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Theresultsof Monte Carlomodellingof thelow enegy X-ray photoninteractionprocessem Sidetectorcoatedy different
materialof differentthicknessarepresenteéh this paper Detectorconstructiongontainingfreestandingoolymetlik e carbon
coatingsanddiamond-lile carbon(DLC) coatingsdepositednto detectorsurfacewereinvestigated. Total andscatterdoses
in coatedsamplesverecalculatedandthein uence of the coatingmaterial,composition,andthicknesson the X-ray photon
scatteringprocessem Si detectowasevaluated Evaluationof thedetectorconstructiorwith protectie coatingcorresponding
to the lowestfraction of scattereghotonsascomparedo the calculatedotal doseis discussedn the paper It is shavn that
nano-thickDLC coatingsdirectly depositedonto detectorsurface are promisingmaterialsin the constructionof radiation
detectorglueto their suitablemechanicapropertiesresistancagainstchemicalsandagainstradiationdamageof DLC Ims.
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1. Intr oduction

The effectiveneswf radiationdetectiondependson
themethodandthetype of detectorchoserfor thereg-
istration[1,2]. Solid statedetectorgluminescentde-
tectors,semiconductodevices)arewidely usedfor the
registrationof radiationdosesto patientsduring med-
ical procedured3,4]. However, applicationof solid
statedetectorss limited by detectors size,geometry
constructionpropertieof detectomaterialandequiv-
alenceto biologicaltissue.Oneof the mostimportant
problemsin detectingthe X-ray photonswith Si based
detectords radiationinducedscatteringeffectsin de-
tector material. Scatteringeffectsreducethe fraction
of directly absorbe-ray photonsn detectomaterial
andareresponsibldor theincreasegatients dosenec-
essarnyfor keepingtherequiredquality of the examina-
tion. Somesolutionshave beenfound[5-7] duringlast
yearswhichallow to evaluateandreducescatteringef-
fectsof high enegy (6—20MeV) X-ray photonsin de-
tectormaterial,whenSi detectorsare usedfor the es-
timation of the radiationdosedeliveredto the patients
during radiotherap procedure.However, the evalua-
tion of the scatteringprocessegcoherentand Comp-
ton) of low enegy (20-35keV) X-ray photonsin de-
tector materialsand the assessmertf their in uence
on theregistereddosedo patientsremainsopenedand

°c LithuanianPhysical Society,2008
°c LithuanianAcademyof Sciences2008

limits the possibleapplicationof Si baseddetectorsn
mammograpi screeningexaminations.Someattempt
to comparethe experimentaland Monte Carlo mod-
elling resultsconcerningow enegy photonscattering
effectsin Si detectorsandto evaluatethe in uence of
scatteringprocesse®n the absorbedotal doseto pa-
tienthasbeenmadein our previouswork [8]. Previous
resultson Monte Carlosimulationof low enegy X-ray
photonscatteringeffectsin differentmaterialsarepre-
sentedn [9, 10]. However, the existing informationis
not sufcient for understandinghe discrepancieshat
occurbetweerexperimentandmodellingdata.
Scatteringeffectsin diamondaresigni cantly lower
ascomparedo silicon. Dueto the excellentmechani-
cal, optical,andelectricalpropertiesdiamonddetector
alonecould be theoreticallyused,without ary protec-
tive coating[11,12]. Still, diamondis very expensve
material,so other materialshave to be consideredor
the applicationin the constructiorof solid statedetec-
tors. Materialsusedas radiationsensingelementsof
detectorsaareusuallycoatedby (at leastfrom the radi-
ation entranceside) or encapsulateéhto a protectie
layer, which representsa free standingfoil, or a thin
Im, depositecbn the surfaceof the active layerusing
physical and chemicalmethods. Carbonbasedpoly-
meric materialsarewidely usedasprotective coatings
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for radiationdetectorsUsuallythey arerelatively thick
and free standing,thus having no physical/ chemical
contactwith the detectorsurface. Correspondencef
the physical propertiesof the DLC coatingsto those
of diamond[13-15]andthepossibilityto depositDLC
coatingsof nanoscal¢hicknesgirectly onthedetector
surfacemalkesthemvery promisingfor the application
as protective coatingsin the constructionof radiation
detectors.

