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DETERMINATION OF CARRIERMOBILITY IN PLASTICS BY A TIME-OF-FLIGHT METHOD *
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Carriersarevolume-generatedby electronbombardment,andflight-
timesof the predominantlymobilecarriers tothe bombardedsurface
determined.Mobilities found at 20°Care: 1.0 x 10~cm2s~V1
(holes)in polystyrene,and 1.3x 10~cm2s~V~(electrons)in poly-
ethylene terephthalate.The temperaturedependenceof mobility
cannotbe expressedby a singleactivation energy.

IT WAS recently ~ that the electrical paperis concernedwith the effective drift of
currentinducedby electronbombardmentin the looselytrappedcarriers,averagedover
polystyreneis carriedpredominantlyby holes, many jumps.
andthat in polyethyleneterephthalate(p.e.t)
by electrons,with drift ranges~ 1 ~imat a field Such drift is terminated,eitherby deeper
of 1 MVcm ~. The preliminary mobilityestimates trappingafter aneffectivedrift lifetime
arenow shown to be afactor of 5 high. ~ 0.1 ms, orby recombinationcharacterised

by a lifetime r,.. ~ dependson carrier density,
Time-of-flight experimentsusingSpear’s and in the presentexperimentsis ~ 1~s.The

method2 on speciallydrawn thin p.e.t. films differencein order of magnitudeensuresthat
were inconclusive becausethe conditions deeptrappingand recombinationareexperimen-
necessaryfor their success,viz, width of tally separable.A sheetof carriers,drifting
drifting carrier sheet<< specimenthickness< acrossa distribution of recombinationcentres,
drift range, couldnot simultaneouslybe satisfied. thendecaysprimarily by recombination.
However, Reference1, Fig. 1, suggeststhe
possibilityof timing the carrier transit from the As previously,1 the specimen filmshad both
end of the excitedregion to the bombarded surfacesmetallised.They werebombarded,
surface. through one ofthe electrodes,with electronsof

penetrationb .~ 1 ~m, in the form of pulsesa
The earlier observationsare compatiblewith few ns long. For technicalreasons,although

the following model. The exciting electron pulse currenttransientsareeasier tointerpret, induced
createscarriersof both signswhich drift along chargewas recorded.On the time scalecon-
the chainof their origin.3 Both speciesare sidered,the ‘prompt’ carrier population1 decays
trappedin less(probablyseveralordersof instantaneously,leavingat time t = 0 a loosely
magnitudeless)than 10~s within the same trappedcarrierdistribution
chain, onedeeply, forming recombinationcentres,
the other temporarilyat shallow traps.At least f~(0) = n

0(x)dx (1)
some ofthe shallow traps aresites from which . b

carriersmay jump into adjacentchains.This where xis the distancemeasuredfrom theborn-
bardedsurface.If the field drawsthesecarriers

* Work supportedby UKAEA. towardsthe bombardedsurface,the charge
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FIG,1. Inducedchargetransients,carriersdrawn into the bulk, in (a) polystyrene,(b) p.e.t.
Bombardingdose: (a) llpC cm2 at 6kv, (b) l5pC cm2 at 5kV; penetration: (a) l.O~m,
(b) O.7~m;bias field: (a) 0.95MV cmt, (b) 1.3MV cm’.
Solid circles:observedcharge plottedagainst:, opencircles, plottedagainst + 1,..
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FIG. 2. Inducedchargetransients,carriersdrawnto bombardedsurface.P.e.t.,conditionsas in
Fig. 1(b). Points plottedfrom photographs,solid curvescalculatedfrom (2).
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FIG. 3. Variation of mobility with temperaturein polystyreneand p.e.t.Conditionsas in Fig. 1,
exceptbias field in polystyrene1.2MV cm~

inducedin the externalcircuit is below. q(t) is then expressedasq(O), plotted
against0 and matchedagainsta set of standard

q (r) = (ev/L) j f~f~f~dt, (0...r ... b/v) (2) curves (4) to determinea. andhencei~.Finally
o the effectivemobility is calculatedfrom

where v is the effective drift velocity, L the film = bL/Vt~whereV is the bias voltage applied.
thickness,e the electroniccharge,and the f are Spacecharge effectsarenegligible sinceabout
functions of time. In the lowest approximation, 95 per centof the carriersrecombinein transit.
n0(x) is constantand 11 = n0(b — vi). 12 The greatestuncertaintyis that in b.
representsthe decay by recombination;if 7~,.is
takenas constant,12 = 1 + i/~ ~-s The simplebimolecularform of f2is well

