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l. INTRODUCTION

Space charges recently have garnered attention asfy m
researchers all over the world. The reason for ey be
attributed to the fact that measurement of spacegeh
distributions is important in understanding of tblearge

A second general approach has been the use ofayeitior
sandwich structures. Phelan [9] poled sandwichctiras
consisting of four layers of polyvinyl fluoride (R or
polyvinylidene fluoride (PVEkalso known as PVDF) and
then measured the pyroelectric coefficient in eémyer.
Marcus [10] constructed eight-layer sandwiches and
measured the piezoelectric coefficient achievinglenately
high resolution. Both of these approaches havesé®us
drawback that the analytical technique is a destreione.

A review of the several experimental techniques tfoe

build up and decay mechanisms. Also in such po|ym§etermination of spatial charge and field distribs in the

electrets where the property of the electret resiriom
irradiating the polymers with a partially mono-egetic
electron beam, information about the depth andilpraff
the charge distribution in such polymer electretisriportant
in studying the dynamics of the charging procesd ah
subsequent (slow) discharging effects. Several ogsthave
been developed to investigate space charge dittnitsuin
dielectrics.

In the study of polymer electrets an impuairtaroblem
is the determination of the spatial variation ofgpization
and space-charge distributions. A major unsolvezblem
in the study of piezoelectric and pyroelectric podys is the
determination of mechanism of charge stordgechniques
employed to characterize the dielectric materiagehtheir
own limitations as they vyield results which are pedy
averages over the thickness of the polymer filmksre@

major approaches have been used in the developaient

techniques for analysis of either polarization maice-charge
distribution. Several specialized methods are alsl
which are only suitable for the determination ofasp
charge distributions. The specialized techniquekide the
split-Faraday-cup method, [1, 2] measurement oftede
transmission [3], and electron beam sweeping [4]esE
methods and several others used for space-chaajgsin
were reviewed by Sessler and Gerhard-Multhaupt [5].
The first general technique for eithetgpization or

thickness direction of the sample material is pmesat here.

Emphasis is laid on the nondestructive methods iefcd

probing such as pressure-pulse methods, and methats

use waves which propagate through the charged sampl

A number of acoustic techniques are available tobgr

space charge and polarization profiles in the tnisls

direction of polymers. In principle all the methodspend

upon the common physical process of ultrasonic euls

propagating through the sample.

These methods are named as

a) The Pressure-Wave Propagation Method (PWP)

b) Laser-Induced Pressure Pulse Method (LIPP)

c) Piezoelectrically Generated Pressure Pulse/Stef)(PP
Method

Assuming that the considered material is homogenandl

insulating, the currenI (t) flowing due to the material's
reaction to the external pressure is given as [11]

10=XC0(6) [ ECOSPEdz
0

where X is the compressibility of the materiaG(fr) is
a function of the relative permittivity (dielectriconstant)

€y, which in turn depends on the pressure distriloutio

space-charge utilized sectioning techniques in WhiGhe gample E(2,0) is the electric field distribution at the

successive layers of poled electrets were removed a

analyzed for their charge account. Some early elesnpf
this approach are used by Theisseal. [6] and by Walker
and Jefimenko [7], both of whom sectioned carnawba
electrets. An extension of this technique in coagfiom with
another method has been proposed by Collins [8].
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time T = 0, p(z,t) is the pressure distribution a\Co
is the capacitance of the non-compressed sample:

CO :gogr.S/d (2)

where d is the thickness of the samp S is the sample
area.

