wo 20237204653 A1 |0 0000 K000 Y O 0

12) 53 g 5&9?311 o3l A FAEL
(9) A A A 4 A4 7] é} 0 O 0 0 0 00 0 0O A0

2R AP
10y A F/NHE

@3) A FNL
20233 10 € 26 € (26.10.2023) wipO | PCT WO 2023/204653 Al

(51) FAEHE @) A= (=9 ZAUF Gl @ 7t BE Ee
GOIT1/24 (2006.01) GOIT 1/29 (2006.01) =) fEle] HEE 9519]): AR, AG, AL, AM, AO, AT,
Jp— AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
21) FAZYLHE: PCT/KR2023/005434 CL.CN. CO.CR. CU. CV. CZ DE. DI, DK. DM. DO, D7,
(22) FAIEYY: 2023 W 4 9 21 4 (21.04.2023) EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
N i HU, ID, IL, IN, 1IQ, IR, IS, IT, IM, JO, JP, KE, KG, KH,

=90 .
(25 =4dd: el KN, KP, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
26) ZAA: &h=0] MG, MK, MN, MU, MW, MX, MY, MZ, NA, NG, NI, NO,
011 NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(30) FHAY K. SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,

10-2022-0049263 2022 & 4 9 21 & (21.04.2022) KR TR.TT. TZ UA, UG, US, UZ VC. VN. WS. ZA. ZM. ZW.

(71) &921: m st 2H8Y H i (KOREA UNIVERSI- 84) AAZ (D59 TAI 9= o, sbser me 2R

TY RESEARCH AND BUSINESS FOUNDATION) =NE Ffﬁd: 52 9 O}S)LARIPO BW. OV GIL M
KR/KR]; 02841 A]-2EH A A] & olek2 145, Seoul e = : , , ,
1; =5HEA AdET kU E 145, Seou KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST, SZ, TZ,
- UG, ZM, ZW) fe}Al o} (AM, AZ, BY, KG, KZ, RU, TJ,
(72) EH A o|¥35 (LEE, Wonho); 02841 2584 T™), &% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
&7 ¢k E 145, Seoul (KR). 39 & (KIM, Young- ES, FL. FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
hak); 02841 4] 258 A] 4] ¥ ¢t 145, Seoul (KR). ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
ulx] 4= (PARK, Jisu); 02841 A5 A] A B okt & TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,

145, Seoul (KR). KM, ML, MR, NE, SN, TD, TG).

(74 e AL2d % (JUNG, Eun Youl et al);
06149 A &5HA| Zhd7 HE@ESH 21, 4023
(B AH S EAHTF D), Seoul (KR).

(54) Title: COLLIMATION-LESS DUAL MODE RADIATION IMAGER
(54) % 9] W v P4 ol F A A st 3]

(57) Abstract: The present invention relates to a radiation im-
agert, and the radiation imager according to an embodiment of the
present invention may reconfigure an image over a wide energy
area according to collimation-less imaging, Compton imaging, fu-
sion imaging in which the imaging modalities are fused on the ba-
sis of reaction signals for each radiation source position of a semi-
conductor detector, the reaction signals being acquired through a
negative electrode, a positive electrode, and four side electrodes,
which are arranged in a prescribed mosaic pattern, of the semicon-
ductor detector.

[£=1]

(57) 8. 9FA: & 2 AR Gadst Aol Bet slew
oy )%]_/\] loll wh WARA Qs Avle 2
ol dElow wjdd wEA HET 0 &5, FF 24
Nel dAFE T3l d5d Ade] A e HE7]9]
RbeABE ivton nj S 37, el 97|,
olES ST &% GVl whet § oA gl
ek Gds AT g v

300



WO 2023/204653 A | [0} 00000 00RO Y 00O

70

—  FAFRALE A &} A (FoF #2172 (3))

— ATEY BA 7)e wg Al Fojoln, HAAES
Aaahe A5 21l gato e FNF (12 48.2(h)



PCT/KR2023/005434

A 7H

S E

g3t A

WO 2023/204653

[2]

],

I~ o = I o — o
Mﬁnw@h%ﬁ%ﬂu&xﬂ AmﬂﬂezoE
X]ﬁﬂ;b&ymﬂﬂlPL U.Wdﬂ]ﬂl%ﬂ
S XMWY Sxrl PSSy
ﬂWoo_uEiﬁ@WW% _ZEMW_M_@”ﬂ
I SR T R e

