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Theresultsof MonteCarlomodellingof thelow energy X-ray photoninteractionprocessesin Si detectorcoatedby different
materialsof differentthicknessarepresentedin thispaper. Detectorconstructionscontainingfreestandingpolymer-likecarbon
coatingsanddiamond-like carbon(DLC) coatingsdepositedontodetectorsurfacewereinvestigated.Total andscatterdoses
in coatedsampleswerecalculatedandthe in�uence of thecoatingmaterial,composition,andthicknesson theX-ray photon
scatteringprocessesin Si detectorwasevaluated.Evaluationof thedetectorconstructionwith protectivecoatingcorresponding
to the lowestfractionof scatteredphotonsascomparedto thecalculatedtotal doseis discussedin thepaper. It is shown that
nano-thickDLC coatingsdirectly depositedonto detectorsurfaceare promisingmaterialsin the constructionof radiation
detectorsdueto their suitablemechanicalproperties,resistanceagainstchemicalsandagainstradiationdamageof DLC �lms.
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1. Intr oduction

Theeffectivenessof radiationdetectiondependson
themethodandthetypeof detectorchosenfor thereg-
istration [1,2]. Solid statedetectors(luminescentde-
tectors,semiconductordevices)arewidely usedfor the
registrationof radiationdosesto patientsduring med-
ical procedures[3,4]. However, applicationof solid
statedetectorsis limited by detector's size,geometry,
construction,propertiesof detectormaterial,andequiv-
alenceto biological tissue.Oneof themostimportant
problemsin detectingtheX-ray photonswith Si based
detectorsis radiationinducedscatteringeffects in de-
tectormaterial. Scatteringeffects reducethe fraction
of directlyabsorbedX-ray photonsin detectormaterial
andareresponsiblefor theincreasedpatient'sdosenec-
essaryfor keepingtherequiredqualityof theexamina-
tion. Somesolutionshavebeenfound[5–7] duringlast
years,whichallow to evaluateandreducescatteringef-
fectsof high energy (6–20MeV) X-ray photonsin de-
tectormaterial,whenSi detectorsareusedfor the es-
timationof theradiationdosedeliveredto thepatients
during radiotherapy procedure.However, the evalua-
tion of the scatteringprocesses(coherentand Comp-
ton) of low energy (20–35keV) X-ray photonsin de-
tectormaterialsand the assessmentof their in�uence
on theregistereddosesto patientsremainsopenedand

limits thepossibleapplicationof Si baseddetectorsin
mammography screeningexaminations.Someattempt
to comparethe experimentaland Monte Carlo mod-
elling resultsconcerninglow energy photonscattering
effectsin Si detectorsandto evaluatethe in�uence of
scatteringprocesseson the absorbedtotal doseto pa-
tienthasbeenmadein ourpreviouswork [8]. Previous
resultsonMonteCarlosimulationof low energy X-ray
photonscatteringeffectsin differentmaterialsarepre-
sentedin [9,10]. However, theexisting informationis
not suf�cient for understandingthe discrepanciesthat
occurbetweenexperimentalandmodellingdata.

Scatteringeffectsin diamondaresigni�cantly lower
ascomparedto silicon. Dueto theexcellentmechani-
cal,optical,andelectricalproperties,diamonddetector
alonecould be theoreticallyused,without any protec-
tive coating[11,12]. Still, diamondis very expensive
material,so othermaterialshave to be consideredfor
theapplicationin theconstructionof solid statedetec-
tors. Materialsusedas radiationsensingelementsof
detectorsareusuallycoatedby (at leastfrom theradi-
ation entranceside) or encapsulatedinto a protective
layer, which representsa free standingfoil, or a thin
�lm, depositedon thesurfaceof theactive layerusing
physical and chemicalmethods. Carbonbasedpoly-
mericmaterialsarewidely usedasprotective coatings
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for radiationdetectors.Usuallythey arerelatively thick
and free standing,thus having no physical/ chemical
contactwith the detectorsurface. Correspondenceof
the physical propertiesof the DLC coatingsto those
of diamond[13–15]andthepossibilityto depositDLC
coatingsof nanoscalethicknessdirectlyonthedetector
surfacemakesthemvery promisingfor theapplication
asprotective coatingsin the constructionof radiation
detectors.

