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ABSTRACT

A calculational procedure was developed to design RC~CR filters for processing current
pulses from fission counters in a gamma background ranging from 105 to 6 x ]0é R/hr. The
effects of noise from the gamma background and the input preamplifier and of the time
constant of the fission counter and input cable were studied. Analytical results were in
close ugreement with experimental data. A pole-zero network was examined as a means

of compensating for the time constant of the fission counter and input cabie, but its im~

provement was insignificant.

The procedure was expanded to design a high sensitivity, gamma-tolerant fission
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counter (~10 counts sec  nv ~ at 10 R/hr), and the result was a conceptual design

with a performance almost equal to a recently developed high temperature fission

counter.
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1. INTRODUCTION

Highly efficient detection of neutrons with a fission counter in gamma fields from
]05 to 6 x ]06 R/tr, which will be required for an in-vessel flux moniter in future
liquid-metal fast breeder reactors, has stimulated the application of current-pulse
processing systems.] Usually, RC-CR filfers*r are a part of such systems to limit the
bandwidth to obtain the best noise-to-signal rofio.** There has been no analytical
work to optimize such a filter for this application, and it has been only reczntly that
an experimental optimization was made for an ORNL developmental, high temperature
fission counfer.2 (This counter is now undergoing life’ tests in the experimental breeder
reactos, EBR-II).

Because gx-vesse! neutron detectors are being considered for low-ievel flux monitors,
a detector having a minimum sensitivity of ~10 counts sec-] .l might be required. The
proved reliability of the fission counter makes it a prime candidate for this application;
however, the capacitance created by the large electrode areas required to yield such a
high sensitivity would tend to severely reduce the noise-to-signal ratio. The analytical
procedure for optimization of the RC-Cr filter was applied to determine whether the design
of a high sensitiity fission counter is feasible.

The optimization procedure for the RC-CR filter required the calculation of a noise~to~
signal rafio.3-6 The spectra of the gamma backéround and preamplifier noise are used to

determine the total rms noise transmitted by the filter. The gamma spectrum was obtained

* RC-delay line typefilters were investigated also, but since p_ré',liminary results did
not yield any significant improvement, the work was terminated

** The ratio of "noise-to~signal" in lieu of the more commor’ ;expression of "signal~-
tu-ncise” was chosen to be consistent with recent literature relating to signal and noise

for nuclear particle detection.
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from spectral measurements with the high temperature fission counter. From an
approximation of the current-pulse shape and a normalized amplitude, the peak
voltage transmitted by the filter E:ejn be computed to complete the determination of
the ratio. (This procedure disregards counting resolufion,. and if it is a factor, some
trade-off will be required.) Both the gamma noise and peak voltage are strongly
influenced by a time constant that is a function of the counter capacitance and
signal cable characteristic impedance. An expression for this time constant in terms
of the interelectrode capacitances of a guarded counter is derived and the effect of
this time constant on the optimization is included.

The calculafions,enabled study of a wider range of parameters (gamma background,
counter-cable time constant, and RC-CR filter values) than could be sfudies“ experi=-
mentally and were extended to include pole-zero nei'works.7 The validity of some of
the calculations was tested with generators that simulated the gamma noise and the
current pulse.

With the noise-to-signal ratio as a criterion, the perf'ormance of candidate designs
of high sensitivity fission counters were compared to that of the developmental, high
temperature unil’.8 The gamma noise spectrum and current pulse amplitude (relative
to the high temperature counter) were calculated for various parameters, such as
electrode spacing, gas composition, and collection potential. For these calculations,
the electrode area of the high sensitivity design was arbitrarily made ten times greater
than the high temperature counter to yield a sensitivity of ~10 counts sec-] nv-]. Thus,
exposure to the same gamma field would produce a gamma reaction rate which is ten times
greater. It also was assumed that the high sensitivity design would be required to operate

in a gamma field of 105 R/hr, which would be equivalent to 106 R/hr for the high temperature
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counter, and the gamma noise spectrai data obtcined from the high temperature counter
at 106 R/hr were used to predict the spectra for the various candidate high sensitivity
designs. After several candidate designs were evaluated, we determined which combination
of parameters is important and devised a conceptual design whose perfermance would almost

equal the high temperature fission counter.