Further the voltage differech (t) across the sample is
described by:
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z, generation of the pressure pulse. In both the nasthe
— pressure pulse in the form of a longitudinal sowaVe is
V(t) B X'G(Er ) _[ E(Z,O)p(Z,t)dZ @) used to produce a temporary displacement of sphame
0 in polymeric materials. In case of PWP method regazbby
Alquié et al. [15] a wave can be generated by the impact of
a pulsed CQlaser beam (having a rise time of about 10 ns
and a duration of more than 100 ns) on a metaletarg
DZV — P 4 bonded to the dielectric plate under investigafiehich led
Eo; )( to the straightforward visualization of electricelfi
distributions in solid dielectrics) whereas in cadeLIPP
Electrodes [14] a pressure pulse (~2ns) was generated duectsl rof
the ablation of specially coated surface of theemalt which
Pressure propagates through the sample. The LIPP method ases
wave £ £ short laser-light pulse to irradiate one side af gample
— containing space charges. As the very narrow cosspre
region travels through the sample, a current isiéed in the
external circuit due to non-uniform changes in disien
and permittivity reflecting the space charge dsttion.
When the thickness of the compressed region islsthal
profile of the current response is directly proporal to the
charge distribution, including the charges on tleeteodes.
The principle of the pressure wave propagation (P\VgP
shown in fig. 2 and the experimental setup for LiR&hod
is shown in fig. 3. Eisenmenger and Haardt [18-2§8d a
— piezoelectrically generated pressure step to caase
nonuniform deformation of the sample volume behine
d propagating step. The method was later termed as
piezoelectrically generated pressure step Eisenemeand
Haardt [18-20] used a piezoelectrically generatezssgure
step to cause a nonuniform deformation of the sampl
Fig.1: Principle of Pressure Pulse Methods [11] volume behind the propagating step. The method latas
termed as piezoelectrically generated pressure rtthod
rrZPPS) [21]. In the PPS method (see fig. 4) a nafeum
driving force is used to elicit an electrical respe from an
electret. As an example, a nonuniformly distributed
mechanical force will interact with spatially disinted
polarization or space charge to produce a pieztiEec
. PRESSURE PULSE METHODS response. A shock wave tube has also been usditdbor
Pressure Wave Propagation Method (PWP)/Laser Imducpressure-step experiments which were performed rom 1
Pressure Pulse Method (LIPP) and Piezoelectric altyiick polyethylene (PE) film [22-24].
Generated Pressure Pulse Method (PPS) A distin Al
Ih—

The information about charge distribution can b&asted
using Poisson’s equation:

Pz 1)d

distance z

Techniques that belong to this family share the esa
measurement principle, the difference is in the hoetof
initiating the pressure pulse that travels throutte
measured sample.

advantage of some of the acoustic techniques isdbdity

to obtain the charge distributions in a polymerample e"mﬂ

¢
without deconvolution, with a spatial resolutionaifworst |
10% of the sample thickness (provided that thektiess of

i

the sample is not less than 100 pm). This dependthe

time constants of the exciting pulse, the speedthef

detection circuit and the sample thickness. Howefa@r a

10 pm film, a 10% resolution is hard to achievehwitt a q(t

picosecond laser. Methods falling in the same categre

pressure wave propagation (PWP), laser-inducedspres

pulse and piezoelectrically generated pressureefstitp

(PPS). PWP and LIPP methods are nowadays moressr le

synonymous, implying the use of laser-generatedspire + + -

pulses [12, 13]. After the manuscript was submitted Zy Zw+ Z, -— 7, Z, Z

Sessleret al. [14], simultaneously a related technique anc— = l L}

result was reported by Alquiét al. [15]. The technique | ! .
. . . H—b—" |

reported by Alquié is known as pressure wave prapaig ' ! sl

(PWP) method whereas the method reported by Seissler L 00—z d

known as laser-induced pressure pulse [LIPP] methidtP Charged Specimen

and PWP methods use the same principle but diffehe

f
9 () GroundElectrode | mpe
—Pl—oOm T 'i' -
+4 =

o, ™

+ -+ +5F
I

Fig. 2: PWP space charge measurement system [16].
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Oscilloscope

+

Fig. 3: Experimental setup for laser-induced presse
pulse (LIPP) method on one sided metallized samples
[14, 17]