Thereare only few investigationson the in uence
of the coatingto the scatteringporocesse# the active
volumeof thedetectortheresultsof calculationsising
deterministicmodelfor the photonscatteringprocess
descriptionin coatedmaterialarepresentedn [16], as
well asthe resultsof Monte Carlo basedmodelling of
scatteredadiationin Al O3 detectorencapsulatethto
differentfree standingpolymetrlike carboncontaining
foils —in [17].

The aim of this work wasto perform Monte Carlo
modellingof alow enegy X-ray photontransporin Si
detectorcoatedby differentfree standingpolymerlike
carboncoatingsor DLC coatingsdepositeddirectly
ontodetectorsurface,to assesshein uence of differ-
entcoatingmaterialson the scatteringorocesses the
active volumeof the detectorto evaluaterelative scat-
tereddoses,andto discussdetectorconstructionwith
the protective coating, which ensuredowest possible
fractionof scatteregphotonsascomparedo the calcu-
latedtotaldose.Monte Carlomodellingwasperformed
in accordancevith thereal X-ray exposureconditions
of patientsin diagnhosticmammograpi screeningex-
amination.

2. Instruments and methods

Threemain physical processeslominatewhenlow
enegy photons(20-35keV) interactwith materials,
which are characterizedy Zee similar to this of the
softtissue,andare preferredin the constructiorof ra-
diationdetectorsisedfor thedosemeasurement&lec-
tron photoabsorptioncoherent(Rayleigh) scattering,
and incoherent(Compton) scattering[18]. We will
concentraten the modelling of X-ray photonscatter
ing effectsin coatedSi specimenssincescattereghho-
tonsareresponsibldor thereducedntensityof thereg-
isteredsignalandfor theincreasedhoiselevel in detec-
tor material[19]. On the other hand, scatteringpro-
cessedn uence entrancesurfacedose(ESD), whichis
usedfor the calculationof the averageglandulardose
(AGD) in the patients breastissue[20, 21]:

AGD = —EkS)Dgcs; (1)

wherebis backscattefactor g is the glandularitycon-
versionfactor c is corversionfactorfor 50% glanular
ity, s is the spectralcorversionfactor

2.1.Experimentaket-up

Investigation of the scatteringprocessesn coated
Si was performedusing experimentalmodel that was
developedin accordancsvith thereal exposurecondi-
tions presentduring mammaograpy screeningexami-
nationsof patientgFig. 1).

It was assumedhat X-ray photonsare generated
in molybdenumtarget of mammograpi unit ALPHA
RT (Instrumentariumimagining, Finland)at the X-ray
tube potentialsranging from 25 to 32 kV, whenthe
titing angle of the Mo anodeis 16*. Generated

X-ray tube

Compression paddle 1

Detector with coating

Breast support table
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Fig. 1. Simpli ed geometryof the experimentaket-up(notin scale).
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Fig. 2. ProcessediolybdenumX-ray spectrunfor the differentX-ray tubepotentials.

X-ray beamsare attenuatedoy 1 mm Be window of both coating materialand target material. We distin-

the X-ray tube, 0.03 mm Mo Iter, and 3 mm thick guishedtwo differentcasedor the “coating—detector”
polymettymethacrylatecompressiompaddleof mam-  arrangements:

mograply unit. 45 mm thick polymetlylmethacry-

late (PMMA) phantonrepresentingstandard“female 2 tamget(detector)s coveredwith or encapsulateihto

breasis usedinsteadbf patient.Additional ltration of a free standingpolymerlik e carboncoatingasit is

the photonswith the enepgiesbelov about10 keV and shavn in Fig. 3(a). Thereare no chemicalbonds
above 20 keV is included,dueto the fact that Mo is betweencoatingandbulk material,only negligible

characterizethy K linesattheenegiesof 17.38(K @), thin air layerin between;

17.49(Ke1), 19.61(K-1), and 19.96 (K—2) keV [22]. 2 amorphoudLC coatingis synthesizedn Si wafer
Polyenegetic X-ray photonspectrafor differenttube usingdirection beamdepositionmethod[24], asit

potentialsin the caseof the constantsource—detector is indicatedin Fig. 3(b). Coatingis depositecbnto
distance(Fig. 2) were processedising the routinesof detectorsurface having physical contactand com-
IPEM SpectrumProcessof23], which weremodi ed monchemicalbondingstructure.

accordingo the experimentaket-up.

