., Kenawy M., Rauch H. (Oestetreichische
Hochschule, Vienna).

Z. Phys., 188: 378-84(1965). (In Getman).

The behavior of semiconductor surface barrier detectors
was studied in the temperature range from 300 to 4.2°K.
Measurements of the resolution for = and B particles are
given. The mean energy E required for producing an
electron-hole-pair in Si is found to be 3.54 * 0.10 ev at
279°K, and 3.72 + 0.11 ev at 78°K and 4.2°K respect-
ively. Measured rise time of detector impulses is com-
pared with theotetical values.

253 RECENT ADVANCES IN NUCLEAR
RADIATION DETECTORS.

Ferguson A. T. G. (Atomic Energy Research Establish-
ment Harwell, Eng.).

pp. 375-414 of Nuclear Structure and Electromagnetic
Interactions. New York, Plenum Press, 1965.

Recent developments in gaseous ionization chambers,
scintillation counters, and solid state devices relevant to
low-energy nuclear physics ate outlined. Applications of
semiconductor counters to charged particle, gamma-ray,
and neutron spectroscopy ate discussed.

254 LARGE-VOLUME  LITHIUM-DRIFTED
GERMANIUM GAMMA-RAY DETECTORS.

Fiedler H. J., Hughes L. B., Kennett T. J., Prestwich
W. V., Wall B. J. (McMaster Univ., Ontario, Ont.).

Nucl. Insttum. Methods, 40: 229-34 (Mar. 1966).

A new electroplating method was used for the fabrication
of large-volume Ge(Li)-detectors in “wrap-around” con-
figuration. The properties and performance of a 6 cm?
and a 10 cm® detector were investigated. Some applica-
tions are described.

255 AN ALPHA SPECTROMETER WITH
SEMICONDUCTOR SURFACE BARRIER DETEC-
TOR.

Finsterwalder L. (Technische Hochschule, Munich).
Kerntechnik, 7: 515-17 (Nov. 1965). (In German).

A spectrometer using a semiconductor surface barrier
detector was constructed. The spectrometer consists of
two parts, the vacuum chamber with the semiconductor
surface barrier detector and the charge-sensitive preampli-
fier. The wiring diagram of the preamplifier is given
and the results of tests on its linearity using a seties of
alpha preparations are reported.

256 IMPROVEMENTS RELATING TO RA-
DIATION DETECTORS.

Freck David Vernon (Associated Electrical Industries,
Ltd.).

British Patent 1,018,402. Jan. 26, 1966. Filed May 9,
1961.
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A radiation detector made up of several semi-conductor
sutface barriers or p-n junction devices stacked as slices,
one over the other but electrically insulated from one
another by insulating material or air spaces, is proposed
for the detection of high energy radiation. A reverse
potential bias can be applied to the surface barriers or
junctions, and all the separate slices are connected to a
common amplifier and detector.

257 SEMICONDUCTOR NUCLEAR PARTI-
CLE DETECTORS. 1L

Fujibayashi Keiji, Miyashita Kyoichi (Mitsubishi Elec-
tric Manufacturing Co., Ltd., Japan).

Mitsubishi Denki Giho, 39: 1221-7 (Oct. 1965). (In
Japanese).

Semiconductor nuclear particle detectors have been devel-
oped. They are oxide passivated silicon p-n junction
detectors and lithium-drifted silicon p-i-n detectors. Also,
low noise charge sensitive amplifiers for use with semi-
conductor detectors have been developed. The oxide-
passivated detectors are 7 mm? and 20 mm? in atea
respectively. The energy resolution is 27 kev for 5.3 Mev
alpha particles. The oxide-passivation enables the detec-
tors to be of very low leakage cutrents and very stable
even in high humidity. Lithium-drifted detectors are
4x 5 mm? in area, their intrinsic tegion ranges from 0.5
to 2 mm, and their energy resolution is 22 kev for
625 kev beta particles. The charge sensitive amplifiers
are fully transistorized, and the tresolution btroadening due
to amplifier noise is reduced to 10—12 kev (FWHM) by
newly developed circuits.

258 (KFK-335) IMPULSFORMDISKRIMINIE-
RUNG BEI HALBLEITERZAEHLERN ZUR UNTER-
SUCHUNG VON (7,2)-REAKTIONEN,

(Pulse Shape Discrimination in Half-Life Determination
for a Study of (y,2) Reactions).

Gehm Helmut, Ullrich Horst (Kernforschungszenttum,
Karlsruhe (West Germany). Institut fiir Experimentelle
Kernphysik).

June 1965. 30 p. Dep. mn.

A method for pulse-form discrimination for semiconductor
countets is developed and tested. The method makes
possible the discrimination of @ particles and ptotons, and
thereby the measurement of photoalpha particles in the
ptesence of an interfering proton and electron ‘background.
The efficiency of the method is discussed and illustrated
on the reaction 27Al(y,2)2°Na. For this reaction the yield
ratio Y(v,2)/(v,p) can be measuted. The experimental «
spectrum is compared with the « spectrum calculated by
the statistical theory.

259 THE DOPING OF SEMICONDUCTORS
BY ION BOMBARDMENT. _

Gibbons J. F., Moll J. L., Meyer N. 1.

Nuclear Instruments and Methods, Vol. 38 (1965),
p. 165-168.
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An investigation of the effects of bombarding various
semiconduciors (Si, GaAs, CdS and ZnS) with ions of
the rare carth elements thulium and neodymium has been
carried out. Preliminaty measurements of the electrical
and optical properties of the resulting bombarded layers
will be described.

260 THE DESIGN AND APPLICATION OF
LITHIUM-DRIFT SILICON DIODES AS NUCLEAR
RADIATION DETECTORS.

Gibbons P. E., Blamires N. G. (Atomic Energy Research
Establishment, Harwell, Eng.).

J. Sci. Instrum., 42: 862-4 (Dec. 1965). (AERE-R-4948).

A range of lithium-drifted silicon radiation detectors is
described. Areas up to 8 cm? and thicknesses up to
0.6 cm were achieved. At——20°C, a resolution of 8 kev
full width half maximum was obtained on 661 kev beta
particles using a 1 cm?® detector 0.1 cm thick. The per-
formance of the detectors is discussed in relation to other
device parameters.

261 (UCRL-16480) A METHOD OF MAKING
THIN-WINDOW GERMANIUM DETECTORS.

Goulding Fred S., Jarrett Blair V. (Lawrence Radiation
Lab., Univ. of Califotnia, Berkeley).

Contract W-7405-eng-48. 9 p. Dep. mn. CFSTI $1.00 cy.
$0.50 mn.

A method is described for producing thin-window lithium-
drifted germanium x- ot y-ray detectors. The success of
the process is indicated by a high yield of good detectors.
Measurements show that the window thickness is in the
range of 1 micton or less and x-ray enetgy resolution
figures of 1.4 kev (full width at half minimum) were
obtained. Some initial tests using the detectors for long-
range proton energy measurements show that the negligi-
ble window thicknesses combined with thick depletion
layers (easily obtained with germanium) promise to extend
the usefulness of semiconductor detectors in particle as
well as x-ray experiments.

262 (AECL-2505) TIMING CHARACTERIS-
TICS OF LARGE COAXIAL Ge(Li) DETECTORS
FOR COINCIDENCE EXPERIMENTS.

Graham R. L., MacKenzie 1. K., Ewan G. T. (Atomic
Energy of Canada Ltd., Chalk River {Ontario}).

Oct. 1965. 23 p. (CRGP-1225; CONF-651001-17). Dep.
AECL $1.00.

From IEEE Nuclear Science Symposium, San Francisco.

The results are presented of a study of the variation with
position of the charge collection time and its influence
on coincidence tesolving time. With two Ge(Li) spectto-
meters both detecting 511-kev events the coincidence
resolution cutve has a full width at half-maximum of
~-15 nsec and approximately exponential tails with half
slopes ™5 nsec. An example of a gamma-gamma coin-
cidence spectrum obsetved in the study of the 158Gd level
scheme is described.




