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Electronic Techniques in
Gamma Ray Spectroscopy and Timing
By Tracy S. Storer

ELECTRONIC CIRCUITS AND ELECTRONIC TECHNIQUES

have always been of great importance to the nuclear field
-ss mush so, in fact, that workers in this field have them-

selves been major innovators of electronic art and prac-

tice. The importance of electronics here derives from the

ease with which electronic instrumentation gives quanti

tative information about nuclear processes. In typical

practice what is wanted is often gamma ray information,

and this article concentrates on the techniques associated

with measurement of gamma ray energy and time rela-

tionships. However, information concerning alpha, beta

and other radiations is of broad interest.

The gamma rays discussed here originate in the nucleus

of radioactive isotopes, i.e., chemical elements whose nu-

clei are unstable and emit radiation as they decay to stable

states. Such radioactive isotope disintegration follows

rules that are always the same for the same nucleus. These

rules can be set down in a so-called decay scheme. An ex-

ample is shown in Fig. 1 for the case of the radioisotope

cesium 137.

The basic decay scheme shown in Fig. I indicates that
cesium 137 decays into barium 137 by emitting beta par-

ticles (electrons). Eight percent of the cesium nuclei decay

directly into barium 137 nuclei, while 927o of the cesium

nuclei first decay into excited barium 137m nuclei; then

some ZVz minutes later, the excited nuclei decay to lowest

energy or ground state by emitting gamma rays (high-

energy electromagnetic radiation) having an energy level

of 662 kilo electron volts (keV). Some heavy nuclei emit
alpha particles. An alpha particle is a ,He' nucleus (two

protons and two neutrons).

The cesium 137 isotope, with a nucleus containing a

total of 137 neutrons and protons, disintegrates with a
half-life of 30 years. In other words, 30 years after any
given instant the number of unstable cesium 137 nuclei

will be half of that at the beginning of the period. Since

the number of nuclei is halved, the amount of radiation
(intensity) is also halved. With existing electronic systems
half-l ives between 10'n second and 10'o vears can be
measured.

Like most natural events, radioactive decay is not a

uniform function. Consequently, the term 'half-life' is

meant to describe the value that would result if an infinite
number of halflife measurements were made and the

average value calculated. Individual decays, however, fol-

low a Poisson distribution, i.e. the standard deviation is

equal to the square root of the number of observed decay

events. This fact enables the experimenter to calculate the
probable accuracy of his result, assuming no instrumenta-

tion inaccuracy.

Gamma Ray Detection

Gamma rays are high-energy electromagnetic radia-

tions with very short wavelengths (10-18 to 10 11 cm).

They penetrate matter deeply-on the average much

more deeply than do alpha and beta rays, which are

charged particles. It is their deep penetration capability
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Fig. 1 . Decay scheme tor cesium-137.
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that makes ganrma rays useful in the laboratory and in-
dustry, in nruch the sanre way as are X-rays. X-rays, l ike
gamma rays, are electromagnetic radiations. The distinc-
tion is only a matter oi origin: X-rays originate from shell
transitions by orbital elcctrons, whereas ganlna rays orig-
inate in thc nucleus.

Ganrnra rays arc usually detected by observing effects
they producc in rratter when they encounter an atom.
lmportant anrong tl iese are the photoclectric effect and
the Conrpton eflect. The photoelectric effect (Fig. 2a) oc-
curs rvlrcn the ganrnia ray strikes ono of the orbital elec-
trons of the atonr, transferring its encrgy to the electron.
This prclccss produces a free clectron and an ionized
atom.

Thc Corlpton effect (Fig. 2b) arises in the case where
thc ganrnrai ray strikes an orbital clectron in bil l iard-ball
fashion, i.e., witl iout irnparting all of its energy to the
elcctron. Tl're electron is detachcd fronr the aton.r but re-

ccivcs only part of the gamma cncrgy. Thc remaining

energy persists as a scattered garnma ray with lower

cncrgy than the init ial ray. It may coll icle with one or
nrorc other atonrs, freeing other clcctrons.

These types ot interactions occur variously in nuclear
radiation dctectors. In each detector type. son)e obserr-
able reiiction results. Each typc of detector, in one way
or anothcr. procluces an electrical output charge suitablc
l Ls  an  i npu t  l o r  l n  c l ec t ron i c  mc rsu r i nq  sys ten l .

Gamma Ray Spectra

Measurenrents characterizins gamma radiation are

Gamma ray spectroscopy syslem dis-
plays counfs vs. energy spectrum of isotope.
Radiation is detected, and converted into an
electrical charge by a solid-state germanium
(lithium-drifted) detector at the bottom ot the
vertical column, at left of the photo. Detector
inside column is cooled with liquid nitrogen to
stabilize the detector and to lower its thermal
noise. ln center toreground is the preamplitier,
which converts detector output charge to a
voltage pulse, with amplitude proportional to
energy. Amplif ication and pulse shaping pre-
pare the signal for analysis in multichannel
analyzer, upper right.

E l e c t r o n i c  T e c h n i q  u e s  i n
Gamma Ray Spectroscopy and Timing; pege
2. Muttichannel Pulse-Height Analyzer with a
Very Fast Anatog-Digital Converter; page 77.
A Charge-Sensitive Preamplifier for Nuclear
Work; page 16. A Nuctear-Type Linear Ampli-
fier with Plug-ln Pulse-Shaping Delay Lines;
page 19. NtM Bin; page 21. A Singte-Channet
Analyzer with Fast Multiple-Pulse Resolution;
page 22.

chiefly made in either of two ways. One is to record the
number of counts as a function of energy, in which case
a gamma ray spectrum is obtained; the second method is
to observe time relations, in which case several types of
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information nray be dcsired, as described later.

A ganrma spcctrum as measurecl by an ideal system

might appear as in Fig. 3a, which is the ideal spectrum of

the cesium l3T gamrna radiation phenomena discussed

earlier. In this spectrum a large peak appears at 662 keV.

This is caused by the ganrnra cnergy radiated when the

n.rctastable bariurn 137 nuclcus rcturns to its ground

state (see decay scl.reme). There is also a continuum rep-

resenting tlre energies imparted to Compton-scattered

electrons as discussed abovc.

In practice, thc spectra measured with actual systems
(Fig. 3b) are not so wcll clefincd. Most noticeable is that

the peaks of thc spectruur are broaclened to a greater or

lesser extent by the characteristics of the devices used to

detcct gamma rays. Relating to this broadening, as a

nleasure of the quality of a system, is its 'resolution.' This

is a function both of thc detector and of the associatcd

circuitry. Resolution is corrrrnonly clefined (Fig. 4) as the

ratio of the lull w-idth at hall the ntcrxirrtuttt height of the
penk (FWHM) to the enargy ol t lte center of the peak.

Thus, resolution inclicates how well the detector can

separate or resolve two different energy peaks. Typical

resolutions for comrnon garnnra ray detectors range from

about l07o to few tenths of a percent.

Also evident in Fig. 3b is a backscatter peak, which

results because a large number of gamma rays squarely
strike matter between the source and the detector, losing
much of their energy bsfore detection.

Energy Measurements

The measurements usually madc in gamma ray work
fall into the two broad groups mentioned previously:

those nrade of the energy of the radiation and those made
of its t irning relative to another event. In addition, count-
ing without regard to engrgy (often called gross counting)
is also done (Fig. 5) to measurc thc intensity of the radi-
ation. Intensity is measured in terms of counts per minute
(or second).

A simple basic system for measuring the number of
counts (intensity) in a givcn energy range is shown in
block fom-r in Fig. 6.

The systern consists of a gamma ray detector (described

later) which produces a burst of charge when a gamma

ray is absorbed by the detector. This charge is amplified

and shaped into either a unipolar or bipolar pulse (Fig.

7) whose antplitude (pcak voltagc) is proportional to the

energy the gamma ray releases to the detector.

The pulse may next be applied to a single-channel
pulse-height analyzer which perfornrs the voltage-level-

selecting function that enables the pulse amplitude to be
measured. The analyzer includes two voltage-discrimi-

nators (Fig. 8) whose threshold levels are adjustable. By
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suitable setting of the two thresholds, it becomes possible

to pass only pulses whose peak value falls within the
range between these thresholds (Fig. 9). By this means
it is possible to select the signals produced by those
gamma rays with an energy level in the range to be inves-
tigated and to exclude all others. This is often called
'differential counting' to emphasize the fact that only
those energies in the 'window' between upper and lower
discriminators are counted.

The voltage discriminators can also be set merely to
exclude pulses whose value falls below a selected level.
By this means all gamma rays above a given energy level
are passed by the discriminator. This arrangement is
commonly called'integral counting3'

The single channel analyzer produces an output pulse
for each pulse passed by its discriminating arrangement.
In a simple counting system this pulse could be applied

to a scaler-timer which totalizes the number of pulses

passed by the discriminator during a given time interval.
The system just described provides information as to

the number of gamma rays detected within one energy
'window' during the course of the measurement. While
this is useful information, one often wishes also a meas-

urement of the spectrum of the energy of the gamma rays
incident on the detector. This can be accomplished by
repeating one at a time the measurements made with the

above system for all desired energy 'windowsl While

Fig.6.With single-channel analyzer, radiation intensity
may be measured in a given enetgy tange.

such a method is somewhat slow and not appropriate
where short half-lives are involved. it is nonetheless a
useful and inexpensive method.

A more sophisticated measuring system can be obtained
by replacing the single-channel pulse-height analyzer with
a multichannel pulse-height analyzer. Discussed at more
length in a separate article in this issue of the HP Jour-
nal, multichannel analyzers are quite sophisticated elec-
tronic instruments that will automatically measure the
intensity (number of counts) of radiation in each of a
large number of energy increments. A given energy range
may be divided into as many as several thousand such
increments, and the analyzer sorts incoming pulses into
proper individual increments or channels according to
their individual amplitudes. The speed of this measure-
ment is obviously an important factor and much design
efiort is justified in attaining high analyzer speed. This
reduces 'dead timel the time the analyzer requires to
measure and sort each individual pulse. Dead times
ranging from microseconds to tens of microseconds are
achieved by the most modern analyzers.

The measurements made by the multichannel ana-
Iyzer are stored in an internal memory and often later
read out to produce records like those in Fig. 10.

Time Measurements

The second general class of measurements made in this
field is one in which the time of occurrence of the gamma

ray relative to a reference event is of interest to the

experimenter. Such situations occur when one gamma

radiation is known to occur a specific interval of time

Fig.5. Gross counting measures
radiation intensity regardless ot enetgy.



after a trigger event. Or, again, it may be desired to count
(or to avoid counting) a gamma ray that occurs at about
the same time as another event. These types of measure-
ments are commonly called delayed coincidence, coinci-
dence and anti-coincidence, respectively.

