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Pulse Shape Processing to correct Pile Up and
Dead Time at High Count Rate by Using Digital
Spectroscopy Analyzer (DSA).
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Abstract
fuse time parameter in digital spechoscopy analyzer (DSA) is used to obtain a new rnethod for pulse

shape processing which is used to correct dead time and pile up at high count rate. When the pile up rejecter
has been used the dead time did not eliminate so much, but as thJ new method has been usea (rise time
parameter) the dead time decreased to its half value. The effect of rise time on the spectrum such as the
relationship befween the rise time and each of width pulse shape, dead time, gauss ratio, peak to valley ratio
and peak to Compton ratio ,have been studied .

Keywords: - Gamma pulse shape processing, dead time and pile up optimization.

Introduction
In all counting system of nuclear

radiation detection dead time will appear,
especially in detector which has a large ratio
of dead time. At high count rate the dead
time ratio increases.

Dead time occur in detector when the
frequency of nuclear radiation beeomes
larger than the velocity of transition of
(Excited or ionized) electron or ion in
detector medium. The detector dead time
can be calculated as follows: [l]

N*n=nNr ...(l)
where N : is a count strikes surface cross
soction of detector , n : is a count recarded
by crystal medium of detector and r: is
dead time
Spectroscopy research is needed as much as
possible to coruect dead time in order to
approach its measurement to actual
information of the sarnple.

Either nuciear electronic system or nuclear
spectrometer parameter have been used as a
certain method for this purpose, Batt and
McDaniels [1] have used a method for the
dead time correction by non-paralyzable
electronic device (time to arnplitude
converter-TAC), Byrd and Goosy[2 ] have
used automatic differential dead time
correction in (MCA_4096 channel) at input
rates up to 5*10^4 /sec, Meggitt [3] has
usod electronie modules to correct the
counting crf multi-chawtel analyzer by dead
time , and \Yargelin Yaron Danon(et al) [a]
have used Spectroscopy of parametric X-
rays (PXR) from pulsed electron sources is
usually done with very low electron beam
currents in order to avoid dead time losses
and pileup problems and M. Capogni (et al)
[5] have used random -summing and dead
time effects processing to optimizing count
rate of ths sum-peatrr method by using Two
Na(Tl) detector of different volumes.
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In this study a new method is used to
correct dead time and pile Bp by the new
spectrometer (DSA).
The counting system usually consists of a
counter, an amplifier and a discriminator or
an analyzer.
Each part of this electronic unit c&n
participate in a certain manner in the pulse
losses and theref,ore sould be characteiized
by a certain dead tirne. The dead time of the
pulse shaper amplifier depends on the type
of pulse spectrurn and counting rate Ziaek
and Plch t6l,
There are two types of dead tirne in a time
digitizer:

Extending (pile up) dead time
The arrival of a pulse causes a dead time

irrtewalr,. If another pulse arrives during
the dead time caused by preceding pulse,
the second pulse is not counted, and the
dead time will extended by an additional r,
from the arrival time of the second pulse. At
high counting rates,multiple (pile up) pulses
that are separated by less than r, caused
considerable extension of dead time, and
contmensurately large dead time loss [7].

Non - Extending dead time
The arrival of a pulse causes a dead time

interval r,". lf another pulse arrives during
the dead time caused by preceding pulse,
the second pulse is not counted. The
ignored second pulse has no effect on the
dead time.

In both cases, higher counting rates lead to a
higher probability of a pulse arriving during
the dead time from a previous pulse.
Consequently the dead time losses increase
with countingrute L7].
Each electronic rinit that used in a nuclear
system measurement has a self dead time.
In order to determine total dead time the
delay method should be applied via time
to amplitude converter (TAC) unit in a
nuclear system measurement. The delay
caused by electronic units equal to dead
time of these apparatus.
The main factor for increasing the dead time
is pile up pulses which arises from a high
counting rate. The pulse pile up divide into
tu'o portions, the peak portion during the
time interval 0 < / < r *, and the tail portion
during the time r * (t (a as shown in Fig
(1).
Peak pile up: It occurs when the peak of
the pulse overlaps with the peak portion of
another pulse as shown in Fig (2).
Tail pile up: it occurs when the tail of the
pulse overlaps with the peak portion of
another pulse as shown in Fig (3),
Nicholson [8].
To separate two pulses or more, the pile up
rejecter circuit is shown in Fig (4) should be
used, thus each of separating pulses has
pulse width shorter than pile up pulse. This
due to reducing dead time for each of them
because the ADC unit and the other digital
units of MCA become not busy for long
tirne as occurring for pile up pulses,
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fig (1) Pulse containing (peak and
tail) pile up F.ig (a) Pite up rejecter

Pulse shape process mechanism
{The method}

There are sornc methods for
minimizing dead time, Harm method,
Westphal method, the pulser method and
the virtual pulse generator method t9l.