263 ON THE QUANTITATIVE AND QUA-
LITATIVE DETECTION OF NEUTRONS USING
SEMICONDUCTOR BODIES AND METHOD FOR
THEIR PREPARATION.

Guenther Paul, Koehl Guenter, Schneider Wilhelm (Licen-
tia Patent-Verwaltungs-GmbH).

German Patent 1,202,909. Oct. 14, 1965. Filed Apr. 5,
1956.

The semiconductor of silicon or germanium consists of
an n-type body, which is provided with a p-type surface
layer by doping with Al. The p-type surface layer is
preferentially doped additionally with boron.

264 PULSE HEIGHT DEFECT AND ENERGY
DISPERSION IN SEMICONDUCTOR DETECTORS.

Haines Eldon L., Whitehead A. Bruce (California Inst. of
Tech., Pasadena).

Rev. Sci. Instrum., 37: 190-4 (Feb. 1966).

The contributions of the atomic (screened Coulombic)
scattering process to the pulse height defect and energy
dispersion observed when heavy ions expend their energies
in semiconductor detectors were calculated. Atomic scat-
tering appears to account qualitatively for the pulse height
defect observed for most heavy ions in both silicon and
germanium detectors. Atomic scattering also contributes
substantially to the energy dispersion.

265 DESIGNING SEMICONDUCTOR SYS-
TEM FOR OPTIMUM PERFORMANCE,

Heath R. L., Black W. W., Cline J. E.
Nucleonics, Vol. 24, No. 5, May 1966, p. 52-56.

As refinements in germanium crystals and preamplifiers
continue to imptrove resolutions, the limitation in semi-
conductor-detector  performance stems mainly from the
electronics.

266 AN ALPHA PARTICLE HYGROMETER.

Hallowes K. H., Hodgson A. E. M. (Atomic Energy
Research Establishment, Wantage, Eng.).

Vienna, International Atomic Energy Agency, 1965, Pre-
print No. SM-68/19, 10 p. (CONF-651023-8). ORINS.

From Symposium on Radioisotope Instruments in Indus-
try and Geophysics, Warsaw.,

A method of measuring the telative humidity of air by
the transmission of alpha particles through a very thin
film containing an equilibtium propottion of moisture is
described. The scope of application is similar to that of
electrical hygrometers in which the conductivity of a
hygroscopic sutface layer is measured. However, the em-
ployment of the alpha particle technique greatly reduces
the dependence of the readings upon traces of sulphur
di-oxide and the like, in the air. The method provides
a rapid response and covets the full range of relative

humidities at normal atmospheric temperatures. The radio-
active source is americium-241 in a glass bead, providing
effectively infinite thickness for alpha particle self-absorp-
tion, and with negligible contamination hazard. The use
of an infinitely thick source provides a good sensitivity
to changes of relative humidity over the whole working
range. The detector is a small surface-barrier semicon-
ductor, thus allowing the construction of a compact probe
to facilitate measurements in confined places, e.g., in
connection with warehouse ventilation problems. The
hygroscopic film is specially made from sulphonated ctoss-
linked polystyrene, and mounted on a vane rotated by a
miniature electric motor. Rotation of the vane alternates
the hygroscopic film with an otherwise similar non-
hygroscopic one in the source-detector gap, thus providing
a means of compensating for changes in temperature and
pressure of the air in the gap, and for detector tempera-
ture. The rotation also ensures the necessary circulation
of air in the immediate proximity of the hygroscopic film.
The output ptovides for continuous direct or remote
indication, setvo control, ot recording. Details of the
petformance of the hygrometer, the preparation of the
hygroscopic film, and the associated citcuit design ate
included.

267 A COMPARATIVE STUDY OF SEMI-
CONDUCTOR GAMMA SPECTROMETERS FOR
SCANNING OF IRRADIATED DRAGON FUEL
ELEMENTS.

Hick H. (Reactor Center, Seibersdorf, Austria).
Nucl. Insttum. Methods, 40: 337-47 (Mar. 1966).

Three types of y-spectrometets using a Ge-Li-detector
(full energy peak spectrometer, anti-Compton spectro-
meter, Compton-specttometet) ate compared with respect
to their usefulness in' analysis of complex spectra between
100 kev and 3 Mev. Approximate response functions for
various energies are given.

268 (UCRL-16307) THE IMPACT OF SEMI-
CONDUCTOR DETECTORS ON GAMMA-RAY
AND ELECTRON SPECTROSCOPY.

Hollander Jack M. (Lawrence Radiation Lab., Univ. of
California, Berkeley).

Aug. 1, 1965. Contract W-7405-eng-48. 131 p. (CONF-
650832-1). Dep. mn; CFSTI $4.00 cy, $1.00 mn.

From International Meeting on Nuclear Instrumentation,
Herceg-Novi, Yugoslavia.

A review of the semiconductor impact on gamma spectro-
scopy is presented. In particular, the opetrating characte-
ristics of Ge(Li) detectors are discussed along with its
many uses. Examples of data taken with semiconductor
detectors are presented for the following: decay scheme
studies, measurement of pair production cross section near
threshold, heavy-ion reactions, low temperature nuclear
orientation, g-factors of nucleat-excited states, observation
of the effect of chemical state on the lifetime of a low-
energy isomet, neutron activation analysis, and electron-
gamma SPectroscopy.
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269 CALCULATED EFFICIENCIES OF Ge(Li)
DETECTORS,.

Hotz H. P., Mathiesen J. M., Hurley J. P. (Naval Radio-
logical Defense Lab., San Francisco).

Nucl. Instrum. Methods, 37: 93-7 (Nov. 1965).

Gamma-ray detection efficiencies for Ge(Li) detectors were
calculated on an IBM 704 computer for crystals of
1.0x2.0 cm and 2.0x 3.0 cm cross section. Depletion
depths from 1.0 to 10.0 mm and source-to-crystal distances
from 1.0 to 25.0 cm were selected.

270 IMPROVEMENTS RELATING TO RA-
DIATION DETECTORS.

Hunt Stanley Ernest (Associated Electrical Industries Ltd.).

British Patent 1,014,682. Dec. 31, 1965. Filed June 4,
1961.

A radiation detector suitable for neutron detection in-
cludes a semi-conductor having formed in it a p-n junc-
tion with a thick depletion zone, means for applying a
teverse voltage bias to the p-n junction, and an additional
surface layer in the semi-conductor of a threshold detector
material that does not respond to radiation below a
predetermined energy level but reponds to tadiation above
this threshold level releasing secondary particles into the
depletion zone to cause pulse discharge through the p-n
junction. A number of these semi-conductot p-n juaction
devices, each coated with a different threshold detector
material having a different energy threshold level, may
be combined to selectively determine neutron radiation of
different energy levels. Means are provided for detecting
the pulse discharge pulses produced in each detector.

271 RECENT RESULTS OBTAINED WITH
HIGH FIELD, INTERNALLY AMPLIFYING SEMI-
CONDUCTOR RADIATION DETECTORS.

Huth G. C.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 1,
February 1966, p. 36-42. ~

Characterization of the gallium diffused junctions found
useful as amplifying radiation detectors indicate a rather
surprising window-junction depth relationship. The win-
dow, at only the self bias of the .junction, has been
measured to be a micron or so although the junction
depth is ™50 microns. This is a result of the unusual
diffusion process used-diffusion to 75 microns with sub-
sequent removal of the heavily acceptor doped, first 25
micron region. Because of potential for low energy detec-
tion of these structutes (which require thin windows)
stress is placed upon window measurements. Measure-
ments made of the response of these structures as photon
detectors in the near infrared (0.7—1.1 micron) wave-
length  region are reported. Also initial results which
indicate that the x-ray cutoff for these structures lies in
the 44-60 Angstrom range.
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272 A STUDY OF THE INFLUENCE OF FABRI-
CATION TECHNIQUES ON THE BULK MINORITY
CARRIER LIFETIME IN SILICON RADIATION
DETECTORS [Thesis].