2. GAMMA NOISE SPECTRUM MEASUREMENT

The gamma-=-noise spectrum of a developmental, high-temperature fission counter was
obtained by measuring its output voltage with a wide-band, low noise preamplifier and
a Rhode and Schwarz selective rf voltmeter at two levels of gamma radiation, 5.8 x 106
and 0.98 x 106 R‘hr.  The measurement was repeated in the absence of radiation and with
no counter voltage to determine the electronic noise (Fig. 1). (7hese data also included
some alpha noise, but because of the enriched 235U used in the counter, the alpha noise
did not influence the results of this study.) The sharp decr-ease at 2.5 MHz in Fig. 1 for
both radiation levels was caused by the electronic component of the fission counter current.
The ionic component of this current was filtered out by the high-pass RC time constant of
the preamplifier used in the measurement.

With the electronic noise subtracted from the gamma noise, there are two additional,
less noticeable decreases in the gamma spectrum, one at ~6 and one at >10 MHz. The
decrease af 6 MHz was caused by the time constant of the counter capacitance and the
impedance of the signal cable. The decrease ot >10 MHz was caused by frequency limitations

of the high temperature coaxial cable connected to the fission counter.
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) 3. FISSION COUNTER TIME CONSTANT CALCULATION
=igg. s Loaette

The,time constant is a function of the interelectrode capacitances of the counter
and the impedance of the signal cable. For an unguarded counter with only one center
electrode, the time constant is the product of the capacitance formed by the electrode
and outside shell and of the characteristic impedance of the signal cable.

For guarded counters, such as the developmental, high temperature fission counter,
determination of the time constant is more complicated. In the electrical representation
of the counter of Fig. 2, the current pulse from the counter is represented by the generator

i(t), and the interelectrode capacitance by C " CB' and CC. Resistor Z° represents the

characreristic impedance of the signal and high voltage cables which are terminated at

“pom THE D2osp/ans

the preamplifier. The transfer function for the-signal—current-source io the output at
either the high voltage or signal electrode contains a zero and two poles. The zero and
one pole occur at extremely high frequencies and do not contribute significantly to the
response. The time constant associated with the low frequency ;aole can be approximated
by ZZOCB, if both CA and CC are small relative to Ca- For this developmental counter,
the values of CA' CB' and CC are 140, 324, and 3 pF, respectively. With a 50-0 cable,

the time constant of the low frequency pole is 35.9 nsec, giving a breakfrequency of

4.43 MHz.

4. ANALYTICAL PROCEDURES
4.1 RC-CR Filter Optimization
Figure 3 shows the functional models used to optimize the RC-CR filter; Fig. 3a applies
to the RC-CR filter alone, and Fig. 3b to the added pole-zerc network. In both cases the
amplifiers are ideal: they are noiseles:, their input impedance is infinite, their output

impedance is zero, ond their bandwidth is infinite. The inputs for the amplifiers with more
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than oﬁe input termingl are isolated; the amplifier output is the sum of the input
signals. Also, the bandwidth of the preamplifier, which is normally a part of these
current-pulse systems, is such that the bandwidth can be neglected without affecting
the accuracy of the analysis. This simplifies the expressions for noise and peak voltage.

The analysis is based on a triangular s neutron pulse* (Fig. 4), with the power
spectral densities of gamma** and electronic noise approximated as Gy(‘”) = Kj/tl + (wﬁny)z]
andGe(w) = Kze, where w, represents the breakfrequency (radians/sec) of the gamma noise,

and KY and Ke are constants relating to the gamma and preamplifier noise, respectively

(obtained from Fig. 1).

*

This pulse shape is based on observations of pulses generated by fission counters with
a cylindrical geometry. Such pulses (neglecting bandwidth limitations of the time constant
of the signal cable resistance and counter capacitance and the preamplifier) have a fast
rise~time to their peak value, followed by a nearly linear decay to zero. The decay time

Fhe Fcreisomental Craatra

is equal to the electron collection time of the counter, which for this-experimental-wmit is
~50 nsec. The finite rise~time in Fig. 4 was chosen to accommodate the computer solution
of the peak voltage expression, and it is small enough to be of no consequence in the sub-

sequent pulse-shaping circuits.

