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SOME ASPECTS OF DETECTORS AND ELECTRONICS
FOR X-RAY FLUORESCENCE ANALYSIS

F. S. Goulding
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720 U.S.A.

SUMMARY

This paper presents some of the less recognized and potentially
important pérameters of the electronics and detectors used in X-ray
fluorescence spectrometers. Detector factors include window_(dead-
layer) effects, time-dependent background and excess background. Noise
parametersvof field-effect transistors and time-variant pulse shaping

are also discussed.
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SOME ASPECTS OF DETECTORS AND ELECTRONICS
o FOR X-RAY FLUORESCENCE ANALYSIS* -

F. S. Gouldlng.
Lawrence Berkeley Laboratory

University of California
‘Berkeley, California 94720 U.S.A..

"1. INTRODUCTION

The past decade has witnessed the evolution of a new analytical tech-

nique which has required significant development of the method, of detec—

tors and of the associated electronic systems. Notable steps include

early detector developments and the use of cooled FETs asvlowenoise ampli--

(1-3) (%)

, the invention and development of light feedback and;'some~

(s)

fiers

, of low-background guard--
(8) |

what later, pulsed-light feedback techniques
. (8,7)

ring detectors’ , and of the pulsedfexoitation method Some or all

of these techniques are used in every‘preseot day energy-dispersive X-ray
system. It has also been necessary to develop spe01al X-ray tubes for use
in photon-ex01ted analysis systems( )
It is a temptation to recite.the history. of these.developments, bot‘
I prefer to take the opportunity to discuss some of the new or potentlal
developments and some of the barriers to further progress My v;ewp01nt
will reflect, in part, a strong bias toward the development of methods and
teohniques. However, it also draws from much experience in applying X-ray

(10) and

fluorescence to trace-element analysis starting in the early 1970's

(11_13)

~in particular to large-scale analysis of air partlculates

¥ This work was done with support ffom'the U. S. Energy Research and
Development Administration and support from the U. S. Env1ronmental
_ Proteotlon ‘Agency .
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é. DETECTORS

Without the development ofbsemiCOnductor detectors, the'energY-
dispefsivevXRF method Wouid not'exist as an impo?tant anaiytical'teel.'”'
_The technology of silicoﬂ detectors has‘now-reached a stable eoedition_
beset occasionally by the problem of obtaining:high;quality siliconfthat o
permiis high—deteetor voltage and loW—charge’trapbing;.VFrem the View—J |
point of the maker of detectors, e_better understanding ef the‘effectsOf '
material parameters and the aVailabilitj of a steady source of good silicon
would be‘the biggest steps‘that could now be mede.

 We'are 511 intrigued, of course, by the hope thet‘ebhigher band-gap
material'mightvbecome aveilable therebyamaking room tempefatufe operatien j
of hlgh—resolutlon detectors fea31ble However,'it is.qﬁite;cleefithat-
hlgh—resolutlon 1ow-energy X—rayvspectroscopy will be. based on 3111con for.
many years and that low—temperature operatlon w111 be necessary not only
for the detector but also for the input ampllfylng FET.

I will now address a few:detector problemS‘that may not‘be wéli known

and'that can affect the-accﬁracy of X-ray-fluorescence‘ahalysis;

2.1 Window Effects

Much confusion exists about the so-called "déAd 1ayer"_£hat exists
at the entrance face of semiconductor detectore. This afises'becauSe vafi¥
ous effecté produced by the 1ayer are important'in different uses and becaﬁse
detectofs are used at very different temperatures depending'en the applieaQ
tion. .Thus, for example, many silicon deteetors are used et er'neer reoﬁb
temperature for charged—parﬁicle spectroscopy. Here the mest importaht
effect of any "dead layer" is likely to be'a downward shift in the p031tlon