Jones Etnest Olin.

Raleigh N. C, Notth Carolina State of the Univ. of
North Carolina, 1964. 64 p.

The minority carrier lifetime of several samples of silicon
was measured at various stages in the preparation of
lithium-drifted silicon radiation detectors fabricated by
two different techniques. Each stage of the processes that
appeated to result in lifetime changes was investigated.
Processing, including lithium drift, resulted in a lifetime
loss of 49% of the initial value by one method and 58%
by another. Those techniques involving treatments at high
temperatures (around 1050°C) were found to have more
influence in reducing lifetime. The presence of both
lithium and phosphorus was found to reduce the severity
of lifetime loss. With these materials in the samples,
reduction in lifetime was less if the samples were quenched
after diffusion rather than cooled slowly. An oxigen atmo-
sphere during heat treatments was noted to result in a
smaller loss in lifetime than atmosphetes of argon or a
nitrogen-hydrogen mixture. In the examination of fabrica-
tion techniques the diffusion of phosphorus at 1050°C
and of lithium at 400°C each resulted in substantial life-
time losses. The process of lithium drift in oil at 150°C
appeated to have little effect on the sample lifetime. A
preferred fabrication procedure -could not be selected based
on lifetime loss. Annealing in the temperature range of
300-500°C for six hours in various atmospheres was found
to restore a portion of the lifetime lost in prior heat
treatment. More recovery was noted in an oxigen atmo-
sphere than in argon. A possible mechanism for the
annealing results was proposed based on the Kaiser model
of donot formation by oxygen dissolved in silicon.

273 A PORTABLE DOSE-RATE METER
USING A SILICON p-n JUNCTION AS A DETEC-
TOR.

Jones A. R. (Atomic Energy of Canada Ltd., Chalk River,
Ont.).

IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci., NS-13:
No. 1, 652-7 (Feb. 1966).

A dose-rate meter that comprises a small-area p-n counter,
charge and linear pulse amplifiers, a discriminator, and a
three-decade logarithmic count-rate circuit is described.
The meter is designed to measure tissue dose tates from
beta particles in the range of 0.1 to 100 Rad/hr as well
as dose rates from gamma rays in the same range.

274 SEMICONDUCTING DETECTORS AND
THEIR APPLICATIONS.

Jungclaussen H. (Zentralinstitut fiir Kernforschung, Ros-
sendorf, Ger. Institut fiir Kernforschung, Dubna, USSR).

Kernenergie, 8: 514-41 (Sept. 1965). (In German).




The functions and types of semiconductor detectors and
their physical basis are discussed. Charge carrier collec-
tion, energy resolution, amplification, noise, time depen-
dence, and radiation damage in the detector-amplifier
system are consideted. Applications of these detectors are
discussed. (157 references).

275 CHARGE-SENSITIVE TRANSISTOR
PREAMPLIFIER FOR USE WITH SEMICONDUC-
TOR NUCLEAR RADIATION DETECTORS.

Karwowski M., Wlodarski W., Pawlowski Z.
Nukleonika, 10: 189-93 (1965). (In Polish).

The performance characteristics and stability of the pre-
amplifier are described in detail for a G6-transistor pre-
amplifier utilizing OC-170 transistors. The limiting gain
is 8x 107t V/1000 ion pairs for a signal from a zero-
capacity source, and this gain is held to within 3% of
the limiting value for 0-400 pF of source capacitance.
The linearity is 1% from 0—3v output, and the gain
vatiation is less than 2% for a supply voltage change
of 30%. Temperature characteristics curves are presented.
A 21%Po alpha pulse-height spectrum is shown for the
preamplifier connected to the output of a 20 mm? surface-
barrier diode and to the input of a ZPT-0173 amplifier
feeding a type AA-102 pulse height analyzer. A half-
width of about 1% is obtained with this arrangement for
the 5.298 Mev alpha line.

276 MODERN DETECTORS IN RADIATION
PROTECTION.

Kiefeer H., Maushart R. (Kernforschungszentrum, Karls-
ruhe, Ger.).

Atomwirtschaf;, 10: 529-33 (Oct. 1965). (In German).

Geiger counters and film packets do not always completely
satisfy the present requirements of personnel dosimetry.
An effective radiation protection is possible with numerous
special measutement devices with special detectots. The
basic considerations that lead to the development and
introduction of modetn detectors wete explained using
3 examples. The large-surface proportional counter, glass
dosimeters, and semiconductor detectors are considered.

277 EXPERIENCE IN FABRICATING SEMI-
CONDUCTOR DEVICES USING ION IMPLANT-
ATION TECHNIQUES.

King W. J., Burrill J. T., Harrison S., Martin F., Kel-
lett C.

Nuclear Instruments and Methods, Vol. 38 (1965),
p. 178-179.

The described process of ion “implantation” is defined as
one in which the distribution of the arrested ions is
determined by the target material and the species, energy,
integrated flux and relative orientation of the incident
ions. Energies utilized in this technique are sufficiently
high (gteater than 50 keV) to minimize sputtering and to

produce useful junction depths without invoking the
process of “channeling” along preferred  crystal planes.
The resulting process is highly controlled and can be
used to fabricate semiconductor devices by implanting
through a passivating surface oxide. Spectroscopically
pure 'B and 3P ion beams = routinely accelerated to
energies between 50 ke and 400 keV to produce. p- and
n-type layers in silicon, respectively. The following p-n
junction devices have been successfully fabricated during
the past 4 15 year: a) Solar cells: consistent state-of-the-art
cells with efficiencies greater than 139% under tungsten
(2800°K) illumination and 10% under solar (air mass
zeto) illumination. b) Radiation detectors: passivated sin-
gle countets (1.27 c¢m dia.) and spectrometer with deple-
tion depths of 1 mm (break-down voltages >700 V), dead
layers less than 0.2 um and best room temperature tesolu-
tions of 60 keV. ¢) Unspolar field effect tramsistors: ttans-
conductance greater than 2000 pmho. d) Bipolar transist-
ors: 8 >40. Preliminary results on extension of the tech-
nique to wide band-gap materials are discussed.

278  RESPONSE OF SOLID-STATE DETECTORS
TO FISSION FRAGMENTS.

Klema E. D. (Northestern Univ., Evanston, Ill.); Pleason-
ton Frances, Schmitt H. W., Unik J.

IEEE (Inst. Elec. Electron, Eng.), Trans. Nucl. Sci.,, NS-13:
No. 1, 43-7 (Feb. 1966).

Pulse-amplitude spectra for fission fragments from the
spontaneous fission of 232Cf were studied for more than
50 silicon sutface-barrier detectors. Silicon resistivities
ranged from 100 to 2000 ohm-cm; spectra were obtained
for several bias voltages for each detector. A search for
correlations among shape parameters associated with 252Cf
fragment pulse-amplitude spectra was carried out. Such
correlations were, in fact, observed and wetre shown to be
related to the pulse-height response characteristics of sut-
face-barrier detectors for fission fragments some guide-
lines by which the quality of a fission-fragment detector
may be detetmined from the spectrum parameters ate
given.

279 (IBM-65-825-1487) NEUTRON AND
GAMMA SENSITIVITIES OF DYNAMIC DETEC-
TORS.

Kloepper R. M., Martin J. A., Shatzkes M. (International
Business Machines Cotp., Owego, N. Y. FSD Space Guid-
ance Center).

July 1965. 13 p.