M%Lﬁon_xmhxi_@ Vﬂowﬁ_ﬂndl
E__oﬂmuﬂﬂ‘l_ﬁw_totﬂ o) _._TU_LH_HWL
E—H Q#O ;f LTS O_E \El ‘m —_— o m_x Jl‘,w MUJI
o Lo P N N,_/Pﬂ],_ﬂﬂ
agiﬁﬂwﬁwbﬁ%&r & B o
M#ﬂ]ﬁlxwﬂuﬁﬂ e 0w
Jm%:.%gi%%uﬁ@_ﬂu mﬂﬂnﬁ;mﬂ
MEOREON m = = B W oF
Tegdeligrd wmi Dol
]Xﬂﬂm_l Jtuldﬂ‘l‘w HO‘H_OIEQD
REATEET XN Mﬁ%w]@.ﬁ
e N A
v#omo_nanu]%&ﬁmﬁ oW R
AU T R BB
comlxHE o RT Wy
= . T w B ool X R o =
Miiﬂ%gﬁ_s% B ok %
megno%m.%dr% m %ol BT e
i WL E g
Lmaﬁgnﬂo_ﬁ:aﬂﬂﬂ SN
e Jo O M 2 U ok 5 M_nan% el
Nﬂ&ﬂlmiﬁﬂﬂﬂﬂﬂ _Nroo_exﬁuﬁm
ﬁo;-oﬂﬂxﬂ&wg%ﬂﬂoﬂlﬁomwoxﬂdu
I e = o)
THEB kTR EFORET AT X
oo E X g Mo K
T T T TS OB R K N

3
1

]

=

(o]
[}

ol A AL
o] 7o A

H ARk, H 2ol =

1

ko)
-

s
= 300 keV W] whe] Zmhd o

947 ¥

L=<

or

2

Fhulekiz AbgHE el §4 0% A H o] Alokzo] A

713 A

g
A

A

[6]



—~
=

F=T(anode), T 47| BFE A Ax}o

o

PCT/KR2023/005434

Aol 2% Wk whel )

Aol Xy

YA
ar

YA

3} gnlol loj A, vhare] 7] HEs

[e]

]

(cathode), 7] HF= A A xF2] Elgho] oA

o] 7}kl XYz &
717} 471 XYZ #

}

d ohet.

T
T .

U4 el o

WO 2023/204653
| &8}

[8]

Bl

A]

A

e 9

2

==

A
L 154

b, 71 Al

[s)

g H.oF thH|

=

]

H
A

3 Al
Aol X5, Y

21e) 9

2

==

YA
ar

A
L 154

}71 A

71 XYZ &

2

~
B
H
i

E:

A

&

O
, 871

T .

o] 600 keV Z3< ol i=

=

o] 250 keV H| RF | ol =,
[e=]

=

ol
7] AR of el g A o

2

ka1,

=l

7] WAL o] ol | A o
9]

s

|



PCT/KR2023/005434

WO 2023/204653

7371

0] 250 ~ 600 keVY Wjof =

FH, &7 WAL of e 4 4] o

D

Z|dko

=
=

A W3 2 F =79 A

(center of gravity method)

=

0

7|

MLEM (maximum likelihood expectation maximization) 7| 2]

H .o
| = B

[17]

n, n+l (ne 1 9]

o
T

A7 A, NN

[18]

yell Al

A~
T

1 ol el 2l

T
T .

A Az HA G

alt—
1] T .

H AA wbg gk, C

g

=
=

o A HELA] AE 7]l A

1ol 2

o
T

of) A o] ¥l E (event) i' (i

B )
oo

AN

[19]

ol

o
o
T

mo

—_—

oby) | m, w47k 1 4

Hoj M =

A
A

i

ol ojv] =



th-d o]

ko3
T

&t

5

st

PCT/KR2023/005434
o

oA el d&e7t 7k
oF A @dm) G 7hs

o]
=

1

& o 4]

o &0t ol Ay

)

871 9l

113

7Aoo o o]

= E

KeN
=

T

o
)

1

3} 7ol o) wkel 727k 2 Aol A 7wt

g
# oL},

WO 2023/204653
S

[22]
[25]

3

1 HE71e] i s = oA

—_
fite]

=
=

mjof] off L %] of] uk

1

HAe gH

}

O
8

g 9

=

o A

g

Az o] .