Fig. 11 indicates a measurenent arrangement often
used to count gamma radiation intensity relative to a
tinre reference. Two measurement channels are used, one
of which contains an adjustable delay circuit which can
be set to accomurodate scveral nrcasuring situations. One
of these is to count the events that occur witl-rin a given

tinre interval which begins a desirecl t irne after a refer-
ence event. In this case tlre timing circuit is adjusted so
that the two clranncls have tl.re desircd difference in time
delay. Typical delays arc in the range from a few nano-
seconds to several microseconds. The outputs of the two
channels are logic pulses which are then applied to a
coincidence circuit. If the two channels produce outputs
within the time interval of interest, a pulse is then applied
to the ensuing counting or logic circuits. Frequently, the
output from a coincidence circuit is used to enable pulse
height analysis of a sclccted event; the spectrum obtained
from this typc of system is referred to as a coincidence

spcctrum.
Another time measurement situation occurs when it

is desired to obtain a spectrum of the time intervals be-

tween two related events. This can be obtained with the
system indicated in Fig. 72. Here, the time interval be-

tween a reference cvent and a later event is applied to
a time-to-pulse-height converter. The output of this cir-
cuit is a pulse whose peak amplitude is proportional to

the time interval between the two events of interest. This
waveform can then be applied to a multichannel analyzer
which will entcr a count into the channel corresponding
to the length of each time interval. By this means a histo-
gram is obtained which is a 'spectrum' of the time of
occurrcnce of various events followins the init ial refer-

cnce event.
Times of the order of nanoseconds or even less may

be the intervals to be nreasured. Here it would obviously
be desirable to use a fast rate-of-cliange point on the
pulse as a refcrcnce timing point. In practice, however,

the amplitude of the pulse may influence the timing of a

selected fast-changing level on the pulse. Therefore, the
refcrence point is comnronly taken either at a low point

on the leading edge of thc pulse or at the zero crossing
of a double-dilTerentiated pulse.

A figure of merit for t iming pick-off circuits is termed
'walkl Assuming a constant pulse shape, 'walk' is change
in tirne of pick-ofl with change in amplitude.

Fig.7. Chatge pulse may be shaped into unipolar
or bipolar form tor further processing.

Fig.S.With two discriminators,the systern can be made
to respond only to pulses whose peak value tal ls within

a selected ranae.
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Deteclors

The foregoing has indicated how gamma ray energy

and timing measurements are usually approached. It may

be interesting to consider how gamma rays are detected

and how the detector signals are processed.

The transducers used with nuclear radiation commu-

nicate to the electronic system the number, the timing,

and, if desired, the energy of rays. Detectors commonly

used include scintillation, semiconductor and gas pro-

portional detectors. The scintillation detector is often

preferred where high efficiency is more important than

resolution*; semiconductor types are increasingly used,

particularly where high resolution is required. (See Fig.

10a and lOb.)

The scintillation detector has the highest efficiency of

the three types because it normally has the greatest den-

sity and thus the highest probability of capturing an

incident gamma ray. The scintillation material most com-

monly used is sodium iodide, thallium activated (com-

monly written as NaI(Tl)). When a gamma ray collides

with an atom of such a scintillator the resulting scintilla-

tion or light flash has an intensity (number of photons)

proportional to the energy of the gamma ray. Even in

the case of an energetic (e.g., I MeV) gamma ray, how-

ever, the light flash is very small because the absolute

energy in the gamma ray is only in the order of 10-6 ergs
(10-1' watts-seconds). Consequently, photomultipliers

rather than simple photodetectors are used to obtain a

usable electrical signal. The output from the photomulti-

plier is a pulse of electrons having a charge in the order

of a picocoulomb and with a decay time-constant of 0.25

microsecond with NaI(Tl) detectors. The information

about gamma energy lies in the area of the current pulse

from the photomultiplier rather than in the peak or other

value. Consequently, at some point in the electrical sys-

tem, an integration must be performed to measure the

area, i.e., total charge of the current pulse.

Another type of detector is formed from germanium

or silicon semiconductor material, often drifted with

lithium atoms to obtain a wide depletion region when

large-volume types are required. The material is usually

in the form of a cylinder or a slab. Radiation absorbed

by these semiconductors produces electron-hole pairs

which are collected at two electrodes. These detectors

might be regarded by electronic engineers essentially as

back-biased diodes with junctions up to 1 cm wide, and

of tens of cm' area! Recently, detectors with active vol-

umes in excess of 100 cm" have been fabricated.

* Efficiency is a measure of the probabil ity that an incident ganna ray wil l interact
w i th  the  mater ia l  in  the  de tec tor .

Fig.9.When the two discriminators of the analyzer are
adiusted to form a 'window,' only pulses whose level
talls within the window tange will produce a pulse out-
put ltom the pulse height analyzer.

Typical Record Produced by Multichannel Analyzer

Csr37 Gamma Ray Spstra

As Seen by Solid'State Detector

As Seen by Scintillation Detector

F i g .  1 0



The gas proportional detector somewhat resembles the
familiar Geiger-Mueller tube except that it is designed
to operate in such a range that its output is proportional
to the amount of ionization produced by the absorbed
ray. Proportional detectors internally multiply the
amount of charge by a factor from one to 10* times or
more. The magnitude of their output charge lies between
that of the semiconductor and that of the scintillator.

Signal Processing

The signal from the detectors mentioned above is a
relatively short current pulse; the time integral of this
current impulse is a charge proportional to the energy
of the absorbed radiation. The preamplifiers and ampli-
fiers which follow these detectors convert this impulse
of charge into a voltage pulse whose height (peak ampli-
tude) is proportional to energy. Thus, signal processing
prepares the charge from the detector for the final step,
pulse height analysis. In the case of a timing measure-
ment, signal processing prepares the charge signal for
use with a timing pick-off (time discriminator).

Fig. 13 shows a block diagram of a typical signal
processing system, and Fig. 14 illustrates the operation
of the system with waveforms. In the preamplifier, the
current impulse (Fig. 14a) from the detector is converted
to a voltage step whose amplitude is proportional to
energy; to put it in electronic terminology, the preampli-
fier functions as an operational integrator and the integral
of the current impulse is a step. The amplitude of the
preamplifler voltage output step is proportional to energy
and, if only one incident radiation event were to be ana-
lyzed, the amplitude of this step could be measured with
a dc voltmeter.

However, to obtain the statistical information that is
wanted, a long train of radiation events is to be analyzed.
So it is important to reset the reference level of the sys-
tem to zero as rapidly as possible and to be ready for
the next event when it arrives. For this reason an ex-
ponential decay to zero is arranged in the preamplifier

circuitry. A discharge path (R in Fig. 13) is provided
across the integrating capacitor of the operational inte-
grator; the preamplifier output, therefore, takes as its
final form a rapid rise to a peak value followed by an
exponential decay to zero (Fig. 14b); in nuclear elec-
tronics terminology this waveform is referred to as a
'tail pulsel For reasons which relate to maximizing the
signal-to-noise ratio at the detector-preamplifier inter-
face, the time constant associated with the preamplifier

tail pulse is often relatively long; values from 100,ps to

Fig. 11. Measuring arrangement to relate gamma
tadiation intensity (count rate) to time retercnce.

For gamma work the efficiency of such semiconductor
detectors is not high at the higher energies because their
density and volume are small compared with those of
scintillators. However, the number of hole-electron pairs
formed when radiation is captured is considerably higher
than for other detector materials. The larger number of
charge pairs leads in turn to higher resolution, better
than 1Vo for the semiconductor detector. In addition,
semiconductors can be fast-a few nanoseconds; charge
collection time depends on detector thickness, carrier
mobility and bias voltage. On the other hand, because
there is no multiplication process, the charge produced

by the semiconductor detector is many times smaller than
that produced by the scintillation detector. A I MeV
gamma ray will typically produce a pulse of 5 \ 10 11

coulomb from a solid-state detector. Consequently, the
semiconductor detector requires electronics of minimum
noise to amplify and process the signal. The noise can
somet imes be reduced by operat ing the detector  or
preamplifier, or both, at cryogenic temperatures, but
this is something of an inconvenience. (The germanium

lithium-drifted detector must remain cooled at all times
to prevent the redistribution of lithium ions which would
occur at room temperature and could quickly make the
detector useless.)
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wi l l  causc 'pulse p i lcup c l is tor t ion l  i .e . ,  successivc vol t -

agc pulscs wi l l  ovcr lap.  leading to srrors in  anrp l i tude

(encrgy) rcprcscntatictn. It is dcsirable in tlost truclear

cxperinicnts to gathcr the requircd number of sanlples

for statistical validity at thc highest count rate possible

DETECTOR

Fig . l2 .Measur ing  ar rangement  to  ob ta in  a  spec t tum o l  the t ime- intervals between two te lated events.

(consistcnt with an irl loivablc cic-lrrco of clistortiolr) sincc

the length of a sirrglc cxpclittrc'ttt ci.rl l  rrl l lge to many

nr inutcs,  l tours or  cven c lays.
-l ir 

narrorv thc pr-rlscs, onc or tr.vo dif lcrcntiatictn oper-

ations ars coll lnlr)l ly cnipkryecl. . lr ig. l4c shorvs the result

of  onc c l i l lc lcnt ia t ion on the ta i l  pu lsc of  F ig.  I4b;  the

rvAvcforrrr ol ' Fig. l4d shows thc cffcct after trvtt cl iffer-

ent ia t ions.  
' I 'hc 

shapc s l towt t  a l tcr  onc d i lTcrL-nt i r l t i r ) t l  is

corrrnrtrnly tcInrcd r-rrt ipolar. sirrcc thc pulse is preclonri-

nantly ol onc polarity. Thc shapc altcr thc scconcl dif-

fcrcnt ia t ion is  tc lurec l  b ipolar ,  in  contrast .

It is to be expccteci t l.rat a train of unipolirr pulses rvil l ,

when passcd through an ac couplcd systcI.n, cxhibit nrtlre
'birsclinc shift '  than i i train of bipolirr pulses.*

In addition to dil lercntiation by RC netr.vorks, it is.

of cclurse, possible to eurploy RL or rnttre conrplex RLCI

networks.  Anothcr  nret l tod of  c l i l lc rent ia t ion,  cont l t ton ly

*  B a s e l i n e  s h i l t  i s  t h e  c h a n g c  i n  t h e  a p p a r e n t  h e r g h t  0 f  a  p u  s e  a s  i t  p a s s e s  t h r 0 t g h

a n  a c  c 0 u p  e d  s y s t e m  b e c : t s e  a t  a  p u  s e  r a t e  0 t h e r  t h a n  l € r o  a  v 0 l t a g e  0 t h e r  t h a n
z e f o  m r s t  e x i s t  a c r 0 s s  t h e  a c - c 0 u p l i n g  c a p a c i t 0 r .  U n l e s s  b a s e l i n e  r e s t o r a t i 0 n  0 r  a n

i d e a l  b i p 0 l a r  p u l s e  s h a p e  i s  e m p l 0 y e d ,  t h e  r e s ! l t  s  a  c 0 ! n t  f a t e  d e p e n d e n t  d i s t 0 r t i 0 r

o f  p u l s e  h e i g h t .

