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Asauniqueapplicationoforganopolysilanes,anovelxeroprinting

systemhasbeendevelopedinasimpleconfigurationcomprising
onlyahole-transportinglayeroforganopolysilanecoatedona

hole-injectingmetalsubsirate.Apersistentlystoredimagedueto

photodecomposition, fOnnedbytheultra-violet (UV)exposure
throughaphoto-masktotheorganopolysilane,canbereadout

repeatedlyasmanycopiesbysimplychargingthefreesurface

negativelyanddevelopingwithtoner.Theprintingprocessusing

aUV-imagedmastercanbeperformedunderroom-light.This

systemwillbepromisinginagrowingfieldofsmall-volume

printingreplacingtheconventionalwetoffsetprinting.

KEYWORD: organopolysilane,UV-photodecomposition, 1ormationof

insulator,xeroprintingmaster,multiduplication

graphicsensitivity・Ontheotherhand,organo-
polysilanespossess auniquephotochemical
characterisncaswell:whenexposedtoulEa-violet

(UV) light in thepresenceofoxygen, they

undergotheSi-Sibondscissionofthebackbone

chain,whichischaracteristicallyaccompaniedby

theSi-O-Sibondfbrmation.Althoughthephoto-

decompositionitselfinpolysilaneshasbeenwell

inveStigatedfromtheviewpointofpractical

applicationasaphotoresistinlithography, theSi-
O-SibondfOrmationisexpectedtocausevarious

changes inphysicalpropertiesofpolysilanes,
e､9., deteriorationof thecharge-transporting
abilitVaswellaSanincreaseoftheionization

potentialduetotheshoITeningofo-conjugationin
theSibaCkbOne.

§1. 1ntroduction

Organopolysilaneshavingao-conjugaiedSi

backbonehaverecentlyattractedconsiderable
attentionasanewclassoffunctionalmaterialsin

viewof theiruniquephysical andchemical

propertiesdifferent fromconventional carbon-

basedpolymers. Particularly, theextraordinarily

highholemobility,oftheorderoflO-4cm2/Vs,

fbramolphouspolymericmaterialshasstimulated

many investigationson theirapplication to

photoreceptorsfbrxerography. Double-layered

photoreceptorscomposedofanorganopolysilane-

basedchargetransport layer(CTL)andacharge

photogeneratinglayer(CGL) (e.9.,amorphous

seleniuml);phthalocyanine-dispersedpolymer2,3))

havealreadybeenfbundtoexhibithighxero-
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intotheCTLeven in thedark. Thispaper

describes theworkingmechanismandhas

demonsUatedthepotentialofthepracticaluseasa

newtypeofxeroprintingsystem.
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§2. Experimental

Asatypicalorganopolysilane, poly(methyl-

phenylsilylene) (PMPS),whichsurpassesothers
infilm-formingability,wasusedinthiswork.

PMPSwaspreparedbytheWurtzcouplingof

methylphenyldichlorosilane(Shin-etsuChemicals
Co. ､Ltd.)withsodiumintolueneaccordingIo

the literature.5) Thepolymeroblainedwas

purifiedbyrepeatedprecipitationsfromto1uene
withethanol,andthemolecularweightMwwas

1.2x lO4 asmeasuredbygel permeation

chromatographyusingpolystyrenestandards.As

holeinjectionelectrodes(HIEs),Pt,Cu,andAl
wereevaluated. ThePtelectrode(thickness:ca.

0.1 llm)waspreparedonaluminumsheetsor

ITOcoatedpolyesterfilmsbyionsputtering(E-
102、 HitaChi Nakaseiki Co., Ltd.), and

commerciallVavailablefbilsofCuandAlwere

used・AmolphousfilmsofPMPSwerecastfrom

tetrahydrofuransolutionontotheseelectrodes

(forchargeacceptancemeasurements) anda

quarIz glass (for electronic absorption
measurements)byawired-barorspin-coating

techniqueandthendriedinairat80oCfor30

min. ThefilmSwereexpOSedto340-nmlighI

(2.5mW/cm2)fromaxenonlampthroughan
interferencefilter(KL-34,ToshibaGlassCo.，

Ltd.). Darkdecayofthesurfacepotentialwas

measuredwithanelectrostaticpaperanalyzer

(EPA-8100,KawaguchiElectricWorksCo.,

Ltd.)Thesamplessetonaturningtablewere

chargednegativelybypassingthemundera7.5-
kVcoronawirewitharateof5m/min. The

surfacepotentialsfrOmO・5s lateraftercharging
weremeasuredasafunctionoftime.

