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ABSTRJ\CT 

Elect ret s are rnaõe of àielect ri c rnaterials , -mic!1 
can hold a ra~ent electric fielà for a lon~ time. 
Electrets can be obtaineà by different methoàs sue~ 

as carona trioclé::,electron beam anà charge injection. 
In this work, electret forrnation by Íll'f'lll«-:> charging · 
is presenteà, with rne t allizeà FEP-Teflon Sam?les 
inserted between two planar electrodes, wit h an air 
gap. The extension of the method for el~~roàes wit~ 
different sha?es are also stuêied. Among the applica 
tions of th~ proposed impulse cnarging, there is the 
r:-easurer.ent of ~ulse current s anà voltage=, .mie-h 
are associate to lightn i ng, \vi th accurate, small and 
cheap detec~ors. 

The hi story of e lect.ret s was àescri!:>?à by 
/1 / , in 1971. Consiõered, a t thc beginn5nc;, 

Gross,B . 
as (l 

scientific curiosity ,e l ect ret s ha\·e had cons irl~ra':llc 

t ec:molcx:ical ad\·ances, by virt ue c: the great indu~ 

trial interest as, for exarrple, in the applica•ion 
in microphones of small size anà large sensibilit:;. 
There are two kinds of elec-.::::-et s: dipolar anà e~:cess 
charge elect.ret s. Dipolar electret.s are obt aineci wi. t h 
materials with perrnanent dipoles, which can be 
intrinsic or artificially creat eà. At ambient tem?e­
ratures, the dipoles are ranàc:rnly arranged and thc 
material has no external dipolar m::rrent.. T.lis is not 
the case, howeve::, when the dipoles are forceà to 
align in t."'le same direction, resulting an externai 
dipolar moment . These electrets are usually obtained 
by thermal means, heating the material up to its 
melting point in the presence of an electric field, 
which will align the internal electric dipoles, and, 
then, c ooling the material. 
Excess charge elect.rets employ materiais wi th energe 
tic traps, due to impurities or to structural àefor= 
mations. These traps may be vol~MEtric or su;:>erficial 

1 

and in FZP-Tef1on th-:re is a preàcr:uncmce of su~r:' 1 -

cial traps for electron= / 2/ , with activa t i on ~nC'rgy 

of 1. 2 e V anà located at about O. 5f..l!'!1 frCI'l the !';;J•·f.:;­

ce . !n nega ti velly charged rnat er.ials, t h .· t r .,ppr.d 
electrons can stay there for a long time. 
These electrets can he n.";tained by different m·~t hods , 

su:::h as corona tri~ /?- ' , ele:-tron beilll1 anà c hnrqc 
inject ion /2/, anong ot hers .Inject ~ri d~:•r<Je •: 1- ct r c- ' ,. 
ar~ fonreà applying to the mater i al, placeà !:>0.t ~n 

twoel ectrodes, a s t rong elect ric fie l d tha t a llO\.-:; 
charge to t::ansfer from the elec:~oões ~ o ~hc 

material. !f the elec:rode is in cont act w:t"l the 
ma t e::iaL the charge transfer .,_,ill be direc t and i f 
n~t, the transfere~e will exist through an elcct~ir. 

Cischarge i r. the ai r. Vnce th~ transfe~enc~ h~~ 

=curcà, there will ::>e a rernanenr e Jor:t r i c f i e i o, 
wi t h st able characte: istics. 'I11e vo1 t ncy· 

is con•inuous anã t~e upper ~lect.r:xle rnus t ix: rcDvc•~ 

af t e~ the charçi nç F=ocess, in ord-:=r to 
reverse àischarge frC!i! the dielect :- 1c to t i~e r: J P~r :-c ­
de, à i sc"larg1ng the rrat.e r i a l . 