* %
This approximation would be characteristic of gamma current pulses with an exponential

decay time-constant of I/wy’ or 63.5 nsec. This is an apparent conflict with the assumed
triangu lar<risoped neutron current pulse. However, this approximation does yield close

agreement to the measured spectrum and justifies its use in this study.
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By standard transient analysis techniques, an expression can be determined for
the output pulse as a function of the input pulse illustrated in Fig. 4. The time-to-
peak valve of the output pulse aiso can be obtained routinely, and its subsfitution into
the expression for the output voltage to determine the peak value yields a complex
expression that is most conveniently solved with a compv.;fer.
The output contributions of the gamma and preamplifier noise sources can be

the transfer -F'unc‘hon: of the function ol models.
Jhe Traniter T
determined from rhmmphha&syshm “The equation for the RC-CR filier alone is

2 | TD . K: |
v = o e + w2 Ky K2
nout 2 TI (TD + TI) Y 1- Y "

2
where v out'is the mean=-square rms output noise; TD is the differentiating CR time
constant; 'l'l is the integrating RC time constant; K, is a factor involving TD’ Tl' T,
and Wi and T, is the fission counter-input cable time constant, CpZ,- With the pole-

zero network, the equation is

2 1:9 2
2 2
V3 out " 3 {Kz K2 + o K x$] ,

* .
where K; is a factor involving T, Tl' T, T, and T,; K, is a factor involvfing
TD ’ TE' T1 » and T,: T, is the time constant of the zero of the pole-zero network; and

T, is the time constant of the pole of the pole-zero network.

%
The time constant T; does not appéar here, because it was neglected for simplification

when the gamma noise contribution was calculated. The assumption was that T3 / “.

u@ver’Tj AL
afetained in the factor K, because of the "white" character of the electronic noise spectrum, K .
e
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The ratio of the noise and peak voltage expressions, designated N/S, was examined
for specific values of the integrating (T]) and differentiating (TD) time constants, with a

gamma background of 5.8 x 106 R/hr and a counter-cable time constant of 35.9 nsec.

These data are plotted in Fig. 5. Tt bR NG CiUhlormc ol - HN-COInIIE,
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To determine the effect of gamma background on the filter, N/S ratios were calculated
for gamma levels of 0.96 x IO‘3 and 1.0 x 105 R/hr, with a counter-cable impedance time
constant of 35.9 nsec. These results are plotted in Fig. 7 along with results from the
5.8 x lOe R/hr case. (Once again, a series of curves for six values of Tl were calculated
for each value of gamma backgroun:;, only the curve showing the best N/S ratio is plotted
in Fig. 7.)“. The values of Ke and KY for 0.96 x lOB R‘hr were from Fig. 1. The value
of KY for 105 R/hr was computed from the &.96 R/hr value, with an assumption that the rms
gamma background would vary as the 0.5 power of the gamma flux.

Calculations were then made for a pole-zero network added to the RC~CR filter system.
Results for a CDZo time constant of 35.9 nsec and a gomma level of 5.8 x 108 R/hr are
ploited in Fig. 8 for two values of the zero created by the network; 62.1 and 35.9 nsec.
The value of 62.1 nsec was chosen to examine the effect of placing a zero at the break-
frequency of the gamma noise of ~2.5 MHz, and 35.9 nsec was chosen to exomine the
effect of placing a zero at the time constant of the counter and cable impedance. The
effect of the pole of the network was also considered. For all preceding calculations,
the value of ‘he pole was arbitrarily selected as 0.1 the value of the zero. The effect

of doubling the value of the pole is shown also in Fig. 8. (These curves, again in each
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-]
case, represent the best of six values of the time constant, Tl)

4.2 HIGH SENSITIVITY FISSION COUNTER
The N/S rotios of the candidate high sensitivity fission counters designs were computed
from the same expressions for noise (RC-CR filter only) and the pulse amplitude derived
{as explainedfin Section 4.1. However, the shapes of the gamma noise spectrum and the
current pulse chanyed as the design deviated from that of the developmental, high
temperature counter,

4.2.1 Influence on the Gomma Noise Spectrum

The breakfrequency % is assumed to vary inversely as the electron collection
time, Tc' and it can be determined for high sensitivity counier designs by comparing it
with the breakfrequency of the high temperature counter at 2.5 MHz. For example, if
the collection time of the high sensitivity counter is made twice os long as that of the high
temperature counter, the breakfrequency of the high sensitiviry counter is 0.5 {2 =)