ThephotoelectronemissionfrOmthePMPS
andHIEsusedinthisworkwasmeasuredasa

functionof incident photonenergywilha

photoelectronemissionanalyzer(AC-1,Riken-

keikiCO.,Ltd.). ThethreSholdenergyfOr the

emiSSiOngiveSthewOrkfuncIiOnfOrthemetals

andtheionizationpoにntial, IP, fOr insulators.

NophotoelectronemissionfromtheUVdecom-

posedPMPSwasobservedintheenergyrange

availableintheanalyzer(3.5-6.2eV), indicating

thatthelPofthedecomposedPMPSshouldbe

(a) (b) (c) (d)

Fig. 1 Elecrophotographicduplicationusing

organopolysilane-basedmemoryphoIoreceptor
(a)structureoflayeredphoIoreceptorandper

sistentimagefbnnationduetotheUVphoto-

decomposition, (b)coronacharging, (c)xero-

graphicimagereadoutbyunifbrmvisiblelight

exposure,and(d)electrostaticlatentimageon
theUVimaged1℃glOn.

Inourpreviouspapers,4,5)wesuccessfully

developedanewtypeofmemoryxerographic

photoreceptorpositivelyutilizingsuchaunique
propertyofphotodecompositionas shown in

Fi9.1. Thememoryphotoreceptors have a

conventionalCTL-CGLconfiguration. The

imagewiseUVexposuretotheCTLoforgano-

polysilanesaffOrdsthepersistentimagestorageas
theresultoftheabove-mentionedphoIochemical
reaction, i.e､, thefbnnationofaninsulatorwith

noholetransportingability. Thereading-outof

thestoredimagecanbeperfonnedbytheusual

xerographicmethod, i.e.,byunifOrmvisiblelighI

ilTadiationfbllowingnegativechargingtophoto-
generatechargecamers. IntheUVunexposed

al℃aS,thenegativesulfacechargesareneutralized

bythepositivecharges(holes)photoinjectedfmm
theCGLthroughtheCTLwhenilTadiatedbylhe

visiblelight,whileintheUVexposedareas, the
photoinjectedholesareeffectivelyblockedatthe

photodecomposedpolysilane layer toleavea

residualpotentialdependingonthethicknessof

thephotodecomposedblockinglayer. Then, the

residualpotentialcanbevisualizedbytheusual

tonerdevelopment.Wereportedthatthismemoly

photoreceptorispromisingfOranelectrophoto-

graphicmultiduplicationsystem. Unfortunately,
however, thissystemunavoidablyrequiresuni-

fbnnviSiblelightirradiationfbrchargegeneration
inevelyprintingproCeSs.

In thepresent paper, wewould like to
introduceourrecentworkthatwehavesucceeded

insolvingtheproblembyusin9, inplaceofthe

CGL,suchametalelectrodethatcaninjectholes
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locatedbeyondthisrange(i.e., IP>6.2eV) acCeptanceofPMPS(IP=5.62eV)onmetalSof

differentworkfunctions;AI (｡｡bs=4.13eV),Cu
(4.56eV),andPt (5.34). AsshowninFig. 3,
thechargeacceptancedecreasedwithanincrease

intheworkfunction・ThisobservationsuggesIs

thatholesareinjectedintothePMPSfromthese
metals bvSchottkvemission. It shouldbe

ダ ウ

noticedherethatPMPSincontactwithPtcan

accept littlenegativecharge. This result is

consistentwithonlyalittleenergybarrier(0.2

eV)fbrholeinjecIionbe[weenPMPSandPt.

