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ABSTRACT

A digital gain stabilizer is developed for use with a ﬁultiparametér

pulse-~height-recording system. Corrections are made for gain drifts of
'”;ny origin in the_Spectrometeffsystem. Stability of psak chanhel numbersv
" to 0.1% or better is obtéined'over.extended periods of time’ﬁithout‘sig-

‘nificant Joass in resolution.

A method for stabilizing on a peak at any location in the spectrum
is described This method requires only four decimal switches as compared
to the many switches normally used. Three decimal switches select the.
channel location of the stabiliziog peak and another su tch selects tho‘
number of channels aajacentlto the peak to bo included for stabilization.
Gain corrections are introduced into the system by means of a variable-

gain amplifier. This provides an insxpensive method for controlling the

gain without requiring any alterations to the existingoequipment, :
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1. Introduction | e ‘

A pulse-spectrometer stabiiizing system that uses a digital technique
to generéte a correcfion voltagé has been despriﬁed'by Ladd and Kennedyl.
This system takes its information directly from the analyzer store, thereby
teking into account all instabilities,lincluding analyzer movements.

vNofmally, only system: gain is stabilized; but if two widely spaced
spectral lines are available, both zero and gain may be’ corrected. The
upper peak is used for stabilizing gain and the lower peak for correcting
N v
Sinﬁe the techniques for generating both correction signals are
similar, we consider gain control only. The counts occuiring in a pre-

selected peak are monitored at the analyzer's address scaler. By means

~ of suitable gating, counts occurring in the lower segment of the peak add

to the contents of a réversible scaler; simila;ily,'events occuring in the
upper segment of the peak subtract counts from the scaler._ The ﬁbt change
in the contents of the scaler is equal to the difference in the counting
rates of the two segments. The scaler!s content is converted to a foltage
by means of a digital-to-analog converter. This voltége.is'used to qorréci
for gain changes. ‘ _ ) _
:Several other stabilizing schemes include the analyzér drifts in the

stabilized systemg. The description of one rush scheme also contains a

R good reference list of the various syabilizing methods that have been

developedg. Dudley et al2 use a capacitor-type stbrage device in place of -
a scaler and diglital-to-analog converter.
There is a'diétinctfidvantage in the above systems over stabilizers

that do not include the multichannel analyzer in the stabilized systems.
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. In these Jatter ones an auxiliary diecrimlnator is often used, and no

correction is made for the relative drifts between the auxillary discrim- .

o inetor and the multlcbannel analyzer.

We describe in this paper ‘the design and performance of a stabillzing 2;if{?f
bc'system thet uses the digital technique suggested by Ladd and Kennedy. Our:’p%};:‘v

_different approach requires only four decimal switches for selectlng any e

| ’peak for stabilization,

2. Systenm Descriptlon
We wanted a means of stabilizing a multiparameter pulee-helght—recordlng

: syetem44: After conaidering the relative amounts of zero and gain drifts

'3b.normally encountered in spectrometer systems, we felt thet stabilization

o ffof gein alone wculd be sufficient. We chose the dltigal approach of Ladd

”‘and Kennedy to accomplish this objective for three reasons. First, ye

felt that the;r_incremental—correction“technique would be more edaptable

§ to the wide range of counting fates that the stabilizieg system would ,

| 'poenceunter (frocdlpﬁ to 500 counte/hinute-ig the peak channel),» Second,-thebb'
'nabi1ity‘to:interrupt tbe counting withoub ioss'of the generated correction';
i voltage is extremely beneficial, because interruptione of an hour are qulte S }
?common. And last, we felt that the electronies in the digital stebillzer

pwould be more adaptable to “state of the art? demands as higher resolution . '

-~ detector systems are employed.

o processing ag meny as ten coincident parametere.

A simplified block diagram of the system ccnfiguretion for recording

. four parameters is shown in Fig. 1. The recording eystem is capable of ;(‘:52 .