Uep e,

=)

[30]
[35]
[36]
[37]
[38]



shpel 7

T
T .

PCT/KR2023/005434
o] gol

[e)

=

RS Rl EER S EE

)

shv]t}. o]

§l‘1j|‘, E]Eé—l_, "Xﬂ 1n, n;q‘lzn

[e]

N

]

bofof
7

T .

T

ks)

)
5]

1

5
T

[e)

-
1 Al

[

of £

3 A

)

1

ko)
-

=

L=

| &

WO 2023/204653
7

L\|/
oy B tpd g Zowl
o N <0 o )
™ me T E Mur(%ﬁ%ﬂ
o X Bq qm oo DR A Nl
TR N = SR g YR
z = w o N Y
%0 <0 %o T 4 <~ o T ol
ﬂO]H 1rO]1r1r4
) i o.ﬂmer HMHXQLQE;L
G <#E TUrwEgTg
T W TEEArAdT
~ o TTL TEERLER
v x 28w LEZasE®
Ho i %Mmﬂ dyuule,m_w_\mﬂ
W S wm I LA R
T o Tl A EXE S8
B o ék%ﬂudﬂ@DKﬂ
) Gell = M ol B - 9V x <
— = ~ O Y OEXJDJWJ_.‘._
oR ) = A HOE o N
o R SRR IR e
R PmRoe T og oKX
o N SHTHE R g 0™ g
i el T o W ° =
= W T By M2 M g T T
Bk o el %ol e 5
4 m SUERT Do, Z 0T
oM mpHITTRENL g LN
W om B PT L ha o EE X
m HE Elﬂ (n]X
i T o TR mX EE
ey e LR T
App® LTTEFIIW =R L
THe ¥ paUwy NS
To =0 ~ 7o oy = T X T W =
> 2z g
SO =

T
T .

ARA o]

ks

=-(100), A=

1

%

T .

Sl ARE-

=

=

SR

TE
A

T .

Rt
etk

1

M
3

T

331} 7

3HA] 2k1= 300 keV W] wHe] o YA &

=

=

5

§ Alokztol A

Abido] 7 2] )

] 2]4+-(300)

\z

! Q73 2] 5-(300)

=

37

=

A%(100), WA o A E(100)°) GAHE woll, &-H(13), FT(S)
O,

T
T .

af

L
t
Gl

M

=
847-(200),

A
g

<2 =

=

=

o
T
=

==

[43]
[46]



WO 2023/204653 PCT/KR2023/005434

[47]

[48]

[49]

[50]

[51]

[52]

tlo] HEE A AE7(10)E Jf} et Hk e
% = 7|71 24, A AR}

A A1 D=
g o] 7H4¢] XYZ
& upet uﬂﬂlﬂu} PEXﬂ A?4(11)4 iUdﬁﬂ A AA 7 A
A = ek AR o] ¥E A A=V](10) 2 JAREH, v A &A2K1D 2] W
Slholl A= HES A AxK(11)<} HP—O— sk FAE -3
A 2=AH11)%= CdTe, CdZnTe(CZT) 24 T3 & g%
5ol 5k gt 301 9}5 A& ol il HW*JPJH?_P%
T R

= ix}o] CHEEA
W

=]
A= ol FAX =], 1
st W3 NBE FY
=3

& (cathode, 13)& R A 2211 ] d kel A A1, F=(anode, 15) HHE
A 22H11D) 9] Efgtel] A H T AT (17)S HFE A AxH(11)9] S ol v x| ¥
=, Wk A 22H11)7F A}ﬂﬂ WFOE GAH BE, 47 o] SHlvtr) st

24 1(17)01 Add. = X E o] M & npFER = %Exﬂ Z2H11)9]
(X1 R X2)ell 24 o}UrW ol Xﬂ 1(17)01, Y S Aol mj x| 5] o] A & n}

