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Abstract

A low noise, wide bandwidth preamplifier and
signal processing. filter were developed for high count-
ing rate proportional counters. The filter consists
of an eight pole Gaussian- integrator with symmetrlcal
weighting function and contxnuouslz variable shaping
‘time, T4, of 8 ns to 50 ns (FWHM) preceded by a second

_ordet pole/zero circuit which cancels the long (1/t)
tails of the chamber signals., The preamplifier is an
optimized common base input design with 2 usec rise

. time and an equivalent noise input charge of < 2000 rms
electrons, when connected to a'chamber with 10 pF ca-
pacitance and at a filtering time, Tgs 0of 10 ns.

Introduction

The signal processing filter described here realizes,
by use of a low noise preamplifier, a shortening filter
and a semx-GauSSLan integrator, high counting rate
performance for gas proportional detectors at minimum
signal charge or avalanche size. The ability to oper-
ate at modest avalanche gain enhances the high rate
performance by reducing space. charge effects, plus all’
the usual advantages of ease of operation and long
chamber life. - .

"he operatlon of a decector at’ high counting rates
presumes an.ability. to resolve or tecognize signals
which are. closely spaced in time. The resolving time :
.of .a propoftional chamber is. limited by several fac-

-tors. The.avalanche is extended in time ‘"by the diffuse
ionization cluster producing it and by other mechanisms
of the avalanche formation process. The sigpal current
we measure’ . is 3 result of the motion of the ions pro-
duced 'in the-avalanche as they drift in the electric -
field of the chambér. Approximate current and charge
waveforms for a point ionizationm entering the avalanche
‘regicn of a cylindrical geometry chamber® are illus=
trated in Fig. l. The important features of the chlarge
waveform for high counting rate applications are that

a substancxal fraction of the signal charge is collected
in a short time; a few Lay and that’ the signal current
continues for a long time (typlcally ‘hundreds of usec).
The characteristic chamber time constant, Eys- 18 of the

. otder of 1 ns. The flrst fact provides the baSLs for

. ‘high zate counting, i.,e., that sufficient. signal charge
relative to the electronlo .noise ‘ig collected in a short”
time, .
'obscure the measurement of any follow1ng sxgnals.

It is most convenxent, (in terms of the hlgh rate -

:‘, measurement system whith fdllows) to arringe the

weighting function of the signal processing -filter 50
‘that short duration unipolar’ signals résult from the .
chamber signals. The:filter is optimized for high rate
application when ‘the signal time width at the base line
is alnlmlzed for a given signal charge and electronic
noise.

_seml-Gausszan lntegratot and a second negetzle lobe -
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The lomg '"tail" of tha signal, however, tends to o

‘The fiiter’ descrlbed here: has lgolar wexghtlng‘_.
with leading lobe résponse of a: contlnuously adjustable::

Leboratoire de"'Acce-erateur Lineaxre,'”7

'realized by a second order pole/zero shortening filtet.»

The shaping time of the first lobe is related to the -
time. extent of the avalanche formation in the chamber
and the electronic noise. The second iobe shaping
constants are related only to ‘the characteristic tlme
of the chamber, t,. This response i§ realized by a

- cagcaded second order pole/zero shortening filter amd

a high speed semi-Gaugsian integrator.

The signal processing circuits described here wera
first applied to the time expansion chamber: measure=-
ments of relativistic rise by cluster counting,< and -
more recently by fine sampling” techniques. There is
also a growing interest in high rate position sensitive
detectors for dynamical studies in the biological seci-
ences* and as a diagnostic- tool for the development of -
fusion machines.?

VShorteninq Filter

The szgnal ar151ng from a point iocnization enteéring

the avalanche region of the proportional counter is ap-
proximated by the relationship,®

Qm ) lf:‘
2t n(b/a) -(1+t/to)' o

i® = Y

where i,(t) is the chamber current, Qy is the total
charge produced in the avalanche, a and b are the ancde

" and cathode radii, tg is given by ‘TaZn(b/a)1/2 upVos
'where “o is the positlve ion mobility and V, the”andde

to cathode voltage and ‘is Lllustrated in zig. L.

Relation (1) provides a uséful model of obgerved
chamber signals, except during the initial rise of thée
current. - An abrupt rise is not physically posgible and
is limited here by the velocity saturation of the posi-
tive ion mobility and other broddening. terms, such as

. the time extent of the avalanche due to diffusion of

the primary ionization cluster.