= exp(— t/Td) describesthe deeptrapping; ~ substantiatedfor bulk excitation.~ Sur-
this approximation13 = 1. Equation(2) thenyields prisingly, it holdswell also in the present

experiment.Figure 1 shows the inducedcharge
q(t) = (evn 0bç /L)[ln(1 ~ £/T,.) — t/x~}, (3) growthafter pulsedexcitationasabove,but

(t~>> Tr), with the field reversed sothat carriersare
drawn into thebulk. The chargevarieslinearly

where t~= b/v is the time takenby carriers with ig r exceptat short times. The intercept
which escaperecombinationto transit the entire of the straight line with the time axis is taken
excitedregion. Measuringtime on a scaleof T, to be T,~. If-the curve is thenreplottedagainst
by writing i/Tr = 0 and t~/T~ = a, (3) becomes lg(t -~- i~), the waywardpointsalso fall on the

samestraight line. The law should fail for
q (0) = const[ln (1 + 0) — 0/a.], (0...0... a) (4) >

q (t), found from the photographedchargetransients,
is first plotted againstlgt to determinei,. as In practice,f~wascalculatedfrom Spencer’s
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table,7 which hasbeenexperimentallyconfirmed,8 electronbombardment, of100eV in polystyrene
for the energyloss in polystyrenescaleddown~ and 50 eV in p.e.t., bothat 1 MV cm’. These
to the lower energiesusedhere. The penetration valuesare notabsolute,sincethe yield is still
wastakenasO.7~mat 5keV and 1.0umat 6keV. unsaturatedandvariesapproximatelyas(field)”2
The samevalueswereusedfor p.e.t. The in the neighbourhoodof 1MV cm’.The mean
integration(2) wascarriedout by computer. bimolecularrecombinationcoefficients(nOTr )1

Figure 2 showstypical m~tchesof chargetran- are 3 x 108cm3s’ in polystyreneand
sientsagainststandardcurveson a real time 1 x 10~cm3s’in p.e.t.
scale.

Figure 3 shows the variationof the mobility
RESULTS with temperaturein polystyreneandp.e.t. At

room temperature,the activation energyis about
The following effectivemobilities were 0.2 eV in bothcases(neglectinga slight field-

deducedat 20°C:polystyrene(B.X.L. Styrafoil), effect not yet studiedin detail). The form of
holes,1.0 x 10°cm2s’V’; p.e.t. (I.C.I. temperature dependencesuggeststhat the
Melinex), electrons,1.3 x 10’°cm2s’’V~ both mobility is controlled by intermolecularbarriers
to within a factor 2. The sensitivity of the rather than intramoleculartraps,and that in
existingarrangement wasinsufficient for reliable addition to the expectedbarrier-hoppingmodeof
measurementson polyethylene (B.P.Rigidex); transportt°predominantat high temperatures,
evenat 70°Cthe mobility (holes)wasat least an unactivatedprocesssuchastunnelling11 is
an order of magnitudelower than thosequoted presentand becomessignificant at low tempera-
above.Equation(1) leadsto valuesfor the tures. A full reportis in processof preparation.
effectiveionisationenergyper carrier pair, by
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Ladungstrügerwerden im Volumen durchElektroneneinstrahlung
erzeugt,und die Flugzeitendervorzüglich beweglichenTräger
zur bestrahitenOberflachehin bestimmt.Die Beweglichkeitenbei
20°Csind: 1.0 x 10°cm2s~V’(Lächer)im Polystyrol, und
1.3 x lO°cm2s1V’ (Elektronen)im Polyäthylenterephthalat.
Der Temperaturabhangder Beweglichkeitkann nichtdurch eine
einfacheAktivierungsenergie ansgedrücktwerden.
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