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ABSTRACT
Nine coéxioll cables which h_a\}e been proposed or are p?esently being used for carry-
ing the currents generdfed in ic'anizc'ri'on chambers ‘h‘ave been critically sfudied with
reFeren;:e' to fheir'suifcbilify to this application. Included in this s‘fud'_y are Féur
low-noise tricx,iq'l c;cb|és, ;rhree,low;-noi;e ,fwo-copduc"rlor cables, cndv two of other
types of cables: For .each cable the féllow'ing c,haracferis’rics'we-rAe'd,etermined:
inherent noisé currents, currents ?roducéd By cable l'rr;oVemenrs, pOlCll’iZCIfViOl‘l' currents,
the aegrge of.ele.cfrostc-fic shie'lding of the ’cenfrol: signal-carrying conductor, cna
'r‘qdiaﬁon induced cable currAe.nts. This sfudy iﬁ_diccfes thfA'rwo low-noise tricxjal
cables, both erﬁéioyihg Teflon dielgcfric surrounding the cgn’rrql ,c¢n'duc1_'or, offer

~ the best overall performance for use with 'i_on'iza'rio'n chambers.

* This work was supported in part by the U.S. Energy Research and Developmenf
"~ Administration.

+ Presented at the 62nd Scnenhflc Assembly of the Radiological Socuefy of North
America at a session jointly sponsored with the American Association of Physicists

in Medicine, Chicago, November 19, 1976. Paper No. 153.
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INTRODUCTION

In'the‘usAe of io_nizofién chambers to -qucn'ri.fy radiation fields one ‘m.ayA encounter -
diffiéulti‘es due fo spurious currents. SuchA .curren'lf's have a variety of origins and may
_represent a source of inac_:cd'rac_)) in the mgésuremen'f of .the ionizvc‘xfion. current éengrcted-
in thél chamber. 'WheAfher extraneous currents will Timit the céc,urccy of a pc_rfi_cu.l'cxr
measurement yvill‘ depend upon mony}fac'rors'such as, field 'ir"ntensAifAy, f'he inherent pre-
clision capability of the current measuring instrume.nf., and the magnitude of extraneous

currents.

A complete ion_izdfién,chlcmbef system cc;n be divided into vFour parts; 1. an ion'i;ofion
chamber, 2. a Sourqe of potential for po]ari'zing: the chcmbérj 3. o.n electrometer in- "
cl:udi’ng (écdouf device forA reading 'fl;m;a current generated in the ;hcmber, and 4. an
interconnecting cable which carries the currejnts ge’ner‘df;ed intheAc'hc‘lmb'er to the
electrometer. ‘Spurious effects mc'y originate iﬁ any of ’rht‘asevfoqr‘porf‘s. In this

study, attention was fgcused exclusively oﬁ the pér?urbin_g éffects which are founded

in the interconnecting cable.

Seven cables wh.iclj oré i'nl current use with ionization ch;:mbers.were compared re-

, qui;/e to .;.,everol' ldisf'incf ,effec~;ts. The .;Dcfticulgr cables c‘:onsideAre‘d are ,I.isted in TcEle 1.
The sou}ce' of the cable, wl';gfhef the coble“isA a Coéxial or triaxial -t*pe, qna the
dielectric whi;:h i.mmedicfelly surrounds the central »cbnduc;for are Anéted. The table shows
that three diffeké'ﬁf dielg_éfrics, pt‘)liyAethylene, Teflon, 'cr'\.d Tefl,on tdpé, are represented. - '

Each of the cables has a low-noise treatement of one form or another on the outer surface
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of the inner dielectric. The cables are listed in chronological order based upon their
first use or consideration in our laboratory. The Amphenol cable has been out of-pro-

duction for a number of years but is still in relatively wide use.

Two other cables were considered briefly but found to be. manifestly unsuitable for use

with ion chambers, The one is AmpHenol No. 21-199, an RG-58 type, The other,

Belden No. 8232, is a triaxial version of RG-59, Neither has a low-noise treatment .

and both have quite imperfect shielding. Both cables showed excessive noise with the

Belden cable being particularly live.