From the point of view of :llterlng, it is userul
to view the chamber current signals as the response of

" a linear network w1th 1mpulse response,

" .to an znput 51gnal current, ls(t), w;th a resultlng
‘output turrent,

e - _is;('t.) e SR @

'where *. is the symbol for convolutzon and ig(t) is ehe

convolution of all broadening terms Jith the avalanche

-sxgnal Qm/thm(b/a)."~

The outout of the preampllfler, assumxng negllglble._'

- oroadening due to tts response, is




[

where Ry Ls the "transresis:ance" of the preamplifier.

The signal Bpeig (t) canm, in principle, be recevered
by passing the preampllfler signal through a linear

network vith response £(t) which is the inwverse of h(t),"

1.8,y E(t)Y*h(t) = 1, The response £(t) can, for prace
tical purposes, be realized by twc cascaded pole/zetro
networks,

The function h(t) must be decomposed Ln:o a math-
ematically tractable: form if the filter with response
£(t), which when convolued with h(t) gives a suitably
shortened response 8(t), i3 to be found, For example,
a decomposition into a sum of three exponential funce

- tions provides a good apprcximation of h(t) and is a
desirable form for finding £(t).

h(t) = e(t) = A exp(-t/aty)+B exp(-t/Bty)+C exp(-t/yro)™
)

. The suitability of the dpproximation obtained for

the listed values for A,B,C,a,3, and v is illustrated

in Fig. 2 where h(t)-e(t) is plotted.

Pole/Zerq Shor:enine Filters

A pole/zero network is shown in Fig. 3. The
transfer function of this network in the Laplace domain
is given by, ’

P+
£(@) = % , )
T
’ R
where T = R,C, and k =,v—%§ﬁg .

fhe respouse of this network to the.siggal‘e(p) is

1 ’ .
P+ : .
T - A -7 B C
£ @ = £ @ @ = (Y A2+
P P at_o B Sto . .E Yto L
28

The time constant, T, is adjusted for T = Bt
cancelling the pole at ~1/3t,. . The constant k~ Ls
adjusted so that ‘all terms containlng time constant.
T/k add to zero, - The cancellatiom of all terms in T/k
by adjustment of k i3 not a genmeral property of the
network but relies on the fact that y.>> § >> 2. . The
network response to the sum of these three exponent1a1
sxgnals contains only terms with time constants 2ty and
vty Similarly, a second pole/zero network, with re-
sponse £q9(t), can be added with constants adjusted 50 -

chat fhe only remaining terms contain ‘time' constant ato.:

. The response of the first pole/zero network to che
signal e(t) is

Vg
£

¥
1

(&) = .99 sxp(-e/ar,) + .01 e#p(’_’-c'/v,t_os)' L@

) whe:e.r,= 3ty and k = ;.5, and the outpu: of the seccnd
pole/zero network is L

*4=079; 3=1.5; B=.185; 3=13.5; C=.024; v=113.

Ve, (&) = exp(-tfute) O

where T = Yt, and k= 1,6,
Connecting together the chamber, preamplifier,
networks £ and f2, the output signal is
sz(c) a Ls(t)*h(t)*fl(t)*fl(t) == is(t)*exp(-t/ato) .
10)
The calculated response of the chamber with response
h(t) = 1/(14t/tg), chamber plus first shortening network
and chamber glus two shortening networks to a signal
ig(t) =(Q/to%) t exp(t/ty) is illustrated in Figs. 4(a),
(b), and (¢), respectively.

High Speed Semi-Gaussian Shaping Amplifier

The semi-Gaussian response is achieved by the well
known technique of cascading adjustable time constant
integrators. Eight integrators are used here to provide
a pearly symmetrical response, The shaping times of
interest for high rate proportional detector signals
require time comstants as low as 1 nsec for each
integrator.

The coupled adjustment of eight time constants
presents a formidable engineering and comstruction
problem if conventional common shaft switching or
trimming methods are used with circuits of this speed.
The semi~Gaussian response is realized in an eight
pole cascaded integrator with fixed capacitors and
active resistors (bipolar transistors). The resistor
values and thereby the time constant of each integration

_stage are controlled by an adjustable bias current

common to all,- Figure 5 -illustrates the basic integration
stage. The small sigrnial impedance seen ldoking into the

. emitter of the common base transistor Q, is to first

order resistive and with re given by 25 mv/ig, ..

" The transfer function of this circuit, assuming a
purely resistive input impedance,

we® 11 :
i. (®). T P+l/T !
in )

-

describes an integrator with time constant T = Crg where
t, is a linear function of the bias current. The method
of cascading integrators is illustrated in the figura,
The output signal and bias currents of the first tran~

~sistor are the inputs for the second stage ard so om.