Low enegy photonsgeneratedn mammograph p-type Si hl11i asa bulk materialwasusedin our in-
unit enterthe surfaceof coatedspecimensdaving es-  vestications. Somecharacteristicef coatingmaterials
timatedenegeticspectrabistribution andinteractwith arepresentedn Tablel.

oating
7 ////////4(; e
St ir ga 1 S

(@) (b)

Fig. 3. Cross-sectionef theinvestigatedcoatedstructuresia) Si crystalcoveredby freestandingpolymetlik e carboncoating,(b) Si crystal
with depositedLC Im onits surface.
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Table1l. Somecharacteristicef coatingmaterialg(takenfrom diverseliteraturesources).

Coatingtype Coatingmaterial Composition Ze» Density g=cm®
Freestanding Polyettylene 14%H, 85%C 5.68 0.93
polymetlike Mylar, polyethyleneterephthalate 4%H, 62%C,33%0 6.71 1.38
carbon Rubber 11%H, 88%C 5.75 0.92
Directly deposited DLC Im synthesizedrom C,H; 24%H, 75%C 5.44 1.96
amorphou®LC Im  SiOy-containingDLC Im synthesizedrom HMDSO 54%C, 27%0, 19%Si 9.15 2.20

2.2. Theoetical modelfor the descriptionof photon
scatteringprocesses

It is assumedhatcoherentandincoherenscattering
eventsmay occur if low enegy photoninteractswith
theatomsof targetmaterial.

Coherentor Rayleighscatterings characterizedby
scatteringof photonwithout excitation of atoms. To
describethis scatteringprocesswe have usedfollow-
ing atomicdifferential cross-sectiomer unit solid an-

gle- = (K A):

d¥r _ 13
R T GIC) I )
whereF+ (x) is theatomicform factor givenas
X
Frx)1?= pilFr(x zZi?; (3)

with the stoichiometricindex of the ith elementp;,
atomicnumberZ;, andmomentumtransferx whena
photonwith the enegy k is scatteredy polar scatter
ing anglep:
s
x =k i COSH. @)

2
Thequantityrg is theclassicaklectronradius.

Thedifferentialcross-sectiofor Rayleighscattering
from anamorphousnaterial[25] is givenby

d¥r
dcosu

whereFgr(x) is theform factorandx = sin(p=2), is
the momentuntransfer The form factorfor anamor
phousmaterialis givenby [26]

JFRO0IZ = s(x)

= w21+ cod ) jFr(X)i%;  (5)

wi JFRi (X)j%; (6)
|
wherew; andFg;(x) are,respectiely, the atomfrac-
tion and atomic form factor of the ith elementin the
materialands(x) is thestructurdunctionthataccounts
for diffraction effects. For anamorphousnaterial,in-
tegrating Eq. (5) givestotal Rayleighscatteringcross-
section,which is sampledwhena Rayleighevent oc-
curs.

Modi ed model,which includesbinding effects of
the electronandtakesinto accountDoppler broaden-
ing, wasusedfor thedescriptiorof Comptonscattering
processApplying this enhancednodel,theincoherent
scatteringcross-sectiondifferentialin the photonscat-
teringangle,is givenby

m, T2
d¥eompt _ r(% c . .