Tit A 221D 2 YT R Y2)oll 5= ZH2) sk ‘?ixd%(mO] vl %]
L=
ol e gk S-=(13), F=(15) B L =F(17)& WA o] WhE A Axk(11) ol 4] §E
St o] -5 AN, S AV H AT E F5 ek o] g g vt A A E7](10)0]
w2 H | HRARA 9] Fx}ol] o] & whg Al &7} wA S hnit) -E of 1] X](threshold
714, AR

energy) ]9l ol YA & zt= FAE A5 (counting) & 5= AT &
e

AEH(100)3= EHA WA AE7)(10)5 E3H8lh=), o] 714 thare] HhA)
D'Eﬂ(lo)fXYZ-‘}_u—ﬁ]/] XY HH Aol 249 BAfo ]i JHEJOETEQ'Q
of Mg}, & 38 s, ¥ ol whe AE71(10)3= 21x21 B4
o] Aafoll & o] W Alol A shE S v d = = A& ¢ Uk oRk bk
Exﬂ A=7110)8] Mg gl e o] HE=A] & 33} o] HHOEﬂQo{o‘F ;}1:_ AL ol
a1, ok sf o 2 mjdE 4= glem, o]
A AE=71(10)e] Lol ofstd, & 74
AFSHA| WAL & W= SHE Al ] 9] o

= Eﬂ?ﬁMNﬂ%
A A&711009] 5ol gt
FATE 24 ZE o] HEE A A1) Wil

A whg ke W 914 ¥ e 3, o] o3 W 9 XS o) el
o

o & i 2



WO 2023/204653 PCT/KR2023/005434

[53]

[54]

[55]

[56]

[57]

[58]
[59]

[60]
[61]

10)] o) o) Wets] EE R e AE7](10)9] ¥ AR E
Hop AgstA Ao HAE oot o= vk

YA A E7](10)7F vl E = el ti sl A e, vREEA A= 71(10)=
N(N- 1 o2 2145 71 e] &3 MM 1 o]/e] A5 7 o] 48 & 7HA]+=
NxM & o] AxF el A, 7|& s o= wjd = 5 )

T3S FxE AYstd, 5x5 a8 E dee] Aol A, Al 634 2E A1, ~
(1,5)), A2 &2l A3 = A4L((2,3), (2,4), A3 2] A2 L AS5A(3.,2), (3,5)), A4
o] A2 H A5L((4,2), (4,5)), A5 B A3 L A4 D((5,3), (5.4)2] A=Al st
A B A AE710)7F D EH o] Al 7 - ol A= = vk BEgh 1Al

7l e & R 4 ieks we vdkehA i d e g2, Al 7] & sjE o]
G A H s AT 75 Ak R34 = 5k AE W AL VS HEE
9x9 Y E & etz -5 o AlstaL vk AV A, 4 70 9] Al V& S EA
FADO] EshA vl A EH A 10x10 FHE R g =, Hel g d W s A A St
o] 9x9 AH = FH4T 4= Ut

olef FUT WA o L 48} o] 7x7 P H FHuf o] A} el A2 7]E #E o]
HAE a1, 13x13 31 E A 2 A2 7] 5= dE o] FE ALY, 59 ol 11x11 &
d dH o] AxF ol A3 7] o] FAd¥ AL, 13x13 A Jef & A3 7|5 I
Hol FE A, 5 63 2ol 13x13 & %’EHA Az ol A4 71E HE o] 3
A a1, 25%25 Y E FEjE A4 7]E Aol Fgd 4 vk

ol &} grol, vkt XAl A H & vt A A=7]10)7F vl EE 5 AL,
HFE Al 71 R o] & 3 X & 6ol S E = AL ol

gHA, - g o AAfof o] whE WARA A= Y N(EA H A )& U
et o itk | 9l v o] WA A =71(10)7F g 9] BAel A siE e

5 s, A 4271108 2gshs el A, Tl
A AE71007 A E = vy Tvd AAE Hg e EA, 1A
A el Aol e s A AE7][(10)7F A E o widE 5 )

rUfU

F

n}L

A3 ZAH(200)3= AR o] A3 (100)0) YA wfol), Z2be] Wk A A5

71(10)9] &=(13), F=(15), DL A F(17H) S ZIHE vhe NS E A3} 8-
ANz = A7 A A Ed & vk AZF5A7F200)= tho] v A HE71(10) =
T b NS E SAs] el A, ko] v A A E71(10) 2442 &
A71A o' AAY = S5(13) 713, A4 =153 A7V o= AFE
=(15) 713, R Ao dA=017)3 AV om AAY = 1= V|3
‘F }%Iq'

o
il
_>|:
° o

G A 2 (300)= AN TS5 200)1 M HA G whE A S E 7]t
B olu A E A = 3 131 gF 471 2] 4-(300)+= BESA)| @%71(1@4
GgAE) Lol HE ks i)z TAE + o