§3． ReSultsandDiscuSsion

3.1Co"c"IQfM〃"-d"""cα"o"Xerop""""g
SVs彫m

Figure2shows theprincipleofthemulti-

duplicationxeroprintingsystemdevelopedinthis

work. ThedeviceconsistssimplyofaPMPS

layeronaholeinjectingmetalelecU"e(HIE)

TheimagewiseUV-irradiationthrougha

photomaskproducesthepho[odecomposedinsu-

latingpolysilanelayer,whichactsasablocking
layerfor theholetransport.Fortunately,UV

photodecompositionoforganopolysilanespro-
ceedsaspattemed, fromthesurfacetothebulk

dependingontheUVexposurebecauseoftheso-

calledselfblEachingbasedonspeciralshifttothe

shorterwavelengthinphotodecomposedpoly-
mer.Duringcoronacharging, theinjectedholes

leavetheelectrostaticlatent imageonlyonthe

insulating layerwhichwaSUV-imaged.The
surfacepotentialon this insulating layer is
proportional to the thicknessof thephoto-
decomposedlayer.Tonerdevelopment,fbllowed
by toner transferonplainpaperproducesa
negativeimageprinting.TherepetiIionofthe
processes (b) and(c) affordsus themulti-

duplicationwithouteveJyimageexposure. The
keypoint fOrdeveloping this proceSS is,

Iherefore, toexplorethemetalelectrodefrom

which theholesareeffectively injectedinto
PMPSevenj"r/lemrk.

3.3[/VP/iorodeco'7'posj"o"Q/PMPS

PMPSexhibitsastrongo-o*absorptionband

(Ama)L =340nm)asShowninFig.4． Fromthe

decreasein theabsorptionbasedon theUV

exposure(340nm), theenergynuxrequiredto

photodecomposea l-llm-thicklayerofPMPS
was determined to be 3.53 J/cm2. The

photodecompositionresults intheshorteningof

thec-conjugationbecauseof the insertionof

oxygenatominitsbackbonechain,whichcould

deterioratethehole-ix･anspolTingabilitysincehole

transportinorganopolysilaneshasbeenreported

tobeahoppingproccsswitho-conjugated
domainsashoppingsites.6,7)

FigureS shows theholemobility in the

copolymerspreparedfromdichloromethylphenyl-
silaneandl,3-dichloro-1,3-dimethyl-1,3-diphen-

yldisiloxaneasmonomers. The increasing

contentsofoxygenatomsgiverisetodecreasing

-1000
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Stolkaetal.reportedthatthecontactsbelween

PMPSandcarbongoldorgraphitearenear
ohmic.1 Weexaminedthenegative-charge
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Fig.2Thepnncipleofthexeroprintingsystem:

(a)persistentimagestorageduetoUVphoto-

decomposition(thehatchedpartrepresentsthe

photodecomposedinsulatorlayer),(b)theelec-

U･ostaticimagefbnnationbynegativecharging,

and(c)elecUostaticimageonthelEceptor.

0
1 2

TIme (sec)

30

Fig.3 SuIfacepotentialsofPMPS(10Umlhick)
onvanousmetalsubstratesasafunctionof

timeafierchargin9.
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Fig.4UVspectraofPMPSfilmsandtheir

spectralchangeupontheUVexposure.
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Fig.6Vmationinchargeacceptancedueto

theUVexposure(340nm,2.5mW/cm2)fbr

aPMPS/Ptreceptor.Thethicknessofthe

virginPMPSlayerwaS511m.
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acceptanceofa5-UmPMPSfilmonPt asa

functionoftheUVpre-exposureenergy. As
expected, the charge acceptance increased
proportionallywith an increase in theUV

exposure, i.e.,withthepenetrationdepthofUV
decomposition. ThisbehaviorisfavorablefOr

gray-scaleimage1℃productiOn.Theintersection

betweentheincreasingandlevelregionsgives

17.5J/Cm2,whichisingoodagreementwiththe
exposureenergy (17.65 J/cm2) required to

photodecomposetheentire5-ILmPMPSfilm.

TheselEsultsindicatethatthechargeacceptancein

thepresent systemisdeにrminedbythehole

injectionfromPtintoPMPSandthattheinjected
holes are blockedeffectivelV at theUV

〃

decomposedlayerasillustratedinFig.2. From

thedatashowninFig.6,wecanexpect that the
present systemisafavorablecandidatefor

xeroprinting, i.e.,anelecEostaticprintingprocess
designedtomakemultiplecopiesofadocument

withamaster. Althoughvariouskindsof

systemsfbrthispurposehavebeenproposedso

far,ouroneis, inprinciple,charactenzedbyhigh
resolution, gray-scale reproduction, and
simplicityofthemasterfabrication.
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Fig.5Holemobilityinthecopolymerscon-

tainingoxygenatomsintheirSibackbone
chain

holemobility.Ourpreviousworkindicatedthal
thephotoi可ectedholes intothePMPSfroma

CGLareeffectivelybloCkedat theUVphoto-
decomposed layer.3,4)Webelievethat this
blocking isdue tothedeteriorationofhole-

transportingability in thedecomposedlayer
and/orduetothelargeenergybamerbetweenthe

undecomposed(IP=5.62eV)anddecomposed
(IP>6.2eV)layers.