of peaks in the partlcle epeetrum An approprlate method of measurlng the
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‘ dead.layer-involves measuring the position of natural'alnna;particle péakSi
for different angles of incidence of ihe particles on‘the detecﬁor.surfacé:'
Using this method, very thin dead layers may be observed. For example,‘ |
Elad, et al( ") observe dead layer thicknesses below 2OOAA of 31licon equiv;
alent, most of which can be attributed to the metal layer which forms the ﬁ
surface barrier
On the other hand dead layers of much greater thickncss have been
reported by a number of authors( 5l17)’ Elimlnating the cases where poor :
prOCessingr(e.g.vfailure to totally drift lithium to the back in Ll—drifted
detectors) might be suspecfed, we find common reportslof approximately 0.2 um
dead layers. Analysis of the ooservations shows that most‘Were made in X-ray .
wdrk although.a few were in charged~particle'experiments However,,allﬂhave
the common feature that ‘the detector was at low temperature (near 77°K)
For the purpose - of this conference it is 1mportant to recognlze the exis-
tence of these thick dead layers and to register the fact that the thin win-
dows measured at room temperature do not apply to X-ray spectroscopyf
We have recently been_studying this problem'and its effects and.a full

reporﬁ authored by J..Llacer will be published shortly(¥8); Our'study
‘resulted from an attemptvﬁo use highaPurity germanium’defectors for low-
 energy X-ray_spectroscopy-—specifically for sulphur analysis. Since the .
average amount of energy required totproduce a hole-electron pairiis 20%
" smaller in germanium than in silicon one might_hope for 20% betterienergy

_ resolution‘in'low-energy applications. Experiments quickly showed that a
very large background existed ertending from the sulphur'peakvdomn'to Zero

energy and that thls background was cons1stent w1th a 1ayer approx1mately

© 0.3.to 0.4 um thlck at the entry surface of the detector from which only
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partial charge collection occurred. Further experiments Showedvthat the
layer was not due to poor processing.and was present'in{all detectors.':
Figure 1 shows the behavior of a high—purity germanium detector when ,
irradiated by the K X-rays of'several elements. These X—rays fall both
' above and below the L-absorption edge of germanlum and the background 1s,;,p
seen to jump drastically when the incident X-ray energy. is juSt abOVe’the
absorption edge;- Taking'all the background as being duepto poor charge
'collection from a dead layer we find the results consistent'with a "dead
layef'thickness of 0.3 to 0. 4 um, In Fig. 2 the same.effect is illustrated
v for a silicon detector where the jump in background occurs for elements .-
‘whose X—rays are of somewhat higher energy than the s1licon K—absorption
edge, In this case the dead layer thickness would be judged to be O, 2 to
0.3 um. The fraction of counts transferred to the background can be quite .
large-;in the case of.sulphurlK X—rays, for example, the'amount is as large
as 50% in'germanium and;lé%.in.siliCOn.. |
Thisveffect can be'quite serious in producing incorrect.results‘for
light element analysis, The loss of counts inva‘peak is not in itself'
important since'the system'is.calibrated with the same”dead:layer.effect-
present;, However, in a multielement sample,isuch as an.air filter, wheré_
‘highdlevels'of sulphur are usually.present, the backgrounditail from the
sulphur.peak must be taken into'account in analyzing for elements Whoseg
X-rays are of energy lower than sulphur.. Since the sulphur.concentration
Varies greatly from sample to sample, the analysiS‘program-must "knOW" the'
" shape of the background produced by sulphur and remove 1t in proportlon to
- the amount of sulphur measured. The same behav1or also applies to other
elements. This problem, which.can cause serious errors in determining light

‘element concentrations, must be taken into account in analysis programs..
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In viewvof the'complications_cauéed»by fhe dead layer_if,islnatﬁréi'_
 to seek the réaSOh for it'and for ité appérently sﬁaller value in.room e
temperature charged—barticie spectroscopy; Thé e*plahatiOn apﬁears to be
thét some of the electrons formed in‘the plasma (i.e. thermal‘eiectfbns)
at the photon interaction point diffuse into the sﬁrface (where they afe"
1osf) before their mbﬁibn in the collecting electric field femo&es them
from the region of the surface. This'is hof to be confused with escapé
of the original higher-energy photoelectrons which caﬁ escapé from much
deeper (~.2 pm) in the detector. Detaiied theoretical analysis‘requiresf
'application of Monte Carlo techniques with the competing energy—loss
medhanisms‘taken into accéunt at each electron collision, bﬁt a rough solu-

tion can be obtained by the simple diffusion analysis that follows:

Let: M . be the electron mobility
T  be the temperature (°K)

V_ be the saturation velocity of electrons (assuming that
the electric field is adequate to achieve this_Velocity)

k be Boltzman's constant

q . be the electronic charge

Then: Averagé_diffusion distance'invtime T
. kT
= f"‘“T
q
and:  drift distance in the electric field :,vsr‘