[‘



PCT/KR2023/005434

[e;

Foll A -3 214+-(300)2]

ks)

WO 2023/204653
°|

[62]
[63]

_ZT,CE; —_— (e ol _ ﬂ MWL‘_LI
ww Laswa wodERMoT Lo
~ OL‘._ X ﬂ_.lﬂ‘x
mE T el g PEERNT L g Tl
R LA N ST HN o
< __ o oR T 2o & X AT =) BK
m-wc.ﬂwﬂm__uﬁﬂﬂu_uu?w/ﬂﬁeXWoﬂ\%mﬂp ﬂ%@..&ﬁ%ﬁ
< m ‘IUNOOfJ‘I‘H_AI\.w:i ﬁﬁ‘lM ],WEJ-. ~
Elﬂ — I i} =N Y = OZTI
14 o_ew_xﬂmﬂmﬂﬂmoﬁLxemo_/ﬂSﬂ_ ARV
lﬂﬂﬂmwuaﬂlﬂlnﬁﬂmwﬂoﬂ%c.ﬂ_MEOEA_HME ﬂ,mo#omﬂMH
—_— —~ 0 N
I ,@W:uwmwwﬁﬂ@%ggom.%%duﬂ mﬂmfmjﬂwr
YERZ ARSI L L0 2nY Lswal
]_ o = . 0 \|/1_l \‘_JII
GEds P EREREE e cdala L3 N7
AT g E g THFEHTEIF T T o I X
T TR ams XM MR YT T o= T g
—_— 9A_6Lm ,q_ —_ — ' o
%7ﬁmawoﬂoﬂma%ﬂ%oeﬂ%&%ﬂ ﬂﬂﬁuwrm_ﬂuﬂ_.
UM s e e B AT R 2408 e &
LT on®eale N L8 By THET
;O.N‘IJAJUVO]‘IN_IMVO]‘W‘IALL M\ O,ulro HOMWJ-O;O
mOJacﬂnﬂwLVéHLWmao»aT@7mﬂfr% ! %%m%
Woop o B E DN O el e g LRy
AQDOiﬁOqu Zﬂﬁﬁﬁo,ﬂ.lao‘l‘.ﬂm‘_._&o . "R :Aﬂmo,@lA
B W o™ P KT O By X T W
o g T Py onnpLom BgonT
ez 8opE8sfonuic Ny Rwgdd
JwﬂmquTGwo%mroau%i%ﬂ%ﬂ%%muo#{ﬂ oM=L B
T =T o R oy [ S OB E T E
- ° il —_— oF oy X o) ™ T/ el =T —
ConZawmENETg e e X Rw P NG
AR A Gl i R s s N ol R =
o~ ﬁﬂ <0 ﬂo & Moo _ EE ET o EE . . NI Mﬂ ll .
c ﬁoﬂl o o B H o M oW oo B OB e oo
T OOERK &8 MR MR oo &W b oo 1|3 BX o
- ' =) ~ oo
© ) ) )

g

=

==

=173 S-=(13) AFol)

&
LA

e, w=1(13) A 52k F=(15)

o
oﬂ }\1 ul /\g

FF(15)7 &H(13) 2P E
g

o]
=

T

v
T

°
9]

e 4] e

714
| ak

1
<)

ko)
-

T

=

=

A

1

=

#(200)°1 4]

o] A7]

q
(virtual Frisch-grid, 17) & ¢1-& A 2]

:Q__'—_]‘Xo

F

T

QLN

H
| 2] H](C/A ratio)

(13) A

Faz, 2l
) o]

o -1
=

1

oA

ks)

=

%}
e

|
2k
=

=
1o

o

%/&1
Al
t}h o 7| A, =153 DA = (17) Aol o

+l
&A1)

