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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Committees
of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of
the broad expertise on the subject within the Institute as well as those
activities outside of IEEE which have expressed an interest in participating
in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE
Standard does not imply that there are no other ways to produce, test,
measure, purchase, market, or provide other goods and services related
to the scope of the IEEE Standard. Furthermore, the viewpoint expressed
at the time a standard is approved and issued is subject to change brought
about through developments in the state of the art and comments received
from users of the standard. Every IEEE Standard is subjected to review
at least once every five years for revision or reaffirmation. When a doc-
ument is more than five years old, and has not been reaffirmed, it is
reasonable to conclude that its contents, although still of some value, do
not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any in-
terested party, regardless of membership affiliation with IEEE. Sugges-
tions for changes in documents should be in the form of a proposed change
of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the mean-
ing of portions of standards as they relate to specific applications. When
the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE
Standards represent a consensus of all concerned interests, it is important
to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason IEEE and the members of its technical
committees are not able to provide an instant response to interpretation
requests except in those cases where the matter has previously received
formal consideration.

Comments on standards and requests for interpretations should be ad-
dressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of ANSI/IEEE Std 325-1986, IEEE Standard Test Procedures for Germanium Gamma-Ray
Detectors.)

This document provides standard test procedures for germanium gamma-ray detectors for ionizing
radiation. It is the result of combining and updating the previous edition of this standard along with
ANSI/IEEE Std 645-1977 and ANSI/IEEE Std 680-1978. The modifications and refinements are
based on the experience gained in using the earlier documents over a period of years, taking into
account advances in the technology. Companion documents are ANSI/IEEE Std 300-1982, IEEE
Standard Test Procedures for Semiconductor Charged-Particle Detectors, ANSI/IEEE Std 301-1976,
IEEE Standard Test Procedures for Amplifiers and Preamplifiers for Semiconductor Radiation De-
tectors for Ionizing Radiation, and ANSI/IEEE Std 759-1984, IEEE Standard Test Procedures for
Semiconductor X-Ray Energy Spectrometers.

At the time it approved this standard, the Nuclear Instruments and Detectors Committee of the
IEEE Nuclear and Plasma Sciences Society had the following membership:

D. C. Cook, Chairman Louis Costrell, Secretary
M. S. Andreaco F. S. Goulding D. E. Persyk
Muzaffer Atac F. A. Kirsten P. L. Phelps
J. A. Coleman T. R. Kohler K. L. Swinth
J. F. Detko H. W. Kraner J. H. Trainor
Edward Fairstein G. L. Miller S. Wagner
F. J. Walter

Robert E. Stone served as project leader for the development of this standard.
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to the IEEE Standards Board:
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When the IEEE Standards Board approved this standard on June 19, 1986, it had the following
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John E. May, Chairman Irving Kolodny, Vice Chairman
Sava 1. Sherr, Secretary
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An American National Standard

IEEE Standard Test Procedures for
Germanium Gamma-Ray Detectors

1. Scope

This standard applies to germanium radiation
detectors that are primarily used for detection
and high-resolution spectroscopy of gamma ra-
diation. These devices are also used for X-ray
spectroscopy and occasionally for charged-par-
ticle spectroscopy.

This standard describes the measurement of
detector system performance characteristics
that are important to the detector user. The
measurement techniques described have been
selected to be readily available to manufacturers
and users of germanium detectors.

2. Object

The object of this standard is to establish stan-
dard test procedures for germanium gamma-ray
detectors so that measurements have the same
meaning to all manufacturers and users.

Not all tests described in this standard are
mandatory, but tests that are used to specify
performance shall be performed in accordance
with the procedures described herein.

3. Definitions

avalanche breakdown (of a semiconductor
device). A breakdown that is caused by the cu-
mulative multiplication of charge carriers
through field-induced impact ionization.

ballistic deficit. The loss in signal amplitude
that occurs when the charge collection time in
a detector is a significant fraction of the ampli-
fier’s differentiating time constant.

band gap (in a semiconductor). The difference
in energy between the energy level of the bottom
of the conduction band and the energy level of
the top of the valence band.

baseline (at pulse peak). The instantaneous
value that the voltage would have had at the
time of the pulse peak in the absence of that
pulse.

bias (of a semiconductor radiation detector).
The voltage applied to a detector to produce the
electric field to sweep out the signal charge.