Thereare only few investigationson the in�uence
of the coatingto the scatteringprocessesin the active
volumeof thedetector:theresultsof calculationsusing
deterministicmodel for the photonscatteringprocess
descriptionin coatedmaterialarepresentedin [16], as
well asthe resultsof MonteCarlobasedmodellingof
scatteredradiationin Al 2O3 detector, encapsulatedinto
differentfreestandingpolymer-like carboncontaining
foils – in [17].

The aim of this work wasto performMonte Carlo
modellingof a low energy X-ray photontransportin Si
detectorcoatedby differentfreestandingpolymer-like
carboncoatingsor DLC coatingsdepositeddirectly
ontodetectorsurface,to assessthe in�uence of differ-
entcoatingmaterialson thescatteringprocessesin the
active volumeof thedetector, to evaluaterelative scat-
tereddoses,andto discussdetectorconstructionwith
the protective coating,which ensureslowest possible
fractionof scatteredphotonsascomparedto thecalcu-
latedtotaldose.MonteCarlomodellingwasperformed
in accordancewith therealX-ray exposureconditions
of patientsin diagnosticmammography screeningex-
amination.

2. Instruments and methods

Threemain physical processesdominatewhenlow
energy photons(20–35keV) interactwith materials,
which arecharacterizedby Ze® similar to this of the
soft tissue,andarepreferredin theconstructionof ra-
diationdetectorsusedfor thedosemeasurements:elec-
tron photoabsorption,coherent(Rayleigh)scattering,
and incoherent(Compton)scattering[18]. We will
concentrateon the modellingof X-ray photonscatter-
ing effectsin coatedSi specimens,sincescatteredpho-
tonsareresponsiblefor thereducedintensityof thereg-
isteredsignalandfor theincreasednoiselevel in detec-
tor material [19]. On the other hand,scatteringpro-
cessesin�uence entrancesurfacedose(ESD), which is
usedfor the calculationof the averageglandulardose
(AGD) in thepatient'sbreasttissue[20,21]:

AGD =
ESD

b
gcs ; (1)

whereb is backscatterfactor, g is theglandularitycon-
versionfactor, c is conversionfactorfor 50%glanular-
ity, s is thespectralconversionfactor.

2.1.Experimentalset-up

Investigation of the scatteringprocessesin coated
Si wasperformedusingexperimentalmodel that was
developedin accordancewith therealexposurecondi-
tions presentduring mammography screeningexami-
nationsof patients(Fig. 1).

It was assumedthat X-ray photonsare generated
in molybdenumtargetof mammography unit ALPHA
RT (InstrumentariumImagining,Finland)at theX-ray
tube potentialsranging from 25 to 32 kV, when the
tilting angle of the Mo anode is 16±. Generated

Fig. 1. Simpli�ed geometryof theexperimentalset-up(not in scale).
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Fig. 2. ProcessedmolybdenumX-ray spectrumfor thedifferentX-ray tubepotentials.

X-ray beamsare attenuatedby 1 mm Be window of
the X-ray tube, 0.03 mm Mo �lter , and 3 mm thick
polymethymethacrylatecompressionpaddleof mam-
mography unit. 45 mm thick polymethylmethacry-
late(PMMA) phantomrepresenting“standard”female
breastis usedinsteadof patient.Additional �ltration of
thephotonswith theenergiesbelow about10 keV and
above 20 keV is included,due to the fact that Mo is
characterizedby K linesat theenergiesof 17.38(K®2),
17.49(K®1), 19.61(K¯ 1), and19.96(K¯ 2) keV [22].
Polyenergetic X-ray photonspectrafor different tube
potentialsin the caseof the constantsource–detector
distance(Fig. 2) wereprocessedusingthe routinesof
IPEM SpectrumProcessor[23], which weremodi�ed
accordingto theexperimentalset-up.