The neutron and gamma sensitivities of nine detectors
were studied in experiments petformed at the Sandia
Pulsed Reactor (SPR). Of the detectors tested, six ate
predominantly gamma detectors and three produce a
significant fraction of their total cuttent as a result of
the neutron flux during a normal SPR burst. None of
the detectors studied were found to be predominantly
sensitive to the neutron flux duting 2 normal SPR burst.
Tests performed at pure gamma soutces on a PIN diode
detector are also described. The neutron-induced current
in the silicon detectors is treated theoretically.
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280 THE SEMICONDUCTOR FAST-NEU-
TRON DOSIMETER. ITS CHARACTERISTICS AND
APPLICATIONS.

Kramer G.

IEEE Transactions on Nuclear Science, Vol. NS-13, No. 1,
February 1966, p. 104-110.

The characteristics and most recent results with a semi-
conductor fast-neutron dosimeter are described. This device
is a wide-base silicon n*-p-p™ junction whose forward
resistance is controlled by the density of injected charge
carriers in the base region. The injected cartier density
profile is a function of the cartier diffusion length. Upon
neutron bombardmeent, the diffusion length is decreased,
which results in a dectease in injected carrier density
within the base region and thus an increase in the forward
resistance of the device . A sensitivity range from 101¢ nvt
to >10'* nvt is presently attainable. The accuracy of
readout ranges from +50%at 101° nvt to *+50% at
10'* nvt and continues to improve at higher integrated
fluxes. The effect of base width, forward current level,
material properties, and processing parameters on the
sensitivity and uniformity of device characteristics are dis-
cussed.  The current-voltage behavior of the device is
shown to cotrespond to a model by Rose for diffusion-
dominated double injection in semiconductors. The small
size and ruggedness of the dosimeter and the simplicity
of readout make it patticularly suited for radiation-effects
expetimentation, accident dosimetry, and biological dosi-
metry.

281 (INR-621/XV/I) SILICONE LITHIUM
DRIFTED DETECTORS,

Kuchcinski A. (Institute of Nuclear Research, Warsaw
[Poland]). Apr. 1965. 28 p.

An investigation of lithium-drifted silicon detectors is
summarized. The prepatation of the detectors is described,
and the performance of the detectors in detection of alpha
particles and beta particles is discussed.

282 (UCRL-14405) RESPONSE FUNCTION
AND SENSITIVITY OF DOUBLE-DIFFUSED SILI-
CON DETECTORS IN HIGH y-DOSE RATE FIELDS.

Kuckuck R. W., Bernescut R., Zatzick M. R., Jupiter C.
(Lawrence Radiation Lab., Univ. of California, Livermore).

Oct. 12, 1965. Contract W-7405-eng-48. 29 p. (CONF-
651001-12). Dep. mn; CFSTI $2.00 cy, $0.50 mn.

From IEEE Nuclear Science Symposium, San Francisco.

A number of double-diffused (PIN) silicon detectors were
exposed to peak y-dose rates of 101? y-Mev/cm?2-sec gener-
ated by a flash x-ray machine. Detailed examination of
the rate-of-rise and linearity was accomplished by super-
position of 200-Mc Rossi signal on the oscilloscope traces
of the test detector, as well as that of the non-saturable
monitor detector. At detector bias voltages of 3000 v,
and load impedances of 25 ohms, peak linear currents of
approximately 48 amp wete observed with rise times less
than 10 nanoseconds. Sensitivity measurements of the
detectors wete obtained at lower dose rates of about 1018
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y-Mev/cm?-sec by exposute to a thick target bremsstrah-
lung soutce, using a 10-Mev linac beam. The curtrent-
time integral of a detector signal provided a measure of
the charge per pulse and a thimble ionization chamber
was used to measute the average dose per pulse.

283 ARRANGEMENT FOR POSITION AND
ENERGY DETERMINATION WITH SEMICONDUC-
TOR DETECTORS.

Kuhlmann W. R., Lauterjung K. H., Schimmer B. (Univ.,
Cologne).

Nucl. Instrum. Methods, 40: 109-12 (Feb. 1966). (In
German).

Charged particles produce in position-sensitive solid s:ate
detectors information proportional to the energy and
energy-dependent information proportional to the position.
The quotient of the two types of information delivers
energy-independent position data. A detector bank of
40 mm length, made of 4 such detectors, was connected
to a pulse division circuit, deliveting energy information
and energy-independent position information.

284 (NYO-3510-14) BIOLOGICAL AND CLI-
NICAL DOSIMETRY.

Annual Progress Report, July 1, 1964 - June 30, 1965.
Laughlin John S. (Sloan-Ketteting Inst. for Cancer Re-
search, New York).

July 6. 1965. Contract AT(30-1)-3510. 80 p. Dep. mn;
CFSTI $3.00 cy, $0.75 mn.

During the period of this report local dose micro-
calorimeter previously described was employed to examine
the depth-dose distribution produced in carbon by high
enetgy electrons. Cavity ionization measurements were
made in the same geometry and cotrected to dose in rads
with and without the polatization cortection. It is signifi-
cant that at large depths where the electron energy was
low the absolute values of dose obtained by these two
methods agree. At lesser depths the polatization correc-
tion was required to bring the two methods into approxi-
mate agreement. The significance of some remaining
discrepancy at higher enetgies is being further investigated.
An intercomparison of the dose produced by high energy
electron beams as measured at different institutions was
instituted. Both the lithium fluoride thetmoluminescent
dosimeter and the Fricke ferrous sulphate dosimetet have
been under extensive development with respect to dif-
ferent methods of packaging for mailing, procedures for
optimum reproducibility, etc. A significant difference
between the dose in rads as measured by lithium fluoride
luminescence and by the Fricke ferrous sulphate dosi-
meter between cobalt-60 gamma rays and high energy
electrons was discovered. The significance of this un-
expected dependence of lithium fluoride thermolumine-
scence on radiation quality is being investigated. Measure-
ments of the dose produced by the electrons from a high
intensity source (600 kev field emission generator) have
been initiated. Doses of the order of megarads delivered
in 30 nanoseconds have been measured with cellophane
dye and thermoluminescent methods. A calorimeter is
being designed to carry out these measurements on a




mote absolute basis. The investigation of solid state
detectors uncovered a temperature dependence. A further
effect involving a change in current output from the
detectors under prolonged itradiation was found to be
associated with the effects of ionized air on the surface
of the devices. Irradiation in vacuum eliminated this.
(28 references.)

285 (UCRL-16613) BIOLOGY AND MEDI-
CINE SEMIANNUAL REPORT, FALL 1965.

Lawrence John H (ed.) (California Univ., Berkeley, Don-
ner Pavilion. Lawrence Radiation Lab., Univ. of Califor-
nia, Berkeley).

Contract W-7405-eng-48. 109 p. Dep. mn. CFSTI $4.00
cy, $0.75 mn.

Progress is reported in diverse radiobiological studies
including: estimations of radiation doses astronauts will
encounter on the Apollo mission to the moon: the
response of Li-drifted silicon detectors to high-energy
2 and ptoton beams; a comparison of the biological effects
of the n~ beam produced by the 184-in. cyclotron with
the effects of the x radiation, vy radiation, and « particles
on the production of chromosome aberrations in Vicia
faba root metistems; the effect of the negative pion beams
on the proliferative capacity of an ascites lymphoma
irradiated in mice and assayed sm wivo; the isolation of
DNA from bactetiophages; the recovery of yeast (Saccha-
romyces cerevisiag) after exposure to x radiation ot heavy
ions (*He, 12C, or 29Ne); genetic studies of x and uv
induced yeast mutations; the relative magnitude of muta-
tional and balanced components of genetic load in popula-
tions; electrophoretic studies of light-induced electrical
charge in spinach chloroplasts; the content of erythro-
poietin in urine of patients with anemia secondary to
hookworm; the phagocytic activity of the reticuloendothe-
lial system of mice after supptession of immune respon-
siveness by neonatal thymectomy or by adult thymectomy
plus wholebody v irradiation; and studies on the ESR
specttum of OH free radicals produced in irradiated H.O
and ice samples in both polycrystalline and single crystal
form. A list is included of 24 papers published duting
the period covered by this report.