"Assuming that-eleétrons mighﬁ be lost if the diffusion distance éxceéds the
drift distance, it is réaéonable to equate the dead layer thickness d to

these two values:
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d = VT -= l{l UT
) s q
Eliminating T we have: ,

For germanium at 77°K, u = 4 x 10" em® V;I—I, VS>= 1O7cm/é
'bd = O.é8 m
'This value, derived from such a crude model, ié surprisingiy clbse £o ihé. "
measured dead layef.: singe both VS and p have about»the same value fdf
silicon at 77°K, roughly'fhe same result is expected for silicon.' Furthef—_v
‘more the reduction in mébility with increasing.tempefature,'amounting to é
facﬁor.~ 40, is consis£entf%ith_tﬁe big decreaée in the dead layer at robm
temperature.’ _
‘Therefore we conclude that the rafher thick‘dead layer ~ Of3bum is

probably due'to this very basic physical pTOCeSS‘aﬁd-représehts a funda-

mental limit rather than being a consequence of manufacturing processés..

2.2 Time-Dependent Background
(19)

As discussed in oﬁr eéflier papers, andvby éthér authors 5 sufface.
channels on aefectors produce field distortions in”thé bulk_which cause the
charge due to events Interacting in the "poor" regiQns t§ be pértially coi- .
1ected in'thévsurfaqe laygrs.' Figure 3 illusffates the behaViar in a |

Mgrooved" type of detector with aﬁvn—type sufface chénhel.: In the measure-

ment times used in spectrometry, the charge which fldws into the surface is

lost to the signal causing most of the degraded signals which constitute
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the background observed when u31ng conventlonal detectors The fieid dis;f=

' tortlons can ex1st over much of the volume of the. small-area detectors used f

‘for hlgh-resolutlon X-ray spectroscopy;so_even the use of}tlght colllmatlong]}-

of X-rays to the central region may not be completely effective inkprevent~”d

ing some charge'coliection by surface layers. The guard-ring detectorfavoids"

this problem by defining the'boundary of the sensitive region of theﬂdetector-

by 1nternal electrlc field 11nes
A second order (but 1mportant) effect of the collectlon of charge in
surface layers is that the charge state of the surface may change during a -

short t1me when a detector is exposed to 1ntense X-rays The effect must

B always be in- the dlrectlon tendlng to neutrallze the surface states thereby :

‘i

reduclng the f1eld distortlons and any resultlng background We have observ-'
ed these tlme-dependent effects in detectors and flnd that the speed of the |
charge neutrallzatlon process'and the slow decay back to normal backgroUnd
can be 1mportant in many X—ray fluorescence experiments and may affect the

accuracy of results. Since the effect varles dependlng on the. 1n1t1a1 condl—:

tion of the'surface it is d1ff1cult to quantltate but should be evaluated L
' for a partlcular detector and colllmatlon system. - The effect is absent in |

a properly manufactured guard-rlng detector because the surface states are.

1solated from theusens1t1ve detector volume.

2.3 Excess Background

(20).

In another!paperfto be presented at this meeting'’ , -1 -discuss theg

importance of deteCtor-produced background in XRF-analySisvparticularly in

photon-excited systems where the scattered_photons produce strong high- -

energy peaks in the spectrum. I also point.out'that.thé background léVel is
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substantially larger (approximately x 10) than mightthe.expected,on the.
- basis of known physical effects. It ls very important that the'mechanism
producing this background be understood -Since I have no good explanatlon
to offer except (poss1bly) electron channellng effects I leave‘the mystery

for future solutlon.