Low energy photonsgeneratedin mammography
unit enterthe surfaceof coatedspecimenshaving es-
timatedenergeticspectraldistributionandinteractwith

both coatingmaterialand target material. We distin-
guishedtwo differentcasesfor the “coating–detector”
arrangements:

² target(detector)is coveredwith orencapsulatedinto
a freestandingpolymer-like carboncoatingasit is
shown in Fig. 3(a). Thereare no chemicalbonds
betweencoatingandbulk material,only negligible
thin air layerin between;

² amorphousDLC coatingis synthesizedon Si wafer
usingdirect ion beamdepositionmethod[24], asit
is indicatedin Fig. 3(b). Coatingis depositedonto
detectorsurfacehaving physical contactandcom-
monchemicalbondingstructure.

p-typeSi h111i asa bulk materialwasusedin our in-
vestigations.Somecharacteristicsof coatingmaterials
arepresentedin Table1.

(a) (b)

Fig.3. Cross-sectionsof theinvestigatedcoatedstructures:(a)Si crystalcoveredby freestandingpolymer-likecarboncoating,(b) Si crystal
with depositedDLC �lm on its surface.
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Table1. Somecharacteristicsof coatingmaterials(takenfrom diverseliteraturesources).

Coatingtype Coatingmaterial Composition Ze® Density, g=cm3

Freestanding Polyethylene 14%H, 85%C 5.68 0.93

polymer-like Mylar, polyethyleneterephthalate 4%H, 62%C, 33%O 6.71 1.38

carbon Rubber 11%H, 88%C 5.75 0.92

Directly deposited DLC �lm synthesizedfrom C2H2 24%H, 75%C 5.44 1.96

amorphousDLC �lm SiOx -containingDLC �lm synthesizedfrom HMDSO 54%C, 27%O, 19%Si 9.15 2.20

2.2.Theoreticalmodelfor thedescriptionof photon
scatteringprocesses

It is assumedthatcoherentandincoherentscattering
eventsmay occur, if low energy photoninteractswith
theatomsof targetmaterial.

Coherentor Rayleighscatteringis characterizedby
scatteringof photonwithout excitation of atoms. To
describethis scatteringprocesswe have usedfollow-
ing atomicdifferentialcross-sectionper unit solid an-
gle ­ = (µ; Á):

d¾R

d­
=

r 2
0

2
(1 + cos2 µ) [FT (x)]2 ; (2)

whereFT (x) is theatomicform factor, givenas

[FT (x)]2 =
X

pi [FT (x; Z i )]2 ; (3)

with the stoichiometricindex of the i th elementpi ,
atomicnumberZ i , andmomentumtransferx whena
photonwith theenergy k is scatteredby polarscatter-
ing angleµ:

x = k

s
1 ¡ cosµ

2
: (4)

Thequantityr 0 is theclassicalelectronradius.
Thedifferentialcross-sectionfor Rayleighscattering

from anamorphousmaterial[25] is givenby

d¾R

d cosµ
= ¼r 2

0(1 + cos2 µ) jFR(x)j2 ; (5)

whereFR(x) is the form factorandx = sin(µ=2)¸ is
themomentumtransfer. The form factorfor anamor-
phousmaterialis givenby [26]

jFR(x)j2 = s(x)
X

i

wi jFRi (x)j2 ; (6)

wherewi andFRi (x) are,respectively, the atomfrac-
tion andatomic form factorof the i th elementin the
materialands(x) is thestructurefunctionthataccounts
for diffractioneffects. For anamorphousmaterial,in-
tegratingEq. (5) givestotal Rayleighscatteringcross-
section,which is sampledwhena Rayleighevent oc-
curs.