2.5 x 16%).
The low frequency value of the power spectral density, K: , can be derived for the
high sensitivity counter designs by applying the following expressions, *
- * 7
K, = G‘r/(‘:”n'?‘ )
— = Ly
6. = K, Q,,(R,,/-;;//d ,

= = k-, f'/v' Y,
_.ff.r & \_‘/TC}

*
The expression for oy was obtained by applying Campbell's theorem to the triangular

pulse of Fig. 4 for a peak amplitude of Qyzo/ Tc and a mean reaction rate Rr.
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where o, is the rms gamma noise 5K; BWY, the bandwidth of gamma noise in radians/sec;
RY' the gamma reaction rate; Qy the average charge per gamma event; and K] and K2 are
constants of proportionality. Then, if one assumes the same gamma reaction rate for the

high temperature and high sensitivity counters, the following expression is derived:

Kycns) = {Q(“T)/[Bwﬂ"ﬂi} [E:‘}Y("’)/Q*‘"ﬂ]

where HS and HT refer to high sensitivity and high temperature.
. — L o .
The ratio 67(“)/[awy<"ﬂ']z , Wwhich is KY“,.,.) )
is obtained from the measured data in Fig. 1. Constants K, and K2 do not appear in the
expression for Kv (Hs)because, in its development, these constants are cancelled in the

ratio of KY (HS) ta !(}_ (HT)"
4.2.2 Normalization of the Magnitude of the Current Pulse

As the collection time or electrode spacing, or both, was varied in the various
candidate designs, the pressure of the gas-filling in the counter was adjusted to control
the charge generation so that the amplitude of the current pulse would be constant. This
procedure normalized the amplitude of the current pulse and required control of @ so

. appropriately Y
that the adjusted yas pressure,would affect the value of KY for the gamma noise spectrum.
For example, to design a high sensitivity counter with an electrode spacing four times and

a collection time twice the values of the high temperature countér (as in HS-5), the gas

pressure was decreased to 0.5 that of the high temperature counter. This doubled the
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*
charge generation and kept the magnitude of the current pulse constont. This required

a doubling of the value of 57’ (HS) and, hence, K:’ (HS)'

*
i i i i : = = 7 V= g2
The following simple relaflonshlps were ysed: Yy = }(3 E/-p- k3 v/sp } Y= S P/T ,;

, -
Te = s,/Q,_d = '-/;\.3 !

FEFEE
¥
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In thesa equations, 'I'c is the electron collection time; vy, drift velocity; V, bias voltage;
E, electric field; Q, charge per ionizing event; S, electrode spacing; P, pressure; and K3
and K, constants. Since we were comparing counters which were assumed to follow these

same relationships; K3 and K, were made equa! to unity, and they do not appear elsewhere in

this study.
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5. EXPERIMENTAL PROCEDURES

5.1 Integrol Bios Measurements with the Developmentai Fission Counter

Integral bias measurements were made with the developmental, high=temperature
fission counter exposed to two levels of gamma backgreund, 5.8 x 106 and 0.98 x 106 R/hr.
Ecch measurement was repeated with four values of RC-C Rfilters in the main amplifier. In
each case, the integrating ond differentiating time constants had equal values of 15, 20,
17 and 36 nsec.

integral bias measurements with each filter were then made with the counter exposed
to a neutron source, The precedure was duplicated with all nuclear radiation sources

removed to determine the electronic noise background.

4 with o :?I'hs'e
With the data from these measurements, the curves in Fig. 8 were obtained 3K\
curv® reprenicai.ecs Fhe mewleon integrnl sz measorement for all ~ilers ,

dp rve-reprosenisiiie dulmobiairglavitiesfoortiiiers. Guslsest To creale
Fig. 9,each set

of data (electronic noise, electronic plus gamma noise, and neutron integral bias)
Lirst
associated with a particular filter was, plotted on one set of coordinates, using log scales
for both the count-rate and discriminator coordinates. All plots wereiseu?)erimposed and
adjusted horizontally (along the discriminotor coordinates) so that the neutron integral
bias curves coincided precisely. As a result, the relationship of all curves in Fig. 9 was
established correctly.
5.2 Measurements with Simulated Neutron Pulses and Gamma Noise
To verify the analytical optimizaticn of the RC-CR filter and the effect of a
pole~zero network on the performance of current-pulse counting systems, measurements
were made with sinlated neutron pulses and gamma noise. To reduce the complexity of

the experimental setup, both signals were simulations of these that would normally appear

at the oufput of the fission counter-cable time constant cho’ as shown in Fig. 3.
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The neutron pulse was simulated by a Berkeley BH=1 pulse generator, with rise
and fall time settings of 50 nsec. The shape of this pulse was similar to pulses obtained
from the developmental fission counter and cable assembly.