An analysis’ of a commom base integrator circuit,
which includes its parasitic elements, reveals that for
stability considerations the emitter resistance must be
kept 'large comparad to the base spreading resistance.
‘This being the case, the description of the circuit -
must be modified only to include the contribution of.
the diffusion plus junction capacxtances -in the capac-
itor, C. . : . ’

Figure 6 illusttatesithe‘schematic diagram of the
shaping amplifier. The first signal shortening filter

_is included at its input.  The second shortening filter -

is anproxlmatﬂd by the base line T'estorer of the. output

-‘amplifiér, The cascaded Lntegrator is formed by tran-
‘sistors QB'QLO' The bias current is controlled By the’
“potentxcmeter in Q3 emitter circuit. - The transconduc:ance

ampiifier, Q1,Qz, provide the input signal curremt for: -

. the integrator. The output current of the final inta-
. gration stage Is converted to a voltage 'in the common




~ base ampleler formed by transistors Q11-Q13. Tran- S

" sistors Q4-Qig form a high speed voltage amplifier’ gNC? = 3 [ 2( KT 2q. Ibz)] Hwe (c) dt ‘ (14)
with a wraparound base line restorer (Ay and ng)
] The integrator signal currents are nominally ar= where q_ is the charge of the electrom, Ipy and Iy,
ranged to bé small compared to the bias current. The the first and second stage transistor base leakage
response of the ¢ircuit is basically nonlinear since currents, k is Boltzmann's constant, T the absolute.
the instantaneous shaping time is- anersely propors’ temperature, Ry and R, -are the emitter and collector
tional to the sigmal plus bias currents. Large signals load resistors for the first stage, W(t) is the weight=~
of the same sense as the bias current are processed with  ing function of the filter. -The . émitter resistance of
shorter shaping times than small signals.  This may be the first stage is r el Where T,y = 1/gm the transistor. :
an advantage for high rate counting applications in -. transconduc:anoe. o 18 given by the product. Tal ¥ CIN
terms of overload recovery, since all signals tend to ‘where CIN is the total capacitance at the anut.
-have the same time width at the baseline.. The response
nonlinearity may not, however, be generally desirable- The relationship for the- parallel noise illustrates
and may lead to difficulties in timing applicatioms. the importance of selecting high beta transistors, - .
thereby minimizing the leakage curremts and of arranging
. Common Base Preampiifier for large value collector and emitter load resistors for
T ) : : : the input element. The importance of a high gain band-
A silicon bipolar tramsistdr has superior noise width transistor in minimizing. the series noise contri-
performance because of their higher available gain bution is evident in.noting the contribution of the
bandwidth product than available JFET silicon tran- transistor diffusion capacitance, C,;, to the total in-
‘sistors when used as the preamplifier input element put capacitance. The diffusion capacitance is easily
- for high rate proportional detectors. Although the shown to be given by the charge present in the tran-
JFET—transistorthave very low parallel noise compared sistor base which is proportional to the emitter current-
- to bipolar devices and are thereby used to advantage at base transit time product. The base transit time is
long shaping times for Si and Ge detectors, the shaping what limits the bandwidth of the device.  The hlgher
times of interest here are very short placing more .im~ the gain bandwidth product (the bandwidth measurement
portance on the contributions of the "series' noise most often provided by the transistor manufacturer),
sources. at the emitter current of interest, the better the
’ performance. The input transistor emitter current can
A common base input preamplifier circuit can be be optimized with respect to the detector capacitance.
shown to have the same noise performance as commom: . In the optimal condition the. device diffusion capaci-
Jemitter coniigurations with the advantage of achieving tance equals-the capacitance of the detector..  Assuming
well ‘defined gain and low input impedance without feed= large value resistors for Ry and Ri, and 4 high beta
‘back connection. This is an advantage for a high band- for tramsistor Qz, a minimum in-the noise is’ found with
width design in terms of the effect on the preamplifier's respect to I, by .
stability of the detailed nature of the chamber imped-
ance and its connections to the preampllfier. o Py
a,. .
~ o Y LS PN
The noise comtributions of the input transxstor of Iel =T FZ 1 o (15)
‘a common base amplifier was deseribed by Alberi et al. : 9

The results of a detailed analysis to be- presented : )
'elsewhere,9 which includes the contributions of second where a_, =t | W (t) dt C o 1e)

