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The study of X-ray detection characteristic and fabrication photoconductor
film thickness for Screen printing method
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Abstract

Mercury Iodide as good sensitivity at radiation and has an easy peculiarity that operates at low voltage for
other photoconductors(a—Se, a—Si, Ge, etc) Based on this characteristic, we studied about an efficiency of the
digital x—ray detector in acccordance with the thickness of photoconductor.

To solve the problem that is difficult to make a large area film using PVD(Physical Vapor
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Deposition)method, we used a PIB(Particle In Binder)method.

To make a binder paste, we used a PVB(Polyvinylbutyral) as a binder and a DGME(Diethylene Glycol
Monobutyl Ether), DGMEA (Diethylene Glycol Monobutyl Ether Acetate) as a solvent. Using this binder paste,
we made a polycrystal mercury iodide film that has an each thickness.

To evaluate the electrical properties of this films, we measured a darkcurrent, sensitivity and SNR(Signal to

Noise Ratio).

Mercury iodide film of the 200um thickness has good electrical properties as a result of the measurement.
From this result there is a good chance that replace the existing a—Se(Amnorphous seleinum; a—se) with the

mercury iodide.

L M2

XA B7%E Film glo] A% X4 Al ofaf g4
= AlAolA B s= A W ARE A714
Ao 2 &35t Digital Images E5317] 93k XA

= ]% Digital X-ray Detector(DXD)E]r 5]":}“’21
= A AgstE XA 9 A=) B4
Q1 ¥ A H(a-Selenium) 2] TAHES 437 9
af M2 FEAA o tigh wilo] el Ao
& FobAal Atk aSed] WS B
BAF7)E oy didl BEEEA T AR jEEX
ol gk Aok g s ar ok $E =2
2 RQQr3 —’F%(Mercury lodide:Hgl), f8ox=3)

Y
N

)
>
o
3
1&
T

H(Lead Todide:Pb12), 8.2 =3} (Stannum
Todide:Snly), B &8l (Lead Bromide:PbBr), 7F=4 2]
0] =(Cadmium Telluride: CdTe) 5©] AE% A ‘Tﬂ
2 wad ARgel sy radfel he &
1 & o S (Signal to Noise Ratio:SNR)
olEES & 7 e F=HA FE] FAd
TARFE AT SHistE 28
Atk & dATelME ARE 2dE 24
Hgl, (Mercury Todide)E screen printing 2.
2 AsE WAAAT AL oltk o= Sl
TAAF AR IEE SUHE S
Q] O 2 A screen printing HoZ Az 9]
FARE A5 A 2l ARRBLA) HL
(Mercury Todide) WA HE71E Ndstazl st A
olth o] & $J3l Hgl, Mercury Todide)®] &l 2ol 91
of A43 B TAZ dolunr

oty
Rt rn{o

L
12 2
Eﬁi & 0
(o]
%rﬁ_ﬁi rTﬂoﬁ
= ol oL o
of to ot Q rff 4y ru o

—E HF

12

H. —

(o]
-1
=
4]
$0
0 o
1T

1. Screen printing®j

2 AT A= screen printing WHOE FEHA I

28 A7) Y5t neEite] % 99.999% )
Hegl, (Metcury lodide) ARESEITE 7] A
o o3l screen printing Hog Axtyl tpAA vhulke]
735 grain sizeo] WE G WP/} Ry
Akel AlRT aemike] Al 7P A Bt
AT, Hol~E A=RS 918 BRI EA Poly-vinyl
butyral JERSEY), Ethylcel lulose(Aldrich)s-°] AHE |1
ot A AFE Sl BEAA ZEe] FA wet
AT Az & dFS e Z< s
S} Ajzkel A stel
A7 A BE A Polyvinylb utrale & o}e]
Sof web Adg ARRS FAEH] &olstal o]

gt & Axo] we gy 2 wxe 51U #dE
el A 248349
G918 wn T FARI 34 99

5 2
L
w
toty

[}
s AxATIE A 2=

= o
;