Modi�ed model,which includesbinding effectsof
the electronand takes into accountDopplerbroaden-
ing,wasusedfor thedescriptionof Comptonscattering
process.Applying thisenhancedmodel,theincoherent
scatteringcross-section,differentialin thephotonscat-
teringangle,is givenby

d¾Compt

d­
=

r 2
0

2

µ
kc

k

¶ 2

X KN S(k; cosµ) ; (7)

wherek is the energy of the interactingphoton,kc is
theenergy of aphotonscatteredatangleµ by freeelec-
tron at rest,X KN is Klein–Nishinafunction [27], and
S(k; cosµ) is theso-calledS-matrix [28], which iden-
ti�es incoherentscatteringfunction:

S(k; cosµ) =
X

Z i £( k ¡ Ui ) Si ; (8)

with Z i asanoccupationalnumberof theshell i , Ui as
abindingenergy, and

Si =

piZ

¡1

dpz J i (pz) F (k; cosµ; pz) ; (9)

where J i (pz) is one-electronshell Comptonpro�le,
whichrepresentswavefunctionof boundelectronsand
couldbeapproximatedasfollows [29]:

J i (pz) = J i; 0(1+2J i; 0jpz j) exp
·

1
2

¡
(1 + 2J i; 0jpz j)2

2

¸
;

(10)
whereJ i; 0 ´ J i (0) is thepro�le for pz = 0, obtained
from Hartree–Fock shells,pz is projectionof the ini-
tial electronmomentumon thedirectionx , wherex is
momentumtransfervector.

A moredetaileddescriptionof thetheoreticalmodel
wasgiven in our previous work [8]. This modelwas
developedon thebasisof particletransporttheory[30]
andwasusedboth for dosecalculationsin the active
volume of crystalline detectorand for modelling of
X-ray interactionprocessesin coatingmaterials.
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2.3.MonteCarlo modellingplatform

Interactionsof low energy polyenergeticX-ray pho-
tons with matterwere simulatedusing EGSnrcCode
system[31] accordingto theempiricalmodeldescribed
above. Individual photonhistoriesweresimulatedand
the history of eachphotonwas followed until either
all of its energy wastransferredto electronsor it was
absorbedlocally due to the scatteringevents. It was
assumedthat 108 photons(in the caseof free stand-
ing coating)and109 photons(in thecaseof deposited
DLC �lm), having a stepwise(in 1 keV increments)
increasingenergy in the rangefrom 1 to 35 keV, in
parallelbeaminteractedwith a coatedsample. Sam-
ple is centrally placedon the top of PMMA phan-
tom of 45 mm thickness,representingcompressedfe-
male breastas shown in Fig. 1. Assumptionof par-
allel X-ray beamwas madetaking into accountde-
tectorsize,which wasmuchsmallerthantheexposed
area(12£ 12 cm2). MonteCarlosimulationswereper-
formedwithin cylindrical geometry, virtually dividing
theX-ray exposedspacebetweencompressionpaddle
andbreastsupporttable into zones,correspondingto
the different densitiesand compositionsof presented
materialsasit wasdescribedin our previouswork [8].
It wasalsoassumedthatphotonbeamwasparallelto z
axisin thecentralzoneof interaction.

Total andscatteringdosesin coatingsampleswere
calculatedusingmodi�ed usercodeDOSnrc(EGSnrc)
[32] in eachregion of interestThe in�uence of differ-
ent type,materialcomposition,andthicknessof coat-
ingson thescatteringprocessesin Si targetwasinves-
tigated.ProcessedX-ray spectra(Fig. 2) wereusedas

aninputdatafor thecalculations.

3. Resultsand discussions

DespitethefactthatComptonscatteringwasdiscov-
eredmorethan100yearsago,therearesomeimportant
areas,which still needto be investigated.Oneof such
areasis low energy Comptonscattering,which is pre-
sentedwhen low energy (20–35keV) X-ray photons
interactwith humantissue[28]. It is impossibletomea-
suredirectlyabsorbeddosein tissue.Tissueequivalent
detectorscouldbeappliedinsteadof humantissuefor
the registrationof the surfacedose,which is the main
parameterfor thefurthercalculationsof absorbeddose.
It is well known [33] that dosemeasurementsusing
solid statedetectorareaffectedby scatteringradiation
which decreasessignal to noiseratio [18]. However,
theassessmentof thescatterdoseis acomplicatedtask
[34]. We have usedMonteCarlomodellingfor thees-
timationof thetotaldoseandscatterdosein crystalline
detectormaterialwith andwithout coating.Total dose
representsthe energy transferredto the target (active
volumeof the detector). Scatterdoseis de�ned as a
dosethat canbe tracedbackto the photonsthat have
beenscatteredin ComptonandRayleigheffectsandto
the photonsthat werecreatedthroughrelaxationpro-
cessesafter Comptonand photoelectricevents. It is
assumedthatthedosesarecalculatedaftertheinterac-
tion of X-ray beamwith coatingmaterialin thecaseof
coatedspecimens.