‘ Each detector output is operated on by a variable-gain amplifier in-d -
3serted between its preemplifier and linear ampllfier.w“The varleble-galn -ﬂrd,;'
-amplifier,provides,e_unique mephod of controlling the system‘gein and is

discussed In Sec. 4.



The coperation of the recording system is as folloﬁs: “The coincident
pulses to be analyzed are stored in ‘the temporary ﬁulse-height storage,
vhich is made up of capacitor-typs stretchers. The analog content of each .
stretcher is serially read into the pulse-height-to~time converter (analoga.
to-digital converter). Each pulse height, in digitized form, is the# stored .
in a'épecific location in the magnetic-core buffer store. Once tha_m;;ory |
is filled, the proceésing of pulses is momentarily interrupted while.the
content of the buffer-core store is dumped onto magnetic tape. This cycle
continues until thé experimenter has gathered enough data. .. :
o ,The‘information on tha mégnetic tape can be "stripped® Hy're&ding the
data back into the buffer-core store. The specﬁrum for each parameter méy
then be displayed in the conventional ﬁﬁltichannel'analyzer mode, the
g display indicating whether or not reasonabla data have been accumulated
i Because of the ccmplexity of. the recording system, much engineering
time went into the development of the system's control panel. The control |
panel subsequently develéped incorporates a progfam that is almost fully
antomatic., interlock.circﬁitry and indicator lights minimize operator
' errofs in the few manual étaps required in the program. - We feel that thef'
engineering time that went into-the'devélopment of the control‘ﬁanel was a
good investment. After only a few minuteé~bf instruction, an experimentef B
can ugse the system without difficulty. | | _ |
We wanted to meintain the recording gystem's flexibility end simplicity_i;v
in the development of an accompanying stabilizer..

3. Gount Sorting with a Null Detection Approach

A limitation in any system similar to the one described by Ladd and
Kennedy is the large number of interconnections and switches needed for a -~
flexible system. It can be shown that in order‘to.usa,bfor example, three
channels on either side of a pgak for stabilizapion; fo@r decimél switches - .
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i pius'six toggle swiﬁches might be requiréd. For a more flexible sysﬁem,

as maﬁyvas six decimal‘switches plus twelvs: toggle switches might 5e re- -

quired | . . .v , ,
Unless we took a different approaoh to selecting a peak and the number

'kof channels to either side, our control panel would become formidable and BT

| contribute to operate errors, particularly aince we would ba atabiliz1ng o .Q[

four parameters simultaneously.

We thus used a null detection scheme for detecting and sgorting pulses

:‘that fall within the neighborhood of a reference peak. The significance

of this approach is manifested by the simple control panel used to intro-
‘“iduce stabilization. A photographqof our control panel for stabilizing

: four.parametérs (dimensions)xis shown in_Fig. 2, Referring to the panel,
the operator aialé in the channel location of the reference peak with the

. group of threerselected channel decimal thumbwheel éwitcﬁes.‘ The other
A}decimal switcﬁ, labeled * window width; selécts‘the number of channels

_ adjacent to the peak to be inclﬁded,fo: stabilization. (A setting of zero
"rlon this switch removeslstabiliéation.) The stabilizatibnitrigger switch

: parmitg gtabilization on a peék in‘the-spectrum (Self) or on a speciaily
‘v‘introducéd referencéjpeak‘(coinc.). An external command is reqﬁired when .~
“the trigger switch is in the coincidence position. | o A |
A block diagrem of the logic we use, vhich results in such a simple
-f.control panel, is shown in Fig. 3, In the arrangement shown we use the

_ analyzer's address reset pulse to preset the peak-location number P into <;~. »

the binary-coded decimal (BCD) subtract scaler. The pulse train subtracts r.,;a:

'liiN counts from this number. If the region used for stabilization is restricted”f
;":to a maximm of plus or minus 10 chennels from the stabilizing peak, the

- -residue in the subtract soaler isz



P

Decade!s Residue

B . ‘Hundreds eng Units
Region A (P = 102N <P) - o 0 - PN
 Region B (P<N=<P + 10) 9 9 .;P+10-N

‘The two unique condltions of the.residue in the hundreds and tens

- decades can thus easily be determined with appropriate gating (gates G-3

and G-4 in the figure). If the residue of these two decades is anything
but 00 or 99, we know immediately that the pulse could not be in Region A

or B and no further analysis need be performed on the residue.