Fig.13. Typical signal processlng systern.



Fig.  14.  Tl rp ical  wavetotms in
s i g n a I - p r o c e ssin g syslern.

used in h igh count- rate systents,  enlp loys delay l ine
e l cmen ts .

Intcgration, or low-pass fi l tering. is also normally eur-
ployecl in conrbination with clifferentiation to l imit the
banclwiclth of the system, thereby rcducing effects of
high-frequency noise and intproving signal-to-noise ratio.
DilTercntiation, bcing high-pass fi l tering, also aicls in
rejecting low-frcquency noise inclucling that originating
in power supplies.

Linearity of anrplif ication is an important factor in
signal processing for both cnergy and tirne measure-
rrrents, to preserve pulsc shape and rl inintize walk. The
tcrm 'l inear irnrplif ier' is conrmclnly usecl in the nucloar
lield to clenote a prec'ision antpli lying system.

The object of signal processing, and particularly of
pulse shaping, is to providc for cach particular experi-
nrcnt the best working cornprontisc antong thc several
perfornrancc pirrarneters involvecl. Anrong the most im-
portant of thcsc arg: count rate, resolution (signal-to-
noisc rat io) ,  p i lc-up d is tor t ion,  basel ine shi f t ,  t iming
crrors and (whilc not discussed abovc) distortion due to
ovcrload effects.

Thc subjcct of signal processing is extensive and only
a bricf outl ine can be given herc; there is an excellent

N I , . ^ l ^ ^ -  D , , l - ^  A  - . ^ 1 . : C ^ - -  D , , - , J ^ ' - ^ - a ^ 1 ^J U r r r r r r c r J .  1 \ u ! l 9 a t r  I  u l J 9  n r r r p l t l l u t S - l  u t r u d t l l 9 l l L 4 l s

and Design Practice, E,. Fairstein and J. Hahn, Nucle-
onlcs,  Ju ly  1965 to January 1966 (ser ia l ized) .
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Area of pulse is proportional
to energy of r ray absorbed.

(a) System input: current impulse from detector

ldeal Step

(b) Preamplif ier output: ' tail '  pulse.

(c) Pulse-shaping amplif ier output: 1 ps single RC
differentiation

\,__

(d) Pulse.shaping amplif ier output: I ps double RC
differentiation

v2

(e) Pulse-shaping amplif ier output: 1 r,s double RC
difJerentiation and 1 ps RC inteAration.
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signal. About 3 microseconds are required for auxil iary

functions, giving the instrument the capabil ity of sorting

an input signal into one of 1024 amplitude channels in

only 13 microseconds. Fewer channels can bc used, if

A Multichannel Pulse-Height HI"?.I*T::"1;":ffi::;
Analyzer with a Very Fast
Analog-Digital Converter
By W.A.  Ross

Att uNusuarLy INTERESTTNG ELEcTRoNIC INSTRUMENT,

and one that has received more attention in the nuclear

than in the electronics field, is the 'multichannel ana-

lyzerl It is also termed a 'pulse-height analyzerl but that

term is not always appropriate since such analyzers often

work with signals other than pulses.

Basically, the multichannel analyzer discussed here

classifies input signals into amplitude or t ime groups and

continuously totalizes the number in each group. If, for

example, the input is a serics of pulscs of random but

bounded ampl i tudes,  the mul t ichannel  analyzer  wi l l

measure the distribution of the amplitudes as a function

of voltage (Fig. 2). The pulses can bc spaced as closely

as a few microseconds and can be resolved into as many

as 1024 (2r") incremental amplitude ranges

('channels') between selectable amplitude lim-

its. The instrument will measure the ampli-

tude d is t r ibut ion e i ther  of  pulses ( 'pu lse

height analysis') or of increments of continu-

ous signals ('sampled voltage analysis') (Fig.

3). It will also count and store in its memory

the number of pulses occurring in individual

intervals of time. The result would be, for ex-

ample,  a measurement  of  pulse rate as a

function of t ime. This function is called'mul-

tichannel scaling' or, often, 'multiscalingl

The new analyzer is distinguished by the

fact that it employs an advanced analog-to-

digital converter having what is thought to be

the fastest clock rate used in such a converter.

The clock rate is 100 MHz. This high fre-

quency yields the practical result that the an-

alyzer digitizes amplitudes at a rate of 10

nanoseconds per channel. The analyzer sorts

signal amplitudes into as many as 1024 chan-

nels, so that the lO-nanosecond unit rate re-

sults in a conversion time of approximately

10.24 microseconds for a largest-amplitude

can bc selected with 3.4-microsecond con-

version time.
Other considerations of operational signifi-

cance that have been accomplished in the
design of the analyzer include:

In contrast to usual practice, the ADC has been dc-

coupled to assist in analyzing high count rates, and

has a wideband input to acconrmodate fast risetime

signals.
The gain and baseline stabil ity of the dc-coupled ADC
are self-correcting and thus essentially drift-free.
It is important in multiscaling that the nremory cycle

of the processor is but 2.2 microseconds and the
accumulator can count at rates up to l0 MHz, allow-
ing faster multichannel scaling than previously.

The  s tab i l i t y  and  l i nea r i t y  o f  t he  ana log  ou tpu t

circuits permits the X-output ramp to be used as a
precision ramp in thc MCS mode for controll ing trans-

ducers such as a Mcissbauer drive or those of other

spectrometers.

Fig. 1. Multichannel pulse-height analyzer with analog-to-digital
convertet operating at 100 MHz clock rate (HP Model 5400A).
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pulse t ra in is  appl ied to accumulator  c i rcu i t ry  for
counting.

The capacity of the memory is 1024 6-decimal-digit
(24-bit) words, thus giving the analyzer its capability of

storing the information for 1024 channels with up to
999,999 counts per channel.

Data stored in the memory are available externally in
either digital or analog form and can be displayed on a
cathode-ray tube display system.

Timing and control logic regulates the transnission of
data to the various subsystems by means of a flag scheme
similar to that used by a computer communicating with
independent peripheral devices. This arrangement pro-

vides the most efficient use of operating time since it
perrnits more than one subsystem, such as the memory,
ADC and display subsystems, to operate simultaneously.

Often multichannel analyzers feed information to peri-

pherals such as printers, punches, tape recorders, or
computers. Easy interface to the whole range of such
devices therefore is a most important criterion of a multi-
channel analyzer's performance (Fig. 5).

Measurement Commentary

Traditionally, multichannel analyzers have been used
primarily by those studying nuclear phenomena. The
first analyzer was, in fact, developed by nuclear people

to measure the distribution of pulse heights from a
nuclear radiation detector. Today, such pulse height ana-
lys is  is  s t i l l  the most  common use for  mul t ichannel
analyzers.  However,  as analyzers became avai lable,
experimenters adapted them to other measurement prob-

lems. Such problems include signal averaging, measure-
ment of time interval distribution, recording of pulse-rate

variation with time, and determining the amplitude prob-

ability distributions of various signals. As a result of their
height-analysis capabilities, analyzers can be considered
to be general-purpose histogram analyzers and are used
in many disciplines including physics, chemistry, biology
and electronics. The comments which follow expand
upon how the new analyzer accomplishes some of these
measurements.

PHA Mode

In the analyzer's pulse-height analysis (PHA) mode,
the measurenrent objective is to obtain a distribution of
frequency of occurrence of the heights of a train of
applied pulses. To obtain this distribution, the incoming
pulses are sorted for pulse height by the analog-to-digital
converter (ADC) into 1 of 1024 possible heights. The

Fig. 2. Multichannel analyzer displays enetgy specttum
of Cs'". So/ld-stafe detector was used. Number of pulses
(vertical) is displayed as a function ot energy (horizontal).

Fig. 3. Multichannel analyzer displays probability (verti-
cal) as tunction ot amplitudes (horizontal). Zero voltage
is at center. fhis rs a probability density display ot Gaus-

slan noise.

Circuit Arrangement

An elemental block diagram (Fig. a) of the new ana-
lyzer differs somewhat from past approaches because of
the additional functions the analyzer is designed to per-
form. As is customary for pulse-height analysis, the
amplitudes of individual input pulses are digitized in an
analog-to-digital converter. The capability of perform-
ing amplitude analysis on continuous signals or noise,
which is not usual, is achieved through the use of an
input sampler which applies discrete samples of such
signals to the A-D converter.

For simple counting (i.e., scaling) of signals as a
function of time (multichannel scaling), an input signal
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H I G H  S P E E D
ANALOG TO

D I G I T A L
CONVERTER

(100 N lHz)

DIGITAL
OUTPUT

CIRCUITS

CRT AND
DIGITAL-TO

ANALOG
CONVERTER

/Channe l \
\ Counts /

/Channe l \
\Number /

Analog
Output

'Y 'Output

'X 'Output

'Z 'Output

SA IV]P LER

t/cs

PHA

SVA

Diflerential
I n  a  m u l t i c h a n n e l  a n a l y z e r  t h e  u n i f o r m i t y  o f  w i d t h  o f  t h e
i n d i v i d u a l  v o l t a g e  c h a n n e l s  i s  i m p o r t a n t  s i n c e  i t  d i r e c t l y
a f fec ts  the  accuracy  o f  the  ana lyzer 's  measurements .
C h a n n e l  w i d t h  u n i f o r m i t y  i s  d e n o t e d  b y  t h e  t e r m  ' d i f -

fe ren t ia l  l i near i ty '  where ,  say  1% d i f fe ren t ia l  l i near i ty
means tha t  the  dev ia t ion  o f  channe l  w id ths  f  rom the  aver -
a g e  c h a n n e l  w i d t h  i s  l i m i t e d  t o  1 7 o  o r  l e s s .

In  the  ana log- to -d ig i ta l  conver te r  por t ion  o f  the  new
mul t i channe l  ana lyzer ,  the  d i f fe ren t ia l  l i near i ty  i s  meas-
ured  fo r  each one o f  the  .1  024 channe ls  on  a l l  ins t ru -
ments .  Th is  i s  done by  app ly ing  to  the  ADC c i rcu i ts  a  s ig -
n a l  t h a t  i s  s t a t i s t i c a l l y  e q u a l l y  l i k e l y  t o  o c c u r  a t  a l l  v o l t a g e
l e v e l s  o f  t h e  A D C ' s  i n p u t  r a n g e .  T h e r e f o r e ,  a l l  c h a n n e l s
shou ld  have the  same number  o f  counts  a t  the  end o f  the
m e a s u r e m e n t .  T h e  n u m b e r  o f  c o u n t s  p e r  c h a n n e l  i s  m a d e

ACCU MULATOR

Channe l  Number

Fig.4.  Block diagram, HP Model  5400A Mult ichannel  Analyzer.