In the initial studie!" of this c!'largi nCJ rrP. t hcxl, th<" 
geometrical configu::ation of Fi gure 1 wa!'; adopt ed . Thc 
electrodes lolli!re l!lare of alurninum,wit h rounc:eJ '.'r~ur != 

anà ê 3 em àiil!TE~er ,.::-eing the upper e l :::ctrO<le a r 
O.Olcm fromthe dielec:ric. FEP-Teflon was used as t he 
dielectric, 50t-t'l anc 75i-ft\ thick, wi th noe s i ele 

~tallized . This mate::ial, when nega:ivelly chargcd , 
retains the charge for hundreds of years / 4/ anã 
presents high dielectri c and rne=hanica l strengths. 
Sar.ples of the material were prepared cutting pieces 
with circular form of about 20 em' area.These S~n?lc~ 
lolli!re =unted on the lower electroàe, holding thcm by 

means of a frarre. ~l san;:>les lolli!re previously discha::_ 
ged by an alternati ns carona procedure. 
All measurerrents for. the det.errninat ion of the charging 
met i,od features ,.;ere ;:>erformed in ambient condi tions 

147 

as '"'•" SYSNO <l2 Y.G 4 "t 
pRQD~O~o~o..,o"-2-~.::;::'J....__':l... _ 

·--·-

SVBIBL
Imagem colocada



of 690 nrnHg pressurç. 25°C tenperature ana Wi

h\irudity. An unidirectional and fast front ne<33tjve

uipulse voltage V(t) vi th peak values Vp frcxn 0.5 kv

to 6.0 kv was applieá to the electroâes. V(t) haá e

rise time of 1.2ps, falling to half its pedk. va}ue

in SOus, simulatina the usual shape of Ijghtninç
strokes. The inpulse peak value was measureâ with a

1:1000 diviâer ano a 50 MHz storage osrilloscope.

obtained, rei a', .i na thç surf^r-c pptrntial to < li"

applieâ {icak voltage. A t>pica3 ceilibra-, 3011 ciirv" ÍF

shown in Figure 3. For a aiven peak voltaoc, sjgmfj-

cative imdifjcalJons are observfd in tlK- snrf.ic-r

potentia} when there are ínpurity partirlfp ni tlT

sarple. TTius, ali sarples were cleanetí wíth alroliol

in oráer to avoid this problem. Ttie surfac-p pot'-nt i<->I

is also âspenàen' on the sample thic-Knes';.

D; 3 cm

li
,V(t)

ELECTRODE

7
ELECTTODE

FEP-TER-ON
50 jjm

Figure l. Planar co-.fiauration of elect rodes

inpulse charging.

for

When a neaative inpuíss voltage V(t) âelivfrec hy

an inpulse çenerator is epplieâto thee}ectrc>d'.s,t hp

potential across the eir gap increases anc resche-s

the disruptive value, proâucing a Paschen discha.-ge.

Neaative carriers are, then, transferred froin t he

upper electroâe to the dielectric surface,where they

are trappeâ, fominc the electret .

Once the discharae haâ occureâ, the Lpper electrode

was renoveâ (situation known as" open circuit") ana

fhe surface potential oí the sanple,Vg, related to

the surface charge, was measureâ by an electrostatic

probe, scanning the sarple along s dian>?ter. The

surface potential variation is depicted in Fi oure 1,

where two situations are ináicated,for two different

values of the peak voltaqe. It is interesting to

notice the unifonnity of the charginç process.
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Figure 2. Surface potential for planar

Sanple 50»*r. tiúck.

(cm)

electroâes.

By âirect msasuremsnt of the surface potential usinç

Üie electrostatic probe and, also, by the vibrating

capacitar methoâ /5/, c<ü.ibration curves were

_) SOO

Ï
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j
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u

.LINEAR RESION

aso 1.00 í.oc 3.00

PEAK VOLTAGE Vp ( kV |

F.iaure 3. Surface potential variaiion wit h pT-3'r;

value of appliec voltaqc. PJanar e]o'--trr--

âes, 3. Dar âiameter ana saiTTÏc- SOyp; «•lurx.

Upper electroõe O.Olcir, aonv" sarple.