biased amplifier. An amplifier giving essen-
tially zero output for all inputs below a threshold
and having constant incremental gain for all
inputs above the threshold up to a specified max-
imum amplitude.

bias resistor (of a semiconductor radiation
detector). The resistor through which bias volt-
age is applied to a detector.

breakdown (of a semiconductor diode). A
phenomenon occurring in a reverse-biased semi-
conductor diode, the initiation of which is ob-
served as a transition from a region of high
dynamic resistance to a region of substantially
lower dynamic resistance for increasing mag-
nitude of reverse current.

breakdown region (of a semiconductor
diode characteristic). That entire region of the
voltage—current characteristic beyond the ini-
tiation of breakdown for increasing magnitude
of reverse current.

breakdown voltage (of a semiconductor
diode). The voltage measured at a specified cur-
rent in the breakdown region.

capacitance (of a semiconductor radiation
detector). The small-signal capacitance mea-
sured between terminals of the detector under
specified conditions of bias and frequency.

channel, surface (of a semiconductor radia-
tion detector). A thin region at a semiconductor
surface, of p- or n-type conductivity created by
the action of an electric field, for example, that
due to charges trapped in surface layers.
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channeling, lattice (in a semiconductor ra-
diation detector). A phenomenon that results
in a crystallographic directional dependence of
the rate of energy loss of ionizing particles.

charge carrier (of a semiconductor). A mobile
conduction electron or mobile hole.

charge collection time (of a semiconductor
radiation detector). The time interval, after
the passage of an ionizing particle, for the in-
tegrated current flowing between the terminals
of the detector to increase from 10-90% of its
final value.

charge-sensitive preamplifier. An amplifier,
preceding the main amplifier, in which the out-
put signal amplitude is proportional to the
charge injected at the input. See voltage-sen-
sitive preamplifier.

coaxial detector. A semiconductor radiation
detector in which all or part of the two electrical
contacts are substantially coaxial. Typically one
end of each contact configuration is closed
(closed-end coaxial detector), but both ends may
be open (open-end coaxial detector).

cooled-input FET preamplifier. A preampli-
fier in which the input field-effect transistor
(FET) is cooled to achieve a reduction in noise.

constant fraction discriminator. A pulse dis-
criminator that gives an output when the am-
plitude of the input signal, delayed, matches a
selected fraction of the undelayed signal. The
instant of matching is invariant with input-sig-
nal amplitude, and if the delay is less than the
fastest charge collection time, the timing spread
in the instant of matching will be less than that
in the charge collection time. The timing jitter
is minimized by appropriate choices of fraction
and delay. (See Fig 16.)

conventional-electrode coaxial detector (jar-
gon). A coaxial detector in which the outer con-
tact is an n-type layer.

crest factor (of an rms voltmeter). The ratio
of the peak voltage value to the full-scale value
of the range being used for measurement that
an average reading or rms voltmeter will accept
without overloading.

crossover time. The instant at which the
waveform of a bipolar pulse passes through a
designated level (usually zero).

crossover walk (of a pulse). The deviation of

IEEE STANDARD TEST PROCEDURES FOR

the crossover time as a function of some variable,
such as pulse amplitude.

CR-RC shaping. The pulse shaping present in
an amplifier that has a simple high-pass filter
consisting of a capacitor and a resistor together
with a simple low-pass filter, separated by
impedance isolation. (Pulse shaping in such an
amplifier cuts off at 6 dB per octave at both ends
of the band.)

dead layer (of a semiconductor radiation de-
tector). A layer of a semiconductor detector in
which no significant part of the energy lost by
particles can contribute to the resulting signal.
Note: The semiconductor detector may have an entrance
and an exit dead layer.

decay time constant. The time for a true single-
exponential waveform to decay to a value of
1/e of the original step height.

depletion region (in a semiconductor). A re-
gion in which the mobile charge-carrier charge
density is insufficient to neutralize the net fixed
charge density of donors and acceptors. In a
diode-type semiconductor radiation detector the
depletion region is the sensitive region of the
device.

depletion voltage (of a semiconductor radia-
tion detector). The voltage at which a junction
detector becomes fully depleted.

differential dE/dx detector. A transmission
detector whose thickness is small compared to
the range of the incident particle, and whose
entrance and exit dead layers are small com-
pared to the thickness of the detector.