Linearity
Ia rge  so  tha t  s ta t i s t i ca l  f luc tua t ions  are  smal l .  To  de ter -
m i n e  t h e  d i f f e r e n t i a l  l i n e a r i t y ,  t h e n ,  t h e  c o u n t  i n  e a c h
channe l  i s  app l ied  to  a  p rogrammed computer  tha t  g ives
a pr in tou t .  An  ac tua l  example  is  shown here .  For  th is  par -
t i cu la r  ADC.  the  or in tou t  shows the  wors t -case channe l
w id th  dev ia t ion  to  be  0 .6% ;  the  measured s tandard  dev ia -
t ion  is  0 .20% ;  the  random count  s tandard  dev ia t ion  is  ca l -
cu la ted  as  0 .15% ;  and the  resu l t ing  s tandard  dev ia t ion  in
channe l  w id th  caused by  d i f fe ren t ia l  non- l inear i ty  i s  bu t
0 .13%.  Th is  per fo rmance is  typ ica l  o f  exper ience to  da te
wi th  these un i ts .

A  computer -p lo t ted  h is togram o f  the  measured s tandard
dev ia t ion  o f  d i f fe ren t ia l  l i near i ty  i s  par t  o f  the  computer
pr in tou t ,  a l though i t  i s  no t  shown here .

6 .  D I F F E R E N T T A L  L I N E A R I T Y

N O T E s  T H I  S  M E A S U R E M E N T  b , A S  M A D E  U S I N G
T H E  C O H P T O N  S C A T T E R  M E T H O D .

A .  A V E R A G E  N U M B E R  O F  C O U N T S  P E R  C H A N N E L . . . . . . =
B .  M E A S U R E D  P E A K  D E V I A T I O N  O F  C H A N N E L  l l l D T H . . =
C .  M E A S U R E D  S T D .  D E V I A T I O N  0 F  C H A N N E L  l r l l  D T H .  .  =
D .  C A L C U L A T E D  S T D .  D E V I A T I O N  O F  C H A N N E L

W I D T H  D U E  T O  C O U N T I N G  S T A T ! S T l C S . . . . . . o o o o E
E .  C A L C U L A T E D  S T D .  D E V I A T I O N  O F  C H A N N E L

W I D T H  D U E  T O  D I F F E R E N T I A L  N O N . L I N E A R I T Y . . . :

5 4 1 5 A  S N -  l 0 l  P A 6 E  2

470181  COUNTS
.64  PCT
. 2 9  P C T

. 1  5  P C T

. 1 3  P C T

t . t



Fig. 5. Plug-in intetchangeable circuit cards allow HP
Model 4500A Multichannel Analyzer to operate directly
with many peripherals, such as printers, punches, tape
recorders, and computers. A general putpose output
timing and conttol card is shown here; it is set up to
match the analyzet to an HP Model 5050A printer but
can be used also with othet devices mentioned above

by moving jumper connection plugs.

ADC is a ranlp type in which an arriving pulse first
charges a capacitor to the peak pulse amplitude. The
capacitor is then discharged linearly to zero by a con-
stant-current  source.  Dur ing the d ischarge,  a b inary
counter counts a 100-MHz clock, resulting at full dis-
charge in a counter reading representative of the initial
capacitor charge, or pulse amplitude. This number repre-
sents a single channel in the analyzer's core memory, into
which a count must now be added. To accomplish this,
the counter reading is transferred into the memory
address register. A read-memory operation then causes
the contents of the addressed channel to be loaded into
the accumulator. Next, a single count is added to the
accumulator count, which was the cumulative number
of counts in memory of that amplitude. Following this
step, the new accumulator content is written back into
the same memory channel. The net effect of these opera-
tions has been to increase by one the count in a particular

channel of memory. Each time a pulse is received by the
ADC, this sequence is followed, thereby compiling a dis-
tribution in which the channels correspond to particular
pulse heights and the total count in each channel equals
the number of pulses whose height corresponds to that
channel. In a nuclear radiation experiment, in which the
output of a radiation detector is applied to the analyzer,
the pulse height distribution will be an energy distribu-
tion, i.e., radiation intensity (counts) vs. energy.

SVA Mode

In the sampled voltage analysis (SVA) mode, the

analyzer operates nearly the same as in the PHA mode.

The main difference is that the input signal is sampled

by a sampler and the samples are then analyzed. After

many samples have been analyzed, the memory will con-

tain a distribution of the number of occurrences of var-

ious sample amplitudes as a function of amplitude. This

is, then, the probability density of the original input sig-
nal. The signal could be the output of a noisy system,
allowing a quantitative measurement of the signal and

noise characteristics in a way not possible using other

techniques. Or it could be the output of an FM demodu-

lator or frequency meter, allowing measurement of such
quantities as oscillator instability and drift.

The highest frequency that can be analyzed is deter-

mined only by the bandwidth of the analyzer's sampler

and can be extended by inserting a wide-band sampler
ahead of the ADC. The limitation imposed by the Sam-
pling Theorem - sampling at twice the maximum sam-
pled frequency-does not apply because the sampling

is incoherent rather than coherent.

MCS Mode

When using the analyzer for multi-channel scaling
(MCS), successive channels in memory represent suc-
cessive intervals of time after a start signal. The length

of the time intervals can be selected over a range from
10 microseconds to 5 seconds, or controlled by an ex-
ternal signal. In each channel will be stored a number

equal to the number of pulses received at the MCS input

during the time interval selected for the channel. The

memory thus stores pulse rate as a function of time. Input

signals up to a 1O-MHz rate can be processed.

A typical nuclear application of the MCS mode is
recording the count rate of a decaying isotope as a func-

tion of time. In such an application one measurement

sweep is made, after which the 'half-life curve' is stored

in memory for external use as desired.

W. A. Ross
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years  des ign ing  au tomat ic  g round
suppor t  equ ipment .  Fo l low ing  tha t ,
he  re tu rned to  schoo l ,  jo in ing
HP in  1963 wh i le  l in ish ing  work
towards an MSEE degree. He then
d id  fu r ther  work  towards  a  Ph.D.  E .E.
degree in the HP Honors Cooperative
Program.
S ince  1964 he  has  been group leader
for the development of the
mul t i channe l  ana lyzer .
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Another application for which the MCS mode has

been often used is 'signal averaging'for noise-reduction.
Here, a periodic-signal-with-noise is applied to a voltage-
to-frequency converter which in turn is applied to the
MCS input of the analyzer. The resulting memory data
are voltage (i.e., value proportional to v-to-f converter
output frequency) as a function of time. If many analyzer
sweeps are made,  a l l  be ing star ted in  sync wi th the
periodic signal, non-coherent noise will tend to be aver-
aged out and the signal-to-noise ratio will be improved.
An improvement in s/n ratio equal to the square root of
the number of sweeps can be obtained.

Design Group

A fast multichannel analyzer is by any measure a

major design effort. In this project the following members
of the HP nuclear instrumentation design group con-
tributed significantly in the areas indicated: 5410A Power
Supply: Richard Ollins, 5415A Analog-Digital Con-
verter: James A. Doub and Jon R. Cross, 542 1A Proc-
essor (Digital logic): Charles Heizman and Norman D.
Marschke, (Core memoryl.' Charles Hershkowitz, 543I A
Display Unit: David W. Ricci, Product design: Charles
Lowe, Larry A. Jackson, and Will iam Anson, Group
Ieader ancl system design: W. A. Ross. @

S P E C I F I C A T I O N S

HP Model 54004

Mullichannel Analyzer

ACCUMULATION MODES
P U L S E  H E I G H T  A N A L Y S I S  ( P H A ) r  I n  t h i s  m o d e ,  t h e  a n a l y z € r

a c c u m u l a t e s  a  p u l s e  h e l g h t  d i s t r i b u t i o n .  A m p l i t u d e  s o d i n g
i s  p e f o r m e d  b y  t h e  A D C  ( A n a l o g i o - D i g i t a l  C o n v e d e r ) .
Storage is in the core nemory. Automatic terminat ion of
the data accumulat ion may be employed by presett ing the
a c c u m u l a t i o n  t i m e .  C o a r s e  p ! l s e  a m p l i t u d e  d i s c r l m i n a t i o n
i s  p r o v i d e d .  C o i n c i d e n c e  w i t h  a n  e x t e r n a l l y  a p p i l e d  s i g n a l
m a y  a l s o  b e  a  c r i t e r i o n  l o r  a c c e p t a n c e  o f  a  p u l s e .

I N F U T  P U L S E  R E Q U I R E M E N T S :
A I \ T P L I T U D E  R A N G E T  1 . 2 5  V ;  2 . 5  V i  5  V ;  1 0  V .
P O L A R I T Y :  P o s i t i v e .
P U L S E  S H A P E :  > 1 0 0  n s  l o  p e a k  a b o v e  t h e  b a s e l l n e .
I N P U T  I M P E D A N C E :  1  k 9 ,  < 6 0  p F  s h u n t ;  d c  c o u p l e d .
T R I G G E R  L E V E L :  1 0  m V  l o  1  V  a d j u s l a b l e  ( e s t a b l i s h e s

t i m i n g )
T l [ , 4 E  T O  P E A K : 0 . 4  p s  l o  1 2 . 8  p s  i n  b i n a r y  s t e p s .  ( S e t s

l ime trom lr igger to star i  of  rundown.)

A D C  C L O C K  n A T E : ' 1 0 0  M H z .

OUTPUT RANGET 128: 256: 512; 1024 channels.

C O N V E R S I O N  G A I N  ( C h a n n e l s  O u t / V o l t  l n ) :
R A N G E :  1 0 2 4  c h a n n e l s / 1 . 2 5  v o l t s  t o  1 2 8  c h a n n e l s / 1 0  v o l t s .
G A I N  C H A N G E  A C C U R A C Y :  2 : 1 ,  j : 0 . 1 o / "  /  s t e p .
T E M P E R A T U R E  S T A B I L I T Y :  < J O . O O 5 % / O C .
T I M E  D F  I F T :  < L 0 . 0 1 Y o / 2 4  h o u t s .

BASELINE ( lnput Otfsei)  :
VOLTAGE: Adjustable 0 to + 10 V in 7 steps of 1.25 V/step

+ vernier,
V E B N I E R : 0  t o : L 1 . 2 5  V ; 0  t o  - 2 5  m V ;  O F F .
S T E P  A C C U F A C Y :  1 1 0  m V .
C O U N T  R A T E  S H I F T :  < 1  c h a n n e l  l o  9 0 7 o  d e a d  t i n e .
T E M P E R A T U R E  S T A B I L I T Y :  < : L 0 . 1  m V / o C .
T I M E  D R I F T :  < t 1  n V / 2 4  h o u r s  a t  f i x e d  t e m p e r a t u r e .

LINEARITY:
I N T E G R A L  L I N E A R I T Y :  < : L 0 . 1 %  o v e r  1 0 0 7 0  o f  r a n g e .
D I F F E R E N T I A L  L I N E A R I T Y :  < t 1 %  o v e r  1 0 0 6 / o  o f  r a n g e .