286 CONTRIBUTION TO THE THEORY
OF SEMICONDUCTOR COUNTERS FOR IONIZING
PARTICLES.

Lenchenko V. M., Iminov I. (Inst. of Nuclear Physics,
Academy of Sciences, USSR).

Izv. Akad. Nauk Uz SSR, Set. Fiz.-Mat. Nauk, No. 2,
54-9 (1965). (In Russian).

A surface-bartier n-p counter with a broad space-charge
region which encloses the entire track of the ionizing
particle is considered. To obtain information on the
effect of the semiconductor properties (cartier lifetime,
mobility, etc.) on its counting ability, the track length,
and the ionizing ability of the particle, it is necessary to
calculate the waveform of the cutrent and voltage pulses
produced by the ionizing particle in the countet. Calcula-
tions were made neglecting the deviation of the semi-
conductor space-charge field from homogeneity, neglecting
the dependence of the carrier lifetime on their density,

and assuming the width of the space-charge region to be
much latger than the track length. Typical current and
voltage pulses obtained for such a counter are shown
and are in good agreement with experimental data. Calcu-
lation of the amplitude of the voltage pulse and its
growth time as functions of the parameters and of the
particle are also in satisfactory agreement with experiment.

287 MINIMUM CHARGE DETECTION USING
SELECTED TUNNEL DIODES AND CHARGE MUL-
TIPLYING SEMICONDUCTORS.

Locker Robett J. (General Electric Co., Philadelphia).

IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci., NS-13:
No. 1, 382-8 (Feb. 1966).

The use of a charge-multiplying semiconductor detector
in a circuit containing a tunnel diode biased for charge
detection is discussed, and an instrument that was develo-
ped to detect 5.6-kev x rays from 55Fe is described. The
characteristics of the insttument are summatized.

288 (D2-84071-1) THE RESPONSE OF P-I-N
DETECTIONS TO VARIOUS NUCLEAR RADIA-
TION ENVIRONMENTS.

Lowrey A. R., Friddell K. D. (Boeing Co., Seattle, Wash.).
(1964). Contract AF29(601)-6425. 50 p.

Si and Ge p-i-n detectors ate exposed to various transient
and steady-state radiation environments, and the theore-
tical and expetimental variations in response ate tabulated,
compared, and analyzed. The radiations to which the
detectots are exposed include gamma rays, x rays, and
electrons.

289 (UCRL-16446) SOME USES AND CHA-
RACTERISTICS OF MOS TRANSISTORS FOR
HEALTH PHYSICS APPLICATIONS.

McCaslin Joseph B. (Lawrence Radiation Lab., Univ. of
California, Berkeley).

July 1965. Contract W-7405-eng-48. 31 p. (CONEF-
651109-6). Dep. mn; CFSTI $2.00 cy, $0.50 mn.

From 1st Symposium on Accelerator Radiation Dosimetry
and Experience, Upton, N. Y.

Some of the characteristics of metal-oxide-semiconductor
field-effect transistors (MOS), which may be useful in
problems of radiation detection, are studied. It was found
that these transistors are particularly suitable for electro-
metet applications. Input leakage currents of =~=1071% A
and transconductances of 750 pumhos ate typical. Semi-
guarded MOS’s exhibit leakage currents near 10718 A, but
the transconductance is down to about 70 pmhos. The
MOS, unlike its vacuum-tube counterpart, is a high-fre-
quency device which is capable of operation in the nano-
second region. A fast BF; detector, pulse shaper, and line
driver were constructed which produce pulses of 30 to
80 ns duration at half-maximum pulse height. This
moderated BF; system was useful for fast-neutron monitot-
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ing at the Bevatron during rapid beam extraction. The
sensitivity is 2 counts/n-cm? A 47 anticoincidence G-M
foil counter was constructed with MOS’s in digital cit-
cuitty. The saturated zero-time sensitivity for 2-in.-dia.
2-g indium foils is 21 counts/min per n/cm?-sec. Back-
ground with 2 in. of lead is 22 counts/min. Static radia-
tion damage tests were made in order to determine the
suitability of MOS’s in areas of high-level tadiation such
as target areas. Tests wete petformed with 7.5-Mev elec-
trons in the range of absorbed dose from 10* through 108
rads, 7.5-Mev btemsstrahlung gammas at 10% rads, and
an integrated thermal neutron exposure of 4 X 10** n/cm?,
Data are presented that show postirradiation shifts in gate
threshold voltage Vgst, d-c transconductance gm, drain-
source leakage current Ipss, and gate leakage current Ia.
Effects of radiation on the drain-source and gate-soutce
breakdown voltages are also given. The predominant
effect of ionizing radiation on these devices is a gradual
upward shifting of the gate threshold voltage such that
at 108 rads the required bias is =~—15 v instead of the
preirradiated value of —4.5 to — 5 v. Gate input leakage
current is considerably increased to 107 rads and is
unpredictable at 108 rads. These tests indicate that MOS
transistors, although superior in most respects to conven-
tional vacuum-tube electrometers, are more easily damaged
by large doses of ionizing radiation. They must be
shielded when used in areas of sustained high radiation
intensity.

290 FLUCTUATIONS OF ENERGY LOSS BY
HEAVY CHARGED PARTICLES IN SILICON DE-
TECTORS: PRELIMINARY MEASUREMENTS.

Maccabee. H. D.,, Raju M. R. (Univ. of California,
Betkeley).

Nucl. Instrum. Methods, 37: 176-8 (Nov. 1965).

The probability disttibutions of energy losses of 730-Mev
protons and 370-Mev pions in 0.48-g/cm2? and 0.45-
g/cm2, Si detectors, respectively, ate measured over the
energy-loss range of 0.5 to 1.4 Mev. The results are
compared with the Vavilov and Landau theories for the
proton and pion energy losses, respectively. Explanations
are proposed for the disctepancies noted.

291 RADIOACTIVE MEASUREMENTS IN
RADIO-CHEMISTRY.

Maddock, A. G. (Cambtidge Univ., Eng.).

pp. 359-62 of Primera Conferencia Interamericana de
Radioquimica. Washington, D. C., Union Panamericana,

1965.

The advantages, disadvantages, and the precautions neces-
sary in radioactive measurements ate reviewed. Scintilla-
tion countets, proportional counters, and solid-state detec-
tors are considered.

292 LARGE-VOLUME COAXIAL GERMA-
NIUM GAMMA-RAY SPECTROMETERS.

Malm H. L., Fowlet 1. L. (Atomic Energy of Canada Ltd.,
Chalk River, Ont.).

IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci., NS-13:
No. 1, 62-71 (Feb. 1966).
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Lithium-dtifted germanium p-i-n diodes with sensitive
volumes in the range of 16 to 54 cm® were fabricated
using the coaxial method of drift. The petformance of
the diodes as gamma spectrometers was investigated. With
a gamma energy of 122 kev, resolutions of 3.0 and 4.4
kev (full width at half maximum) were obtained using
diodes with sensitive volumes of 23 and 54 c¢m3, respect-
ively. The coaxial diodes also had high efficiencies.

293 (CRGP-1224) LARGE-VOLUME COAXIAL
GERMANIUM GAMMA-RAY SPECTROMETERS.

Malm H. L., Fowler I. L. (Atomic Enetgy of Canada Ltd.,
Chalk River [Ontariol).

Oct. 1965. 35 p. (AECL-2504). AECL $1.00.