It should be stressed that in the expef{men’rs to be'des'c_r'ib'ec':l, the central conductor
was ‘always regarded as the signal carrier. This‘ is also h:".ue for the chin’rec cable.
Capinféé employs a untie configuration in ’;heir dosimeter system wAhere"in the signal
is carried by‘the inner shield of 'fhg triaxial cable. Therefore., fhé results reported

~ here for the Capir\sféc' cable do not rec”y opp‘IyA to the pﬁrficulor manner in which

Capintec employs the cable. |

The various effects which were conSi‘dered in the present irjve.sfigdfioh are listed in
Table [1. All of -f.he ca.bIeAs cénsidere_d possesged suitably |.owA sfeady state leakage or
conduction currents for use with three terminal ionization c-hombevrsh. ‘Howeve‘r, sig-
nich_cn'r polarization currents wére found which varied appreciably 6m"oqg the cables
‘tested.. Im';;)orfcnf d‘ifferences were also uncovered regérding m.icroph-onic. efFeéfs',
shielding, and radiation induced cable currents.“ A strange soakage -currenf-qu.dis—A

covered in three cables which is related to imperfect shielding.




EXPERl MENTAL METHCD

The differ.enfl cable phenomena were studied wifh t'He‘cémmon experime;n-fcl arrange -
ment depicted in Fig. 1. The _&Jt'faclgmment 'ona épecimeﬁ cable to an elecfro.r'r1et4er is

. indi‘ccfe.d in schematic fashionv.- The current, |, picked up on the central conductor
fs.fed directlyiinfo the electrometer. As the e[éctrometer: has 'iﬁfihifév input impedance,
the c.;JrrenAt I musf-ne_c'esscfil‘y flow entirely thru the fee,db.c'ck element RF'whenev‘er the
grour@ing key is 6pen. _. Tﬁe Fgedback.v_ol'rcgé \,/F is 'cu’romati‘col_ly cAdi‘usfed in order to
‘hold the elecfroﬁéfer input nec‘:rvgrougd'pofen’r’idl_. .".I'hus 'rhe curren_f in the cable is

_ manifested by thf: fegdbock ‘volltcge" and is merely give.‘n by the quotier\t .\/F.by RF, .

The outer shield is held at a variable potential, VS- . For certain measurements a

. capc:c-itor was substifuted for the feedback resistor so that chcrge‘ dis.pl'oce ments could .
be measured directly. The electrometer was a.Vibrating reed type, either a Model M3~

dating from the Manhattan Proiecf at the Uﬁiv_ersify' of Chicago or a Cary Model 411.

The coble-electrérr'ze.ter configura'fidn is pigcis'ely that emplb»yed for measuring ionization
current's’.b In normal use é chamber wqulld be attached to the other end of the cable. The
collector of the chambelr w.led be tied to fhg 'c'entrcliconducfor, the .qurci:' fq the.‘inner

shield, ona fhe‘shell- or outer gléctrode to the outer éhﬁeid. 'Th"us'fhe outer shield would

carry the polarization potential to the chamber.

Bare specimen cables were employed in.this study. For ready comparison of the  results
- all cables were cut to a ston'dqrdlengfh of 3 m. A BNC connector was mdurgfed on one
end for ready attachment to the electrometer. The other end of the cable was blanked

off by a special termination. The termination maintained the insulation of



the center conductor yet completely shielded it without introducing any gas volume.

EXPERIMENTAL RESULTS

Noise currén'rs were bl;)served at fhe‘.dufpu'f of the e|ecfrometgr amplifier which was

" ‘operating w‘ifh a band width of bcpp.roximcfely'O. 2 Hertz. On these terms some dif-
ferences were noted among the cables but these differences weré mi:nor.' The rms
noise éurrelnf was less than 0.3 fA/ m for each AoF the( cables. Thus the special con-

' .‘d.uc’riné; c'oatingsiove,r thgl innel; dielectric of each cable effecsfivel'y re“duce noi‘se-cLJr—
rents to q'lgv’el wherg noise currents 'are.no'r_ | ike|>'/ to limi.f"fhe q'ccurqc,vy of measure-

ments of chamber currents.

Dielecfric‘leckcge, .or conduction, currents were evcldatéd at biases up to 6 V. All

of the cables ‘.:Jispvlaye;:l more than lan'cdeqﬁate dégree‘ of insulation resistance in sfgady
S-tcfé. Agci‘n minor diffélrenc-:es v'_vel;e noted among Atbé cables but in ﬁo in’stance_would.‘
the steady state Ieakcge be a 'iikely influenge in fhé measun;emenf of c'hamber" ;urrenfs.
E;/en at a bias of 6V, the sfeddy state le'ckcge‘c_urrenfs were less than 2 fA/ mlfor every

ccble'.‘.

When the bias across a ccblé .is changed large transient cu<rr'énAts ensue . These fronéienf
curfenf; are ﬁo'r co‘ndu.ction'curre‘n’rs but r'c‘th_erAreprc;.sent eile.ctric polarfchion pheArio‘m—
ena-in the di‘elec'r.ric' of the cije. V\'/ifh_u;efer'encev to suAch'_frcr'\sienf B cu.i'rents‘, wide
differences d§ indeed appear gmor]g.thg seven different c.ablé.s stﬁdi'ed’. Fig. 2 villus—
trates tHe 'c(hcr‘octer'isti‘c‘ behaviour oFAthe different cables in terms of charging chves.