=

2. A=) Az

2 Aol AREE A2 1TO 9oll Hgl, Mercury
Todide) Single-layer TZZA] 1 Zb742 Wkl A2 57
of Al FAsarh WA = P4S 9fs 71

[
(corning glass, 0.70)3EHl Q1= o]&d 3} F7]&g Al

s




“Screen printing method2 ®M=tEl o|28 ZEMA ZE2o| Ticknessel M2 XM A& EA it

Adt7] flete] oplECR AjJto] T F FAFA
ﬂE(KchO )%Onoﬂ AT ek F 25 A Glass Substrate

1% 34N AH 3 e SRS 9 AT sl Photoconductor Binder
Atk olFA A" 7|F ol s F(bottom =i Powder (¥R, Sulvent)
electrode) O 72X ITO(indium tin oxide) & FAskaL ;
5cmx5ecm® 7|2 AT & Mercuric lodideS ol A Bottom Flectrnile Mixing
A3 Screen prmmgm, o) g3le] whukS 4213kl Theposition (TTC) i
th Al AZRE 98iHgl, Mercury Todide) powder Dispersion
(99.9%, Cerac Co., USA)E ZE|™ ZZo| wyt 3o i
Metal-3 2] ¥ (Polyvinylbutral, across) A& 7}z Paste S Tr;fdﬂﬁl-ﬁuiuri“ﬂuu' Blending Gel Paste
Az ©] PasteS ©]-83F07 screen printing W2
2 AAS Z‘lL-_ SFATE screen printing WH-2 screen ﬁ'."lf_::[';':'nl,l'g:nml
princerd] 2712 ALESo] ARG AR F A A
o) B4 AR Deposition (5 um)

Hgl, (Mercury Todide) A3 (3em x 3em) ZL719F 100 G
oA 300 ) FAE 7HA™ 1015 oM 1016 :
Ohm-em? AT S 717 FHAE ol 32 3) Top Electrode
AL AZDF] Hddel= FHT indium thin oxide Depasition (110}
(ITO) A=E Al Hdel 53 stk 424 3
FE& 471 913 Scanning electron microscopy (Hitachi Fig. 1. 228 28 A==ty

S-4300SE, Japan)e AHEEIGla, FAHARE QA7bAY

Z ok Agol A Aol B2 AFE ZAYT) %

Jl

H| = electrometer (Keithley 6517A, USA) glr power supply
(DEI PVX-4110, USA)E A}-&-3F5 Tt
g F Y58 3 259 BmsF Y
o H&S dEhith XA RIRE 54
Toshiba DRX 353570 ] & AR&-3FS
AREZ 70kvp, 100mA, 30ms) -
oscilloscope (LeCroy62Xi, USA)E ]—%a%ﬂr/}. e
oje
H| %

Indivm Tin Oxide (ITO)
ix Dielectric Layer

AH AzE HEste] ALtE Aol Figl &
HAS =243} 3 Aotk 1015-1016 gzcmA

%71 FAAE 4 SHUS B FASA 4

Photoconductor

Al o] el = TTO A =S Sputteri ng method & Indium Tin Oxide (ITO)
|3le] ST Flg2e HAFTH oz Az ® AlH Slide Glass
o] B2 Lot}

Fig. 2. MIztEl AlHe| 24

13



= AtIEts] ==X Vol3, No2, 8@ 9%, 20094 68

1. SEM

JAksE A o8] Al wAE s 4718 A
=l gomRpeyEl A5 P
19 A sef 422 AR A @
Axhgol BAAEE WA
AT dg Aol B

screen printing M o= |2k AJH

Og;‘; ]IO

[e)

m
e, e L
[
i

o,
o fo
o &

B &
A
Lp
o

N

N>

ol
4

il

—LJ

ol A

W ZBuffer layer) S A3 FAAF] A7
NS Hell A7PASE ALY 7I(EG&G 558H)
%6‘}01 d &Il oy WAEE FAARE
st A ZA87] skl A QI7F F 1
](Ke1thley 6517) 2 o]gato] A3
Z AZE AHEe A]H e =A0)
2 A= Al Al A
A& ZA4371 S TA};ﬂx}aﬂu] (SEM)& o] &3}
A9 *JEH, ST dH 2 ﬂlﬂlﬂ i)
W3S #2519 ‘3} Fig3¥} Figd= 2+ AlH <]
AR SEM) AR ol Tk 71 Fdlel dFd
W3 o] 7]EH o) thete] 94 HHow FAS
Aste] Hzka Fxrb el E }\1—4_[

rlr
e

d

[e]

R
ria

o]

:l AE ot

10 O_I.: ﬂ—r JIN'
)v

% -‘IN’ F_\‘u
2

am

o ‘10
o
ko
EL
_E

(o3
M ooZ N g

Fig. 3. screen printing2 2 M =E SEMAIZI

14

= SEMARE

Fig. 4. screen printing2 2 | =

2. A71" A4

A" A A7 FEAAFE G4TEdA T
aF aaw AT Figs = A% A5 B4
Agelld SA4| FAAFT 23 golth SAE +4
A pvDHH o R Azt AE7d Hle) s
vro AR 7)E THET B PE W screen printing
WHo s Azt A valA FAAF 54l
s G HAS wo=tl e Figed x-Alo]
g AE719 W EE YEhidTh A8 A5t E L
]34 electron mobility lifetime< screen printing HhH o
2 AzxE HAE&717F pvDHH O R AxE HEV| BT
vban B3 HojFth Fig72 5% TR X-
A WS Sensitivity) B B3] SNRe] AlXE H ALt A
A s 9]d SNRS FAMIE ImR/cm20l A 5