Germanium lithium-drift p-i-n diodes for high resolution
y-tay spectroscopy wete made with sensitive volumes in
the tange 16 to 54 cm® (1 to 3.3 in.%) using the coaxial
method of drift. Details of the construction, mounting,
and preparation as spectrometers ate given. The shape of
the undrifted p-type core was determined by scanning
with a collimated y-ray beam and by copper plating the
sutface of a sectioned diode. The characteristics as spectro-
meters using v rays of energies in the range 0.1 to 7.5
Mev, are shown. At 122 kev enetgy, resolutions of 3.0
and 4.4 kev (fwhm) were obtained with diodes of sensi-
tive volumes 23 and 54 cm® respectively. A 16 cm?®
volume diode had a resolution of 4.8 kev at 1333 kev
v-ray energy, and a 45 cm® diode had resolutions of 6.5
and 19 kev at energies of 1.1 and 5.1 Mev respectively.
The diodes were operated at bias voltages in the range
600 to 1500 v. Intrinsic full energy peak efficiencies
are shown for different diode sizes over a range of y-ray
energies. For the 54 cm?® volume diode, these efficiencies
are 21 and 8% respectively for y-ray energies of 0.5 and
1.0 Mev with a soutce to diode distance of 30 c¢cm. The
larger diodes show a greatly enhanced peak/total ratio,
and the higher efficiencies make these spectrometers
extremely useful in reaction yray, y-y coincidence, and n,y
studies.

294 DOPING OF SILICON BY ION IMPLAN-
TATION.

Manchester K. E., Sibley C. B., Alton G.

Nuclear Instruments and Methods, Vol. 38 (1963),
p. 169-174.

The feasibility of doping silicon by directly implanting
imputity atoms has been demonstrated. Both phosphorus
and boron ions have been successfully implanted in silicon
to produce electrical junctions. Junctions as deep as
1.2 um have been produced by phosphorus ions having
energies the order of 80 keV. An electromagnetic separator
has been used to conttollably produce uniform, large area
implantations for evaluation experimentation. Correlations
between junction depths and ion energies have been
obtained. Orientation effects have been observed and it
has been found that the <<110> direction is the easy
ditection for implanting. Monitoring of thermal treat-
ments of implated substrates by sheet resistance measure-
ment indicates a very mild thermal anneal and removes
most of the damage done duting the implantation. These
indications are further substantiated by revetse current




measurements of junctions produced by implantation.
Electrical characteristics of implanted junctions will be
compared with those of diffused junctions.

295 JUNCTION COUNTERS PRODUCED
BY IRRADIATION OF SILICON WITH DOPANT
IONS.

Martin F. W., Harrison 8., King W. J. (lon Physics
Corp., Burlington, Mass.).

IEEE (Inst. Elec. Electron. Eng.). Trans. Nucl. Sci., NS-13:
No. 1, 229 (Feb. 1966).

The fabrication of Si junctions by implantation of B ions
and P ions through a previously applied layer of sputtered
quartz is described, and the charactetistics of the counters
are summarized. The production of ten countets on 2
single slice for use in the focal plane of a magnetic
spectrograph is also discussed, and the parametets of the
10-element countet ‘ate given.

296 NEUTRON AND GAMMA SENSITIVI-
TIES OF DYNAMIC DETECTORS.

Mattin J. A., Shatzkes M., Kloepper R. M.

IEEE (Inst. Elec. Electron. Eng.), Trans. Nucl. Sci., NS-12:
101-11 (Oct. 1965).

The neutron and gamma sensitivities of nine detectors
wete studied in experiments performed at the Sandia
Pulsed Reactor (SPR). Six of the detectors tested are
predominantly gamma detectors at the SPR and three
produce a significant fraction of their total curtent due to
the neutron flux during a normal SPR burst. None of
the detectors studied were found to be predominantly
sensitive to the neutron flux during a normal SPR butst.
Tests performed at pure gamma soutces on a pin dicde
detector are also described. The neutron induced cutrent
in the silicon detectors is treated theoretically. The pin
response characteristics, and the relative neutton and
gamma sensitivity of the radiation detectors are considered.

297 (AD-627930) GERMANIUM (LITHIUM)
DETECTOR FABRICATION.

Mathiesen J. M., Hutley J. P. (Naval Radiological Defense
Lab., San Francisco, Calif.).

Dec. 9, 1965, 29 p. (USNRDL-TR-949). CESTI $2.00
¢y, $0.50 mn.

The techniques used in the fabrication of lithium-drifted
germanium detectors at NRDL are described. Some exam-
ples of gamma pulse-height spectra were tecorded with
one of the detectors are included.

298 (IKF-14) ENTWICKLUNG EINES HALB-
LEITERZAEHLER-TELESKOPS UND SEINE AN-
WENDUNG ZUR UNTERSUCHUNG DER REAK-
TION %Si(n.p)®Al.

(Development of a Solid-State Detector Telescope and its
Application for Studying the Reaction 28Si(n,p)28Al).

Mausberg W. (Institut fiir Kernphysik, Universitat Frank-
furt [West Germanyl).

Dec. 1965. 88 p. Dep. mn.

A telescope was developed consisting of four solid state
detectots, the first of them serving as target for the reaction
288 (n,p) 28 AL

Angular disttibutions of the proton group pea emetging
from the transition to the ground state doublet of 23Al
were measuted at neutron energies of 9.1, 14.1, and
21 Mev, the neutrons having an energy spread of about
200 kev. Absolute values of the ctoss sections are given.
The distribution at 9.1 Mev is symmetric to 90° but
cannot be described by a Hauser-Feshbach calculation.
The distributions at 14.1 and 21 Mev are asymmetric; they
are fitted well by DWBA calculations of Agodi and
Schiffrer, if one assumes for 14.1 Mev an isotropic
compound conttibution of 60%.

299 METHOD OF MEASURING NUCLEAR
RADIATION UTILIZING A SEMICONDUCTOR
CRYSTAL HAVING A LITHIUM COMPENSATED
INTRINSIC REGION.

Mayer James W. (Hughes Aircraft Co.).

U. S. Patent 3,225,198. Dec. 21, 1965. Filed May 16,
1961.

A device for measuring nuclear radiation consists of a
silicon semiconductor ctystal having a lithium compen-
sated inttinsic region between the P and N type regions
and means for measuring the electrical pulses generated
between the P and N type regions. The crystal is main-
tained at a temperature below 100°C, and the bias voltage
is maintained between 10 and 500 v. The bias and the
width of the intrinsic region are sufficient to produce a
depletion region in the crystal in excess of 1 mm thick.

300 IMPLANTATION AND CHANNELING
EFFECTS OF ALKALI ION BEAMS IN SEMI-
CONDUCTORS.

Medved D. B., Perel J., Daley H. L., Rolik G. P.

Nuclear Instruments and Methods, Vol. 38 (1965),
p. 175-177.

Ion beams of K* and Cs* in an energy range from
1-20 keV have been employed in a study of penetration,
channeling and type conversion in targets of oriented
single crystal semiconductors, particularly silicon. The
alkalis form n-type impurities in silicon. Targets of
p-type silicon over a wide resistivity range have been

used to study conversion and junction formation effects.

Target resistivity, crystallographic orientation energy. and
target temperatutre ate impottant parameters in determin-
ing the profile of the implanted species and the junction
depth Xs. The effects of crystallographic orientation on
junction depths (determined directly by angle/section and
stain techniques) atre strongly suggestive of a channeling
process. The order of penetrability is (110)>(111)>(100)
and the sheet resistance of the implanted layers is
consistently smaller for the transparent directions. The
variation of junction depth with the energy of the ion
is not as important as its dependence on the target
temperature on crystallographic orientation (with the
velocity of the ion rather than its energy being the
determinant factor for measured values of Xs). The
magnitude of the channeling effect is strongly tempera-
ture dependent. Concentrations of electrically active species
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in targets implanted by potassium ate an order of magni-
tude higher than those achieved with cesium implantation
under similar conditions. The profile of the electrically
active species appeats to have two parts; there is a layer
of high concentration and relatively steep gradient fol-
lowed by a petsistent straggling tail.

301 (NP-tr-1302)  POSITION  FINDING
COUNTER FOR THE BUECHNER MAGNET.