3. FIELD-EFFECT TRANSISTORS
The realization that field;effect transistors offered much better.low;g'
n01se performance than vacuum tube ampllflers occurred about ten years.ago
‘and ‘was followed qulckly by thelr use at low-temperature to prov1de energy
: resolutlons in the 300 eV range (FWHM) A few years later the value of
bremov1ng the FET ch1p from its "n01sy" package was reallzed and by applylng
llght feedback, we achleved the energy. resolutlons now common.1n.s1llcon"
detector X-ray spectrometers The last five years ‘have been marked by llt—
tle progress in low—n01se FET development and by dependence of the whole XRF
ilndustry on selectlon of a few commercial types of FET with acceptance levels:”
 in the range of a few percent | At t1mes the acceptance 1evel has fallen..
-,essentlally to zZero and the whole growth of the XRF analy81s method- has been
threatened.. | | |
| This brief'hiStory should serve to point out that the present status
of this critical item in’XRF.spectrometers is far from satiSfactory.vjApart:
from seeking a better understanding of noise parameters ln-present-day FETs
~ to make p0381ble more con31stent performance, it is also des1rable to a1m _
toward development of new FETs with better performance The user of XRF
systems might well ask where improvements in FETs are-requ1red_s1nce the

very best systems now achieve resolution adequate to resolve characteristic
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'_‘X;rays from all but the lowest-Z elements. -Furthermore, in the-case of

these elements, other serious experlmental problems become domlnant (sample

and window absorptlon) whlle the resolutlon for the hlgher energy X-rays

(~ 5 keV) is already very much affected by'charge production statistios

in the détector and improvements in electronic noise will have only marginal

effect. However, the outstanding energy resolution in present day X-ray -

spectrometers is only achieved at the coSt of long measurement times (~ 10

to 100 ps),.a fact that seriously limits the counting rates at which the
spectrometer can be operated. This reflects directlY-in the analysis time
requlred to achleve a glven sen31t1v1ty in XRF analysis.

Recent work by J. Llacer(_o) has conflrmed susplclons "that the main
source of the excess noise which causes the reJectlon of many FETs is the ;
generat1on—recomb1natlon_nolse due to trapplng impurities in the FET channel.
This work has alsovdeveloped a method to qoickly analyzebthe_traps and B
thereby to focus.attention on important processing steps in FET manufacture.

I now give a brief account of this work.

Most of the analytical work on FET noise in nuclear and X—ray'spectrom-

' eéters has dealt with the series (or delta) noise produced by'fluctuétions

in the current in the FET channel and the parallel (or step) noise caused -
by fluctuations in currents (FET and detector leskage)>0r shunt resistance ':
In the input circuit. These two terms in the noise are well understood and

are represented by the relationship:

- e [( 26\ oy o m ol s 1E (o)
N = .2.35 a.[<q IL'f R ) <Ns>_+ 2 kT'Rs.pIN'SNA>]f ' o (2)_
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"where N is the noise line width (FWHM) expressed in eV

€ is the mean energy required to produce a hole-electron v
pair in the detector

q is the electronlc charge

Ii is. the . sum of the absolute values of all shunt leakage
currents in the input c1rcu1t

k is Botzmann's constant
T is the temperature (°K)
RP is the parallel~input circuit resistance

R is the FET equivalent series noise resistance (= l/g
S
Where g, "is the mutual conductance)

CIN is the total 1nput capacitance (FET + detector + strays)

22
<Né> and” <NA> are the step and delta 1ndlcles( ) whlch are'

functions of the pulse shaping used in the system. - These
indicies vary as T and 1/T respectlvely as the overall
measurement time* T is varled :

Note that C., appears in the second term because all noise isrreferred to

IN

the input and is expressed here in terms of equivalent energy absorbed in

the detector.f

It is well known that a third term must be addedto'thlsequation repre-~

sentlng excess "l/f" type noise due to surface channels and other 31m11ar
phenomena. This can loosely be regarded .as step or delta noise coupled to
the 1nput circuit via a random dlstrlbutlon of 1ntegrators ' This‘n01se is

best represented by a third term A<N > added to the bracket in Eq. (2)

1/t
where A has a'value that depends on the device and <Nl/f> is dependent on

(23)

the puISe.shaping netWork

¥ The term "measurement time" is used here to represent the time scale.df v
any pulse shaper used in the system. Typically T might be interpreted
as the peaking time of the pulse. ' - : S

, but is independent of the measurement time T.

