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Lawrence Radiation Laboratory -
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A‘BSTRA'C’IV‘ »
Charge develdped at the §utpuf of a nuclear ebvent' detector,
as a r‘ve‘sﬁlt of e've'nt.;)cc.:ur'rence‘and leakage, is digitélif extrécted
from thé detec't'or'sb ;)utpﬁf to maintain balance and to serve as a

means of conversion of event-liberated charge to a digital number.

The quantity of charge extracte_:.d to maintain balance is metered

and converted to a train of pulses, each of which represents the
e'xtracti»o‘n of a discrete amount of charge. Byvpr.oc‘essing thesé
pulsés, information can be derived relating to real-event energies,
rate of occurrence of eventé, time reiationshibs of event occur-
en_ces",‘ and background.. Early numerical conversion of event-
libé_réted charge, elimination of the need for processing of analog
signals,the digita:l nature of the coﬁverted ipformation (which lends
itself to rndfe_ ‘efficient transmission and processing), and the

greater spectrdrneter simplicity achieved are all advantages.
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Introduction

The charge libe_rated_bj fhe vinter_actiér}i of radiation or charged
particies in a nuc¢lear dété_ctor is extra;:téd ("fun dowh"). and "convve'rvt>ed
difectly to a :digital' _nur"n'_'be.r., eli.rniriati.hg the need Afo<r sep.arate rés‘;é-
ration of inbﬁt charge and f\irther..proces;_sivng of the analog sigrial. '

By' a;pplying digitél'fe‘edba'ck to the output of a nuclear dete}ctéxy :
so that c.;h‘ar’g.e'ba‘lé’mc.e o-:‘:anvbe maihtained-, bcharg_e liberated as a re--
sq‘l’c of.de_téc.iting huvcvle‘ar events or from d_etector or input leakage,is
extracted and digitizeq._. |

'Thi_é éarvly éoﬂvérsion of cha;'ge into a ﬁumber eliminates the

neceé.sity of converting e'ventproduced charge to a véltage pulse, am-

.plifying this bpuls‘e' through an amplifier system hé.ving high stability,

goo'd'linear'i"cy",' and rigid control of Band-paés, and finally measuring
the amplitu.‘debf. the amplified pﬁlse by means of an elaborate pulse-
height analyzer.

In the digital v_sc’:.he‘:me described, there is little dependence upon
integrat'ér or amplifief stability, linearit.y, or band pass,. since the‘
integratqr and .amplifier. éerve solely as a.L,mea_n's of amplifying input
chargev uébalance, and_'the. familiar funcﬁons of integration and differ-
entiation are handled digitally by controlling rebalance time, by time
av_eraging; | and 'by ,r.mmerical background | éubtracti-bn. |

Application of this d‘igi'tal appréach fo remotely located scien-
tific data-sensing monitors such as wduld be used in space.probes

or unmanned pollution-monitoring stations, seems quite attractive



,'-because of 1ts S1mpl1c1ty, low welght low power requirement, and

_ compat1b1l1ty w1th d1rcct transnnssmn of usecful d1g1tal data.

Basm D1g1tal Nuclear Sgectrometer AR . | Yy

As shown by the block d1agram of the basm d1g1tal nuclear spec—,
trometer (f1g '1), the output of the nuclear event detector is attached
'to the 1nput of a current mtegrator and also to a charge extractor.
Connecte'd to the output,of the 1-ntegrator is a .log1c circuit, which con-
tmually ma1nta1ns mtegrator 1nput charge balance by controllmg the
amount of d1g1tal feedback apphed to the mtegrator mput by means of
the charge extra-ctor attached to it. A d1g1ial output' proportlonal to
_ extracted charge, is’ also developed in this loglc c1rcu1t and is sent
‘along to a data processor for 1nf01 mation extractxon

At the input 9‘.f the' spectrometer, -_ current flows out of the detec-
‘tor as a result of ev_eht—iliberated charge ahcl detector leakage. vCu‘r- |
rent also flows out'across the ‘gate—drain_junctiIOn of the integrator's
input field-effect .‘t‘r_‘vah’aistor (FET), since it is‘rever'se”biased with
' resp.ect'to. the d'etector.. Current can also flow out through the char'ge.
 extractor upon command from the logic.ci.rcuitry.v | Normally current
flow _through. the charge extractor is quite low, being ohly at a digital
- rate nece'sSary f'or‘extractio'n of that part-of the current (supplied by
_the detector), that does not flow out through the FET. |

Upon occurrence of a nuclear event in the detector the_re is an’
abrupt change in detector charge .l_e-vel. This 'chargeshlft result_s in an_ o

output‘potential unbalance of the integrator. The logic circuit _vatta,che'd
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- to the integbrator senses this rapid change and allows digital extraction

of input éharge ‘a'.t fhe maximum rate of the local clock used to synchro-
nize and originaté fu_ndovwn' corﬁmands .to the chérge extré.ctor. Infor-
matid_n relating to the staft a-nd terminafion of real-event rundoWn, is
cont’aihed in the séécing of the digital outpuf ‘signals,‘ | siné_e during the
ti.rnve éf__rﬁndowﬁ c}llar‘gc—extrka‘ctivon intervals héve' theif m1mmum spacing,
which is .v'e'qu.al.to 1/f éf the élock frequency. During .rundowbn a train of
pulses pvrvop'ortvibo,nal_ in number to the event-produced éharge, pius leak- "

ége chai‘ge,is.developed_and sent to the data processor.

Data Processor

Information coming from the output of the basic digital nuclear

~ spectrometer is contained in the number and spacing of its pulses.