differentiated (pulse) (pulse amplifier jar-
gon). A pulse is differentiated when it is passed
through a high-pass network, such as a CR filter.

diffused-junction detector. A semiconductor
detector in which the p-n or n-p junction is pro-
duced by diffusion of acceptor or donor impu-
rities.

diffusion depth (of a semiconductor radia-
tion detector). See junction depth.

encapsulation (of a semiconductor radiation
detector). The packaging of a detector for pro-
tective or mounting purposes, or both.

energy resolution (FWHM) of a semiconduc-
tor radiation detector. The detector’s contri-
bution (including detector leakage current
noise), expressed in units of energy, to the
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FWHM of a pulse-height distribution corre-
sponding to an energy spectrum.

energy resolution (FWHM) of a semiconduc-
tor radiation detector/preamplifier combi-
nation. The FWHM, measured at a specific
energy and expressed in energy units, of a spec-
tral peak within a pulse-height distribution cor-
responding to an energy spectrum.

equivalent noise referred to input (of a lin-
ear amplifier). The value of noise at the input
that would produce the same value of noise at
the output as does the actual noise source.

equivalent noise resistance referred to input
(of a linear amplifier). That value of resistor
that, when applied to the input of hypothetical
noiseless amplifier with the same gain and band-
width, would produce the same output noise.

full width at half maximum (FWHM). The full
width of a distribution measured at half the
maximum ordinate. For a normal distribution,
it is equal to 22 In 2)1/ 2 times the standard
deviation o.

FWHM. See full width at half maximum.

FW.IM., Same as FWHM except that measure-
ment is made at one tenth the maximum ordi-
nate rather than at one half.

FW.02M. Same as FWHM except that the width
measurement is made at one fiftieth the maxi-
mum ordinate rather than at one half.

gated integrator. A circuit for obtaining a pulse
with an amplitude proportional to the integral
of a signal pulse over a definite time interval.

high-purity germanium (HPGe). Germanium
whose net concentration of electrically active
impurities that are stable at room temperature
is such that conventional-sized radiation detec-
tors made from it achieve full depletion at rea-
sonable bias voltages. (The net concentration of
electrically active impurities is typically less
than 3 . 101° cm—3)

ion-implanted contact. A detector contact con-
sisting of a junction produced by ion implanta-
tion.

ion implantation. A process in which a beam
of energetic ions incident upon a solid results in
the imbedding of those ions into the material.

inactive region (of a semiconductor radia-
tion detector). A region of a detector in which

ANSI/IEEE
Std 325-1986

charge created by ionizing radiation does not
contribute significantly to the signal charge.

integrated (pulse) (pulse amplifier jargon). A
pulse is integrated when it is passed through a
low-pass network, such as a single RC network
or a cascaded RC network.

integrating preamplifier. A pulse preamplifier
in which individual pulses are intentionally in-
tegrated by passive or active circuits.

intrinsic semiconductor. A semiconductor
containing an equal number of free holes and
electrons throughout its volume. (The term in-
trinsic germanium is often used incorrectly for
high-purity germanium.)

junction (of a semiconductor radiation de-
tector). A region of transition between semicon-
ductor regions of different electrical properties
(for example, n-n™, p-n, p-p* semiconductors) or
between a metal and a semiconductor.

junction depth (of a p-n semiconductor ra-
diation detector). The distance below the crys-
tal surface at which the conductivity type
changes.

leakage current (of a semiconductor radia-
tion detector). The total detector current flow-
ing at the operating bias in the absence of
radiation.

lithium-drifted detector. A detector made by
the lithium compensation process.

lithium drifting. A technique for compensating
p-type material by causing lithium ions to move
through a crystal under an applied electric field
in such a way as to compensate the charge of
the bound acceptor impurities.

load impedence (of a semiconductor radia-
tion detector). The impedance shunting the de-
tector, and across which the detector output
voltage signal is developed.

load resistance (of a semiconductor radia-
tion detector). The resistive component of the
load impedance.

Marinelli beaker. A reentrant (inverted well)
beaker that will hold a radioactive sample and
fit over a detector endcap such that the detector
is essentially surrounded by the sample.

noise linewidth. The contribution of noise to
the width of a spectral peak.
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