S I G N A L  P R O C E S S I N G  T I M E :
P U L S E  A N A L Y S I S  T I M E :

Up to 128 channels and up to 3.2 ts coincidenc€ slrobe
t ime-3.4 ps-

U p  l o  5 1 2  c h a n n e l s  a n d  u p  t o  6 . 4  t s  c o i n c i d e n c e  s t r o b e
t ime-6.6 ps.

F o r  1 0 2 4  c h a n n e l s  o r  f o r  g r e a t e r  t h a n  6 . 4  p s  c o i n c i d e D c €
strobe i ihe-13 !s.

S Y S T E M  N O I S E  ( C h a n n e l  P r o f i l e ) :  c r e a t o r  t h a n  9 0 %  o f  t h e
p u l s e s  t r o m  a  c a l i b r a t e d ,  n o i s e J r e e  p u l s e r  w i l l  f a l l  w i t h i n
lhe middle 67010 ol  the channel.  This represents tess than
t hV rms noise referred to the ADC input.

C O I N C I D E N C E  I N P U T S  ( N o r m a l  a n d  S t r o b e d ) :
A M P L I T U D E :  4  1 2  V .
P O L A R I T Y :  P o s i l i v e .
P U L S E  S H A P E :  D C  l e v e l  o r  w i t h  s p e c i f i e d  t i m i n q .

D I S C R I M I N A T O R S  ( U P P E R  a n d  L O W E B  L E V E L ) :
R A N G E :  0  t o  +  1 0  V .

C H A N N E L  C A P A C I T Y :  T o  1 0 6  c o u n l s .

I t4EMORY SIZE:
1 0 2 4  c h a n n e l s  ( s t a n d a r d ) .
5 1 2  c h a n n e l s  ( o p t i o n e l ) .

M U L T I C H A N N E L  S C A L I N G  ( M C S ) :  I n  t h i s  m o d e ,  t h e  a n a t y z e r
sequent jal ly addresses each channel ol  the selected porl ion
o, memory and the contents of each address may be incre-
m e n l e d  b y  a n  i n p u t  p u l s e  s l r i n g .  T h u s ,  e a c h  c h a n n e t  i s
used as a scaler.  The OWELL TIME in each channel is pre-
settab'e. There is no provision for cojncidence or pulso

a m p l l t u d e  d i s c r l m i n a t i o n .  W h i l e  i n  t h e  M u l t i s c a l e  M o d e

t h e r e  i s  p r o v i s i o n  l o r  v e r i i c a l  d i s p l a y .  T h e  a d d r e s s  i n f o r m a -

t ion  is  conve i led  to  an  ana log  vo l iage and ava i lab le  lo r

such app l ica t ions  as  dr iv ing  a  l \ lossbauer  appara tus .

I N P U T  P U L S E  R E O U I R E M E N T S T  ( A E C  S t a n d a r d  C o m p a t i b l e )

A M P L I T U D E : 4 - 1 2  V .

P O L A R I T Y :  P o s i t i v e .

I N P U T  l [ , 4 P E D A N C E :  ]  k l l .  5 0  p F  s h u n t  ( d c  c o u p l e d ) .

[ , 4 l N l [ , 1 U M  P U L S E  W I D T H : 2 s  n s .

[ ,4  lN  lMUf r ,  PULSE SEPARATlON :  65  ns .

P U L S E  P A I R  R E S O L U T I O N :  1 0 0  n s .

P R E S E T  S W E E P I N G : 1  s w e e p  t o  5 0 0 , 0 0 0  s w e e p s  ( d e c a d e

s t e p s  X  m u l l i p l i e r  i n  1 , 2 , 5  s t e p s ) ,  o r  E x T e r n a l .

PRESET SWEEPING:  1  sweep to  500,000 sweeps (decade

s l e p s  X  m u l t i p l i e r  i n  1 , 2 , 5  s l e p s ) .

M E M O n Y  G R O U P I N G :  S t o r e  i n  a n y  q u a r l e r ,  h a l f  o r  e n l i 1 6

SAMPLED VOLTAGE ANALYSIS (SVA) :  (Probab i l l t y  dens i ty

f u n c t i o n s ,  [ / d s s b a u e r )  O p e r a t i o n  i n  l h i s  m o d e  i s  i d e n l i c a l

t o  p u l s e  h e i g h t  a n a l y s r s  e x c e p t  t h a t  t h e  A D C  c o n t i n u o u s l y

m o n i t o r s  a  s l o w l y  c h a n g i n g  v o l t a g e ,  s e m p l e s  i t  u p o n  r e c e i p t

o f  e  pu lse .  and processes  the  sampled  vo l lage as  though

i t  were  a  pu ise ,

I N P U T  S I G N A L  R E O U I R E M E N T S :

A M P L I T U D E  R A N G E :  1 . 2 5  V ;  2 . 5  V ;  s  V ;  1 0  V .

P O L A R I T Y :  P o s i t i v e .

E A N D W  I  D T H :

1 0 2 4  C h a n n e l  R a n g e :  d c  t o  3 0  k H z -

5 1 2  C h a n n e l  R a n g e :  d c  t o  6 0  k H z .

256 Channe l  Range i  dc  to  120 kHz.

1 2 8  C h a n n e l  F l a n g e :  d c  t o  2 4 0  k H z .

I N P U T  I I , 4 P E D A N C E :  1  k 9 ,  < 6 0  p F  s h u n l ,  d c  c o u p l e d .

ADC CLOCK RATE:  100 t r rHz .

O U T P U T  R A N G E T  1 2 A t  2 5 6 ; 5 1 2 ; 1 0 2 4  c h a n n e l s .

C O N V E n S I O N  G A I N  ( C h a n n e l s  O u t / V o l t  I n ) :

R A N G E : 1 0 2 4  c h a n n e l s / 1 . 2 5  V  t o  1 2 8  c h a n n e J s / 1 0  V .

G A I N  C H A N G E  A C C U R A C Y :  2 : 1 ,  : A . I o / a / s t e p .
TE[ ,4PERATURE STABIL ITY:  < :  + :0 .005%/oC.

BASELINE ( lnput  O l tse l ) :  Same as  PHA N,4ode.

L INEARITY:  Same as  PHA [ /ode.

S I G N A L  P R O C E S S I N G  T I M E :  S a m e  a s  P H A  M o d e .

SYSTEM NOISE:  (Channe l  Pro l i le ) :  Same as  PHA l \ rod€.

C O I N C I D E N C E  I N P U T S  ( N o r m a l  a n d  S t r o b e d ) :  S a m e  a s  P H A

M o d e .

A N A L O G  S E T - U P  M A R K E R  G E N E R A T I O N :  I n  T h i s  m o d e , 2

var jab le  ampl i lude  pu lse  genera tors  in  the  ADC prov ide

p u l s e  p a i r s  l i r s t  o n e  a m p l i t u d e ,  t h e n  t h e  o t h e r - a t  a  l a c k
on the  ADC pane l .  These pu lses  are  rou ted  th rough the

l i n e a r  s i g n a l  p r o c e s s i n g  e l e c t r o n i c s  t o  b e  s e l  u p ;  i , e - ,  l i n e a r

a m p l i l i e r ,  s i n g l e  c h a n n e l  a n a l y z e r ,  e t c .  T h e  r e s u l t i n g  p u l s e s

a r e  r o u l e d  i n t o  t h e  A D C  i n  t h e  n o r m a l  m a n n e r  a n d  c o n -
v e d e d  l o  d i g i t a l  i n f o r m a t i o n -  T h i s  i n t o r m a t i o n  i s  r e c o n -

ver led  lo  ana log  and prov ides  a  hor izon ta l  de l lec t ion  to r

t h e  d r s p l a y  u n i t .  V e d i c a l  s t r i p e s  a r e  g e n e r a t e d  o n  t h e  C R T ,

a n d  t h e i r  h o r i z o n t a l  p o s i t i o n  i s  a n  i n d i c a l i o n  o f  t h e  p u l s e

a m p l i l u d e  a t  t h e  A D C  i n p l t .  T h e  s t r i p e s  a r e  d i s p l a y e d  s ! -
p e r i m p o s e d  o n  a  n o r m a l  d i s p l a y  o I  6  s p e c l r u m  s t o r e d  i n

memory ,  and so  may be  used as  re te rences  to r  ad jus i ing

s y s t e m  g a i n  a n d  b a s e l i n e ,  a s  w e l l  a s  s i n g l e  c h a n n e l  a n a -

I Y z e r  s e t t r n g s .

R E A D " I N / R E A D . O U T  M O O E S

C R T  D I S P L A Y  ( L i n e a r )

D I S P L A Y  M O O E S :

L I V E :  W h i l e  d a t a  i s  b e i n g  a c c u m u l a t e d ,  t h e  c h a n n e l s  a r e

addressed and the i r  con ten ts  d isp layed as  they  are  be ing

i n c r e m e n t e d .

S T A T I C :  T h e  c h a n n e l s  i n  a  s e l e c t e d  g r o u p  a r e  s e q l t e n l i a l l y

a d d r e s s e d  a n d  t h e i r  c o n l e n t s  a r e  d i s p l a y e d .

ANALOG PLOTTER OUTPUTi

A M P L I T U D E :  + 5  V  f u l l  s c a l e  i n t o  o p e n  c i r c u i t .

I M P E D A N C E : 1 0 0  O .
R E S O L U T I O N T  V e d i c a l  a n d  H o r i z o n t a l ;  4 0 . 1 %  o f  f u l l  s c a l e .
I N T E G R A L  L I N E A R I T Y :  V e i l i c a l  a n d  H o r i z o n t a l ;  t 0 - 1 7 0

o f  f u l l  s c a l e ,
Z E R O  D R i F T :  V e r t i c a l  a n d  H o r i z o n t a l ;  i . O . 0 1 o / " / o C ,

l :O.1"h/day al  l ixed temperature, tul l  scale.
G A I N  D R I F I :  v e r t i c a l  a n d  H o r i z o n t a l ;  j . 0 . 0 5 " h / o C ,

! :0.1"/" /day at l ixed temperature, lu l l  scal€.

ANALOG OUTPUT (Fof Driv ing a Remote Osci l loscope):
V E R T I C A L :  S e m e  a s  A n a l o g  P l o l t e r  O u l p u t .
H O R I Z O N T A L :  S a m e  a s  A n a l o g  P l o t t e r  O u t p u t .
U N B L A N K I N G :  S i g n a l s  p r o v i d e d .

M A n K E R S :  I n i e n s i l y  o n i y .

PARALLEL DIGITAL OUTPUT:
L O G I C  L E V E L S :

A  S T A T E T  0  V  i o  +  1  V ,  s i n k  2 0  m A .
B STATE: 2400 O lo + 12 V.
N E G A T I V E  V O L T A G E S :  O p I i o n a I .