- "2 K Xkn S(k;cosy);  (7)
wherek is the enegy of the interactingphoton, k. is
theenepy of aphotonscatteredtangleu by freeelec-
tron at rest, X gy is Klein—Nishinafunction[27], and
S(k; cosp) is the so-calledS-matrix [28], which iden-
ti es incoherenscatteringunction:

X

S(k;cosl) = ZiE(ki U)S;; (8)
with Z; asanoccupationahumberof theshelli, U; as
abindingenepy, and

i
dpz Ji(pz) F (K; cos; pz) ; 9)
il

where Jij(p;) is one-electronshell Comptonpro le,
whichrepresentsvave functionof boundelectronsand
couldbeapproximatedasfollows [29]:

1 (1+ 2J;0pd)* |
2! 2 ’
(10)
whereJi.o © Ji(0) is thepro le for p, = 0, obtained
from Hartree—Bck shells,p;, is projectionof the ini-
tial electronmomentunonthedirectionx, wherex is
momentuntransfervector
A moredetaileddescriptionof thetheoreticaimodel
wasgivenin our previous work [8]. This modelwas
developedon thebasisof particletransportheory[30]
and was usedboth for dosecalculationsin the active
volume of crystalline detectorand for modelling of
X-ray interactionprocessesh coatingmaterials.

Ji(pz) = Ji;0(1+2Ji;0jpzj) €xp
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2.3.MonteCarlo modellingplatform

Interactionsof low enegy polyenegetic X-ray pho-
tonswith matterwere simulatedusing EGSnrcCode
systen{31] accordingo theempiricalmodeldescribed
above. Individual photonhistoriesweresimulatedand
the history of eachphotonwas followed until either
all of its enegy wastransferredo electronsor it was
absorbedocally due to the scatteringevents. It was
assumechat 10° photons(in the caseof free stand-
ing coating)and10® photons(in the caseof deposited
DLC Im), having a stepwise(in 1 keV increments)
increasingenegy in the rangefrom 1 to 35 keV, in
parallelbeaminteractedwith a coatedsample. Sam-
ple is centrally placed on the top of PMMA phan-
tom of 45 mm thicknessrepresentingompressede-
male breastas shavn in Fig. 1. Assumptionof par
allel X-ray beamwas madetaking into accountde-
tectorsize,which wasmuchsmallerthanthe exposed
area(12£ 12 cn?). Monte Carlo simulationswereper
formedwithin cylindrical geometry virtually dividing
the X-ray exposedspacebetweencompressiorpaddle
and breastsupporttable into zones,correspondingo
the different densitiesand compositionsof presented
materialsasit wasdescribedn our previouswork [8].
It wasalsoassumedhatphotonbeamwasparallelto z
axisin the centralzoneof interaction.

Total and scatteringdosesin coatingsampleswvere
calculatedusingmodi ed usercodeDOSnrc(EGSnrc)
[32] in eachregion of interestThein uence of differ-
enttype, materialcomposition,andthicknessof coat-
ingson the scatteringorocessef Si targetwasinves-
tigated. ProcesseX-ray spectraFig. 2) wereusedas
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aninput datafor the calculations.

3. Resultsand discussions

DespitethefactthatComptonscatteringvasdiscor-
eredmorethan100yearsago,therearesomeimportant
areaswhich still needto be investigated. Oneof such
areass low enegy Comptonscatteringwhich is pre-
sentedwhen low enegy (20—-35keV) X-ray photons
interactwith humartissug28]. It isimpossibleéo mea-
suredirectly absorbediosein tissue.Tissueequivalent
detectorscould be appliedinsteadof humantissuefor
theregistrationof the surfacedose,which is the main
parametefor thefurthercalculationsof absorbediose.
It is well known [33] that dosemeasurementssing
solid statedetectorare affectedby scatteringradiation
which decreasesignalto noiseratio [18]. However,
theassessmemif thescatterdoseis acomplicatedask
[34]. We have usedMonte Carlomodellingfor the es-
timationof thetotal doseandscatterdosein crystalline
detectomaterialwith andwithout coating. Total dose
representshe enegy transferredto the tamget (active
volume of the detector). Scatterdoseis de ned asa
dosethat canbe tracedbackto the photonsthat have
beenscatteredn ComptonandRayleigheffectsandto
the photonsthat were createdthroughrelaxationpro-
cessesafter Comptonand photoelectricevents. It is
assumedhatthe dosesarecalculatedaftertheinterac-
tion of X-ray beamwith coatingmaterialin the caseof
coatedspecimens.

