—_ . i \\_)
E
\/

INFLUENCE OF CONDUCTIVITY OF THIN GOLD FILMS
ON PROPORTIONAL COUNTING

L p MOURAY wd W C. PARKER

PUBLICAGCAO IEA N.° 3‘59

Janciro — 1975

INSTITUTO DE ENERGIA ATOMICA
Caixa Postal 11049 (Pinheiros)
C:DADE UNIVERBITARIA “ARMANDO DE SALLES OLIVEIRA"

8A0 PAULO -- BRASIL



INFLUENCE OF CONDUCTIVITY OF THIN GOLD FILMS
ON PROPORTIONAL COUNTING

L. P. Moura and W. C Parker

Coorde~wdoria de Fisica Nuclesr
Instituto de Energia Atdmica
Séo Paulo - Brasil

Publicaciio 1EA NO 369
Janeire - 1875



Instituto de Energia Atbmica

Conesiho Superior

" Eng® Robeto N. Jefet - Presidente
Prof Dr Emilio Mettar  Vice-Presidente
Prot.Dr José Augusto Marting
Prctd.Dr. Miton Campos
Eng® Helcio Modesto da Costa

Superntenden s

Romulo Ribero Preron



INFLUENCE OF CONDUCTIVITY OF THIN GOLD FILMS
ON PROPORTIONAL COUNTING

L P Mouraand W C Parker -

ABSTRACT

in the sihsolute standard.zat on of rad.onuc' .des by means ot 2 477 gas How P OPOTT:0Na: COUNT NG it (S
COMMON Pract:ct t0 depos:te the 1ad.Oact ve mare @' on thon fo-1 ot VY NS meralized w th gotd to render 1 »
conduct'ng surface In rthe proserit work The derecrion ettc.ency a5 we' a3 the pulss nme formation
distribution 'a funct-on of the conduct v-ry of these (o3 were messured W:'h these 1 was ve’ fiod that the
conductwity has af s.gn-f-cant gitecr on rthe derector fetd cont-gurar on and the most convenent
conduct v ty veiue that must be used wes deewvned

In'the absolute standard:zation of radwonuchdes by means of 4n gas flow proportional
counting®’ it is common practice to deposit the radiosctive material on a thin foil (backing) of
organic materis! usually in the form of VYNS, a co polymer of polyvinyl chioride and polyvinyl
acetate?' . However, since VYNS is a dielectric it is first necessary to metal:ze the foil's surface
% as to render it conducting The activity can then be deposited by one of the methods
described n the interature3'4’ The importance of ths conducting layer can not be
overemphasized since a nonconducting. or poorly conducting surface. can cause serious
devistions in the configuration of the couner’'s electric field On the other hand a 100 thick
fayer will result 1n the absorption of the low energy components Thus it becomes desirable to
determine the opt:mum thickness/conductivity value for the meta! layer

Fig. 1. demonstrates the effect of the fim resistance on the efficiency of the counter
Here it can be sesn that by increasing the tickness of the goid #ilm to a point where the
resistance is in the region 10° — 10° ohms, the efficiency of the counter increases. but below
this value it begins to decease Jue to the absorption of the low energy radiation components
A similer result can be observed for the pulse t1:me resolution of the counter This can be seen
from the time pulse distribution5) shown in fig 2 By correlating the gaussen analysis with
aach distribution and by consdering the difference n ares as a parameter. it can be seen in
table 1, thet st 10° ohms the best resolution occurs

In the course of our experiments we heve observed an anomalous behaviour by the goid
films prepared by mesns of vacuum evaporstion®' thet i1s. a spontaneous varation of the
resistance the direction of which (high or low) depends on the value of the film resistance at the
termination of the evaporstion This effect 13 clesrly demonstrated n fig 3 The cominuous
line represents the steedy decrease of the resistance during the actual condensation of the gold
wvapo'r on the substrate and the broken line the spontaneous varation following the interuption
of the evaporstion As can be seen there sre three different changes of direction, ie, at
10* ohm the resistance almost stabilizes while sbove and below this value, it incresses and
decreases respectively.