Havina in mina a possible variai ion of the calibrai mn

curves with temperai ure, n«?3?"r:3ncnt s were maoc in

the range franOCCto 50°C. Experimental result? have

shcwn that, fran 8°C to 4C°C, a small variaiion o''

about 21 of The siirface poteni.ial hatí occiu-eii, íor a

given peak vnltage. For tempcratures in the v.i.rinitv

of OOC,how"ver, s sianifj.cative variat.ion o?' 157

wa? observec ana this is due to humiditv conâensation

on the electrooes, disturbinq the âischarae process.

Fig-jre 3 shows s linear region in whicr. Vc ran \r

written as

v^ v, tl'.

where V;- is th? criticai po-ential for âischBrae ana

o is a constam-.

For peak voltages higher than 2V^, papchen reverse

breakdown occurs, from the dielectric to -t he uppcr

eletí-roâe, causing partia! discharge of the electrc'1.

Tïiis is seen as a "saturaiion" region in th" calibra

tion curve of Figure 3. This fact limits t he range

of application of the systen.

Searchina for a possible wider range of application

of the electret, a nev configuration vss stuâieâ,with

an Mppei cylinârical electroâe. In thj.s case, t he

distance h betwen a point of the electroáe ana the

sanple varies with the lateral ai s Lance f--cr. th»

system axis. Por a certcún inpujse vol t age appljeo to

the electroâes,a <3ischa-ge will happen anâ,t;i"rçfor'--,

charge transfer will occur over toe ares limiieri hy

the criticai value hç in whicb the electric fielâ hás

a value smaller than the criticai air âisruptive

field. For this configuraiion,the saTple charaeâ ares

can, then, be relatèd to the peak voltaoe Vp. This
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área can be dofinc-â by its width t and Figure < shows

a cal it-Tation curve for this configuration.The curve

can 'f? expicssed by the equation

Bi
Vp ° A.e'

where A and B are constants.

(2)

Q.
>
U) S.O

§

Ficure 4.

> ,1-° 2.0

OISTANCE O(CTn)

Calibration curro for cylinârical i.oper

electrcxie on the sancle, with 1.85 cm

dianster, 2.5 cm length.

It is uorth noting that, now,the charge distribuiton

on the sajrple is not uniform but this fact does not

inpair the measurement of i and, for this new shape

of electrode, the application of the system is not

linúted to values of Vn smaller than 2Vr..

ATPLICAT10NS

As hás been shcwn, t he elect-et associateá to

electrodes can work as a voltage sensor in

two different ways: relating th'? peak voltage to the

surface potential (planar electrodes) or relating

it to the chargeâ ares (cylindrical electroâe).

The firs^ noae presents the aâv-sntage of linearity,

operating in the range of 800V to 1600V,with uniform

chsrcinc. For larser voltaae values, the devices can

be associateâ in series, with eaualization resistors

or a voltaqe divider can be useá.

The âevice with cylindrical electroáe, even though

having a non-linear calibration curve, hás the aâvan

tage of presentinç a wiâer range, inâepenâent of the

non-uniform charging.

In both modes, the calibration of t he device, used

as a sensor, can be obtained in a sinple way. In

spite of being utilized an electrostatic probe,other

detemunation methods are suitable. Thus, the surface

po^ntial was also measureâ by the vibrating capaci-

tor technique ana the chargeâ área (width í) was

easily determined making it visible by a xerographic

toner, which aciheres to the sanple on the charged

region.

The measurement of impulse currents is also possible ,

with thc device associated to series resistors

(shunts) or to Roaowski coils.

Anonç many others, a special device was constructed,

with a cylindrical shunt involvinq the clectrr-t

assembly. This configuration allows the instai]al ion

of the device under the base of surge arresters in

distribution lines.

cowmsioN

The development of charging process by uipulse volta

ges makes electrets a new option for the rneasurement s

of inpulse voltages and currents /6/.

Eirçloying an upper cylindrical electrode, the detec-

tion range can be extenáed, as can be seen when

ccnparinç Figures 3 and 4. In this way, voltages up

to 20 kv ana currents \3p to 100 kA can be measured.

Various prototypes were constructed and testeâ,

showing the viability of the application.
TTie work is not finisheâ yet and research will

continue, both in its theoretical -and practical

aspects.
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