The resultsof dosecalculationsin different com-
monlyusedradiationdetectormaterialsaftertheir irra-

Fig. 4. Scatterdosein differentdetectormaterialsof thesamethickness.
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Fig. 5. Scatterto total doseratio in differentdetectormaterialsof
thesamethickness(at30kV peakvoltage,kVp).

diationwith low energy X-raysarepresentedin Fig. 4.
The highest scatterdose has been found in Si. It
couldbeattributedto thedependenceof at leastComp-
ton effect on electrondensity in different materials.
However, the numericalevaluationof the in�uence of
scatteringeffectsexpressedasscatterto totaldoseratio
andperformedin this work shows that Si, having low
doseratio, is a goodcandidatefor the registrationof
low energy X-ray photons(Fig. 5).

Thicknessof the detectormaterialplaysan impor-
tant role in reducingthe scatteringdose,sincethe in-
creaseof the detector's active volumecorrespondsto
theincreasedpossibilityfor theX-ray photonsto beab-
sorbeddirectly by electronsduringphotoelectricinter-
actionprocesses.Calculatedvaluesof total andscatter
dosesin Si samplesof differentthicknessarepresented
in Figs.6 and7 respectively.

It is to point out that the surface of Si crystal is
usuallycoveredby differentmaterialsaccordingto the
constructionof radiationdetectiondevice. X-ray in-
teractionprocessesin detectorcoatingare dependent
on the structure(polycrystalline,polymer-like, amor-
phous)of detectormaterial,its thickness,andthetype
of contactlayerbetweencoatinganddetectorsurface.
Modelling of theseprocessesis very importantsince
they contributeto theattenuationof X-ray beambefore
it entersadetectorcrystal.

Calculatedscatterdosesin theSi samplesof differ-
entthicknesscoatedby differentcoatingsarepresented
in Fig. 8. As it couldbeseen,scatterdoseis higherin
coatedspecimensthanin uncoatedonesdueto theen-
ergy lossof photonsin coatingmaterial. Scatterdose
increaseswith the increaseddensityof coatingmate-
rial, however thegapbetweenthedoseof uncoatedSi
andcoatedbyDLC �lm one,whichrepresentsthehigh-
estdensity(2.2g=cm3) of all usedcoatings,is broader
for thinnerdetectors.No differencein scatterdoseof
uncoatedandcoatedwith nanothin DLC coatingsSi
sampleswasfound.

As mentionedabove, the thicknessof the coating
playsanimportantrole in X-ray attenuationprocesses.
To comparethein�uenceof thecoatingthickness,three
possiblecaseswereinvestigated:(i) h is of thesameor-
derasd, (ii) h=d · 0.1,and(iii) h=d · 0.01,whereh
indicatesthicknessof coatingandd is thicknessof the
active volumeof thedetector. Theresultsof thecalcu-
lationsof doseratio for thethreecasesarepresentedin
Fig. 9.

Fig. 6. Totaldosetransferredto uncoatedSi of differentthickness.
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Fig. 7. Scatterdosesin uncoatedSi of differentthickness(109 historieswereusedfor thecalculationsof 0.1mmthick Si).

Fig. 8. Scatterdosein Si samplesof differentthicknesscoatedby thedifferentcoatingsof thesamethickness.(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 SiO2 .

Thicknessof the coatingis oneof the limiting pa-
rametersin theapplicationof differentmaterialsaspro-
tective layers against the mechanical,electrical, and
chemicalin�uence from theenvironment,or aspassive
layersin theprincipalconstructionof thedetectingde-
vice.