The data processor must examine this information and convert it to

useful data. Many types of information may be stripped from the avail-

able digital input data. These are data on total radiation,‘ energy of
individual evenfs, number of events, timeirela&tibnships of events, and
bac‘kgrou.nd.. | |

The data pro‘ces.sor used to demonstrate the feasibility of direct

digital input con\}érsion' (shown in fig. 2) was designed only to deter-

~mine individual nuclear-event energies. This processor consists of

a programmer, an up-down accumulator, and a memory and display

unit. Digital signals cnteri_ﬁg from the basic digital nuclear spec-

 trometer are delayed before entering the up-down accurulator, to

allow the start of the accumulator's programmer before arrival at the

accumulator of digital information relating to a real event.



"Undelaye.d digital signals simultaneously enter the accufnulator
prbgranﬁmér ahd‘are used to iﬁit‘iate the accumulation of .reall—event :
data.. Upon thé occurrence of a rvéa:ml event, the S’pacing between digital
f,eédback. intervals ‘éynéhronizes fq the clock fx;eq&engy and causes :ini-
tiation of é,n acéumulatbf prograrﬁ_ of reset, sum, .subtract', and féé,d— ,
out. Th1s progr‘érﬁ is shown in. fig. 3 with iritegfator rundown. The
”sﬁbtract"bpbr.’cion é;f'the accumulator's progfarﬁ ensués dnly after run-
:dovéln'. 't‘,ermina‘,tio.n'has been se‘néed by an increase in the timé s;_pacingv
| of the dig_i’tal feedback intervals. | An equal time ensues following event
rundown; then information relating only to background is numerically
_subtraéted ffo;ﬁ the real-event-plus-background information already
éccumulaféd during the sum ‘_vpc')rtién éf the cycle. A digital up-down
scaler drive.n.' at the Aclock‘ fre.iquency is .uv.sed to 'a_utornat_ically equalize
sun‘;vam"i sp.bt.ract ti'mes‘byallow‘ing cbunfui: duriﬁg' summing é.nd count-
down to“ zero dur.ing -subtrac.‘:ti.on. Upon _completio_n of the. sgin énd
subtract .portions of the.i:ycle, a.rea_d inferval oclcurs whérein informa-
t.ion cdn’fained in the accumulator is transferred to a r_ea»dc.xut device or

memory.

Charge' Extraction

| To handle the low,-chargé levels.developed from nuclear d‘e_.tec‘-
tors a‘low-inpl.lt-leakage active i-ntegratdr_followe.d by a gain-df-_ZO
amplifier is used to amplify detector unbalance. To sense unbalaﬁce'
an integratéd circuit differential comparator is empioyed. Its output

is used to control the digital charge extractor, which maintains

?)\
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input halfahc.:‘e. ‘Digital'eﬁcér'actio'n of input event or’vleakage charée is.
by meané éf"pulsed _ii-ghﬁ-raaié‘tibn étimu’latibn of the input FET's gate-
dl;ain 'jun_c’tiovn.‘ ‘This téchhilqué.h'as been describgvd earlier by Kandiah
et al. 1 Livght—radi‘atiovn‘ sf.:'imuléti‘on. is aléo 'appl.iedlto'- the’_nuclea'r event
detector to ihsure a detecfor.leakége‘ greater than that of the input FET,
so that continuous input balance is possible. Light-l;adiation stimula-
tion is accomphshed through the use of light- ern1tt1ng d1odes (LED's)

in Whlch hght rad1at10n 1nduces charge pair productlon in the p-n

’_]unctlon reg1ons of the detector or the 1nput FET in much the same

manner as charge—palr production occurs during event detection in a -

silicon detector. The LED employed for charge extraction is driven

- digitally at c‘on'stant_'curre_r'lt by the rebalance logic. éircuitry, and the

LED, emp‘loyed'for average bala_nce, is driven from a direct current

source.

Performance Tests

In the pe.rformance‘ tests made, resolution suffered mainly as

a resu;lf of long:_evenf-digitizing time. . Reshlution was limited by low-
frequency Vihraﬁon modulétion of the detecthr—inp_ut asse’mbly,: which
had a period close to the digitizing period used. A clock rate of 500
kHz wavs employed for synchfoniz_ing rundowh. : |

- Figure ‘4.Vd‘isp1‘ays the digitizing operation of the input irif'e_gra’-;
tor.'dﬁri"ng. actual rundown, and the lower trace shows the perbi’ods‘ of
summihg. and ‘subfr,acting u'sed during data .pro¢¢ssing.v The horizontal

scale is 200 pusec/cm.
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For an actual performa_née test, a sili'coh x-.ray detector was

used to détéct the Y-ray: energies from ai:;_57Cds'ource-. 'The’ISpe_cf;:rum

4

—

'produced is ‘vshown in fig. 5. vAlthbugh- the vz_.Z—ke.:V re.s'olut.ion per-
: f'orr'né;xblcé ’.obtained for fhe..iZZ-_keV Y—ray peai{ cénnof be conéidefed as 14
. exgél-lent, it is certainly not bad for an init_ia-l'tAry. Better futur_é v'res-'
olutioﬁ %hould certainly re.sult from more rapid digitization and.greater
‘charge extraction aécurécy. ' Th_e_, greatést fﬁture éffqrt should be d1-
rected towards im‘pfoving extracv’cor m_e’asuring'accuracy_. ) |
It .shou'ld be appé.renf: that the underlyihg. principles of this new
approach. can be appli_ed té_ .any sciéhti.fic s_tudy.iﬁ which current or
charge must,be. m_ea.sured. 7 The t'jechnique-des'ci'ibed was in :fac_t de-.
_ véloped'ériginally for application to el'ectrb.c_her‘ni»calv studies, but Be-
Ac':'ause éf its many ad\fahtages it should_. find appli_c‘:at‘iovlv; fo other types

of studies.
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