[
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.Figure 4 shows scﬁematically'the behaviordof these three terms asda func;. -
‘thn of the measurement time used in the system..'The magnitude of!eacﬂm
‘component'depends'on'the particular circﬁit parameters. In most Xeray
spectrometers the minimum.noise occurs for'a'measurement time in thevrange.'
10 to 100 Hs. | |

This discussion has dealt with rather well- characterlzed FET param—
. eters whlch, provide adequate understandlng of the performance of FETs 1n _
room temperature appllcatlons. Accordlng to Eq. (2) a lower FET tempera—
ture should glve less noise because T becomes smaller and The mutual oon—d
ductance (g ) increases maklng RS smaller. In general,.the noise does
_1mprove, but not as much as expected; alsoibig,variatioﬁs are observed“ffom-
one type of FET to another_and between‘samples_of'a given tjpe. Only the‘
2N4416 and its derivatives madeiby one mandfacturer have proven,useful io
low—temperature low-capacity applications The varlabllity is caused by a
fourth term which must be added to Eq (2), the n01se ‘source belnp genera—

(u)

tlon—recomblnatlon n01se caused by traps present in the gate depletlon '

layer. The term which must be 1ncluded in the bracket of Eq. (2) is
_ . ) , .
B CIN GR> where_<NGR

with the measurement time t as follows: -

> is dependent on the pulse shaping network and varies

W e Yeren G

where Tt is the characteristic generation time;of-the trapping level.‘_The'
noise line width is therefore given by:'

o ‘e 2 kT 2 2 2
N = 2°35‘a'[<q-IL + R ><NS> f,2_kT RS CIN.<NA>

T 2 2 . 2 . 2 ‘ ‘_ . )
*OANy >+ B Oy <NGR>] o o (4)
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If more than one trapping level is present, each must bebrepresented by

an additional term in the bracket with the value of <N.

S ,
GR in a particular

term depending on the level of the trap.

The behavior of the trapping—detrapping process causes most of thev
complications in the cooling behavior of FETs. At high temperatures the
process is fast and fluctuations are at high frequencies and not effective
in the measurement times used in our systems. At very 1ow temperatures,

X on the other hand,'any'trappedvcharge is not released so no noise results.
However, as the FET temperature is varied, avpoint eccurs wnere'the fluctua-
tions due.te.a given trap are in the frequency range of the signal process-
ing system. The temperature dependence is caused by the fact thatvthe |
detrapplng time Ty in Eq. (3) of a single trap of energy E, (where E, is
'substantially less than half the band gap) varies as exp(qE /KT). 7

t .The noise behavior of a typlcal FET as a function of temperature is
shown in Fig. 5. Normal detector systems Qperate at the temperature
- indicated in Fig. 5-at whieh minimum noise occurs. At very.low tempera-
‘tures (< 90°K) the rapid rise in noise_is caused by deionization (1. e.
freezout) of a small fraction of the main impurity (donor) atoms in the
silicon, The noise is caused by fluctuation in the charge state of these
atoms. The peak in the temperature range 90-130°K can be identified with
an impurity cau51ng a trapping leVel at ~ O 2 eV in the band gap 'rpé*‘
amount of noise in this peak.varles from one FET to another, presumaniyv
due to a variation in'the concentration of the accidental impurity. One
or more further bumps are observed in the noise as the temnerature rises

toward room temperature. These can be identified with other impurities

producing deeper trapping levels. It is obvious that absence of all these

»
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traps 1ntroduced by 1mpur1t1es would allow operatlon of the FET at s]lghtly'
' lower than the usual temperature w1th 1mproved noise performance as shown
dotted in F1g.‘5.~ The best FETs are those with no bumps, but.no FET we-.v'
have tested totally lacks the low temperature bumpzatf90;120°K. This:mayt
be caused by'oxygen;siliconkcomplekes which would be impossible to-aVOid
with standard FET manufacturing processes. | |

.Two techniques are now employed by Llacer to measure these impurity
levels. The first is to measure noise as a function of temperature in a
conventlonal pulse—shaplng system, but with the gate of the FET grounded.
This eliminates the parallel 1nput circuit noise and therefore clearly
reveals-the bumps. An example is shown in Fig. b-where the’main bump'is-
clearly seen in the curve for the.grounded gate mode but isvonly just;l»i
wisible in the normal mode; To accuratelyvmeasure the energy_level-df'a
trap;it is better to measure noise as a function of frequency at a fixed
temperature. In a plot of noise vs. frequency the noise duevto<altrap
appears as a "shoulder" in the nolse plot (see Fig; 7). The frequency at
which the'shoulder occurs is'dependentvon temperature, as shown'in Fig.57;v
and its variation can be directly interpreted in terms of the.trapping
‘level. ﬁsing this method it is posslble to identify the trap asba partic-
vular species (impurity or defect) and to Study”the effects of processing
parameters.on its concentration. lThe recent understanding of‘these mech~
anisms should stimulate.progress toward having a rellablevsource'obeETs
of the type used in present-day X-ray spectrometers. |