O U T P U T  C O O E :  1 - 2 - 4 - 8  B C D  ( B i n a r y  C o d e d  D e c i m a l ) .
[ r A X l M U [ ,  O U T P U T  R A T E :  > 6 0 , 0 0 0  c h a n n e l s / s .
O U T P U T  F O R M A T :

4 digi ls of  address.

A l l  1 0  d i g i t s  s i m u l t a n e o u s l y .

ELAPSED TIME READOUT:
A N A L O G :  P o i n t  i n  f i r s t  c h a n n e l  o f  m e m o r y  g r o u p  u s e d  i s

vedical ly displaced in propoi l ion to l ime elapsed. Incre-
ments are in hundredths of a minute,

DIGITAL: Number read-out ot f i rst  chann€l ol  lhe memory
g r o u p  u s e d  g i v e s  l h e  e l a p s e d  t i m e  j n  h u n d r e d l h s  o l  a
m  r n u t e .

SERIAL DIGITAL OUTPUT:
L O G I C  L E V E L S :

A STATE: 0 V to + 1 v,  s ink 20 mA.
B STATE: 2400 O to + 12 V.
NEGATIVE VOLTAGES: Optional.

O U T P U T  C O D E :  A S C I I  S t a n d a r d  ( o t h e r  c o d e s  o p l i o n a l ) .
MAXll , , lUl \4 OUTPUT RATE: >60,000 characters/s.

OUTPUT FORMAT:
Carr iage return
Line feed
4-digi l  address
Space
6-digi t  channel data
I  a . d i n d  n .  . " n n r e c c . i

10 channels ol  data per l ine of typs, separated by spacos.
E a c h  l i n e  b e g i n s  a s  d e s c r i b e d  a b o v e .

S E N I A L  D I G I T A L  R E A D - I N :
L O G I C  L E V E L S :

A S T A T E :  - 2 V t o  + 1 . 5 V .
B  S T A T E :  + 4  V  l o  +  1 2  V .
' 1 '  S T A T E :  A  o r  B  b y  r e v e r s i n g  p l u g - i n  b o a r d .
N E G A T I V E  V O L T A G E :  O p l i o n a l .

I N P U T  I M P E D A N C E : 1 k { ) .
I N P U T  C O D E i  A S C I I  S i a n d a r d ,  o t h e r  c o d e s  a v a i l a b l e  o n

special  request.
MAXINi lULl INPUT BATE: >60,000 characters/s.
INPUT FORI/AT: Same as output tormat.

DIGITAL PROCESSOR OPERATIONS:
T R A N S F E R  M E M O R Y  Q U A R T E R S :  T h e  c o n t e n t s  o l  a n y

quai ler or ei ther hal l  ol  the memory may be transferred
to any other quarter or the other half  respect ively.  The
data is retained in the sending memory g.oup. Dala pre-
viously slored in the receiving group is erased.

PRICE: HP 5400A with 1024 Channel Memory. $9,500.00

M A N U F A C T U R I N G  D I V I S I O N :
H P  F R E Q U E N C Y  &  T I I \ , 4 E  O I V I S I O N
1 5 0 1  P a g e  M i l l  R o a d
Palo Alto.  Cal i fornia 94304
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A Charge-Sensitive Preamplifier
for Nuclear Work
By James K. Koch

A PREAMPLIFIER WHICH IS USABLE, WITHOUT MODIFICA-

rtoN, with any of the usual nuclear detectors is part of the

HP nuclear instrumentation program. This ability to

work with various detectors is a substantial convenience

because usual practice has required either different pre-

ampliflers for different detectors or considerable preamp

modification when detectors are changed. To accommo-

date the differing electrical characteristics of various nu-

clear detectors, the preamplifier has switchable controls

that provide a variety of pulse-shaping methods.

The preamplifier is arranged to include the load re-

sistor for the detector as is the usual practice in the nu-

clear field. As a further convenience and again in contrast

to existing practice, the resistor can be merely clipped

into place in the preamplifier without special soldering or

other circuit modifications.

The preamp has charge conversions of up to 1000

mV,/picocoulomb which can then be increased up to 8

times into 50 ohms by the internal voltage-amplifying

section.
The preamp is of the type known as 'charge-sensitive,'

i.e., its output voltage is proportional to the amount of

charge appearing in a burst at its input. This is necessary

because the output of nuclear detectors is a burst of

1 6
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POLE ZERO
CANCETLATION
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Input

Test tpF
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Protection
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if

chargc (ir current pulsc) ivhcn they absorb an increment
of inciclcnt racliation. The stanclard configuration for such
a charge-sensi t ivc ampl i f icr  appcars in  F i -e.  2.  TI tc  t r i -
an-r]lc rcprcscnts a coltvcntional opcrational voltage am-
plif ier. Input-output relations arc as shown. The conver-
s ion g l in  o l  sucl t  n  s \ 's tcnt  is :

E A

Fig. 3. BIock diagram
ot preampli f  ier.

plif icr and C'1. is the feeclback cirpacitor. ln practice a
rcsistor is placed in parallcl with Ci,. so that the output
pulse vol tagc wi l l  havc an exponcnt ia l  c lecay ancl  r .v i l l  not
bui ld  up wi th successive input  pulses.

Fig. 3 shows a block cliagrarn of the prcanrplif ier cir-
cu i t .  S ince h igh-vol tagc b ias is  gcneral ly  appl icc l  to  the
dctcctor at thc prcanlp input. it is convcnient to include
the bias rcsistor irr t l ic preantp as shown. Tlie preanrp
itself consists of a virriablc-cain chargc-sensitive stage fol-
Iowcd by a variablc-gain voltagc aniplif ier. Thc two stages
can bc couplccl togctlrcl in two uays to uccrrntplish dilTer-
cnt pulse shaping. l 'he first rvay is to dil lcrcntiate the out-
put of the chargc-scnsitivc stagc (Fig. 4). A pole-zcrcr
cancellation network canccls the charge-sensitivc decay
tinre-constant and introcluces a ncw, shorter t intc-con-
stant. Since therc is sti l l  only one tinte-consti int (one polc)
in the transfer function, the resulting pulsc wil l havc n<t
unclershoot. Undershoctt would be unclesirable since it
often increases the intcraction between consccutive
pulscs. Use of thc shortcr t irrre-constant is usually conr-
binecl rvith acldit ional pulsc shaping latcr in the systcnt.

Tlre second sclcctable nrcthocl of interstage coupling
is  through a shaping nctwork (F ig.  a)  consist ing of  a cas-
cadccl RC cliffcrcntiatctr ancl intecrator. Polc-zcro cancel-
lation is not ncedecl i l .r this casc becausc thc tir lc-constant
introducccl by the shaping nctrvork is shorter by a factor
of  1000 than thc prcv ious onc.  

' l -he 
rcsul t ing pulsc shape

is suitablc for clirect connection to subsequent pulse
hcig l i t  analyz ing cquipntcnt .

JA>> I
l (A  +  1 )C t f  >>Ct i , ,

of the operational ant-

c , , ,  - l  c J . ( l  l -  A )

whereCi , ,  is  thc input  capaci tancc

Fig. 2. Standard configuration
ampli f  ier. Triangle represents a

tor charge-sensit ive pre-
co nve nt io nal oper at io n al

voltage amplitier.

---+.1 f-- At c.
l l

I
i(t)

lAt:Q

v tN

-r
t _ 6

l -  c ,
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The voltage amplifier stage is a non-inverting opera-
tional circuit with gain settings of 2,4,8, and 16 and a
constant output impedance of 50 ohms. When terminated
in 50 ohms, the output will be divided by two to produce

actual  gains of  7,2,4,  and 8.

The charge-sensitive stage is conventional except that
the feedback elements may be switch-selected. The avail-

able gain values are compatible with all usual detectors.

The values are 10, 100, and 1000 mV/pC. Since the
smallest feedback capacitor is only 1 pF, stray capaci-

tances are critical; it has thus been necessary to switch

both ends of the capacitors.

A diode may be switched in between the input and
ground to protect the input FET from large negative

spikes arising from changing or disconnecting the high

voltage on the bias resistor. Positive spikes and the re-

sulting positive charges on the input capacitors can dis-

charge through the N-channel FET in the positive direc-

tion with only small power dissipation. When lowest pos-

sible noise is required, the protection diode may be

switched out of the circuit to reduce input capacitance.

The noise introduced by the preamp is determined by

the input FET, the input resistance, and the input capaci-

tance. Preamp noise becomes significant, however, only

when using some solid-state and some proportional de-

tectors. For low-noise work the input cables should be

kept short to minimize input capacitance and the highest

possible bias resistor should be used to keep input resist-

ance at a maximum. @

Fig. 4. Se/ectable interstage coupling netwotks
give choice ot pulse shaping tunctions.

James K. Koch

After graduating from lowa State
University in 1965 with a B.S. degree
in  e lec t r i ca l  eng ineer ing ,  J im Koch
(he pronounces  i t 'Cook ' )  jo ined the
HP nuc lear  ins t rument  g roup.  He has
been des ign ing  nuc lear  ins l ruments
ever since.

At present he is also attending
Stanford University in the HP Honors
Co-op Program and expects to receive
h is  MSEE degree shor t l y .

J im is  a  member  o f  IEEE,  Tau Beta  P i ,
and Eta  Kappa Nu.  He spends much
of his spare t ime in art ist ic pursuits,
ch ie f l y  pa in t ing .

S P E C I F I C A T I O N S
HP Model 55544

Preampli f ier

SIGNAL INPUT POLARITY:  E i ther .

HIGH VOLTAGE:  2 .5  kV max,  e i ther  +  o r  -  as  requ i red  lo r  de tec tor .

HV DECOUPLfNG:  3  s lages ,  R =  1  M,  C =  0 .0047 pF,  r  :  4 .7  ms.

DETECTOR BIAS RESISTOR:  Inser ts  be tween spr ing- loaded c l ips .
Three res is to rs  a re  p rov ided (1000 M,  100 M,4 .7  M) ;  o thers  may bo

used.

F IRST STAGE CHARGE SENSITIVITY (convers ion  ga in ) :

WITH NON-SHAPED OUTPUT PULSE:  10 ,  100,  o r  1000 mVpC (mi l l i -
vo l l s  per  p icocou lomb)  nomina l .

WITH SHAPED OUTPUT PULSE:  3 ,  30 ,  300 mV/pC nomina l ,

SECOND STAGE VOLTAGE GAIN
W I T H  R L  =  5 0  O :  1 ,  2 ,  4 ,  o t  8 .
WITH Rr  >  500 O:  2 ,  4 ,  I ,  o r  16 .
LOSS AS A FUNCTION OF INPUT CAPACITANCE:  <3% at  100 pF

tor  convers ion  ga in  300 or '1000;  o therw ise  much less .