Melzer W., Puehlhofer F. (Max-Planck-Institut fir Ketn-
physik, Heidelberg {West Germanyl).

Translated by L. J. Herbst (UK.A.E.A. Atomic Enetrgy
Reseatch Establishment, Hatwell, Eng.), from report 1965/
V/2. 21 p. Dep. mn; JCL $2.60 fs, $0.83 mf.

Silicon surface battier detectors for determining simultan-
eously the energy of the incident particle and the position
of impact are described. The counters are used for atrang-
ing the focal plane of the Buechner magnetic spectro-
graph. The principle of the counter and a calculation of
position tesolving power are given. Experiments ate
described which illustrate the testing and application of
position finding counters. The arrangement of the Buech-
net spectrogtaph is discussed.

302 FABRICATION AND STUDY OF THICK
BASE FREE SURFACE BARRIER DETECTORS.

Meyer O., Langmann H. J. (Kernforschungszentrum,
Karlsruhe, Ger.).

Nucl. Insttum. Methods, 39: 119-24 (Jan. 1966). (In
German).

Surface barrier detectors are fabricated with depletion
layers up to 3 mm. Some special construction details,
necessary to produce fully depleted counters, are given.
Fully depleted counters used in a stack diminish the pulse
rise time and stop high energy particles. A reproducible
measurement of the resistivity of the bulk material is
described. The best energy tesolution obtained with a
2-mm-thick liquid-air-cooled counter for 1 Mev electrons
was 2.1 kev. The Fano factor for electrons is found to
have a value of 0.13 + 0.02.

303 (KFK-328) HERSTELLUNG UND UNTER-
SUCHUNG VON DICKEN BASISFREIEN OBER-
FLACHENSPERRSCHICHT-ZAHLERN.

(Preparation and Study of Thick Depleted Surface Barrier
Detectors).

Meyer O., Langmann H.-J. (Kernforschungszentrum, Karls-
ruhe [West Germanyl).

May 1965. 14 p. Dep. mn.

The preparation and petformance of depleted surface-
bartier detectors were studied. Detectors with depletion
layers up to 3 mm thick were fabricated, and a method
of measuring the resistivity of the bulk material was
developed. The best energy resolution, obtained with a
2-mm-thick liquid-ait-cooled counter for 1-Mev electrons,
was 2.1 kev.
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304 RADIATION MONITOR.

Moncaster Michael Edwatd, Northrop David Covell,
Raines John Arthur (Services Electronics Research Lab.);
Pretty William Edward (Admiralty Research and Develop-
ment Setvices).

British Patent 1,008,945. Nov. 3, 1965. Filed May 2, 1962.

A solid state radiation detector comprises a slice of a
single crystal high resistivity Si having one of its opposite
faces converted into a P-N junction and the other face
into an ohmic contact by the diffusion into them of
appropriate impurities. The slice is mounted and sealed
in a metal capsule by attachment of one of the faces to
the metal of the capsule constituting an external connec-
tion to the detector. If the slice is to setve as a gamma
ray detector, the capsule is hetmetically sealed around
the slice by enclosing it with its ohmic contact face
attached to the capsule and an insulated spring contact
to the junction face as the other external contact. If the
detector is to be used for charged particles, the slice is
sealed at its junction face across an aperture in the
capsule with the insulating spring contact bearing on the
ohmic contact face.

305 (CEA-R-2846) SUR QUELQUES UTILISA-
TIONS DE L’ENREGISTREMENT DES FRAGMENTS
DE FISSION DANS LES ISOLANTS.

(On Some Uses of the Recording of Fission Fragments
Occurting in Insulators).

Mory Jean (Commissariat 4 'Energie Atomique, Fontenay-
aux-Roses (France). Centre d’Etudes Nucléaires).
Sept. 1965. 60 p. Dep. mn.

After briefly recalling the interaction processes between
chatged particles and matter, and giving a quantitative
study of the relationships connecting the various para-
meters, some of the following applications are considered;
thermal neutron dosimetry, fast neutron dosimetry, dosage
of very low fissile impurity concentrations, and study of
fissile elements occutring in atmospheric dusts. Results
are then briefly given of an automated counting test fot
traces effected by measuring the electrical resistivity of
the irradiated membrane. Finally, the advantages and
disadvantages of these solid detectors are discussed, espe-
cially with respect to nuclear emulsions whose uses are
apptoximately identical.

306 ROCKET MEASUREMENTS OF ENER-
GETIC PARTICLES. 1. DESCRIPTION OF THE EX-
PERIMENT.

Mozer F. S, Crifo ]J. J., Blamont J. E. (Service d’Aéro-
nomie, Verriéres-le-Buisson, France).

J. Geophys. Res., 80: 5699-5707 (Dec. 1, 1965).

Two rockets were fired along the magnetic field line
L = 5.6 to altitudes above 400 km to measure the fluxes,
energy spectrums, and angular distributions of protons
and electrons with energies above 150 kev. The objectives
of the experiment are stated and the payload operation is
described.




307 ETCHING CELL FOR SEMICONDUCTOR
COUNTERS.

Muggleton A. H. F. (Atomic Weapons Research Estab-
lishment, Aldermaston, Eng.).

Nucl. Instrum. Methods, 37: 345 (Nov. 1965).

A cell is designed in which semiconductors (and, in
particular, lithium-drifted semiconductors) can be etched
under controlled conditions with ease. The cell may be
constructed of polythene or Teflon.

308 FABRICATION METHODS FOR LI-
THIUM-DRIFTED SURFACE-BARRIER SILICON
DETECTORS.

Murray H. M., Harpster J. W., Casper K. J. (Western
Reserve Univ., Cleveland).

Nucl. Instrum. Methods, 40: 330-6 (Mar. 1966).

Techniques for the fabrication of lithium surface barrier
silicon detectors ate presented. All important chemical
procedures are described in detail. The detectors made
by these techniques exhibit resolutions of 15-30 kev on
internal conversion electrons when operated at room
temperature,

309 CHARGE COLLECTION IN CERTAIN
TYPES OF SEMICONDUCTOR RADIATION DE-
TECTORS.

Papadakis A. C. (Post Office Research Station, London).
Nucl. Insttum. Methods, 40: 177-8 (Feb. 1966).

A discussion of charge collection in semiconductor detec-
tors is given with restriction to the common case where
ionization occurs very close to one electtode so that the
contribution of one type of catrier is negligible over most
of the collection time. Only transit of the remaining
carriers needs then be considered, and it is further assumed
that recombination and trapping duting their transit time
is negligible since field perturbations are then most
significant. Two stages of charge collection are considered:
from a time after ionization until the time when the
first of the excess mobile carriers reach the opposite
electrode, and from this time until the time when collec-
tion of the excess carriers is complete.

310 DETECTION OF 30 AND 40 Mev PRO-
TONS BY A THIN-WINDOW LITHIUM-DRIFTED
GERMANIUM COUNTER.

Pehl R. H,, Landis D. A., Goulding F. S., Jarrett B. V.
(Univ. of California, Berkeley).

Phys. Lett., 19: 495-6 (Dec. 1, 1965).

The response of thin-window lithium-drifted germanium
counters is investigated. Cottections wete made for the
spread of the beam energy, the thin window, and elec-
tronic noise. The remaining spread was found to be
21 kev for 30-Mev protons, and 30 kev for 40-Mev
protons. Also the theoretical limitation of the energy
resolution is given as a function of the energy deposited
in a germanium crystal for different non-detector con-
tributions.

311 NUCLEAR RADIATION DETECTORS
WITH SEMICONDUCTOR DEVICES. PART L

Poenaru Dorin, Vilcov N. (Inst. of Atomic Physics, Bu-
charest).

Acad. Repub. Pop. Rom. Stud. Cercet. Fiz., 17: 203-42
(1965). (In Rumanian).