”Thevlonger-term problem of developing a.better FET‘focusses on_achiev77
ing better performance'at short measurement times. As seen in Fig. 4thisi

requires reduction of the series (or delta) noise: (the second term in
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Eq. (2))'by prdducing FETs with better ratios of gm/C where-C_is‘the'FET'g:_
input capacity. Using éonventional FET designs’this féqﬁiﬁés theuﬁsevof' :
smaller channél lengths and thefeforé better techﬁiques of fébrica£ing'very
thin l§nes 5ﬁ semiconductors. . The Shottky barriérAFET(?s) offered promisé

in regard but these devicés'sﬁffer from ofher problems such as high—géte
1eakage.currents and "1/fﬁ noise; Another‘logical stép in FET devélopment

for low téhpérature applications is to use germanium rathgr than silicon.

- Donor or aééeptor freezqut'would not then occur at 77°K and trapping levels B
are likely to be'shallqw enough that the noise bumps.due to'genefation4
repombination noise should be ébsent in the dperating tempefature réngé
abovev77°K, Howéver, very different.technologiés,aré needed for proCessing "

germanium devices instead of silicon and these new processes would require.

deVelopment.

4. SIGNAL PROCESSING ( ANALOGUE)

s Signal processing invblvés béth amﬁlification gpd shaping bf,signalé;
A éomewhat neglected aspect of amplification is the neéd for éxcellént gain‘;
stability and‘eSSentially zerb-drift in the 5aseline of sigﬁals. ‘At first
sight the gain and zero stability demands appeér not.to be too seriqus-in'
X-ray systems since the ffactional energy resolutions’ére rarely better
thén 1% while gain and zero stabilities are usually in the region of 0.05%
of fuli scale in a well-designed systém. Howevér, spectral'stfiﬁping proce-
'dures in a computer are very sensitive to slight peak shiftS'ana significant
residﬁals qah.appear after subtraction of a spectral peak if"it'has moved

from its reference position by more than 0.01% of full scale, (i;e{ by-O.1
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channel in a 1000 channel spectrum). These residuals can séripuély éffecf
the.accuracy of determination of a low-concentration elemeht whdée cha?f
acteristic line is very close to that of a comﬁon elementv(e.“g; Mn.in |
the presence of.Fe). These effects demaﬁd excellent stability'Of the whole ‘
system and make it necessafy for computer program_£0;corfect for géin and
~zero shifts by_using.fiducial peaks in a spectrum as referehcé‘marks.

The problem of optimum pulse shaping has receiVedvas much attention
as any in nuclear instrumentation over the past three decades. Practically
all X-ray spectrometers now in use:employ the pseudo—Gauséian pulse shaper,

(28)

'~ originally proposed by Fairstein , using active integrators equivalent
to.as»many as seven RC integrators.- It is well known that a cusp-éhapéé
pulse can give siight1y better noisé‘resolution buf it.is seﬁsitiVe3to véria-
tions in collection time in the détéctor ahd'is_not verY‘suifable‘for later
processing such as stretching. o

The suﬁjeét'qf time~variant pulse shapers has received_muéﬁ éttention

(27) (ga)

in recent years' and specific applications of the gated intégrator
have been published, The gated integrator, fed by a Gaussian shaper, may
'soon be applied to X-ray systems sinée-its‘hoise réSolution can be some-

(22)

what bétterifor aigiven measurement time than the éimple Gaussién shaper
Until ndw little use has been made ofvtime'variant differeﬁtiatibn‘bécause
a noise penalty nofmally results from its use. A new applicatipn of this
technique permits fast processing_of the dominant large—ampiitude back-
scatter pulses seen in photon—excited‘fluorescence‘spectrometers while:
ndrmél long processing timés are eﬁployed for the'Smaller pulses of more
interest. .This scheme pefmits much higher total coﬁnting rateé since