For counts occurring in Region A, the residue of the units decade is

~ in the proper BCD form. For counts occurring in Region B, the residus

is actually in complementary BCD form. The residue of the uniﬁs decade,
and its complement, are converted from BCD to decimal form with diode
matrices D-1 and D-2, respectively. This is done in order to compare the;
units! residue with the limits set by the window-width switch. If the
residue is within the limits, gaées.G-l and/or G-2 are enebied. Control gate
G-5 or G-S will be enabled by the analyzer's store.in memofy command if |
the residue of all three deeades meets the criteria for pulseé occurring
in Region A or B. The oﬁtpﬁtlef the control gates initiates an‘add~i"

or subtractel command to a reversible scaler.- |

Recall that the recording system serially procssses theicoincident

pulses. With the appropriate routing gates and a separate set of switches

(selected channel and window width) for each parameter, a single null detec~
tion unit may be used for stabilizing any number of parameters. .

“~The correction voltage is generated in the following manner: Eaeh

- parameter has its own reversible scaler that is initlally preset to one~

half of ita capacity. Counts occurring within the window selected add or

subtract counts from the contents of that parameter's scaler. 4 ditital~
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.. to-analog converter produces a correction voltage proportional to the :

”i't_fcontents of the scaler. An instantaneous correction to the SYStem gein

1s generated by a chenge in the states of-the binaries in the-reversible |

T scaler. The’incremental correction is normally very small (typically 0.05 ."'

lvchannel/EOnnt) - The siievof incrementel correction is determined by the ;1_

gain setting of a low-drift de: differential amplifier. o

_ The capacity of the reversible scaler need not be 1arge., Although“

' it will be dependent on the amount of incremental correction to be applled‘"%i

;;to the system, a capacity of 2 (1024) should be sufficient for normal |
systen drifts. ,  . | |

Figure 2 shows that we have included a readout of the bina:y otates -.“élh:

.ﬂ'in.the reversible scaler.'aThe visual readout is helpful to the-operator ?}fi‘°'é

" vhen he is setting up the experiment and also as an observation of the

u"lsystem's performance after long-term drift correotione have . been introduced.o;i

'h'f‘A Use of a Variable-Gain Amplifier for Gain §tabilization

-iA: variable-gein amplifier

We have used the correction voltage to operate an electrically controlled
9 inserted between the preamplifier and the main
‘rlinear amplifier of the pulse spectrometer system. |

 The variable-gain amplifier was originally developed for applicatlon o
‘tein semiconductor detector systeme usedvin fiseion-fregment studiee. The~
bombardment of the detector with fission fragments causes a decay of its

_output-pulse amplitude.. Varying the detector!s bias voltage is not &

satisfactory method for controlling the system gain. For fission-fragment”?_;o

detectors the bias voltage ‘mst be selected for constant charge-collection
'efficiency without an: abrupt increase in leakage current. It therefore

' beoomes-neceseary to’ introduce-gain,stabilization at some other point in

" the systen. .This is often done at the multichainel analyzer; for example,

. the slope or conversion gain of the analyzer's ADC unit is varied. Gain

- correction at the'analyeef usually requiree analyzer modifications that may



not be desirable. A single multiohannal analyzer that is used with sub-
routing pulses to store. various paremeters-in different secﬁionSJOf its-
nenory cannot have ifs-slope oriconversion gain changed because'gain

drifts in one parameter will affect.the gain of the other pafameters.