U(O) is the surface charge on the ground electrodeesp
charge ,0(2) in the sample an U(d) on the high voltage

eIectrode.ZSa and ZAI is the impedance of sample an

ISSN: 2319-6378, Volume-3 Issue-12, October 2015

application of PVDF was published by Gerhard-Mulibia
et al. [31]. With the help of these experimentaiht@que
field distributions in PVDF foils [18] and chargesttibution
in Mylar polyethylene terephthalate films [14] cdube
measured directly. Suzuoéi al. have utilized LIPP in their
study of space charge distribution in 0.1, 0.6 Amdm thick
slabs of low density PE [32]. A study of static aitecity
using the laser-induced pressure pulse has beere imad
Malec [33]. In this static charges accumulated on
polyethylene slab (1 mm) induced after the slidirigtion
upon a cotton sheet and in other case caused dueetimg
off an adhesive tape placed on the aforesaid Pt Isi&
been studied. With the help of this method it hasrb
shown that static charges on a surface submittédctmn
or gas/liquid flow may be measured using the prespulse
method. Relationships between induced signals arfdce
charges were established taking into account thergeh
penetration depth which earlier could not be estihaising
traditional methods.

The LIPP method has been proposed to detdwtsaxh
defects in bilayer structures [34] and to measheeamount

a

a

of surface charge accumulated at the vicinity ofcéd
embedded in a solid insulator [35,36]; which are tlew
applications of this method. Charge distributions i

dthermally poled silica glass were mapped by usiased

electrode respectivelyZygis the impedance of the high induced pressure pulse technique [37]. The PWPaddthas

voltage eIectrodeZ

p(t) is the pulsed acoustic wave arUQAt is the

sampling time interval which is determined by thenpling
time of the high voltage pulse applied to a pieeotic
transducer.

Oll Coupling fim
\ Acoustic step wave
b}

//’//J/J! / /_ E
O/ ‘/Ie/cvode
Elechic Pulse :/:/ / / /o !
‘/_/ /j//// A is.‘ i |[1.]
1 /o L’—. 2
500 /x/’: Ufg //:': —_—— : .
V. / /S /D —"
/S /B ;e.g. PVDF)

Fig. 4: Schematic diagram of the experimental techique
of PPS. (1) Connection to voltage pulse generat(it)
Connection to wide band amplifier [18, 19]

II. APPLICATIONS

been used to measure the space charge and padarizat

pis the impedance of the transducerdistributions in thick slabs (50 to 200 um) of pailgr

electrets [38-40] and in PE used in HV cables @, The
PWP method has been used to determine the suffiacgec
distributions [43]. The PWP also allows the studytlme
revolution of the charge distribution in a sampiging the
polarization process during the HV stress and the
investigation of the phenomena causing a reverfah®
polarity of the applied voltage [44]. PPS was uded
Gerhard-Multhauptet al. [45] to measure electric-field
distributions in the thickness direction of thin
fluoropolymer-electret films from polytetra fluoribglene
(Teflon TFE) and its copolymers with hexafluoropytgme
(Teflon FEP) and perfluoropropoxyethylene (TefloRAY.
They obtained charge densities as high as 2500 @Gim
positively and negatively charged Teflon TFE, FERI a
FPA fluoropolymers under suitable charging condsio

\A CONCLUSIONS

The experimental resolution of all the above-mergi
methods is not high enough for thinner samples. él@w
this limitation can be overcome by using a différen
experimental setup having a Q-switched Nd: YAG rdase
system for generation of 4-5 ns long pressure pytké] or
by using a quartz crystal to produce step waveofit 4-5-
ns rise time [18]. Since all the methods referetidre [14-
22] depend on the same physical process, namalgsayre
wave propagating through the sample, their themakti

LIPP has been extensively used by Sessler and fBerhadescription is supposed to be identical. This hawes not

Multhaupt [26-30] in their investigations of spackarge
and polarization profiles in thin film polymer m&ds FEP,
Pl (Polyimide)(Kapton™), PET (Polyethylene terejhia)

true since different approaches have been usedther
derivation of the equations which govern the respoof a
charged sample to a pressure wave [14, 15, 182H0A

PVDF and Silicon oxide charged with electron beamsletailed analysis of the response equations faspre step,

corona discharges or liquid contacts. A descriptidrthe
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pressure-pulse, and arbitrary pressure-profile ex@ats
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was derived by R. Gerhard- Multhaupt [25]. The adage

of the pressure pulse method is that no mathenhaticz%

deconvolution is required to interpret the data.
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