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Study on the Improvement of Indirect Intra—Oral X-ray Image Sensor
Characteristics with Optically Coupled
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Abstract

Characteristic Study on digital x-ray sensor components was performed to develop intra-oral
digital x-ray image sensor using indirect method. Parametric analysis was carried out to optimize a
phosphor thickness and FOP coupling to CCD. Monte Carlo method was applied to analyze the
x-ray absorption and light diffusion in phosphor layer. Real time x-ray image was feasible in
prototype x-ray image sensor using general CCD camera within the limit of resolution, 10 Ip/mm. It
was shown that the large resolution degradation in x-ray image was caused by miss alignment of
FOP to CCD and optical adhesive selection. Advanced x-ray image will be realized by applying

alignment device and phosphor thickness, which are optimized in this study.
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GAZDZSTh Gid 02 T34 =80 £ 20 2.3 17 G0
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CsLTL | S8/35 | 3893 451 | me0fs0| 179 18 55
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4.2 Monte Carlo Z = §FEZA HA}
421 XA 29 EH

dnkd o2 g X YAFEo R AREHE XA Ars #AS 60~70 kVp, BHF 8~10 mA<]

w e A e XS A7 ste] sldAbAre] 9] &S Fol7] fEiA Al EH 9 T+ 1.5~25 mm A&

T2 AbgE A Ju1]6]. B Aol AA 70 kVp, 2 mmAl B2aE o] XA dyAE A%

g EG oY 7] Hd Al T oy XA] 40 keVE o] &3l HALE FastA AFE A& oYy

o] &3t EAle} wWlwrE QG Hc AL olUYXE= 70 kVp no filterd] gk XA A#HEZHS

“Handbook of Medical Imaging”ol A #< FH3A 3L ©o]A-ES MCNP ZE=E ©]€39 2 mmAl 2 A
O~

v o AHERS BAF ST <® 7> 70 kVpell digh ~2HEHS YEHT 9714 2 mm Al
3 ¥ 29EY Hardening2 ¥ 4 At 2 mmAl 5339 Ht oy R += 40 keVoltt.

70 keV electron beam

2 mmaAl filter
v (B) <
Bremsstrahlung

Pb Collimator

70 kVp, 2 mmAl
normalized spectra

Probability
Probability
o
o
»

o 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70
Energy(KeV) Energy(keV)

<9 7> ®¥2d 5 70 kVp XA A EF

4.2.2 B A} ¥ (Simulation Method)

Ak o2 ALg = A g XA @A 60 kVp~T70 kVpelth # REAb A= XA #xlgte] 70

ey Agls 205 cmold, FEZA A7 5000 um X 4000 um, FAE 10
um~120 ume.2 AL 10 um? FAd mE XA FFEE 2 F5FES EASEAT AA #HSE 70
kVpe] XA AXe ~HEHL <19 >3 2 dAF5 2FERolny Ty B Ao EAboA =
o9 A (average energy)<l 40 keV @ o | Ao thsle] RALE 4=
2 BAFE GOS(Gd20:S:Th) 33



23
ofr
ol
2
o
)
ofl
ot
i
i
o
~N
of
ol
&
»
ok
ox
rlo
AN
I
o
00
V
&
N
N
o
N
Ho
s}
—_>‘ﬂ4
=2
>
o
X,
ool
2
S
ke
il
)
>
>
[0
ol
N
o