3.1.In�uenceof protectivelayer to thescatteringdose
in Si

Dependingon thegoalof theapplication,relatively
thick (h ¼ d) or thin (h=d · 0.1) freestandinglayers
of mylar, polyethylene, rubber, carbon�bre are used
to protect the detectorsurface[35] against the in�u-
enceof thesurroundingenvironment.Our calculations
show that the doseratio is higher in the secondcase
(h=d · 0.1),despitethe fact thatscatterdoseis lower
in the thicker detector. Sincescatterto total dosera-
tio correspondsto the registeredsignal, it is possible
to reducethe numberof scatteringeffects in detector
materialby optimisingthecoatingthicknessandto im-
prove thesignalto noiseratio. If thethicknessof pro-
tective layer is extremelysmall (h=d · 0.01,or less)
asit is in thecaseof thedirectdepositionof DLC �lm
onto detectorsurface,depositedcoatinghasno in�u-
enceon X-ray interactionprocesseswithin the detec-
tor material(Fig. 8). This featurecouldbeusedwhen
new detectingdevices are underconstruction. How-
ever, attentionhasto be paid that depositedultrathin
coatingsmusthave almostthe sameor betterprotec-
tiveproperties(highhardness,resistanceagainstchem-
icals, resistanceagainstradiationdamage,etc.) asthe
freestandingpolymer-likecoatingshave. Accordingto
the resultsof our recentinvestigationson the proper-

tiesof theX-ray photonirradiatedDLC �lms [36,37],
radiationdamagewasnegligible in theDLC �lms after
theirprolongedirradiationwith high(15MeV) andlow
(32keV) X-ray photons.Thehardnessof theirradiated
DLC structureswas even higher after the irradiation.
Comparisonof somepropertiesof DLC �lms, which
wereusedin our calculations,with the parametersof
othercoatingmaterialsis providedin Table2.

Possibledepositionof the nanothick �lm directly
ontoactivedetectorsurface,negligible in�uence of the
presenceof thin DLC �lms on thescatteringeffectsin
detectormaterialinducedby X-rays,togetherwith the
propertiesoutlinedin Table2, makesDLC coatingsthe
promisingcandidatesfor protective layersof radiation
detectors.It shouldbeacknowledged,though,that the
thicknessof DLC �lms is limited dueto their adhesive
properties[39].

3.2.In�uenceof passivelayer to thescatteringdosein
detectordevice

SiO2 passive layersarewidely usedin theconstruc-
tion of Si basedelectronicdevicesfor the registration
of ionising radiation,becauseof their good isolating
properties(Table2) andhigh thermoresistivity. Nev-
ertheless,SiO2 is sensitive to radiationdamage,repre-
sentedby theincreasedgenerationrateof Frenkel pairs
duringirradiation[4,40]. Isolatingpropertiesof thein-
vestigatedDLC �lms arecomparableto thoseof SiO2

[41]. However, investigatedDLC �lms arerepresented
by the lower densitythanSiO2. Due to the fact thata
part of detectorsurfaceis coatedby passive layer, its
in�uence on theX-ray interactioneffectsin theactive
volumeof thedetectorwasinvestigated.Modelling re-
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Table2. Propertiesof coatingmaterials.

Materials Elasticmodulus, Hardness, Radiation Dielectric
GPa GPa damage constant

Polyethylene(14%H, 85%C 0.025 negligible 2.35[38]

Polyethyleneterephthalate(Mylar, 4%H, 62%C, 33%O) 2.50 0.198 negligible 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

SiOx -containingDLC (54%C, 27%O, 19%Si) 21.00 negligible 3.06

SiO2 73.0 12.35 medium 3.89

Table3. Scatterdosesin theactivevolumeof Si detector.