The resultsof dosecalculationsin different com-
monly usedradiationdetectormaterialsaftertheirirra-

. *Si
* mLiF

A Diamond1(p=2.71g/cm3)

A A A o Diamond2 (p=3.50 g/cm3)
A AI203

[ n u

m| Im| m|
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Fig. 4. Scatterdosein differentdetectomaterialsof the samethickness.
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Fig. 5. Scatterto total doseratio in differentdetectormaterialsof
the samethicknesgat30kV peakvoltage kVp).

diationwith low enegy X-raysarepresentedn Fig. 4.
The highest scatterdose has beenfound in Si. It
couldbeattributedto thedependencef atleastComp-
ton effect on electrondensity in different materials.
However, the numericalevaluationof the in uence of
scatteringeffectsexpressedsscatterto total doseratio
and performedin this work shaws that Si, having low
doseratio, is a good candidatefor the registration of
low enegy X-ray photong(Fig. 5).

Thicknessof the detectormaterialplaysan impor
tantrole in reducingthe scatteringdose,sincethe in-
creaseof the detectors active volume correspondgo
theincreasedgbossibilityfor the X-ray photongo beab-
sorbeddirectly by electronsduring photoelectridnter-
actionprocessesCalculatedvaluesof total andscatter
dosedn Si samplef differentthicknessarepresented
in Figs.6 and7 respectiely.
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It is to point out that the surface of Si crystal is
usuallycoveredby differentmaterialsaccordingto the
constructionof radiationdetectiondevice. X-ray in-
teractionprocessesn detectorcoatingare dependent
on the structure(polycrystalline,polymetlike, amokr
phous)of detectormaterial,its thicknessandthe type
of contactlayer betweencoatinganddetectorsurface.
Modelling of theseprocessess very importantsince
they contrituteto theattenuatiorof X-ray beambefore
it entersadetectorcrystal.

Calculatedscatterdosesn the Si samplesof differ-
entthicknessoatedby differentcoatingsarepresented
in Fig. 8. As it couldbe seenscatterdoseis higherin
coatedspecimenshanin uncoateconesdueto theen-
ergy lossof photonsin coatingmaterial. Scatterdose
increaseswith the increaseddensity of coatingmate-
rial, however the gap betweenthe doseof uncoatedsSi
andcoatedoy DLC Im one,whichrepresentthehigh-
estdensity(2.2 g=cm®) of all usedcoatingsjs broader
for thinnerdetectors.No differencein scatterdoseof
uncoatedand coatedwith nanothin DLC coatingsSi
samplesvasfound.

As mentionedabore, the thicknessof the coating
playsanimportantrole in X-ray attenuatiorprocesses.
To comparehein uence of thecoatingthicknessthree
possiblecasesvereinvestigated:(i) h is of thesameor-
derasd, (i) h=d - 0.1,and(iii) h=d - 0.01,whereh
indicatesthicknessof coatingandd is thicknessof the
active volumeof the detector Theresultsof the calcu-
lationsof doseratio for thethreecasesarepresentedn
Fig. 9.
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Fig. 6. Total dosetransferredo uncoatedi of differentthickness.
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Fig. 7. Scatterdosesn uncoatedSi of differentthicknesg10° historieswereusedfor the calculationsof 0.1 mm thick Si).

Fig. 8. Scattedosein Si samplef differentthicknesscoatedby thedifferentcoatingsof the samethickness(Si coatedby nanothick DLC
coatingsis givenfor comparison.)
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Fig. 9. Variationsof the doseratio in Si samplescoatedby different materials: 1 uncoatedSi, 2 Si coatedby rubber 3 Si coatedby
polyethylene,4 Si coatedby mylar, 5 Si coatedby DLC containingSiOx, 6 Si coatedby a-C: H coating,7 Si coatedby carbon bre, 8 Si
coatedby SiO;.