OUTPUT
POLARITY:  Inver ted  f rom input .
POSITIVE OUTPUT:  In to  a  50  g  load,  dynamlc  range is  5  V ;  in to

>500 O,  10  V (w i th  vo l tage ga in  X2,  X4,  o r  X8) .
NEGATIVE OUTPUT:  In td  a  50  O load,  dynamic  range is  3 .5  V ;  in to

>500 O,  7  V  (w i th  vo l tage ga in  X2,  X4,  o r  X8) .
I M P E D A N C E : 5 0  O .
T A I L  P U L S E :

RISE TIME:50 ns  a t  zero  ex terna l  capac i tance.
TAIL  T IME CONSTANT:  100 ps .
POLE-ZERO CANCELLATI  ON.

SHAPED PULSE:
RC DIFFERENTIATION TIME CONSTANT:  1  ps .

R C  I N T E G R A T I O N  T I M E  C O N S T A N T : 1  e s .

PRICE: 5554A. 3300.00.

D l v l S l O N :  H P  F R E Q U E N C Y  &  T I M E  D I V I S I O N
1501 Page Mi l l  Road
Palo  A l to ,  Ca l i lo rn ia  94304
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A Nuclear-Type Linear Amplifier
with Plug-ln
Pulse-Shaping
Delay Lines
By Eric M. Ingman

IN THE NUCLEAR FIELD THE TERM'LINEAn nIr , tp l , I r ten '

has a somewhat different connotation than in the elec-
tronics field. In nuclear work a linear amplifier is a pulse
amplifier with high linearity and often with circuits that
shape the pulse (and thus degrade input-output linearity).
Nuclear linear amplifiers generally have calibrated gain
adjustable with high accuracy.

Such a nuclear amplifier is part of the HP nuclear in-
strumentation program. The new amplifier has all the
usual characteristics. It also has new features of its own.
Its risetime is several times faster than previous ampli-
fiers of its type. As a result the amplifier's pulse-shaping

circuits make it possible to reduce the pulse width to
about one fourth of that previously practical. This, in
turn, leads to the amplifier's ability to handle pulses at
rates about 4 times faster than previous usual practice.
The fast risetime is also important in giving the amplifier
a low value of crossover 'walk.' i .e.. shift of a reference
point on the pulse with pulse amplitude.

Another convenience factor is pulse-shaping (delay)

lines that merely plug in. These come in a variety of dif-
ferent time constants.

Circuitry

Engineers in the electronics field may find the amplifier
circuit arrangement is rather unusual and interesting (Fig.

2). The amplifier consists of an input attenuator, an in-
verter/non-inverter, an adjustable first differentiator, a
post-amplification attenuator, an adjustable integrator, an
amplitude limiter for overload signals, an adjustable sec-
ond differentiator, and an output stage. To minimize noise
from the first stages, the input and post-amplification at-
tenuators operate from the same control so gain will be

_ dF,,,_..
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Fig. 1. Nuc/ear pulse ampli t ier in NIM
module (HP Model 5582A).
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Coarse Gain 1-256

Inverting

Noninverting

First
Diflerentiator

Fine  Ga in
2-5Electronic

Gain

Integrator

Second
Diflerentiator

AIV lPLIF IER
LI I \ I  ITE R

BIAS.POINT
S TA BI LIZER

Fig.2.  L inear ampl i t ier  b lock diagram

f irst reduced by the post-anrpli l ication attcnuator bcfore

it is rcducccl by thc input attenuator. Up to thc flrst dil ler-

entiator thcrc is no voltagc gain. Thc stages havc bcen dc-

s ignccl  wi th wide dynarnic  range so t l ia t  inpLr t  pulscs wi th

long ta i ls  can p i le  up on one anothcr  wi thout  sutunr t in{

the arnpl i l ic r .  Anothcr  point  considercc l  in  prov id inu h ig l r

dynanr ic  ranqc was avoid ing thc possib i l i ty  that  sonrc

input signals might bc large cnough to ovcrloacl latcr

sta-ses in the anrplif icr. thcn because of thcir lon-e tir i ls,

hold thc input stagcs in saturation for long tin'res.

Two alternativcs are provided for the l irst signal cliffer-

ent ia t ion.  One is  p lug- in type pulse-shaping delay l incs.

Tl.rese shape tlrc pulsc by delaying the si-enal in one in-

verting path while a parallel straight-through path is alscr

proviclccl. The tn'o signals arc thcn sunrnrccl. Since the
siqnal to bc shapcd has a iast risc ancl slorv clccay. t lre re-
sul tant  s ignal  a l ' tcr  sunrnr inq is  onc r ' , ' i th  fast  r isc and fast
dccay.  as inc l icatcc l  in  l r is .2.  T l rc  c lurat ion of  th is  s ignal
is  cqual  to  t l rc  c le lay of  thc c lc la l '  l inc.  

' fhc 
c le lav l ine

branch uscs actire circuitrl '  to collrpcnslitc I 'clr cle lav-l inc
loss and to acconrpl ish the ncccssury invers ion.

Thc sccond a l ternat ive lor  f i rs t  s ignal  c l i f lerent ia t ion
is  in  thc fornr  of  RC c i rcu i ts  r .v i th  ac l lustable t i r le-con-
stants.

An c lcct ronic  gain contro l  is  locatec l  at  the output  of
the first clif lcrcntiator. Thc circuit consists of two for-
ward-biasccl clioc'lcs which control gain by shuntinc sonrc
s i tnal  current  to  ground.  This gain contro l  is  then fo l -
lorvcd by a stage of voltage gain and a calibrated'finc-
gain' potentiometer.

The stages fronr the l irst dif lerentiator to the output
of thc seconcl differcntiator are clc-coupled. The opcrating
point is stabil izcd by dc non-linear feedback fronr the out-
put of thc amplitude-limiteci stage to the input of the first

\ 8 anplif ier. Thc amplitude limiter is clcsiqned so tlrat. in
clclay-line-nrode operation. antplitucle l inrit ing cannot oc-
cur in the stagcs follo"ving scconcl clif lcrentiation.

If l imiting does occur after the second differcntiator.
then the bipolar pulse I 'rom the second difierentiator wil l
no longer have arca balance above ancl below baseline.
and so whcn i t  passes through a coupl ing thc basel ine
wi l l  sh i f t .

Thc output stagc is ac-couplecl ancl has an output
impcclancc of lcss than 5 ohnrs. low cnciugh to drive
inrpedances ot 90 or nrorc ohnrs without affecting output

,ilt
l e v e l .  g

%,',
w&''

. ' * * ' ,
t

Er ic  M.  Ingman

Born  in  Eng land and la te r  becoming a
res ident  o f  Aus t ra l ia ,  Er ic  g raduated
in  eng ineer ing  f rom Sydney
Univers i ty .  He then worked in  Eng land
in  a  g raduate  t ra in ing  p lan ,  aga in
re tu rn ing  to  Aus t ra l ia  to  work  on  the
des ign  o f  communica t ions  equ ipment .

H e  j o i n e d  t h e  H P  n u c l e a r
ins t rumenta t ion  des ign  group in  1964,

*  work ing  in i t ia l l y  on  the  mul t i channe l
ana lyzer  and la te r  becoming group
leader  fo r  the  N lM ins t ruments
descr ibed in  th is  i ssue.
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S P E C I F I C A T I O N S
HP Model 5582A

Linear AmPlif ier

I N P U T :
P O L A R I T Y :  P o s i t i v e  o r  N e g a t i v e .
I M P E D A N C E : 1 . 5  k Q ,  d c  c o u p l e d .
M A X I N 4 U M  V O L T A G E :  1 5  V  p e a k ,  1 5  V  d c ,  w i t h o u t  d a m a g e  t o  i n p u t

G A I N :
R A N G E : 2  t o  1 2 8 0  b y  c o a r s e  a n d  f i n e  c o n t r o l .
C O N T R O L S :

COARSE:  Swi tch  f rom 1  to  256 in  b inary  s teps .
F I N E :  C o n t i n u o u s l y  v a r i a b l e  f r o m  2 . 0 0  t o  5 . 0 0  ( t i m e s  c o a r s e  g a i n

se t t ing)  by  3 - tu rn  po t  w i th  ca l ib ra ted  in - l ine  d ig i ta l  d isp lav .

R E S E T T A B I L I T Y :  F i n e  g a i n ,  o n e  m i n o r  d i v i s i o n  ( 0 . 2 %  o f  t u l l  r a n g e
at  cons tan t  tempera lu re) .

P U L S E  S H A P I N G :
RC MODE:  Separa te  cont ro ls  fo r  in tegra t ion ,  f i r s t  and second d i f fe t r

en t ia t ion .
T I M E  C O N S T A N T S : 0 . 0 2 - 5  l i s  i n  1 , 2 , 5  s e q u e n c e  t o r  i n t e g r a t i o n ,

l i r s t  and second d i f fe ren l ia t ion .
D E L A Y  L I N E  M O D E :  S i n g l e  o r  d o u b l e ; 1 . 0  p s  d e l a y  l i n e s  a r e  s t a n d -

ard .  P lug- in  de lay  l ines  f rom 100 ns  to  1  ps  in  100 ns  s teps  ava i l -

ab le  on  spec ia l  o rder .

A M P L I F I E R  R I S E  T I M E :  < 4 0  n s ,  t y p i c a l l y  2 5  n s .

AMPLIFIER BAND PASS:  Typ ica l l y  2  kHz to  6  I /Hz .

TEMPERATURE STABIL ITY:  Ga in  sh i t t  <0 .05%/oC,  typ ica l l y  0 .027" /oC.

OUTPUT:
A M P L I T U D E :  t 1 0  V ,  e x c e p t  l 5  V  w i t h  0 . 0 2  p s  a n d  0 . 0 5  p s  f i r s t

and lo r  second d i f fe ren l ia t ion  t ime cons tan ts .
I M P E D A N C E :  < 5  l ) .

M I N I M U M  L O A D  I M P E D A N C E :  9 0  O .
POLARITY:  Pos i t i ve  and Negat ive .
DELAY:  Typ ica l l y  65  ns  ( re la t i ve  to  input ) .

INTEGRAL L INEARITY:  <0 .3% wi th  1  ps  DDL and 0 .1  ps  in tegra l ion

t ime cons tan t .

Df  FFERENTTAL L INEARITY:  <1 'h ,  o .3 / "  be low 8  vo l ts  ( typ ica l ) .

NOISE:  <  15  &V rms,  re f  e r red  to  input  a t  max imum ga in  w i th  1  &s  in -

tegra t ion  t ime cons tan t  and 1  ps  s ing le  d i l fe ren t ia t ion  t ime con-

s tan t .  Typ ica l l y  9  pV w i th  input  te rmina ted  in  50  ! ) .

CROSSOVER WALK:  ( r0 .5  ns  sh i f t  a t  cons tan t  ga in  f rom 10% of

ra ted  ou tpu t  to  ra ted  ou tpu t  w i th  I  t s  DDL shap ing  and 0 .1  &s  in -

tegra t ion  t ime cons lan t .  For  a  16 :1  change in  ga in  se t t ing ,  wa lk  i s

<  t5  ns  (w i th  cons lan t  f  ine  ga in  se t t ing) .