Figure6shows thevariationof thecharge
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TheprintingtestwascalTiedoutbystickinga

presentUV-imagedxeroprintingmasterwith

adhesive tapeontoanaluminumdrumofa

commerciallyavailablelaserbeamprinter(LP-

X1,MitalndustrialCo.,Ltd.). Simplyby
repeatingthecycleofcoronacharging, toner

development,andimagetransfertopaperwithno

light, i.e.,without laserilTadiation,finenegative
printings (Fig. 7) of thephotomaskwere
obtaineduntil themasterwaSpeeledoffby[he
cleaningblade.Positiveimageprintingsarealso
obtainablebyreversedevelopmentwithan

appropriatebias. At thepresent stage, no
optimization in thegeometrical configuration

properties suchas filmthickness andgap-
allowanceofdevelopingprocesshavebeen

calTiedout,but theprintingimageseems tobe
sufficientlycapableofpracticalutilization.

analternativeapproachwasmadefor this

problem.

WeadoptedtheUVirradiation througha
transparentHIE, whichproduces the hole

blockinglayerfromtherear-sideadjoiningHIE

ForthispurposethePtelectrodewasreplaced

withatransparent ITOglassor lTOcoaled

polyesterfilm. Figure8showsthevariationof

chargeacceptanceina6-仏mthickPMPSfilmOn

anlTOglassasafunctionoftheUVexposure.
Asshowninthedataofabsorbance(340nm),

about19.5J/cm2wasrequiredtodecomposethe
entirePMPSlayer,whilethechargeacceplance
leveledoffatahighpotentialwithmuchsmaller

energyofonly2.5J/cm2. Thisresult suggests
that thephotodecomposedPMPS layerofonly

aboutl-山nthicknessimpedescompletelythehole
injectiOnfromITO.ThelTOsubstrate,however,

gavethehigherinitialsurfacepotentialof200V

similartoaCumetalelecEode(｡｡bs .57eV).
Inordertoreduceinitial surfacepotentials in
thePMPS/ITOreceptors, the lTOsurfacewas
modifiedwithavervthinlaverofPt totheextent

ofStillbeingtransparent,byiOnsputtering. As
showninFig.9, thechargeaCceptanceoftheUV

unexposedPMPSfilmsonan ITOsubstrate

decreasedeffectivelywithPtdepositiontogive

3.5S加r肥"I"gQfPersjs花"I/"I(zge/brmα"o〃

Althoughthelineardependenceofthecharge

acceptanceonthedecomposedlayerthicknessis

favorablefbrthegray-scaleimagereproduction,

thehighchargeacceptanceisoblainedonlywhen

thewholelayerwasphoIodecomposed, andlhe

muchhigherenergynuxof 17.5J/cm2was

requiredfor the511mthickPMPSfilm. For

practicaluse, theenergyshouldbereducedfbrthe

perSistent imagefOrmationduetoUVphotOde-

composition.Thesearchforsensitizationpro-

cessesinUVphotodecompositionoforganopoly-

silaneswillbeoneavenueforshorteningthe

memoryfbnnationtime,butinthepresentwork
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340nmofPMPSfilm.
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§4. COnCluSiOn

Wehavedevelopedanewtypeofxeroprinting
system,which isbasedon theUVphotode-
composilioncharacteristicoforganopolysilanes
andeffectiveholeiniectionfrommetalswitha

largeworkfunction. Thepresentworkhas
demonstraにdoneofthepotentialapplicationsof

organopolySilaneSwhentheuniquechemiCaland
physicalpropemesalもsuccessfullycombined.
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Fig.9Dependenceofthechargeacceptance

inPMPS/ITOreceptorsonPtdeposition.
Potentialsweremeasuredinastaticmode

with-6.5kVDCcorotom.

thealmostsamepotenlialsasthecaseofPtmelal .

Thesereceptorswerealsoconfirmedtogivethe
fineprintingimagesintheprintingtest. Judging
fromthefavorableresultsandaverysimple
configuration,weconcludethat thissystemis
promisinginagrowingfieldofsmall-volume

printingandmayreplacetheconventionalwet

offsetprinting.
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