&7 wlal Sk F2 A7} 200~300 4 % o] Ao,
2 @A g3 Hol 7P wol 2ol -Seﬂr BIETA
W ER =S vEbdth vIn o] v g2 thE vkl

oF 200umZ AHE FEA] dE9 ¢

HE9] Hla)

el Als ae]ar sNRel EH gdE o] Yehd
9ges o 4 9tk

rma= 2 T T




“Screen printing method2 | &t

—— 200um
100urm
— — 300um

Dark cuurent density (HA/CFHZ)
-

Voltage(V/um)

Fig.6 Dark current

—— 100um
200um
— — 300um

x-ray sensitivity (NC/mR-cm?)

Voltage (VAum)

Fig.7 Sensitivity

5000

—— 100urn
200urm
4000 - — — 300um

3000 -

£ 2000

1000

Woltage!Wium)

Fig.8 Signal To Noise Ratio

V. Z2 2

+ Hgl, (Mercury Todide) 7]8Fe] %
A" AR &) el 8 AvE 3t
so] o= uAd ey 7)uke] yx
I

HUE 22 A3 9 =23 EA

o)
r_\:_l‘

iR oflt

m1o

T T A

ol
_l

7FA1= Hgl, (Mercury Todide) 718F2] U)X WARA 7

ut

=719 el glojA #4241 Hgl, (Mercury

lodide) B2 & AZS FdsH= Aol o= wE o
% =

AL =l )58 A GAQ] PACS TSI A5l

= SFATE Hgl (Mercury
lodide)®] 7-9- B} =7 E250 B8 XA =7}
A7FAGANA g0l Bolg 54&
Ao A= screen printing%‘ﬂ% o]&
3to] oA A Hgl, (Mertcury lodide) 255 A|xsto] A
N4 AZEAE Aoz BT, B v
A5 O F screen printing WHS ©]-&3ko] A|Z=H Hgl
(Mercury Iodide) "E2] XA AEEALS vlwstHth
O]Eiﬁ 714 B3 24 5EAE 2] 918

g efe] oy el
i %EQ} Asd FeH 5 SASSTE Heb
(Mercury Todide)S= 2F 100~300um & F72 A3}
AL FRAFeRE oS AT oled At
2 H|Fo] & o Hgl, Mercury Todide) 7]1¥ke] TJAE
WAL HE71= Sl v dds 7] os
" } .

(1] B3, &47] : gAE XA detector AAIE Y3t v]AH=
A vk ERAAE O] 454 dishe]- 8841w 83 A,
Vol.20, No.1, pp.228-229, 1998

21 2733, WdE, T 5 HES52 ProbeEs ©]8-3F Digital
Image®] &, Wge]-84A] £8H314], Vol 1, pp.224-225,

1998

[3] M. Schieber, A. Zuck, Melekhov, et al : High flux X-ray
response of composite mercuric iodide detectors, Proc. of SPIE,
Vol.3768, pp.296-309, 1999

[4] Brian David Yanoff, Zhaoping Wu, Kun Tao, et al : Particle in
binder X-ray sensitive coating using polyimide binder, USA
patent, No.US 2007/0122543A1, 2007

[51 Chiwon Choi, Kyungjin Kim, Sangsik Kang, et al : The study

15



shmdrArdsts] =2% Vol3 No2, & H935, 20094 6¥

(6l

[71

16

of evaluating semiconductor performance of mercuric iodide film
fabricated with new particle in binder for large area X-ray
imaging, ICMAT Materials research society of singapore, ISBN
978-81-904438-0-7, 2007

Satoshi Tokuda, Hiroyuki Kishihara, Susumu Adachi, et al :
Preparation and characterization of polycrystalline CdZnTe films
for large area, high sensitivity X-ray detectors, Journal of
materals science, Vol.15, pp.1-8, 2004

Zentai G, Partain L, Pavyluchova R, et al : Mercuric iodide
medical imagers for low exposure radiography and fluoroscopy,
Proc. of SPIE, Vol.5368, pp.200-210, 2004