1

ko)
-

A=17H &=(13) Aol ol A

g
(15)

ks)



WO 2023/204653 PCT/KR2023/005434
ol thek uhg 91X AR EA FF15)7 S5 A& A7 uE B
AR 3 5 = 21 oFH AL, Drift time 58 o8 = A& 4= 9l

[70]

[71]
[72]

[73]

[74]
[75]

[76]

[77]
[78]

2 9hg 3Ake] g Y X A 179 A& AV E HEe
A AE71(10) WROIA AR o) Foll whE Ao fri A
Bl = S 90l A 1 93-S dA S E vbA g A ol & 9E

Ak2-o ol a] WA H AA= S5(13) 02 FH Hol x| a1 &

=(15)°N A = E 7] wi-ell, 7 A= v 542 Bl =079 49,
A 7F 7WH A G 7E RES A 2k 1Dk A =(17) ARol ol x| e A & <l
& A E A HE8al F(15) 2R o) Tl NE Tt FUbslt v AAashs dH
5 Bt o7 A, A& 7F 7k & positive step, A E7F A shE F7
< negative step®] 2FaL $HU}. o] 2] & negative step®l] 7| 541 HH (center of gravity
method)& #1-88HH, of gl [7814] 113 o] X5 & Y=ol thgh vk 91X & 4F
=% 7 AUt

[=514] 1]

- = ~yl
A +A, Y A,+A,

(A71A, Ay X183 QA =1(17)9] negative step 17|, At X2 Wk A=
(17)9] negative step =171, Ay, 5= Y1 W3 & =(17)2] negative step =171, A, Y2
£ P y g P y
WHeF o A =(17)9] negative step 7] ¢)

A AU DR 249 A ol 4y 91X o Aoz tE WwE
A2 WA A1) ol A ¥hg-sh= ], ol wl &=1(13), F=1(15) 2 4
A AAFUNE Bl A7 A ANTE SAHH L, A A7 A5 = Ak
o] Wk A2K(11) -0l A ¥h-§-3k uk-g- F A} (count)dl] Tf-SHD=E, o] 5 &
& Hb-g FApe] 9] HE} kSRS Ak

o 7] A, W5 335 71(10) W "E-3- 9 Aol wh

4
9

LAY Tl — = ’
_ . 1 s
g55ka, 4 ol A AT 5 9

N
)
e

HEE 7S 2 A g A7 A% sy
AEE o[l E(even)E o] 8380 F3k= Aot &, bk Hh-gat F4= kg
ol dojifi= Z4zhe] Wb 91X H o A HRE v|uko 2 AXY Fg A4 st
Ao AAE AT 7 vk AA Aol A= 2 Aol whaH aL, 3
| ol Eve} dh-g 91X D o YA o] 23 ol B AxE o] gk nE o}



10

PCT/KR2023/005434

WO 2023/204653

T
=
,AO
il
A~
=
o}
T
[
=i
gal .
Ny
) o
w {-
L
I
— X0
X =
=
= i
F X
N
~ 0O
™ %0
z 5
O
£3
=0
R
0 o#
M) wn
AR
Hl B
T n
o~
A~ =R

[79]

71(10)°l]

=
=

e

d

Z

ARDA

I e s

ESEARE IO

s

of dojttt. o714, A

wA

o

wK

747-(200)7F Ak Rh-

=
=

<

T

A5
(B

(300)7F 1
O

33 el

gatat,
9]

.EH
wK

=71(10) W] ¥E-& 9 A

oA
=

3ha1, 71

4 5}

oA
=

(IH=

A W3 2 F =79 A

=
=

1= =15 7= (13) 252 45-F

)

714

AA=L(17)e] 235 7]

(C/A ratio)

[80]

7] MLEM

s17] [47812] 2]el whe) <

5
T

A% 7] A,

ol w] A

(maximum likelihood expectation maximization) 7| HF<]

b
{

[83]

b
2

M

N
+5

@

0
Cij-
M

N

Y

n
k

b
i

e,

n+1

1

7

A

)

=1 9]

n, n+1 (n

o
T

(714, 0

[84]

&.o olo
T o)
i
R’
_z:l ~)
B
<X o
S Nr
Wﬁ T

“w
<
N =
~0 N
i
— T
W
=
-
< [
a2
T
O —
<=
~ X°
N BO
~E N_l
= A
b X
=)\
— Ot
W z
oA
~ K
Nro o