Although it has been known for some time that solids
present advantages for counting x or y radiation, such as
low ionization energy and higher s:opping power, they
were employed only in the form of photographic emul-
sions or scintillators. Since 1949 attempts were made to
employ high-purity Ge as a detector of charged particles;
following these studies, many semiconductor detectors
were developed, in particular for recording heavy charged
particles, such as ptrotons, deuterons, a particles, fission
fragments, etc. These instruments have excellent resolving
power, they withstand fluxes up to 10'¢ protons/cm? and
10't o particles/cm? and may be used in the presence
of a relatively high v background. With special circuitry,
high enetgy electrons and v tays may also be recorded.
A 4-Mev o particle is able to transfer about 2 kev
maximum energy. This collision process also allows a
shift of electrons from the valency band to the conduct-
ance band, forming electton vacancy paits. The path of
the low-energy electrons formed by collision is only about
0.1 p; therefore, the trajectory of heavy primary particles
is marked by a thin cylindrical plasma of vacancies and
electrons. The time of stoppage is estimated at 2.8 x 10712
sec for electrons and 2.6 x 10~'! sec for « particles. Equa-
tions were derived for following the movement of charge
carriers, and their collection in actual devices, taking into
account the problem presented by the noise. (Review
article, 27 teferences).

312 RADIATION DETECTORS WITH SEMI-
CONDUCTOR DEVICES. PART II. CHARACTERIS-
TICS OF SEMICONDUCTOR DETECTORS.

Poenaru D., Vilcov N.

Acad. Repub. Pop. Rom. Stud. Cercet. Fiz,, 17: 695-723
(1965). (In Rumanian).

Operation of semiconductor detectors depends on electric
parameters, such as the volt-ampere characteristics, the
capacity of the barrier layet and the thickness of the space
charge region. Knowledge of these parameters makes
it possible to determine the width of the profile of the
detector, establishing the maximum energy, at which
linearity of the spectrometric measutements can still be
maintained. A nomogram was developed for facilitating
calculation of the space charge region for a given tesisti-
vity of the semiconducting material and a given voltage.
The detection characteristics include the maximum energy
that can be linearly detected as a function of the applied
voltage, the efficiency, enetgy resolution, and time-related
ptoperties. The enetgy resolution can be conveniently
measuted by means of a 241Am source which possesses
three suitable lines at 5.477, 5.435, and 5.375 Mev. A
fast time response is especially important for time-of-
flight measutements, multiple coincidences, detection of
charged particles in the presence of a strong v background,
and trapid collection of data from a pulsed accelerator.
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The effect of temperature, of magnetic field, and of light
on the sensitivity of the detector was also examined,
together with the effect of y and neutron radiations.
(Review atticle).

313 (BNL-9980) A PARAMETRIC RADI-
ATION DETECTOR PREAMPLIFIER.

Radeka V., Chase R.L. (Brookhaven National Lab., Upton,
N. Y.).
[nd].

Contract AT-30-2-GEN-16, 21 p. (CONF-660304-2).
Dep. mn. CFSTI $1.00 cy, $0.50 mn.

From Institute of Electrical and Electronics Engineers,
Scintillation and Semiconductor Counter Symposium,
Washington, D. C.

A charge-sensitive preamplifier is described, in which a
pair of varactor diodes is used in a parametric configura-
tion as the first amplifying element.

314 PION STUDIES WITH SILION DETEC-
TORS.

Raju M. R., Aceto H., Richman C. (Univ. of California,
Berkeley).

Nucl. Instrum. Methods, 37: 152-8 (Nov. 1965). (UCRL-
16071).

Measurements are made of the probable energy loss in
silicon for pions of energies extending from 365 to 50
Mev. The results agree within 2% with the theoretical
values. The behavior of the pion beam with its inherent
muon and electron contaminants, as it passes through
various thicknesses of absotbing material, is displayed.
The energy distribution of negative pion stars in silicon
is measuted and found to be a constantly decreasing
function of enetgy, with the high-enetgy tail extending
beyond 60 Mev.

315 LOW-ENERGY MOSAIC ELECTRON
SENSOR.

Reinitz Katl (Westinghouse Defense and Space Center,
Baltimore).

IEEE (Inst. Elec. Electtron. Eng.), Trans. Nucl. Sci.,, NS-13:
No. 1, 762-4 (Feb. 1966).

A composite sutface-bartier diode for the detection of
low-enetgy electrons is described. The device is fabricated
on a Si wafer with a diameter of approximately 1 in.
and has a sensitive window (0.5 in.x0.5 in.) on the
active side of the unit. The back side of the unit has
two perpendicular sets of parallel evaporated conductors
that are used for readout. The location of an incident
patticle is determined by the particular channels through
which the readout is accomplished.

68

316 AN ELECTRON-PROTON SPECTROME-
TER FOR ROCKETS USING SOLID STATE DE-
TECTORS.

Riedler W. (Kiruna Geophysical Observatory, Sweden).

pp. 137-45 of Proceedings of a Symposium on High
Latitude Particles and the Ionosphere, Alpbach, 1964.
Maehlum B. (ed). New York, Academic Press, 1965.

An instrument is described which was designed to measure
integral energy spectra of auroral electrons and protons
in the range from 40 to 104 kev. Silicon junction particle
detectors were used for this purpose. Preliminary results
from a successful launch on 12 March 1964 from Andgya,
Norway, are given.

317 GAMMA-RAY ENERGIES DETERMINED
WITH A LITHIUM-DRIFTED GERMANIUM DE-
TECTOR.

Robinson R. L., Stelson P. H., McGowan F. K., Ford
J. L. C. Jr., Milner W. T. (Oak Ridge National Lab.,
Tenn.).

Nucl. Phys., 74: 281-8 (1965). (ORNL-P-1518).

The energies of gamma rays from about sixty nuclides
have been determined to within a few tenths of a kev
by means of a lithium-drifted germanium detector. They
include values for the transitions tesulting from the decay
of 31Cr, "Be, 2%7Bi, 5*Mn, 88Y, %Zn, and 22Na which are
frequently used as calibration standards. The majority of
enetgies are for transitions following Coulomb excitation.
Previously unresolved gamma-ray doublets have been ob-
served in the decay of the radiocactive nuclei °2 Rh and
106Rh and in Coulomb-excited 75As, "Se, 117Sn, and
1198n. From the relative intensities of the members of
the 77Se doublet, new estimates have been made for the
B(E2)ex s of the 239,3 and 250.1 kev states. They are,
respectively, 1770 + 160 and 94 + 26 e? fm*.

318 A SIMPLE METHOD FOR THE MEAS-
UREMENTS OF TOTAL NEUTRON CROSS
SECTIONS.

Roessle E.,, Taubet M. (Johann-Wolfgang-Goethe-Univ.,
Frankfurt am Main).

Nucl. Instrum. Methods, 39: 261-4 (Jan. 11, 1966).

The ground state transition of the reaction 28Si(n,z)2°Mg
in solid state detectors is used for recording the neutron
intensities in the transmission experiments for the evalua-
tion of neutron total cross sections. The absorber is
placed between two solid state detectots and the transmis-
sion determined in a single measurement. The method is
particularly suitable in the energy rtange of 6<Ea
<9 Mev.

319 GOLD-SILICON SURFACE-BARRIER
BETASPECTROMETER WITH MULTI-GUARD-
RING.

Roman Jerzy (Central Lab. for Radiological Protection,
Warsaw). Chwaszczewska Janina, Dabrowski Andrzej.

Nukleonika, 10: 255-7 (1965).




Gold-silicon surface-barrier detectors with very low leak-
age-current, good energy resolution at high reverse bias,
and high stability in long-term operation and containing
multiple-guard-rings were constructed. The detectors were
tested up to 1,500 v reverse bias at room temperature
without any sign of breakdown. A long-term test proved
that the detectors operate for several weeks in air and
in vacuum without