Fig. 4., shows the rc.ults of the counter efficiency measured a8 a function of the



sponmaneous derease of the resistance which, in this partscular case. occured at R~ 10* ohm
It shows that while the resistance is decressing spontaneously by one order of magnnude, the
counter efficiency /mproves by about 6% 1n 24 houws due to the mproving electri¢ field, but
without the increased absor pton of the low energy components

immeduately after the evaporation the decease in resistance 1s more rapid The deg. ee of
increase and the time raquwed for exe are depencem on the conditions of the evaporation and
also the crystalization of the source meterial Varwetions of the order of 30% could sti!l be
obsarved several weeks from the date of the evaporation The time pulse distribution ohtained
immedistely after a given evaporation and a3 perwod of el.psed tme also indicate an
improvement in the counter s electric f:eld

The spontaneous chenges of the electrical resistance of thin gold films costed on VYNS
foils, have also been confrmed by means of the electron microscope Those films examined
showed 8 spontaneous and dynsmic morphologial behaviour 1n coOmprete agreement with that
of the variation of resistance

There can be no doubt that conductwity of the conductivity of the goid film an w~hich
the radioactivity is deposited has a significant effect on the siectricai fisld of the counter. Also,
there occurs 3 spontaneous variation of the resistance, depending on its value, at the conclusion
of the evaporation. Therefore, it would seem wise to continue with the evaporation until such
time as the resistance begins to decresse spontaneously and then to wart. if possible, at lesst 12
hours before o-mmensing the activity measurement in question

TABLE 1
e el e it e ittt axleatinaieg -—___T—-- e e e e e —— -
T'me Th.ckness Res'stance €ixel Gauss Norma' zed ares
Dupobution gIC-n' Ohms (%) tns) o' the expe' mentai
disterbution minus
gaussian a’es.
o LI T N TR S - - O et T T P e —— . — |~ e e e e e e ol
I
A c 10'? 15 80
e e e ] U IS NV SR S e
8 13.35 3x10’° 24 8 12
------------ o s o ——— 1 o e o s . o ot s ¢ . et o e e o e e -
c 21.84 éx10* 27 10 1.0
ST O — et et i 2 s ]
0 18.06 4x10° 29 8 1.0

This table is related to fig. 2, applying the experimental points to the gaussian it shows that the
best resolution is ortained for distribution D. Incressing the gold layer to 38 ug/em? lowers
the resolution by sbout 20% However, the number of counts in the tail of the distribution plot
do not diminish,
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Figure 1

Efficiency of proportionsl countsr for ** M taken ss a function of the resistance of the thin gold film.



Figure 2

Distribution of pulse formation time in the proportional countar for * ¢ Mn deposited
on different thicknesses of goid coated VYNS (see table 1}
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Figure 3

Consecutive 10 min. interval evaporstions and the spontaneous varistion of the resistance

following the interuption of the eveporation. If the evaporation is terminated in the
repion 107 — 10° ohme, the resistance value stabliizes,
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Figue 4
Spontanecus decrease of resistance of gold tilm sccompanied by simultaneous incresse of detection efficiency.



Osns la padron-zat:0n sbeolute des rad onuCHdes ta:te DOUr COMpPreu” PropoT:ONNe: & T phind’sament
sont empioyés fiimes m:nces de VYNS ménati.ods avec | 0°  cOmMmMe sudpor's pour 'e matére radvosctit de
w0t que s wperfcie SOt rendus conductsuse. Co trave:! présant 'es resu'ltats des mesures de 1a veriation
¢ #ficwnce de détecton du détecreur et suw s var.81'on de di3'’ butron du temps de formarion des pulses
an funchion de e conductvité de cie Himaes. Leés "ssuitats obrenys ont montr¢ que 'a conductrvité s un effer
1mportant dens ‘s confguraron du chemp $ect  Que du déCTeteur ¢ On g étrd determing le me:tiey” valeur de
conductanté a drr uriad,

RESUMO

N2 pedromizacéo sbec'uts de redronuc! ‘'de0s através de conrador Proporcons! 47 comumente $io
eMpregedos LOMO suporte do Mater.a! red:oat-vo fimes finos de VY NS meta zados COM Ou’c Pars toraar a
wpertice conduiors, Neste 1rabeiho séo sprewentados 0t resu!tados des medides de ves i, 80 de of:crencra de
detecgfo do deteror ¢ 8 variacdo de dwrribucéo de tempo de formacso Oe puiso em fungin ds condutivideds
desses filmes. A avés denes resultados verfcouse Que a condutidade tem um eferro significatwo ng
configuraco do compo gidrrico do detetor ¢ deter MNOU-38 O vA'0* Mas CONvEn.ante de condutvidede qus
cave s uri12ado.
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