The gamma signal was simulated by a CODI diode (CODI Semiconductor Division
of Computer Diode Corp.) as a noise source. By adjustment of the diode current and .
breakfrequency, a close approximation to the power spectrai~density function of the
gamma noise was generated. (For further simplification, only the break at 2.5 MHz
was reproduced.) The simulated gamma signal output from the generator appeared as a

applied dlong '
current source and was missd with the simulated neutron pulse putivamises:sigesieapere
B8 into the 50~ input of a wide~band preamplifier that preceded the main amplifier
end
system puhielssonterwatmise filter network.

During a measureménf, the gain of the main amplifier was adjusted until the peak
output signal was the sar:we for each filter time-constant under test; then a simulated
neufron pulse with the same amplitude was fed to the input of the preamplifier. The
discriminatoer threshold required to yield a 2500 count/sec backgrouna was recorded
(Table 1). This technique of measuring a single point instead of several pcints on the

noise curve to determine the entire noise curve was chosen for convenience.

6. RESULTS AND DISCUSSION

6.1 RC-CR Optimization
6.1.1 Effect of Fission Counter-Cable Time Constent (CDZO) on Filter Design

with
Figure 5, Femtive 5.8 x 106 R/hr and 35.9 nsec for the gamma background

and counter-cable time constant, respectively, shows minimum values of N/S ratios

’ The N/S units are orbitrary, and only relative significance should be attached to them

in all figures where they are shown.
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that are nearly equal over a wide range of time constants. The minimum ratios for

TI equal to 15 and 25 nsec are slightiy less than the others and are very close fo the

N/S ratios obtained when Tl equals TD(T"/Tr:’) ]
For a C Z time constant of 17.5 nsec, Fig. 6 shows a significant improvement of

the N/S ratios over fhose obtained with a time constant of 35.9 nsec. Examinaticn of

data (not given here)
the specific noise and signal amplitude showl( that, although the noise is greater for the

17.5 nsec value, it is offset by an increase in the signal amplitude, yielding an impreved

piluic
As the C_Z time constant is-increased to 70.4 nsec, Fig. 6 shows a sigrificant increase

Do

of the N/S ratio. Examination of the specific data of noise and signal (not given here)
+he )
yields information not apparent in the N/ ratio; i.e., with,longer time constant of 70.4

nsec the noise voltage is less than with a time constant of 35.9 nsec. The higher N/S ratio

is a result of a greater reduction in the signal amplitude.

e.1.1
6@ Eftect of Gamma Background on Filter Design
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G.1.3
&#8 FEffect of the Pole-Zero Network
Figure 8 summarizes analytical data that show the effect of the pole-zero

network on the N /% ratio. As in Sect. 6.2, the counter-cable time constant was
35.9 nsec, and only the 5.8 x 106 R/hr gamma background was considered. Each
curve in Fig. 8 represents the best of six values cf Tl (5, 15, 25, 35, 45 and 55 nsec).

Two positions of the zero were considered: one at the breakpoint of the gamma noise
spectrum (62.1 nsec), and the other at the counter-cable time consfant. (35.9 nsec). In
each case, the associated pole was arbitrarily placed at 0.1 the value of its zero. The

‘

minimur N/S ratios for both cases, Wunits, respeciively, are both significantly
higher (poorer) than thé'w units for the RC-CR filter alone, as shown in Fig. 5.
Seme insight into the performance of the pole-zero network also can be obtained by
examination of specific signal and noise data. Compared to data for the RC-CR filter
acting alone, there is n;arly o factor of 2 enhancement of the signal; however, this is
more than offset by an enhancement of noise.
The position of the pole of the network does significantly affect the N/S ratio, as
seen in Fig. 8 where the value of the pole is increased to 12.4 nsec. Even though there
is some improvement of the N/S ratio, it is still less than with the RC-CR filter alone.
Vuiues for this pole B greater than 12.4 nsec did not yield any edditional improvement.
Table 1 shows that a pole-zero network with a 50-nsec, RC-CR filter has a 2500~
count/sec noise threshold of 344 discriminator divisions; an RC-CR filter alone with a
27-nsec time constant has a 2500-count/sec threshold of 355. This apparent improved
performance by the pole-zero network contradicts the analytical data described previously.
The differsnce possibly can be explained as follows: a 2-nsec RC time constant was omitted