Thicknessof the coatingis one of the limiting pa-
rametersn theapplicationof differentmaterialsaspro-
tective layers against the mechanical,electrical, and
chemicalin uence from theervironment,or aspassve
layersin the principal constructiorof the detectingde-
vice.

3.1.In uence of protectivelayer to the scatteringdose
in Si

Dependingon the goal of the application,relatively
thick (h % d) or thin (h=d - 0.1)free standingayers
of mylar, polyethylene, rubber carbon bre areused
to protectthe detectorsurface [35] againstthe in u-
enceof the surroundingervironment.Our calculations
showv that the doseratio is higherin the secondcase
(h=d - 0.1),despitethefactthatscatterdoseis lower
in the thicker detector Sincescatterto total dosera-
tio corresponddo the registeredsignal, it is possible
to reducethe numberof scatteringeffectsin detector
materialby optimisingthe coatingthicknessandto im-
prove the signalto noiseratio. If the thicknessof pro-
tective layeris extremelysmall (h=d - 0.01,or less)
asit is in the caseof the directdepositionof DLC Im
onto detectorsurface,depositedcoatinghasno in u-
enceon X-ray interactionprocessesvithin the detec-
tor material(Fig. 8). This featurecould be usedwhen
new detectingdevices are underconstruction. How-
ever, attentionhasto be paid that depositedultrathin
coatingsmust have almostthe sameor betterprotec-
tive propertieghigh hardnessiesistancagainstchem-
icals, resistanceagpinstradiationdamageegtc.) asthe
freestandingpolymetlik e coatingshave. Accordingto
the resultsof our recentinvestigationson the proper

ties of the X-ray photonirradiatedDLC Ims [36,37],
radiationdamagevasnegligible in theDLC Ims after
their prolongedrradiationwith high (15MeV) andlow
(832keV) X-ray photons.Thehardnes®f theirradiated
DLC structureswas even higher after the irradiation.
Comparisonof somepropertiesof DLC Ims, which
were usedin our calculationswith the parameterof
othercoatingmaterialss providedin Table2.

Possibledepositionof the nanothick Im directly
ontoactive detectorsurface,nggligible in uence of the
presencef thin DLC Ims on the scatteringeffectsin
detectormaterialinducedby X-rays, togetherwith the
propertieoutlinedin Table2, makesDLC coatingghe
promisingcandidategor protectve layersof radiation
detectorslt shouldbe acknavledged,though,thatthe
thicknessf DLC Ims is limited dueto their adhesie
propertied39].

3.2.In uence of passivdayer to the scatteringdosein
detectordevice

SiO, passve layersarewidely usedin the construc-
tion of Si basedelectronicdevicesfor the registration
of ionising radiation, becauseof their good isolating
properties(Table 2) and high thermoresistiity. Nev-
erthelessSiO; is sensitve to radiationdamagerepre-
sentedy theincreasedjeneratiomateof Frenlel pairs
duringirradiation[4, 40]. Isolatingpropertiesf thein-
vesticatedDLC Ims arecomparabldo thoseof SiO,
[41]. However, investicatedDLC Ims arerepresented
by the lower densitythanSiO,. Dueto thefactthata
part of detectorsurfaceis coatedby passie layer, its
in uence on the X-ray interactioneffectsin the active
volumeof the detectomwasinvesticated.Modelling re-
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Table2. Propertieof coatingmaterials.

Materials Elasticmodulus, Hardness, Radiation Dielectric
GPa GPa damage constant
Polyetlylene(14%H, 85%C 0.025 negligible  2.35[38]
Polyettyleneterephthalat@Mylar, 4% H, 62%C, 33%0) 2.50 0.198 neggligible  3.23[38]
Rubber(11%H, 88%C) 0.05 low 2.20[38]
a-C: H (24%H, 75%C) 15.20  negligible 3.77
SiOy -containingDLC (54%C, 27%0, 19% Si) 21.00 negligible 3.06
SiO; 73.0 12.35 medium 3.89
Table3. Scattedosesn theactive volumeof Si detector
Construction Scatterdose Gy (mAs) !
25kVp 28kVp 30kVp
0.1mm Si, uncoated 1.25810 *? 1.2360 * 1.35610 **
0.1mm Si, coatecby 0.001mm SiO, 1.25910 2 1.23q10 2 1.35910 12
0.1mm Si, coatedby 0.001mma-C: H 1.26010' 12 1.23810 ? 1.36M10 2
0.1mm Si, coatecby 0.001mm SiOx -containingDLC ~ 1.26010' 2 1.23810 '*  1.36010 *2
0.1mm Si, coatedby 0.1 mm SiOy -containingDLC 1.27210' 2 1.28810 * 1.41310 *?