In the present method the dead time is
reduced by reshaping the pulse out ofthe
detector. The extending (pile up ) dead time
source is controlled by the pulse shape from
the rise time and fall times of preamplifier,
pulse amplitude, and the discriminator
threshold voltage [10].

The first step of pulse shape
processing is started by passing the pulses
through the arnplifier of (DSA)" The pulse
width is minimized by minimizing the rise
time without varying the top of the pulse
therefore the amplitude of the pulse
remaining constant

1s shown in Fig (5) also as given by
Wargelin [11]:

Tdeod = Tp"ok +T*idth .,,,.... (2)
In ordinary case (before pulse shape
processing ) The width of analog puise at
the threshold causes an extending (pile up
)dead time .If a second pulse arrives while
the first pulse is stili above the threshold,
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the second puise adds to first , a.nr1 extends
the dead time by one pulse width from the
arrival time of the second pulse. This means
that the dead tirne rutio of spectrurn
increases [7].

Frorn equation (2), if pulse width
decreases the dead time will is decrease too
.Our attempt to reduce rise time due to
reduce pulse width.
This causes the peak pile up shifts toward
tail pileup as shown in Fig (5) hence tail
pile up easily will be eliminated from piie
up rejecter circuit. Thus counting rate will
inr:rease as a result of reducing *ilog width
pulse this causes Analog to Digital
Converter (ADC) unit does not become
busy, this means that the pulse does not
suffer any noise or any degradation because
the collection charge remains at its constant
value, if top pulse has been varied the
ballistic deficit noise would be created.
Therefore, in this study reducing of rise
time was applied without any noiie thus it
causes to re<Iuce width pulse and separating
pileup pulses which means that the puls-
shgne processing also it acts as piG up
rejecter.

In general this mechanism
compensates somo pile up rejecter circuits
as appear in this work.

Experimental method
In this experiment, the radioactive

source (Cs-137 with 18.6 MBq ) was used
and nuclear electronics unit ( NaI(Tl)
detector with crystal size (2*2) join with
preampiifier, digital spectroscop y analyzer-
DSA which has multi functions like
spectroscopy amplifier, single channel
analyzer-SCA, multi channel analyzer and
personal computer with Genie2000 soft
ware program. Indeed it is a first time DSA

has been used throughout Iraqi universities
prior to this work.

Furthermore, the DSA-1000 is a fuil
feafured i6K channel integrated Multi-
channel Analyzer based on advanced digital
signal process in a techniques (DSp) were
employed. When paired with the computer
of choice, the DSA-I000 becomes a
complete spectroscopy workstation, capable
of highest quality acquisition and analysis.
The instrument interfaces to all existing de-
tector technologies like FIPGe, NaI, Si(Li),
CdT or Cd(Zn)Te.

From DSA it is possible to reset all
spectroscopy parameters manually &S,

gain, pile up rejecter, baseline restore and
Filtration as shown in Fig(6), (7) and (S)

[12,1 3].

Experimental steps
The operation was started by putting

the standard source (Cs-137) with 18.6
MBq under the detector to read high count
rate and then adjusting high voltage to 900V
by opening a new window (MCA-adjust) in
gamma spectrurn software as shown in Fig
(e).

The detector was connected to the DSA
and then the DSA connected to computer
via Genie 2000 software program. The data
have been collected from MCA screen and
then Cs-137 spectrum has been plotted
which companied the spectrum information
as dead time ,count number (energy) for
each channel ,FWHM, F'WTM, gauss ratio
,count integral etc Also the energy of
source was Calibrated through calibration
window in gamma spectrum software and
then the data were collected for interval
(200 sec) to record the spectrum at each
certain case this source has a high count
rate, therefore a high count rate must be
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controlled to cause the spectrurn to be stable
as more as possibie by two ways ;

l. 
gV minimizing amplifier amplification to

(10).
2.- By-. reducing space window to (32).
According to this formula;

S=A/K ..,.,.(3)
.S: 

is. instability, A= AV:Vu (thr) _ Vl (thr)
is gtl spacing, K: is gain window [14].