s A s
A =717} 5000 um <4000 um* 3 um T AR vro] Z w@ej e FaE XA Ay E ALbst
Ak ES XA AYe FFEA T4l e T Ao FYo FHem JArETa gt
EFAAQ 2AE Fol7] 984 MCNP =9 o]g€ 5 4,000,000 0.2 3ttt =3 MCNP ®AF 2
HE W 58 ZAEE 2HZZ F=9 Detector 977 E9] JHFEo] A &5kl FHEAHoAA e W
Fabs Atstdh @9 Ao F4E XA duA T L Ao FYollA Hol A 4 WEFow W
ZHTa 7Rgstdh BARA ¥ XA ke Aol vl oA 1 79 AR oFgke] 3
o] ARHY T &9 Ao Hlste] S35 Homz FASAT T3 Al FFA Gd0:S:The 1A #
2 Yefolu B Bl FFE Ao 7|set4 FEw dEe 2AE xdEsAT ey ZFA Ui
Al de] AD(FE T FFAR)E 400 um, SD(EFAASEAY)E 25 pmoZ A L3t WAl ol A
dlo] F49} sbgte]l BEALZE 7hsdtth JFEE GdO.S'Th #d &2 2322 #8339t Detector 97
FEE o] gdte] Aak®l ik gro g X=d di3k PSF(Point Spread Function)?t AlAFslgd il o o &
A= kol A (symmetry)dtota 78R ok 3 PSF(Point Spread Function)] F2]o] WH3oz
7k ) wo wrE MTF(Modulation Transfer Function)E #2-a} 93 vH9][14]

Incident 40 keV X-ray
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423 2AFe] wl vl

MCNP 5= 3 DETECTORY7 ZE=E o] &3 XH F&7 Y gtwe] mAte] FIA S 1137
A FaEF el gy Hlwstgrth. MCNP ZEE o] &3 XA E49 A9$ Handbook of Medical
Imaging”3¥} Bl sl A& o DETECTORI7S ©]&3F PSFe| Falo] w3kl MTFa-2 19983 =
Elsevier Science Ltd. =% D. CAVORUS, I. KANDARAKIS, G. S. PANAYITAKISOIA “ An

Investigation of the Imaging Characteristics of the Y202 S:Eu3+ Phosphor for Application in X-ray



Detectors of Digital Mammography”2] Gd202S:Thb 32 mg/cm2, 30 kVpel w3k MTF¢ <23 9> 2
o] wlaste] Aol dAsATE AVIA A FFEANA ghel Aolw B EARA JHAC odk AolmE
BALe] AgAdE gl 3 4 AdAH1][14].

32 mg/(:m2 , 30 kVvp
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<Z19g 9> MTF "l Xv}=

424 RA A7

B EAR A Gd2:0.S:Th FFE2e] 57 10 um ~ 120 um 7} 40 keV XA oy Ao w2 XA F
4: 2> 7}7} 33 %, 71.35 %, 10.15 %, 13.68 %, 16.3 %, 19.76 %, 22.95 %, 25.25 %, 28.37 %, 31.34 %,
33.27 %, 36 %= YEwow, T wE 9 Fxpe] gk whA R (FWHM)S 242 59 um, 7.33
um, 9.25 um, 11.34 um, 1351 um, 15.36 um, 17.51 um, 18.72 um, 19.84 um, 20.93 um, 21.86 um, 22.78
um o 2 e <I2§ 10> 40 keV XA td Gd:0.S:Th FFE4de] FA0] we SistseE
ol vk <3 11> ZF FAd gk g4k s e WEkste] MTFE et 2ol &
Abe]l A3tE ntg o XA 583 idE dFEde FAe <29 12>9 Zo] o 8 umXAH F5E
15 %, g5ksts REAE 12 um)e 2 vEstt Zed HA s FAE XA S i E el whet
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Fhsaphar ek ade ERT Ny 1] micsga
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<" 12> XA Fae s Es e d A28 A