sultsare presentedn Table 3. It is evidentthatthere
areno differencedn the valuesof the scatterdosesin
Si coatedby SiO, layerandSi coatedby DLC layerof
the samethickness.Takinginto accountthatthe DLC
Ims arelesssensitve to radiationdamagst is to con-
cludethatDLC Ims areapplicablein theconstruction
of radiationdetectorsaasSiO; is.

4. Conclusions

Monte Carlomodellingof low enegy X-ray photon
interactionprocesse the active volumeof Si detec-
tor having different coatingswas performed. Results
of calculationshav increasingtendeng of the scatter
dosein detectommaterialwith the increasedlensityof
coatingmaterial. However, the gap betweerthe scatter
dosein uncoatedSi andthe dosein Si coatedby DLC

Im, whichrepresentthehighesidensityof theinvesti-
gatedcoatingmaterials wasbroaderfor thinnerdetec-
tors. The scatterdoseto total doseratio washigherin
all investicgatedcasesvhenthethicknessof thecoating
wascomparableo the thicknessof the active volume,
despiteof thefactthatthe scatterdosewaslowerin the
thicker detector

Photonscatteringeffects contrikute to the decrease
of the registereddetectorsignal. Modelling of scatter
ing processesnakesit possibleto vary coatingmate-
rial, coatingthicknessandthegeometryof thedetector
constructiorandto nd theoptimalsolutionfor thede-

tectorconstructioncorrespondindo the enhancedig-
nalto noiseratio.

Modelling results shov that extremely thin pro-
tective coatingsdo not in uence X-ray interaction
processesn detectormaterial, however these coat-
ings have to provide radiation hardness,resistance
aguinstchemicals,and suitablemechanicaktharacter
istics. DLC Ims depositedlirectly ontotheactive de-
tector surfacewere found to be promisingcandidates
amongall investigatedmaterials.DLC Ims couldbe
consideredas protective coatingswhennew radiation
detectorsare underconstruction. Yet, someproblems
concerningthe adhesie propertiesof DLC Ims still
exist.
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MA OS ENERGIJOS RENTGENO SPINDULIUOTES SKLAIDOS MODELIA VIMAS
DETEKT ORIUOSE SUAPSAUGINEMIS DANGOMIS

|. Cibulskait, D. Adliene, J. Laurikaitiere

Kaunotedhnolagijos universitetas Kaunas Lietuva

Santrauka

Pristatomima u enegiju Rentgendfotonu saveikos su Si de-
tektoriumi Monte Karlo modeliavimo rezultatai,leid iantys iver
tinti ivairiu detektoriausapsaugini dangi itaka dozems, regist-
ruojamomsdetektoriuje. Tyrimui pasirinktosdetektoru konstruk-
cijos su apsaugiemis polimerinio tipo angliesbei deimantotipo
angliesdangomis. Siemsdetektoriamsapskatiuotos pilnoji bei
sklaidosdozes, pagal kurias vertinta apsaugies dangoselemen-

tinessucdetiesbei storioitaka Rentgendotonu sklaidaiSi detekto-
riuje. Aptariamasdetektoru suapsauginelang vertinimaspagal
ma iausiosiSsklaidyu fotonu frakcijos, lyginant su pilnaja suger
tajadoze,kriteriju. Parodytakad del iSskirtiniu mechanini savy-
biu, atsparumeheminianpoveikiui beiradiaciniamgpa eidimams
deimantdipo angliesdangostiesiogiainusodintogntdetektoriaus
pavirSiaus,yra perspektyviokonstruojanfotonu detektorius.