The spectrum has been moie itubl,
because S proportional directly with A. On
the other hand another evidence was a peak
spectrum remained in its location (without
peak location shift) during the time of the
operation as shown in Fig (10).

Although lve used pile up rejecter
parameter the dead time remained at grate
ratio Q8,45%) but from pulse ,hup"
processing via reducing rise time from (2 io
0.4) prsec the dead time is reduced to the
half.

Discussion and Conclusions
When the pulse rise time reduced

from (2 to 0.4) psec due to reduce the width
of pulse shape from (2.9 to 1.g) psec as
shown in Fig (5), thus it is conciuded that
the_ dead time is proportional directly with
width pulse shape as shown in Fig (t l).

On the other hand, decreasing the rise
time from (2 to A.\ psec causes dead time
to minimize from Zg.4S % tal6.4g%.By
this new method the dead time-ilreduqed to
its half value._This means that **tt od L
very effective at high count rate. Also, by
pulse shape process the two pulse pile up
are separated .It means that this rnethod
acts as additional pile up rejecter for reading
more count rate and record minimum ratio
of dead time as shown in Fig (S-D) , Before
this method has been used the ciead time

remained at 28.45 % although a pile up
rejecter has been used. It may be concluded
that the dead time is prr:portional directly to
rise tirne value as shown in Fig (12).

Anottrer evidence to prove this method is
that by reducing the rise time fi:om 2 psec to
0.4 irsec the count rate increases from
424831 counts to 480466 counts as shown
in table (1). This means that nuclear
elechonie units can read count being
optimized by ratio 1Z.lS% due to increase
efficiency of DSA by amount 12.15%.

It may also be conclude that the rise
time is proportional inversely to count rate
as shown in Fig(13) because the width pulse
minimized upon pufiing through digitize
DSA unit. This causes reducing its busy.
This resuit read more count at the same time
interv'al. The above relationship between
rise time and count rate is not correct for
coincidence case at low count rate [151.
This method is ditferent from pile up
rejecter because in pile up rejecter all ofthe
piles up pulses are rejected totally which
causes decreasing the count rate. In this
method the pulses, pile up firstly separate
and then minimize the rise time to
increasing the count rate and at once
minimizing the dead time.

In this method the best Gaussian ratio
is obtained at 0"4 psec this means that when
the rise time decreased the Gaussian ratio
will approach to ideal ratio as shown in
Table(2).Pulse shape processing causes to
reduce noise time jitter which was satisfied
when the slope of pulse shape becomes
grater as shown in Fig(s) [1d].
A part of this work is about rise time (pulse
shape processing) effect on gamma
spectroscopy. When the rise time is
decreased peak to Compton is varied.
Peak to Cornpton ratio determines Compton
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noise ratio in the spectrum which affects on
a resoiution and then to determine value of
life time. This attempt was done to reduce
each of Compton ratios and background
ratio in the spectrum by decreasing rise

time, satis$ing that at 0.4psec rise time
obtains minimum value for each r:f
Compton ratio and background ratio in the
spectrum as shown in Fig (14).
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Tlbte (t) peak count, peak to valley, Cornpton count and peak to Compton ratio as a functionof rise time.

Rise time
{psec)

Feak count
Peak to
Valley
ratio

Compton
count

Peak to
Compton

rqlin
2.0 424831 19.177 73485 5.781

1.6 425833 19.126 74275 5.733

t.l 4399A1 19.444 77137 5.703

1.0 $944A I 8"874 77249 5.689

0.9 446272 t9.132 77132 5.758

0.8 442261 18.921 77498 s,707

0.7 4453t1 t9.164 77888 5.730

0.6 457269 19.t57 78401 5,832

0.4 480466 19.506 80654 5.957

Tahle (2) dead time, Gauss ratio and pulse width as a function of rise time.

Rise time ( psec) Dead timeTo Gauss ratio Yo

Pulse
width
( usec)

2.A 28.4s 0.99s 2.9ps

1,6 25"62 0.989

1J 22.85 4.994 2.41ts

1.0 21.69 0.994

0.9 20.58 0.992

0.8 19.81 0.992 2.2 1ts

0.7 19.27 0.994

0.6 18.52 0.996

0.4 16.48 1.000 1.8 ps
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