The method we use for introducing gain correction does not impose any o

- additional restraints on the spectrometer gystem. In addition, the inex-
pensive, compact unit may be inserted into the system without making any

alterations to the existing electronics. For these reasons we feel that

the variable~gain aﬁplifier is also useful for stabilizing other spectro~
meter syotems such as those using photomultiplier tubes. | | |
A schematic of.tha variable~-gain amplifier is ohown‘in_Fig.=4.' An
analysis of thiévcircuitiapﬁeafs in a separate'reports"'The gain of the
amplifier is controlled by varying the emitter resistance of transistor

Q,.. We use a Pinlite type 15-15 1amp (Pinlite Divislon of Kay Electric

Co.,.Pine Brook, New Jersey) as the variable~resistanoe device. 'The current .

in the lamp, and hence its resistance, is proportional to the error signal
generated by the stabiiizer.- Its resistance range (from 50 to 150 ohms)
permits us to correct for gain variations up to & 20%

We originally used & G.E. 344 lamp as the control dovice because its
resistance'rangevproduced a readily available,-1nexpensive'control device."

However, with this lemp some degradation of the resolution oocufred in

systems with.high stabilizing count rates. This degradation was due to the

timelag introduced by the long thermal time constant (on the order of

- 80 msec) of the G. E. 344 lamps. The thermal time constant of the Pinlite =

18 of the order of 5 msec. -

o, -
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The time conetant introduced by the Pinlite lamp hae not presented ’
any dlfficultiee yet. Ihere is, however, a. system lim tation resultlngf
“,from this time constant. Because of this we ‘are replacing the Pinlites.
- with field~effect~traneistors (FET). The variable-gain smplifier can.

operate at modulating frequencies of lOO ke when an FET is used as the

‘:Ti gain-control element.. The FET will virtually eliminate time constants from f;;{‘ -

bour feedback Joop and thereby remove the limitation introduced by the -
Pinlite. o - | |
5. _sttem Performance “_.' _ . | _ _

; A mathematical anelysis of the digital stabilizer has been performed
by Ladd and Kennedy and 13 included in their reportl. They analyze the
effect of the stabilizer action on line resolution for both the drift~t
 free:.and the drifting eyetems. The displacement of the mean channel. - ‘
location of the peak is calculated for a drifting system. They have also }' L
included experimental results that were in agreement with the results predictedl
from their mathematical model. Since our system is. similar to their model,
ve will not go into any mathematical analysis of the stabilizer. |
| ‘We. conducted various teste to- determine the perfbrmance of thevl
stabilizer. We found‘that we~could stabilize the‘mean of the peak»to |
within one-tenth of a channel without any. eignificant degradation of the B
resolution.: With -an incremental feedback of 0.05 channe],/count,
typical change in resolution ie from 8. 6% to 8.8% for 03137.~ The per-f _ _
formance of the atabilizer is best illustrated by gome results obtalned in ‘;43:
‘ actual experiments. 3~~ A

\

Since ‘the development of the stabilizer, the recording system has been R

, B ; used primarily in the study6 of the gamma-rey spectra reeulting frem the _f'

o Bpontaneousvfiesion Ofucfzszu Tho . data-recording time extends over a period f

" of from 2 to 4 weeks for a typical experimentr During this time measurements
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are made of the energles of bot h members of pairs of. fragments and -of
coincident gamma rays from single-fission events. A block diagram_de-'

picting the manner iﬁ which the experimental data'ara gathered 18 shown

in Fig. 5. A welightlesn Cf252 fission source was ussd In the measurementa._ﬂ;;;vv

Solid-state detectors F-l and F~2 measure the energies of the two fission

fragaents. The energy of the gemma ray is measured with a high»resolutlon

- lithium-drifted germanium detector (¥ ~ 1).  All three of the dotector's

outputs are processed by the recording éystem in the manner 8escriﬁed

. previously.

The apoctrum obtained from each of the fission—fragment detectors has - .