- stage noise, is used here 'in illustrating the Optl- Fl - ‘
mization of the preampleler design. 1 . 2 . )
o ag, =t S W (e)ae Lo an
Flgure 7 shows the schematic diagram of the pre= ) m : i
amplifiers The input transistor, Qj, 4long with the - ) ‘ R .
follower circuits Q2 and Q3, comprise the preamplifier. and t_ is the time width measure of the weighting
The préamp output is connected to a second stage commonm function. C : .
base amplifier, Q,, through a pole/zero network. For
" noise consxderatlons, the collector and emitter load Results
- resistor of Ql must be large. The:pole/zero network ‘ ) ) :
replaces the pole defined by the relatively long time o The impulse response of the Gaussian filter~shortening
constant of the large resistor and the capacitance at filter combination is illustrated in Fig. 8.  The short-
the. collector of Q1 {~ 20° ‘ns) -with a pole which has a ening filter constants are set quite long here to better
“shorter time constant. The circuit, ‘wheny properly © . illustrate ‘the highly symmetrical first lobe of the Gaus-
. terminated, hasg a-transresistance of 19 i€}, " The noiseé = - sian lntegrator and the second lobe of the shortening
performance of a preamplifier=- decector combination is - - - filter. Figure 9 illustrates the paired pulse impulse
‘illustrated by an expression of thé noise sources in _ response of the filter, with shortening filter removed,
terms of the equivdlent noise charge at the preamplifier as compared to-that of an ORTEC 474 Timing Filter Ampll-
‘input. The coatributidns of independent series and - . fier. The time constants of each filter were adjusted
parallel noise sourcés is expressed as an equivalent’ for equal detector system sxgnal-to-noxse performance.
aoise charge, E\ctot, at the preamp anut by The advantage of the Symmetrical response filcer for
' i ) o high rate countxng is- clearly evidenc.
Nciot = ENCi +_ENC§. > i (12) N The. response of ‘the preamplz:zer to-an umpulse of
. . charge (1.x 103 electrons) is shown in Fig. 10. :The
o . : ’ : : ) "measured output signal shape’ corresponds to that of twd
where. ENC and EVC are - the parallel and series con~.  ‘cascaded integrators with ~ l ns time constant which is
trlbution . . . i i R . consistent with the minimum shaping. time requirements
e 1- ' ) R . of the rollowcng Tilgérs.. The measured: fnput’ équivalent
'axcg ___q (Ibl+I Y(t)“de (13) - noise charge for the preamplzfier wrth transistors and .

ooerating currents illustrated in Fig. 7 for-a unipolar
uauss:Lan we:.ghtmg ("WHM 10 ns) ‘and ‘an added ‘nput




[

capacitance of 10 pF is ~ 1700 electrons.
ment is in reasonable agreement with the value calcu-
lated using relationships (13) and (14) (1300 électrons),
Figures 11(a) and 11(b) illustrate the fesponse of a
detector system to Cu K x-rays. The gas proportional
chamber is Xe~filled at one atmosphere. Figure 11(a)’
shows the response of the system without shortening .
filter to an electrical impulse of charge injected. into
the preamplifier. input (brfight trace) and that due to.
the x-rays. - Figure '11(b) shows the improved response
obtained by including the shortening filter. The bright
trace again is due to injected electrical signal and il-
lustrates the bipolar weighting of the filter and the
shortening of the chamber signals achieved. Ehe signal
charge. from the chamber was, in each case,’ lO electrons
(lntegrated over l usec)
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Fig. 2. Calculated difference between the function

h(t)=1/(l+t/t,) and the sum of three ex-
ponential decomeSLtion, e(t). :
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SEMI-GAUSSIAN INTEGRATOR
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Fig. %4(a) Calculated response of the chamber output
convolued with two integrations of time

constant equal to, t,,
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Fig. 4(b) Olt;,‘tput‘;espmse of the firé_t_- pole/zero net-
work to the signal.of Fig., 4@@). -

Fig. 5. Illus:rét:’i_o‘n of cascaded integrators
. formed by common base transistors
operating with common .bias current
controlled resistors and fixed
capacitors. IR
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Fig. 4{e) Output response [of the’ second péle(ﬁiero net~
B ' “work to the signal-of Fig, 4(b). -
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the preamplifier.

. Schematic diagram of-
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Fig. 8. .Photograph of the preamplifier il

-7 v lustrating the construction using
SO0T-23 - transistors. Input, test and

power connections at the right end,
output conneczzon at left end of board




(a)

Fig. 9. Japulse response of the semi-Gausgsian
shortening filter.

(b)

Fig. 10. Comparison of the impulse response of the Fig. 12(a)
semi-Gaussian filter amplifier and ORTEC
474 amplifier illustrating the advantage
of the symmetrical response for high rate
counting and multiple signal recogniticn.

Pig. 12(b)

5
>

Tig, i1, . Preamplifier response to a 10° alectron

{mpulse of charge.

50 nsec.

“2_'0. nsec

Response of a Xe-filled chamber-preamplifier-
Gaussian integrator to Cu K X=rays and to a
impulse of charge injected at the pre-
amplifier input (bright trace).

.Responge: of system with. shortening filter

added. Note the unipolar response to
chamber signals and the bipolar response
to injected charge. )