5. A« B3 CCDY 2%

5.1 3A % (Fiber Optic)?] &A

FAR B <ad9 13> 2 vd FAF AT S EAaSed 98 dgs 9% wAZ ALE

Ha 9tk 53] PFEAES o] &g XA FEoA Alzny ddggo] Hojur] witel] ol ARgE AL

At FAFe W B2 AE dyeE TAHAS olFE Cored} Core?l FWS =34 Cladding? =4d&

zbol& atEl Bl FAE Cores: &3 WF AWAbele] 3 A& At dntdog Core =42
alL

[e] o [e)
SiO0 PN E EALS HI7FsE Aol Claddinge SiO20] tH11][12]. 27 Al ZA wlt) 1A 5 9
THE Ui ZAol7F Ak dHbHl - Corew =d&0] 1.6~1.8 AXE]il CladdingS =& &°] 1.4~
1.6 Aol & ARESHT) Qholl Al A5k b wAle] XA GdaAed AFEAl F3Ed wheskA] @ 3
Aoz iAol JAE = S olgdle] oF 70 % AEE AT £ Juh <2¥
14> A= EEVALS] 34l % @ =) W,
EEVALS] 344 3o 49 Core E2L SiOsLaReAgNboln W& 580 g/cm’c] i Cladding &2
& SiOBLacl® WEE 220 g/em’oltH12]. F FAf B FFEAI B 2 AFPA XA
of 7113k gtolE FFE-(White noise)E& 7HAaA7]™ CCDe 8-S A3 7]& &S ghrh. Hgt §jAbsh
g Thol=dte] gatks WA gt

DISTURBANCE LIGHT

n 7
// i nNo
/Se

\
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E3k BT =" Fad 5L W WY dor SIAgE S EE F ke Aol oA
M=(NA)Z YEbdTh 74 (Numerical Aperture)S A3t 2L FARFE X3 BE F3 A=
o AbgE 4 k. <OF 13>dA et 2ol 95 I AstH £ Yol Ar|=d o] ¥ wrow
JArbsk FAe FARE wel AgstA HEska #2 s A "k Coredt Claddinge A2 #H&o] U=
7] Wi 2 AA FTHAA whAbzE dojdth 2y Ao 4332 (critical angle)o]lgtE Aol 9lo] L
Hojgdz ¢tol 50]A] oW cored #EH Wl W BT Hded2 ko2 {iAg 7}
< FAFE HEdE Ze o Uitk A Fadzcte® QJAbd 32 <% 15> Hamamatsu
ARl B ol ik YA He] e wE dAYE&s dEhlaL . A AT dE o] e
Lt e ATTE ZYE 2 oln10l.

NA = 7H+<, n =

Linear Attenvation Coefficient (cm-1)

1000

100

10

NA =

719 #4&(n=1),

nsin @

ny = core?] FAE,

Fiber core RWY-32 o
SiO2:LaReAgND simulated fiber core material -----
5.80 g/ca~3

2

”o_%%

Energy (keV)

100 v
Outer clad EN-1 o
SiO2B:La simulated fiber clad material -----
2.20 g/cmA3
g ™~
E |
€ 10F
5 .
$ >
=] a
LN IS
g ‘u\ H ..
5 . >
< 1}k "o
| .
5 -
0.1 4
100
Energy (kcV)

<71¥ 14> Core® Claddingol Al oA o] w& XH9o 3+

TMCPBOOBBEA

100 T T
90 COLLIMATED LIGHT
80
= /_..———\/,— [ -
£ 70 / LAMBERTIAN LIGHT —
S / e s
Q 60 - N
’,
<C / Y
E s0
= 1
2 40 +
= [
£ 30
20
10
0
300 400 500 600 700 800 900 1000

WAVELENGTH (nm)

<Y 16> F el wmE FAFA F Fas

4)
n, = clade] 24& 6 = A4

A~
27}



B e dd BRI A% Aomrw 7zl PRI W AAE A BE CCDSe 2
oAl Aol FHeof EUARZ lste] &5 3 “Moire Stripes” A4 o2 o5 Z Y E A3E 7}
Ak ek Feg HAAE AFES AdA ARHO ¥V FYor 5949 AEEE AsAZ
FE 9tk <28 16> w9 A 96 um * 7.5 umgl CCDS @ A D7 6 um$) FAF #e
Ao A wAG= A7 Moire Stripes 847 FE7} =& 3 A AFEA] Fr]FPoz FAES
el gl o)y mAgER A% d42 CCDOl vlolaz #:=E Abgste] &4 Ad 4 qlth

A) 371 ¢ B) Moire Stripes
<19 16> JFATR Aoz Q3 s &4

oj¢} o] FAF A CCDe| B4l Al Fof AHGS w53 2

1) Fehg HZAA e FAL2 7153 100 Cplcentipoise) ©]3}7} ¥ ofoF &k},

2) FOPst HzAl o] A &o] 7 Hl=dfoF

3) FeE HHA FAE 7Hsd CCD @9 Ao 1/2 vy A5 A sHA F4 s kg,

4) FOPel @< FAdfek CCDe o9 Ao AEL FAgHolry. whef ofzte]l ZXd Ao
il Az gdol Fda] 4zksk “Moire stripes” @do]l A4 H )