in the noise expression to simplify the calculations, but wos retained in the main amplifier

to obtain the data of Table 1. (This RC time constant is used to suppress the effects of
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high~frequency resonances that occur in the RC-CR filter.) Also, inaccuracies in the
shape of the spectrum of the gamma noise generator could have caused some of the
observed error.

The result of the analysis of the time constant involving the interelectrode capucitaﬁces
of the counter and the impedance of the signal cable is very significant. It shows how
either guarded or differential operation of a two-electrode fission counter effectively
increases the contribuiion of the capacitance existing between the electrodes to this
time constant. The mechanism involved is similar to that of the Miller effect.

B e S EE L :1-2
& High Sensity Fission Counter Design

The ratios of noise-to-peak voltage (N/S) were determined for 13 designs of the high
sensitivity fission counter, and these raiios were compared with that of the high temperature
counter design to establish a level of performance. As an example, the first design, HS-1 R
was identical to the high temperature counter except that the HS-1 electrode area was ten
times greater. (This tenfold increase in area was retained in all HS designs to yield the
additional sensitivity.) The N/S ratio of the HS-1 design was 3.08 times higher (poorer)
than the high temperature counter.

Table 2 is a tabulation of the various designs. All parameters in this table were normalized
to the high temperature counter (HT-1 in Table 2) for comparison and evaluation., The table
also lists the optimum time constant for an RC-CR filter (T =T ) in each case. in agreement

+he werk wilh RCCR £i HmsJ

veittnEartooanatie the best N/S ratio was obtained when the RC-CR filter time constants

were equal, or very nearly so.
The first three counters were designed to learn how counter capacitance alone would
+he
influence the N/S ratio. This capocitance was controlled byhadiusfmeni' of the electroda

spacing, and the collection time and the charge were held at the same value as the high

temperature design by adjusting the filling-gas pressure. As expected, the N/S ratios for
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HS-1, HS-2, and HS-3 improved as the capacitance was made smaller; however, at
best, the ratio wes still a factor of 1.52 poorer than the high temperature counter, with
four times rr;ore bias voltage required.

Next, we wished to determine whether a faster counter would yield a better N/S
ratio. The HS-4 counter was designed with one-half the collection time of the hiéh
temperature counter. The results show that the N/S ratio was more than a factor of
3 poorer than ¥ the HT-1 <NNF counfelf and was also poorer than A the HS 2 design

counter
which was identical to the HS-4 " except for a longer collection time. We concluded
that the integrating effecf of the counter capacitance-cable impedance time constant

+the
is so severe on a fast pulse fhaf no advantage is derived from Iarger values of the current

so obtaised, i (data not given heot)
pulse. The difference in the nase signals for the HT-1 and the HS-4 counters,is

+o cxplajn
insufficient 8 this change in the N/S ratio.

Since it appeared that the pedk voltage signal had a dominant influence on the ratio,
we decided that longer collection times (with the charge per ionizing event increased
proportionately for normalization) and less electrode capacitance might yield a ketter

assamption
ratio. Thus, the HS-5 counter was designed to test this besbiw?, and its N/S ratio was
only 21% poorer than for the HT-1. However, the drift velocity for the HS5-5 design
(and also of HS-;, -3, and -4) is physically unrealizable.

Designs HS-6 through HS-12 were attempts to achieve a performance equal to or
superior of that of the H5-5 counter, but with a realizable drift velocity. The electrode
;pccings in H5~6, ~7, and -8 were twice as wide as in the reference counter HT-1, and
the collection times were made progressively longer from HS-6 to HS-8. The spacing for

HS-9, =10, -11, and -12 was increased to four times that of HT-1, and the collection +/m e

for these units was progressively increased as well.
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the

An interesting change in N/S ratios of HS-6 to -12 was observed as the collection
time was increased a:é:pne charge per pulse mse correspondingly increased to normalize
the current-pulse amplitude. ‘The N/S ratios improved, and both the ratio and the value
of the optimum RC-CR time constant approached limiting values.