In the figure the-logarithm of the current is plotted against time. The cables were well




neufroliized.preporctory to beginning the measurements. At time t =0, the bias across

the cable was suddenly changed from 0 to 6 V.

Thé_ cables roughly divide into three groups WifE reference ‘to the charging curves.

The Amp‘her“-ol ' Copi.n'te_c, cnci -Exradin cables ére very similar and show significon’rly"

| less ;':harging curlrénfs than the others. The two ‘.Mic':'rodof cable ’rypes;nd the
\/jc&oree_n c;cblelc.r'e also somewhat similar and show 1;he Qrecfesf_ Vmagnifude of charging
;ur:renfs. The K.e'ifhlé-y cable shows a similar behoviour.os the othersvbut with o'mlogni--

tude somewhat between the two other groups.

Wh.en a co-ble_ is held at cénsfqnf bias for a prolénged>per'iod qnd the bias is-abruptly
reduced f‘o.'zerof a transient negative diﬁcharge c'urrent).‘ens.ue_'s. Chorccferi:jl;icldis-_
‘c-hqr'ge curves are shown in Fig. 3 corresponding fé the charging <.:urves.of' Fig. 2.'
The close s.imilarifies of the curves in the two figure's' is imme-diately.'apparenf. For
ec:ch gable, the. discharge c,ur'v'é-yery closely parallels the charging curve thus dem- 1
onstrating that these transient currents do‘ indéea represent a F-)olcr-izotibon, as distinct
from conduction, process. However, the extent fhaf'fh.e‘ polarization représenfs a

dipolar or space charge phenomena is not revealed by these measurements.

The beho'viouu; just described is a well-known ;:horccterisfic of pol(ymér dielectrics and
has beer?'the ;ubiecf of considerable study.. For a befAter comparison of i’he -ccbles re-
garding 'polcrich.ion, the discharge curvés were infegrcfea-over time to 6'bfcin the

‘total charge displacement. These results are given in Tablt‘e' 1. Thg total charge re-

leased by each cable, which are 3 m in length, is given in the second column. The



- cables had been polarized to saturation at 6 V.. The two Microdot types and the
‘Victoreen cable are seen to exhibit an order of magnitude greater polarization than

‘the ‘Ahphenol , Copinf.ec,'cmd Exradin cables.

Normally cable polarization is not a problem in working with jonization chambers.
‘For one thing, cables usually operate at biases which rarely exceed 1 V. However,
should a cable be accidently electrically stressed, then the discharge curves shown

‘in Fig. 3.would indicate the relative recovery.rateor neutralization time.

It has not been possible to establ ish suitable standard conditions for comparing mi-

_. “crophonic sensitf‘ivify. The polarization resp_o'nse.of the cable doubtlessly inéirecfly
enters microbhonic sensitivity. Some dli.ffé_ren,c‘:es do '¢xi’sf amén_g fhe‘cobles fgsted.
-One particular quantitative comparison was made. In this test.the édbles" were held
under a tensile stress of gﬁpro_ximq'rely 2.5 New_féns-. - The cables were supported over

their entire 'leng’rl‘\‘ to prevent sdgginAg.-' A change |n fensi(le:sfress wcs‘;fou’nd to be
accompc'mie‘d by a reproc;luc.ible,._ond reversible charge dispAlacemen’r. A The charge dis-
'pl-_ccemein'rs o‘bserved for an increase in.tension of 5 Newtons are given in column 3

of Table 11l. Generally the charge displacement is positive for an increase in tension.

The only exception was the Microdot coaxial cable which exhibited a negative charge

displacement as well as the biggest effect in magnitude.

The Amphe‘nol , Capintec, and Keithley cables showed no effect at z.ejAro bias. The
entries in 'the. table for these cables represent the charge displ.acemenfs for the same

‘increase in tension as the others but observed with the cables biased at 6 V. These




latter displacements were always of the same polarity as the bias and are seen to be

quite similar in magnitude for the three cables.