5) CCDL 7besol <ol AAsE=m o3 do o8 CCDE TAsh= delE3 FOPe Abe]

o d9FES A HFo] aHE

6) A 22 CCDeF FOP Atole] ARt 7 3tafof gk
7) H2A] CCD FE3 A F99 bonding wireE =g A &A Fola ok 3o}



6. Prototype X4 g7 A]xdl
6.1 XA AAe 7+x 9 54
A kel A7E me]l 1/3 /1A ZAEAAE S Edd CCD 7hvleh, Gd202S:Th 34, 3%
F3E o] &3l <1y 17>3 o] Prototype XA GAANAME FASGT AAHoRE XygoR
o]7] f1siA= Al TR Eol7tE R AlA FA= 6 mm ©]sk7t EHojoF gk
AA FA 2o EAoA Fhi gl interline transfer CCDE AF&3FH FAF w218 2:1 Interlace©] U
CCD¢ X Eto]l 9 = Fill Factor 25 % AXEola BF A%+ 3% 545 nmolA ¢ 50 % A== 714
Fow siage 238 stholm e FAe AV)= 96«75 umeolth. FFEHE Gd0:SThe G
Applied Scin. A&l wlA BHe FiHoz Ao 4 ymo|lH FAE 25 mg/em® °o|th. FAH B
< SchottAbe] #3590l Core9t Cladding 7:39] H|&ol F74= 3 mmeoltt. & A#3%3 CCDe #
2 LoctiteAb 7174 & H2ZA No366< °ol&start. 4ol AALF HAHE 9s8te] Data Trans. /\}«]
DT3152 frame grabbers AF&3le] 448 5319t XA @A77 = TrophyAe] IRIX7082 70 kVp,
8 mA, 2 mmAle|tt. HAFE Alxele #HEY L2 200 MHzE o] &3t o A S/We °BlFd C=
Z 2 e rgste] AREsith

¥ ox

m Experimental condition
X-ray tube X-ray - X-ray tube: 70kVp, 8 mA, 2 mmaAl.

timer - Exposure time: (0.1s~ 0.4 s)

- Distance between focus and object : 20 cm

- Pb shield thickness : 2 mm
collimator - Room temperature

Z L\ - Detector component : phosphor + FOP +CCD|

object »
| |x\rawd/ )

Fiber optic plate with phosphor
CCD

% Pb Shield

Frame grabber

1

monitor

Camera unit

PC body

<Y 17> Prototype XA FZAx 9 de®

T XA 94 A= & WAl 5 mmx 4 mmel AR Aofe} 2 gl2E YedlE Adst
a71el gAE 9 APS s 4 Ao 2ARAEE 01 ~02 22 v & AME o837 o
dA"S <ad 18>0 A A" G <ad 19> Edge Methods ©]83 5 /el MTFeI

= i=
# Azde @A HFEsk o 10 Ip/mm AEAS Felsgr
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Function)& 2# gt Aol FAE 48 micron(XA &4 15 %, F4kst4 X & 12 um)e 2 A A3
oy B male] Ay XA ggoly sidEolA oy HFS Fiike] wet o HF FA)
gobd g oAk B AgelA e XA 289 =R 22 Als S Fol AHFAE AAERA

T wAe] Ay X gRE XA AN FE29 22 Prototype XA G FEoz oF
10 Ip/mm®] HF=E 7HA = F4S AAZE IS5 g5 A s e FOPe #3d A%
© 2 Air bubble$} Moire Stripes® 412tdt &45 Bk ol¢f & &H9 QS FOPS CCDe A
Fol A 7} Az vgEy adxEe] F FEAA AL o
A7e e EAd dg YA Ao w G FAF
= At ol el B FAe] &S 98 FOP
7b 87HY AErt e 3 JFAE ARG okgtt
qow HAw AME HA Fr9 FOPe CCDe 4 Z A
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