COUNT RATE SHIFT;  (0 .05% wi th  inputs  to  105 counts /s ,  fo r  Cs  137
( typ ica l ) .

OVERLOAD:  Ampl i f ie r  recovers  f rom a  200 X over load to  27 .  o f  the

base l ine  in  less  than 3  non-over load pu lse  w id ths  w i th  100 &s  preamp

ta l l  t ime cons tan t  { fo r  
'1  ps  DDL and 100 ns  in tegra t ion  shap ing) .  In

1  i1s  doub le  RC d i t fe ren t ia t ion  and 1  ,us  in tegra t ion  shap ing ,  the  re -

covery  f rom a  cor respond ing  over load to  27o o f  base l ine  is  2  non-

over load pu lse  w id ths  f rom end o f  non-over load pu lse .

GAIN CONTROL INPUT:  For  ex te rna l  f ine  ga in  cont ro l ,  con tac t  tac to ry

f o r  a o o l i c a t i o n s  i n l o r m a t i o n .

OPERATING TEMPERATURE:  0  to  55oC.

POWER REOUIRED:  + '24  V,  250 mA;  -24  V,  325 mA.  Power  may be

supp l ied  by  HP 55804 NIM POWER SUPPLY.

PREAMP POWER OUT:  +24 V.

PFICE:  $550.00 .
M A N U F A C T U R I N G  D I V I S I O N :  H P  F R E Q U E N C Y  &  T I M E  D I V I S I O N

1501 Page Mi l l  Road
Palo  A l to ,  Ca l i fo rn ia  94304

NIM Bin

Nuc lear  ins t rumenta t ion  nowadays  is  commonly  housed
in  packages wh ich  conform to  concepts  o r ig ina ted  by
the  AEC Commi t tee  on  Nuc lear  Ins t rument  Modu les .
S t a n d a r d  m o d u l e s  f i t  u p  t o  1 2  a b r e a s t  i n  a ' b i n , ' w h i c h
in  tu rn  f i t s  the  s tandard  19"  E IA rack .  The packages
(N lMs,  fo r  Nuc lear  Ins t rument  Modu les)  can be  yL2Ih

b in  w ide ,  o r  any  in tegra l  number  o f  twe l f ths .  The b in
may or  may no t  con ta in  a  power  supp ly  fo r  the  N lMs,

but always has standard connectors for power. Power
vo l tages  are  s tandard ized.  Th is  i s  the  HP 55804 NIM
bin ,  con ta in ing  power  supp ly .  120 wat ts  a re  d iv ided
among supp ly  vo l tages  o f  !24 ,  i12 ,  and 16  vdc .  Pro-
tec t i ve  c i rcu i ts  guard  aga ins t  excess ive  cur ren t  o r  vo l t -
age.  The b in  i s  b lower  coo led .  (A lso  ava i lab le  i s  a  b in
' ' |  2 modules wide, the HP Model 55808.)
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g A Single-Channel
Analyzer
with Fast
Multiple-Pulse
Resolution
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By Robert G. Wagstrom

SINGLE cHANNEL  ANAI - yzERS ARE coMMoNry  us to  i n

nuclear work to sclrt voltage pulses according to their am-
plitudc. Such analyzers generally consist of two amplitude
discriminators which are biased at dilTerent levels and
arranged to feed an anti-coincidence circuit. If the ampli-
tude of an input pulse then lalls between the levels at
which the two discriminators are set, there is an input to
the anti-coincidence circuit only from the lower discrimi-
nator. This one-only input meets the anti-coincidence re-
quiren-rent and an output pulse is produced by the anti-
coincidencc circuit. If the amplitude of thc input pulse is
below tl're lower threshold or above the upper threshold,
there will be either no inputs or two inputs to the anti-
coincidence circuit. Both of these conditions result in no
output pulse. As a result, the single-channel analyzer ac-
cepts pulses of the chosen amplitude rangc and rejccts all
others. The differential between the two discriminator
settings is often called the 'window' or ' lE window.'
Commonly, the position of the 'window' can be varied
over a range from zero to full scale so a continuunr of
pulse amplitudes can be exarnined or otherwise processed
by subsequent equipment.

A new single-channel analyzer (SCA), Fig. 1, is un-
usual in several respects; most noticeable is fast multiple-
pulse resolution of only 200 nanoseconds. In addition,

r -s
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I Fosre
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Fig. 1. New single-channel nuclear
pu lse-he igh t  ana lyzer  (HP Mode l
55834) with 200 nanosecond multiple

pulse resolution.
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SINGLECHANNEL ^E

there is a lcacling eclgc output l 'ronr eirch discrirninator

indcpcnclent of the anti-coincidence circuit, ancl a 'dual-

integral nroclc of opcration' (Fig. 2).

Single Channel  Operat ion

In onc single-channcl nrocle of operation (rE), onc

discrirninator control establishcs the window width (.050-

I .00 volts) and thc soconcl establisl ies the window's posi-

tion relative to 0 volts. For spcctrometry and other work

thc winclorv cirn be swept either nranually or elcctrically

by an external stcppcd volta-qc. 
' l-he 

swccp rangc possible

is fronr 0 to I (J volts.

In the scconcl single-channel node of operation
(E ,.). onc discrinrinator control sets the upper windorv

level and thc sccond control the lower window lcvcl. Each

contro l  has a.0-50 to l0-vol t  range,  so the analyzcr  wi l l

operilte with a winclow of adjustablc opening ert a selected
voltage above zero.

Dual- in tegra l  Operat ion

Althougtr the purpose of single-cliannel analysis is to

select pulscs that nreet a particular amplitude critcrion,

it is nonethelcss dcsirable in nrany instanccs to operate

the unit i ls two independent cliscriminators and to know

how n rany  pu l ses  a re  excccd ing  each  d i sc r im ina to r

threshold sctting. Each discrinrinator has separatc inputs

Robert G. Wagstrom

Bob Wagst rom jo ined the  HP nuc lear
ins t rumenta t ion  group in  1965 a f te r
comple t ing  h is  g raduate  (MSEE)  and
undergraduate  work  a t  the  Un ivers i ty
o f  Minnesota .  A t  Minnesota  he  worked

on nuc lear  ins t rumenta t ion  assoc ia ted
wi th  the  68  MeV pro ton  acce le ra to r
o f  the  Minnesota  phys ics  depar tment .

A t  HP he has  worked on  ins t ruments
compr is ing  the  NIM sys tem.

Fig. 2(a). Analyzer operating modes.

Fig. 2(b). Discriminator B generates an output pulse once
as input wave r ises through the predetetmined level, and
once again as input wave descends through that level.
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and outputs, so in essence there are two channels, each
with a lower-level discriminator. This permits subse-
quent equipment to totalize the number of input signals
that exceed a threshold value. This gives rise to the term
'integral' operation. Each output is derived from the lead-
ing edge of the input pulse. Separate output pulses occur
when leading edges of input pulses cross the discriminator
threshold.

Strobing

To analyze only pulses that occur in time coincidence
with some second event, a 'strobing' technique is often
used in nuclear work. For this purpose, the SCA is de-
signed to accept strobing pulses. These are applied (Fig.

3) to the anti-coincidence circuit together with the out-
puts of the discriminators. When an external strobe pulse
is not used, a substitute pulse is supplied internally (in-

ternal strobing). When an external strobing pulse is used,
it must arrive after the peak of the input pulse being
analyzed in order that the upper-level discriminator will,
if appropriate, signal the anti-coincidence circuit before
the strobe pulse occurs. In strobe operation, the output
pulses from the anti-coincidence circuit will have the
same timing information as the strobing pulses. E

S P E C I F I C A T I O N S
HP Model 5583A Single Channel Analyzer

MODES OF OPERATION:
S ing le  Channe l  -  AE,  pu lses  be tween E, in  and Emin  +  AE are

counted .

Single Channel - E.",, pulses between Emin and E.in + AE are
counted .

Dua l  In legra l ,  pu lses  grea ter  than Eh i i  a re  counted .

MULTIPLE PULSE RESOLUTION:  200 ns .
INPUT CIRCUIT:

IMPEDANCE:  S ing le  Channe l :  500 O.  Dua l  In tegra l :  1  kQ.  Inputs  a re
ac  coup led .  Max imum input  r i se  t ime is  de termined by  1  ms input
t ime cons tan t .

S INGLE CHANNEL AND DUAL INTEGRAL INPUT:  <15 V.  Un ipo tar
pos i t i ve  o r  b ipo la r ,  pos i t i ve  lead ing  (negat ive  on  spec ia t  o rder ) .

DISCRIMINATOR RANGES:  E. in  and E. " ,  a re  ad jus tab le  f rom O.O5 V
to  10 .05  V.  lE  i s  ad jus tab le  f rom 0 .005 to  1 .005 V.

lE  ACCURACY:  The lE  w indow wid th  i s  w i th in  t25  mV o f  the  d ia l
read ing  to r  Na l  shaped pu lses .

SENSITIVITY TO NARROW PULSES:  The d isc r im ina tor  sens i t i v i t y  to
a  30  ns  w ide  pu lse  drops  to  90% of  the  nomina l  sens i t i v i t y .

fNTEGRAL L INEAFITY:  f :0 .25o/o  o t  fu l l  sca le  fo r  a  Na l  shape pu lse .

T E M P E R A T U R E  S T A B I L I T Y :  < 0 . 0 1 o / " / o C  o t  f u l l  s c a l e  ( 1  m V / o C )
change in  E . " ,  and E- i "  and <0:16 /0 loc  o f  fu l l  sca le  (1  mV/oC)
change in  fE ,  bo th  over  0  to  55oC wi th  a l lowab le  dc  vo l tage to le r -
ances  as  spec i l ied  Der  T ID-20893.

OUTPUT:  A l l  ou tpu ts  a re  ava i lab le  in  a l l  th ree  modes o f  opera t ion .  The
outpu ts  a re  dc  coup led  and are  no t  damaged when shor ted .  Inputs
and ou tpu ts  con lo rm to  AEC pre fer red  prac t ice  log ic .

PRICE:  $550,00
H P  F R E Q U E N C Y  &  T I M E  D I V I S I O N
1501 Page Mi l l  Road
Palo  A l to ,  Ca l i fo rn ia  94304

HEWTETT-PACIGRD JQURNAL lrl mancn 1e68 votume te . Number 7
TECHNICAL INFOBMATION FROM THE LAAOFATOBIES OF THE BEWLETT-PACKAFO COMPANY PUELISHED AT 1501 PAGE MILL AOAO.  PALO ALTO CALIFOBNIA 94304

EdJIOTiAI  S IAI I :  F -  J ,  BUAKHARD,  A.  P ,  DOLAN,  L  O SHEAGAL'S,  A  H.  SNYDEN AN DiTCIOI :  R .  A .  EFICKSON

Fig. 3. Srng/e channel analyzer block diagram.
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