Perhaps the most'sfartling'discovery in fh'is invesffg‘ofion relates to the effectiveness
of the cable éhieldiﬁg. ‘Th“e degree of shielding is eqsf_ly determined in ;erms of the
. c'apac;it.iv.é coupl fn'g between fhe‘cenfrclconductof and éu’rer shield c;f;’-;he.ccble
while the ‘inner sb‘ield- is F’ixed at ground potential For the coaxial cables one must
improv‘ise‘ an outer conduc'ror exferm':l'tol the cqblé. 'The‘;r.n,ethod 'used-‘herg was to

immerse the cable in'a conducting liquid which then constituted the outer electrode. -

vThe‘resulf‘s are shown in column 2 of TaEIe. l\(. No capacitive con_-Jpl'i'ng’ could be

| d}efected in foﬁr of the Eab’les. The other three 'e.x-hibift;:‘d‘ effects several orders of
mégnitude greater than the minimum detectable vclue.. This capécifive- coupling woul|d. ::
not be objectionabl.e‘ if it were just a pure-copac‘ifi.vé 'coﬁbling. Un-Férfunc_fely,' the

phenomenon is somewhat more complex.

‘When the potential of the outer shield is 'changed,A’persistem'charging currents ensue -

‘which decay in some characteristic way. These currents may linger for several minutes.

The r.eclly-‘surp.rising fact is that the persistent currents.are opposite in sign to the
change in péfenfial. The same behaviour. in vcrying degrees is exhibited by each of

the cables which showed a measurable cqpccifivé‘ coupling.

The persistent current observed in each of the three cables is illustrated in Fig. 4.
The logarithm of the current is plotted against time.:. The change of poténtidl of the

outer shield for these c'ur.ve_s was 300 V. The -magnitgdé of the effect displayed by ‘the



Keithley cable is sufficiently small as only to cause a possible problem under the most

extreme measurement conditions.

An egplanai’ién of this effect is offered. Firstly, it must be c‘ssumed.fhcf‘fhé iinner
shield hos. some degree of opénes;. ‘Sec':‘ondly,.;"rhe ) ov;/.-no’i.se .coat}ng.of.fhe 'die'lectric
must be either p'ctCHy or not s‘uF‘Fic‘;it'enfly electrically’conducting. Wh:a'r.'n the pofen.tilcll
of the outer shield is increased, thel sur‘#ace of fHe diél:évcfric Q_ndér an openin.g- in the
shield wiH: initially be raised in potential to an e.x’r'enf‘. .As fime.g.c_i‘es on, however,

the raised potential of this ;J.rec wil»l. dissipate thru the cond.uc.ting coating as well as -
thru volume»polar__iza’rion of the d.iele:ctr"ic. | The‘ decréosing» potential in éuch areas. will -

be accompanied by a corresponding movement of charge in the dielectric immediately

beneath the area.

Radiation induced cable currents qre well known. .T.hér‘e are two separate effects.

The one is the negative current propor'rionalA to the radiation i—ﬁte;s.ify‘which is inducAe.dAA
on the central ~;conduc’ror} TFis is usuglly relferréd to as fhe "Comptcn"'.currenf c:ndlwill
be‘rgFerred to here as the |A'direc'r“ effect. DoQ’b’rl(-asbsly» p:Ho'rcv)elecfronS play a greater
-‘rolleb"inAthis effect than Combfon elecfrons‘rélati'\‘/e iAn' the majority of si*uafions. The

second effect is a radiation induced conductivity in the dielectric. The current which

* the latter effect represents is positive.or negative depending on' the bias _c!;\d has-a mag- -

nitude which, at least approximately, is proportional to the bias.

As a consequence of the different behaviour of the two effects, it would be possible to

find a value of positive cable bias for which two separate currents cancel. However,




this is probably not a very practical method ForAminimizing' radiation induced cable

currents.

The presence of the two effects does cause some difficulty in determining the mag-
nitudes of the separate effecfé.': The method émpl_oygd here was to determine the cable |
lcurren’r at equal pc;si'tiytle and n‘egafi.ve,bidses.‘ The direct effect was taken ;:s the

' orifhmetic-mec.n olf.the two currents. AThe linduceci conduc'f..i_.on-.éurre nt Qas taken as half
olf'the currenf observed at positive bias minus the cq'rren’r obs_erved‘af neg'cfiv,e bias.

This procedure seems to give a qonsisfénf interpetation to the measurements. o g

Only thé results-pertaining fo the -direct effect are .reporfed’hle:re.. Col'urlnh'3. o-F Table

v s.how‘s the dire;:t current ipduced in eccvh'.of"‘rhAe cabl-és when: expo.se'd to a uniform

: Cébqlf-éo field at an exposure fc‘fe of 71 R/ m'in. .The Amphenol cabie which"showed !
A éxcellent behaviour ..in.every other respec.t but WEicH is lonly q.tw'o-cond.u_c;for cable |
ex‘h'ibif; the greafest rcdia’r'ion" inap’ced. céble. curll'enf. The: Exrcdin c;ble has the smallest
"effecf, slightly smcllerfhc;n that obser\;ed in ’rhe‘CaApinfec( and triaxial M_icrodof‘ccbles. :
.Th'e Victoreen cablé also shows a re“lct_ively small éffect. Ac'ruc”y, fhen;ev. is really little
: differénce :in the mggnifude of the effect be’fv'v:ee.n the triax.ialul\/\.‘ic'rodof‘,. Capintec,

Exradin, and Victoreen cables.