“two broad peaks represanting the various fragment~energy ratios producedv
Ain the fissicn process. The' two ’ission-fragment detectors ars gain o
stabilized by monitoring the 11 ght-fragnent-snergy distritution. With nomai o

gain settings this psak occurs around channel 100 in a 256-channel analyzer.
A window-width of % + nine channels is used for stabi’ization, as the dis-
tribution of the peak is 'quite broad, We use an'incremental feedback of
0.05 channel/béunt for a counting rate iﬁ'the peak oﬁ ﬁhe order of 10
counts/binute. . | . 4 _

The - gamma-r&y spectrum obtained in prcmpt ooincidence with fission ’
fragments-of 4ll energies~has no wall-defined peaks. 4s a result the gamma-gf;;-
ray detsctor {(7-<.1) 1s gain stabilized when the gamma ra&iaﬁioﬁ of cm243

i5 used as & reference peak. To insure thdt'only those ébunts originating

from the reference source are used for stabilization, we requ:re a coinei~

' dence of detector J -1 with a collimated gamma dector,}'—zwl This referencs _,'f
detector is placed at an'angle of 180° with raspact to ¥ - 1. The_éountinQ“ffflf:

rate introduced by the reference source is of the order of one count/binuté;lxi”*

Becauass of the high resolution of the lithium-drifted detector ve use a

window width of only three channels when the reference peak is at channel

243 in a 256-channel analyzer. The incremantal feedback is also correspondingly

small (less than 0.02 channel/count).
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' ;Figure 6 showé é ﬁypical gammauray spéétrﬁmvfor a fission frégment

‘f'*jg”maSS fatio of 1.25, These data were accumulated over a period of 12 days

| 'ivj:-in ‘the manner described above. 0f the gseveral distinct peaks in this

f:_?spectrum, the sharpest (the peak &t L&7Rév)has a résolutibn-(FwHM) of -
:i. approkimataly 5.6 kév. ‘The peak at 101 keV, which is somewhat obacured ,: LA

“»due to the presence of an additional peak of smaller amplitude, has &

.ﬁ5 'reso1ution of 5.8 keV.3 The»short-term open-loop gamma resolution of this 1f;‘ ‘:iv

"k»ﬁf_same detector was found to be batwaen 5 4 and 5.5 keV, It is thus apparent

f¢‘_ that there vas no appreciable loes in resolution due to stablilization,

o During the cqurse;or ona experiment_tha gain of the main linear

| ':-f:amplifiar.startéd to drifs. “The expariment vas céntinued with the same

ambiifier an&'tﬁejgain”waa'périodically adjusted to feaucevthe generated_;{':_
corrsction aignal. Ey the én& of the experiment thé‘gain of the amplifier _’Gfé"
"_ had changed by & factor of two. Throughout the experiment ﬁhe resolution .

' remained approximateky the same es in previoua experiments.
. The ability of the atabilizer to eliminate systam drifts allowa the

experimanter to combine resulta fram aimilar experimants conducﬁaa at
~,di£ferent timas. As long as. eﬁnilar detectora are used, oompatibla results -

"': are obtained by using the same selected channel and windowuwidth nnmbars

o the poaition of & zero‘rafarenoe peak.‘

for tho stabilizing peak., The gain of the eysten, and hence the results,

are duplicated by .the. atabilizer'a holding of the reference peak at the. same

i address location. | - s
- If the naad ahould arisa. ﬁiu utabilizar can be easlly expanded to = = ‘p

inoclude zero corractlonan The aame logic would be used for minotiring

. o -

" |
v [ '
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' FIGURE CAPTIONS

| Multiparameter pulse-height recording system with stabillzation-——'_;_'

simplified block diagram.

~ Control panel used for stabilizing four parameters (dimensions) '

Digital stabilizer usipg null detection logicﬂ. _
Variable-gain amplifier. All transistors 2N7060.'
Block diagram of detector arrangemént used in study oftgamha-rayu
spectra emltted in the spontaneous fission of Gf2$2._ o

Gamma-ray spectré for a fission-fragment mass ratio of'l;25.
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. This report was prepared as an account of Government
v sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. .

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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