Construction Scatterdose,Gy (mA s)¡ 1

25kVp 28kVp 30kVp

0.1mmSi, uncoated 1.258¢10¡ 12 1.236¢10¡ 12 1.356¢10¡ 12

0.1mmSi, coatedby 0.001mmSiO2 1.259¢10¡ 12 1.239¢10¡ 12 1.359¢10¡ 12

0.1mmSi, coatedby 0.001mma-C: H 1.260¢10¡ 12 1.238¢10¡ 12 1.361¢10¡ 12

0.1mmSi, coatedby 0.001mmSiOx -containingDLC 1.260¢10¡ 12 1.238¢10¡ 12 1.360¢10¡ 12

0.1mmSi, coatedby 0.1mmSiOx -containingDLC 1.272¢10¡ 12 1.288¢10¡ 12 1.413¢10¡ 12

sultsarepresentedin Table3. It is evident that there
areno differencesin thevaluesof thescatterdosesin
Si coatedby SiO2 layerandSi coatedby DLC layerof
thesamethickness.Taking into accountthat theDLC
�lms arelesssensitive to radiationdamageit is to con-
cludethatDLC �lms areapplicablein theconstruction
of radiationdetectorsasSiO2 is.

4. Conclusions

MonteCarlomodellingof low energy X-ray photon
interactionprocessesin theactive volumeof Si detec-
tor having differentcoatingswasperformed. Results
of calculationshow increasingtendency of the scatter
dosein detectormaterialwith the increaseddensityof
coatingmaterial.However, thegapbetweenthescatter
dosein uncoatedSi andthedosein Si coatedby DLC
�lm, whichrepresentsthehighestdensityof theinvesti-
gatedcoatingmaterials,wasbroaderfor thinnerdetec-
tors. Thescatterdoseto total doseratio washigherin
all investigatedcaseswhenthethicknessof thecoating
wascomparableto the thicknessof theactive volume,
despiteof thefactthatthescatterdosewaslower in the
thickerdetector.

Photonscatteringeffectscontribute to the decrease
of theregistereddetectorsignal. Modelling of scatter-
ing processesmakesit possibleto vary coatingmate-
rial, coatingthickness,andthegeometryof thedetector
constructionandto �nd theoptimalsolutionfor thede-

tectorconstructioncorrespondingto theenhancedsig-
nal to noiseratio.

Modelling results show that extremely thin pro-
tective coatings do not in�uence X-ray interaction
processesin detectormaterial, however thesecoat-
ings have to provide radiation hardness,resistance
againstchemicals,andsuitablemechanicalcharacter-
istics.DLC �lms depositeddirectlyontotheactive de-
tectorsurfacewere found to be promisingcandidates
amongall investigatedmaterials.DLC �lms couldbe
consideredasprotective coatingswhennew radiation
detectorsareunderconstruction.Yet, someproblems
concerningthe adhesive propertiesof DLC �lms still
exist.
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MA�OS ENERGIJOS RENTGENO SPINDULIUOT �ESSKLAIDOS MODELIA VIMAS
DETEKT ORIUOSE SUAPSAUGIN �EMIS DANGOMIS

I. Cibulskait�e,D. Adlien�e,J.Laurikaitien�e

Kaunotechnologijosuniversitetas,Kaunas,Lietuva

Santrauka

Pristatomima� �u energij �u Rentgenofoton �u s�aveikos su Si de-
tektoriumi Monte Karlo modeliavimo rezultatai,leid�iantys �iver-
tinti �ivairi �u detektoriausapsaugini�u dang�u �itak �a doz�ems, regist-
ruojamomsdetektoriuje.Tyrimui pasirinktosdetektori�u konstruk-
cijos su apsaugin�emispolimerinio tipo angliesbei deimantotipo
angliesdangomis. Šiemsdetektoriamsapskai�ciuotospilnoji bei
sklaidosdoz�es, pagal kurias vertinta apsaugin�es dangoselemen-

tin�essud�etiesbei storio �itakaRentgenofoton �u sklaidaiSi detekto-
riuje. Aptariamasdetektori�u suapsauginedanga vertinimaspagal
ma�iausiosišsklaidyt�u foton �u frakcijos, lyginantsu piln �ajasuger-
t �ajadoze,kriterij �u. Parodyta,kadd�el išskirtini �u mechanini�u savy-
bi �u,atsparumocheminiampoveikiui beiradiaciniamspa�eidimams
deimantotipoangliesdangos,tiesiogiainusodintosantdetektoriaus
paviršiaus,yraperspektyvioskonstruojantfoton �u detektorius.