Thé second radiation effect, the inauced'cc.Jnduc?tiv“ify,': shows genercl'fy c-;éomplek_time
de’pen'del;mce . When fhe irradiation is terminated, f.h;a" inaucea co'ndqcfivify displays oA
pe‘rsisfénf component with a complex temporal ‘l?ehav,iéurﬂ. In some ir.lvsf.qnces there may
be permanent radiation ‘démcge and a cqnsequenf“l'cs‘ting iqcrgdse il’.'l the :conductivity.

Further studies of‘radidfiqn induced conductivity are .in progress.
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CONCLUSIONS

Several low-noise cables have been compared in terms of their suitability for use with .
jonization chambers. On an overall basis the Capinféc and Exradin cables, which are

triaxial-and involve Teflon as. the dielectric; gave distinctly superior performance.

The Keithley co‘blé, also triaxial but with polyethylene as"'rh'e dielectric, has a min‘or', '
" defect associated with iAmpe‘rfec'f s‘hiel‘ding;_ Moie importantly perhaps, the Keithley

cable shows a radiation induced current approximately twice as great as the best cables.

. The Victoreen cable has excellent characteristics except for substantial dielectric polar-
ization. However, perhaps its most serious limitation is that it is only a two-conductor

- cable and therfore does not provide fully for the needs of guarded ionization chambers. .

The Amphenol cable gave excellent perfbrmchce except for.a ldrge radiation induced -
current. This latter effect would 6n|')/ cause difficulty when long lengths of cable

must be exposed to radiation. Unfortunately this cable also only provides two conductors.

The:coaxial and triaxial Microdot cables prove tobe poor choices for use with ionization
1 + -~ chambers.: This is not a general fault with Microdot cables. A number of other Microdot
cables are expected to be eminently suitable for use with ionization chambers.  Actually

both fhe‘quin'reg: and Exradin cables are ‘probably manufactured by Microdot.
Quite S'izecb'lAe' capacitive coupling which penetrated the shielding was found in-three

sign to the soakage currents that.are characteristic of inadequately guarded ionization

|
|
|
|
; cables. These same cables displayed.a strange transient current which is opposite in
chambers. -
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‘SO ME PERTURBING EFFECTS [N CABLES

 No[sE'cURRENTs

4¢D|ELﬁCTRfc LEAKAG;
'bJELEcTRlé POLARIZAfI@ﬁA:'J
'MjéROﬁHCNIC:SENS}TIVITYf‘
ASHLELD1NG-EFFECTfVEN§SS

RADIATION [INDUCED CURRENTS

Table' Il Various cable effects which were studied. -
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SAMPLE

:AMPHEN6L4
MICRODOT-CO
ﬁicRooéTQTR
CAPINTEC

EXRADIN

KEITHLEY:

VIDTOREEN

op / 10715

250

10,000

5,000

1,200.

700

1,700

13,0007 .

COULOMBS 0+ /10715 COULOMBS

120%
f-3,8oo‘
:i,ﬁod

266*:
470 -
i-zoéf,
500 :

%6 VOLTS BIAS

Table 11l ~ Polarization and microphonic charge displacements.




. VICTOREEN

chlg v .

sampLE C /‘fo‘]S'FARADs e / f0f15 AMhEREs
AMPHENOL -_<.d.05_ 1320
,MICRODOfQCO' '69_' 280
M[pRoQOT—TR 18 | '55 ”
| éAPJNTEc 3:});55 55
ﬁ*RADIN'  g;o;o§' 50
VKEITHLEY> . '1;33 - 110
£.0.05 :4 65

Capacitive coupling thru shield and radiation induced currents. ‘



" FIGURE CAPTIONS
- Fig. \ .. " Schematic of circuit arranagement for détedfiné cable currents.

Fig. 2 Charging currents observed in neutrcllzed ccbles when the bias is abruptly .
‘ increased to 6 Volts. :

Fig. 3 Discharge observed in cables p@larfzed at 6 Volts.

Fig..4 Negative soakage currents observed when the surroundmg pofenhal is -
' abruptly ralsed From ground to 300 Volts.
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