little time is wasted in processing the frequent backscatter pulses.‘ This
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idea has been discussed for some‘time but has now been'applied-by'Desi(zé);
Figure 8 shows hisASCheme. A delay is inserted in the main signal channel‘f
and a parallel fast channel is used to switch the main differentiatorito,

a small value when the faSt'discriminator senses‘a large pulse. Ianesi's-
system integration times in the main shaper,are‘unchanged so the effect

of the short differentiation is that large input pulses become Very small
(but long) pulses aftervpassage through the normal 81gnal channel. A better
scheme would use a gated integrapor sWitched to store no charge at the same
- time as the differentiator is switched to its short time constant. In some
X-ray analjsis programs, the size of the.backscatfer peaks is used for back-
' ground normalization and appearance of at least a known fraction of the
backscatter events in the output spectrum_lsaessential, Thls can eas 1ly
be'accomplished b& inhibiting the fast ohannel po permit normal processing
of a selected fraction of the large pulses. |

| Another important development is the integrated system de31gned by
Kandiah, et al( °) for processing pulses in X;ray spectrometers. In_thisgv
system, pulsed-light feedback is used to reset the preamplifier inpﬁt on
each pulse, the entire 31gnal proces31ng chain is dc-coupled to av01d high
rate problems and time-variant (both a sw1tched differentiator and a gated

integrator) shaping is employed. The unit described by_Kandiah et al, shown

in block form in Fig. 9, is designed as an integral processing package with

convenient operator controls. This idea may well become the basis for the
design of future X-ray spectrometers. It readily lends itself to implement-
ing schemes like that of Desi whereby pulses in a selected amplitude range

are processed differently from those'of'other amplitudes.

(.
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5. CONCLUSION

The design of defegtors and electrdnicé’forlX;raylflubrgéceﬁéé ébeéﬁrom;'.
eteré has reached a fairly stable stété and ‘apart from somgjdf-the:details'v.
discussed here significant changes cannot:bélexpected in the next.fgw'years;
Perhaps the most important'single item.demanding further‘work is the FETY
where new developmehts are desirable but, e&en more.important, a bettéf undér—'
ﬂStanding and control of the parameters of.the 2N4416 type of FET must beA '
achieved. A better understanding of.the factors infiuencing detector béék- :

: ground‘may also be.important ih improvingithe sensitivity‘of the‘X—ray fluor-

escence method.
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FIGURE CAPTIONS

Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4
Fig. 5.

Spectra obtained for monoenergetic X-rays incidént;on a germanium
detector. The X-ray energies in the lower half offtheffigurellie

above. the Ge L-absorption edge_whiie‘the one in the upper half is

below the edge. The .sudden increase in background'as the X-ray -

energy changes from 1.19 keV to 1.25 keV is Seen;vthis corresponds
to a Ge dead layer approximately 0.4 um thick.
Similar to Fig. l‘but for a silicon detector. While the background

level 13cohsiderab1y-lower than in the Ge detector a similar step

- in background occurs as the X-ray energy exceeds the K absorption

edge of silicon. - The background is consistent with a silicon dead
layer ~ 0.3 um.

Shows the field and potential distribution present in a typical
silicon détector 5.mm‘diametervand'4:mm'thick with a rather heaviiy 3
n-type‘surface."Charge produced in the shaded regions is partially

collected in the surface layer resulting in degraded signals.

.Typical behavior of the series, parallel and "1/f" noise terms in

a detector—FET-combination shown_as.a'functioh of the measurement -

time. The series .component increases as the input eircuit capacity

increases.

Typical behavior of . the noiseAin an FET-detector syétem as 'a function
of temperature."The dotted line shows the pérformance that might
be achievéd if generation-recombination noiée_prgduced by fraps '

were not present. - These curves are given‘fof'the FET (2N4416)'in-:

.its normal header.
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Illﬁstrating the advantage of measuring FETs in the grounded gate
configuration to determine the generatidnorecombination‘noise'term{
The removal of parallel noise terms makes the effects of traps much

more obvious.

.~ A frequency domain plot of FET noise showing the effect of a single

trapping level. The shoulder observed in these curves is produced .

by G-R noise from the trap and is temperature dependent as expected.

Block diagram of the system used by Desii(Ref.'29)'to reduce the
proeessing.time for large pulses in an X-ray system. o |
'Bloek diagram of the "integrated" processor for X-ray spectrometry

described by Kandiah (Ref. 30).
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