We believe that an explanation of this effect lies in the noise spectrum created by
the analytical procedure and the amplitude of the output pulse of the filter as related
to the linear decay of the input pulse. The triangular input pulse becomes aimost a
step function as its linear decay time is lengthened by making the collection time longer.
If the ccz;unfer-cable time constant is neglected twhich is reasonable, particularly for
the HS-9, -10, -11, and -]2 counters), the peak amplituce of the output pulse from
th-r;;('::: equal RC-CR time constants) will be nearly constant for all values of this filter
time constant. The noise spectrum created by the procedure which shifts ur as a linear
function of 1/ Tc {and w'l'.th KY adjusted to normalize QY) will always retain the same

"noisz corner" (i.e., the intersection of the gamma and electronic noise spectra), once

again neglecfmg any effect of the counfer-cab Ie time consfanf <

L—

" For this charactenzahon of nous; and sngnal the optimization problem approaches
the classic one which has been treated previously.3-5 The time constant of  the optimum
RC-CR filter will be consistent with corner frequency, and the N/S ratio will reach some
limiting value.

As a tonsequence,

Aln the application of the high sensitivity counter for liquid-metal fast breeder reactors,
some trade;off of the N/S ratio may be required for counting resolution. Thus, HS-10,
with a collection time four times that of the HT-1 (giving a value of ~200 nsec) would
appear to be a reasonable compromise except for one limitation: this counter would require

an operating voltage four times that of HT-1 or ~1600V. Even split, high voltage operation

of the counter (assuming a guarded structure) would require an undesirably high voltage.
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We considered filling the counter with a faster gas mixture to achieve a lower
operating voltage. The hig_h temperature counter (HT-1) was designed with an argon-
nitrogen mixture to obtain good long-term stability at high temperatures. The high
sensitivity counter, not required to operate at these high temperatures, could advantageously
use a faster mixture, such as Ar-5% C02. The HS-13 counter is the same as the HS-10
counter except that its qas is A@:S% C02. The voltage of 1.2¥ for HS~13 (vs 4 for H5-10,

~‘a ‘reduction by a factor of

Table 2) implies an opercfmg voltage of 1.2 x 400, or 480V mihvey-theveliage-ts—grd—

7.3 from +he operatiag voling, of +the design with an argon-nitrogen 9as.
MMMM
hichisiderticat-tott " ot Tl i) Ealli A5+
the-Hi-2-cesmtori— 7 CoNCLUSIONS

The analytical study of RC-CR filters shows that when the fission counter-cable time
constant is increased, with other parameters unchanged, the gamma rejection capability
of the counter is reduceci. The cause appears to be a loss of amplitude of the neutron
pulse which more than offsets a corresponding reduction of gamma noise. The anaiysis
is proved valid by the good correlation of results from measurements obtained with a fission
counter operating in a gamma background.

The optimum value of RC~CR filter time constant changes with the gamma background;
its value increases as the gamma background is reduced.

A pole-zero network added to the amplifier of a current-pulse system, with its zero
positioned near the counter-cable time constant, requires optimization of both its
associated pole and an RC-CR filter to obtain the most favoroblé rejection of gamma
noise. At best, however, it does not exceed the performance of an RC-CR filter alone.

The guarded or differential oparation of a two-electrode fission counter increases

the effective value of the capacitance existing between the electrodes.
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Design of a fission counter with a sensitivity of 10 counts sec-] nv-] is feasible.
Its performance in a gamma background of 105 R/hr would be almost as good as that
of a high temperature coumer] at 106 R/hr. Its construction would be similar to that
of the high temperature counter. Iis electrode area would be 104 cm2 and its electrode
spacing 6.08 mm (0.24 in.) The gas mixture would be Ar-5% CO2 at a total pressure
of ~760 torr. The operating voltage would be 480 V. For a current-pulse mode of

operation, an RC-CR filtsr with a 40 nsec time constant would yield the best performance

at 105 R/hr gamma background.
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10. APPENDIX

10.1 The Transfer Function of -a Guarded Fission Counter

From Fig. 2 it can be shown that the transformed expression for the

voltage appearing at the signal electrode is

- {s + a) :
Vug(s) I(s) K(s ¥b) s+ 0 °

where

Z,t3

K= ’
T1T3 + 11T + T2 + T3 '

Tty =20y s
T T2 = ZoC2 »
.t3 - zoca »

a=1/z3,

) ' 1

(1) + 215 + 13) — (12 + 4% + 12 — 21)73) /2 .
27313 + 21375 + 21273

. : 1
(vy + 21 + 13) + (12 + 412 + 1§ ~ 21313) /2

e= 21313 + 21375 + 21573

FA® A . Etomras
By—exaninationof,the expressions for b and ¢, it can—be-seen that 1f -

T3 << T3 >> T3, then b ™ 1/271, and ¢ ™ 2/(1; + T3) and the transient re-
sponse will be dominated by the low frequency pole, 1/2t,.

The transformed expression for the voltage appearing at the h:lgh'
voltage electrode is given-es VHV(:,) = I(s) K {(s + d)/[(s +B) (s + c)]].
With the exception of polarity, the«'expression is identical to that for
the signal electrode. K and d have the same form as K and a, with t; and

T3 interchanged.



10.2 The Peak Voltage Expression for the N/S Ratio

10-2.1 RC_CR Fﬂter

The aolution for the peak voltage transmitted by the model of Fig. 3a
-for a triangulareshap-d input pulse,gaaiaﬁovn-&n(Fig. 4) can be screwhet.
linplifiﬁg by amalyzing the first differential of the input pulse as shown
in Fig. 4., . )

The first differential can be represented by three steps: (i/rl) u(t),
:r}tzltl'(tz = t1)] U(t — ¢t;), and [1/(t; — t1)] U(t — t3). The tran-
sient response of the model is obtained for this first differeﬁtial,
and the result is integrated to derive the desired response for the tri-
angular pulse. The transient response for the first differéntial, when
equated to zero, can be splved to determine the time to the peak of the
output pulse. This value of time, when substitﬁ:ed into the transient
response for the triangular pulse, will yield the peak voltage for a par-

ticular set of parameters in the model.

10.2.2 RC-CR Filter with Pole-Zero Network

The procedure is identical to that previously described, with the
addition,ﬁf the pole-zero‘network response to the overall transfer func~
‘tion. The gain G of the amblifier following the network is made equal to
12/13 to normalize the gain of this model for those two parameters of the

-pole-zero network.

10.3 The Noise Expression for the N/S Ratio

The mean-squareﬁnoise voltage at the output of the models of Fig. 3

1 1
2 - s 2 2
Vn ¢ ™ 27 j; G 3 (u) do + =~ >n j; G.ny(“’) dw ,

where fe(u) and fv(m) are the sine-wave frequency responses of the model

for the electronic noise and gamma noise, respectively.



For the RC-CR filt;ef model,

) w2ed
fo(w) = a+ wzr%)(f + uztﬁ)

wlt3
£f2(w) = >
v A+ ?2thHA + mztﬁ) 1+ wz'r]z:) .

For the model with the pole-zero network added,

w212(1 + w?)
f!( ) = — D 2
e "o+ w?td) (1 + mztg) 1+ mzr%)

) . . w212(1 + w?13)
fr(m) “a+ w?tf)(1 + ?13) 1 + mzrg) 1+ mzr%) *

To simplify the analysis :lnvolv:i.ng fs(u). the factor (1 + mzrg) vas .
omitted. This was justified on the basis that 13, which is the time con~
stant of the pole of the pole-zero network, is << llu.'.A
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Table 1. Summary of ceasuresents with simulated gamma noise

[ ¢ 2

.
RC-CR Filter P;z Hi:ch :;::::ncy Discriminator Threshold
Time Constant . = g Time Constant for 2500 counts/sec
(nsec) (divisions)
. . (nsec) N
20 None 2 350
20 None N 13 350
20 None 27 354
27 None 2 355
27 None 20 358
27 None 36 363
36 Nene .2 ' 356
36 None 20 360
S0 = Nome 2 . 366
27 Yes 2 370
27 Yes 13 360
27 Yes 20 355
27 Yes 36 347
27 Yes 50 347
50 Yes' 2 : 344
50 Yes 7 335
50 Yes 13 332
50 Yes 20 332
50 Yes 36 336

QZero at 62.1 nsec, pole at 6.2 nsec.
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