71 o] A o] ¥l E (event)

d] jof] A
1 o]/e] A=A

B oz
=

71(10)4]

=
=

i (i

e

W g4

hl

=
=

t O
L



PCT/KR2023/005434

11

WO 2023/204653

oH

il

=R

s
<0

X
_:l

1w}

—_—

=

=

oA
=

| " Aol A 2] noise”}
71(10)7F 2x2 4 e 2 )

==

A AE71(10)] T2
=

O A~
1 §k3

=
pis

!
g

=

n, n+1H A g5

[e]

T

] iol A

R
=

_(H
ol wet 1 7 deket ol g &

n n +l1
)"j ’}\'j

RN
=

Al

3

==

[85]
[86]

3x3x10x4

T
T .

A5 i

i

71(10)7}F 3x3x10 A & 1}

t L
T .

1T}, event i

o]

FAZE A AE71(10)9] FA4 ol

SR
Jo] 289 5

>

1

oh &t

o}
2,

[e]

71 ¢

list-mode "2

1

o e]-%-H, o=

1 event

T

[

[e]
23 o]

-

==

11 ¢

[s)

B!

sF7] 7} v

MLEM2] o] 4]
A, o1&

3607 7} At}

[87]
[90]
[91]



WO 2023/204653 PCT/KR2023/005434

[93]
[94]

[95]

[96]
[97]
[98]

[99]

2 2FQ15H7] 918l Geant4 Application for
ARAL B2 ALg R oM, By 21 o
23 o). 102 A ololl A8 W52 ol F A AL Ak} e B
heh = ARl 0 2wk A% 2 x2 MR E CZT A% % R A gt o
3 AHH] = VFG(virtual Frisch-grid) "848 o] 4-8-¥ 6 mm x 6 mm x 19 mm CZT 72
=71 407 g =l GEjolr, A& 7] Abol &3k 6 mmo

2 A&7 E3x3x 10282 Bz o] X Y, Z ek a3 ¥alse 747
2, 1.9 mmolth AU A=V Wde] A 2R E 1 mRHAFE 7
AAHJ o 15 FA 0w YA 181x360 A A= TA T 23S T4
G oA el 5 662 keVoll M 2%E WG o, F T WAL} 4
FE At A HA = v -S54 47 2 system matrix = al
oF A9 [F78F2] 210 A] C's B 71 ¥ system matrixi= A Y Ao W& A=V
S5 ofulshl, B ©A4S eAs17] A8 FE Pl dlolelrt A

=2
o
2
r o]
ot
ok
>
o
do
o ol
oX,

Emission Tomography(GATE) v7.

frrrﬂ
o =

(o]

o

>3

o
J
4

H A
QA2 A8 A gt eventE ;a—o}b XVJEA}OM, ZANZEL N R
AR AE7] FAHOCZHEH ImEAA 7] o] AY& XA FH oY, g5
H]O]H.g 7]13}9_;_ H] zLLN 74 EF,J o) 61— oﬂ/\Lg xﬂ?ﬂé}oi ] %% H]J—Jy_@j\q'
AR RAL YL Co(122 keV), *Ba(356 keV), V'Cs (662 keV)o| W, ZnlA 9
FH dh-go] FA S oA AZEH Ao 2 vl = 150 ~ 300 keV ] ZubA e =
72 S-S

H7F 1 A=7] 2o wE A

S109 MY A=V 728 9 Ak o=
Tz AN AARASEe] 11 A S b t}, 2 el @ ¥ 48 4] = IDEAS
Ale] SRE-3021 AR &, o] 20 mm x 20 mm x 15 mme] @4 CZT A =717} W
o] o, AR oA K352 662 keVol A theF2.1%0]t}. 8l F ]
= S5 ATE Al 11 x 112 A5t &= 725 AFgsto] VG W &
A3 aHE Yo, ol AL Ea X, Y FHEES 853 3= QIU} pixel pitchi=
2 1.72 mmeo| Y, & gh& &3t foﬁéoi%éiﬂﬂ} Z #3%+= oA VEG A
=719 Ao =3 =9 AT E VR S
& 15mm=E 243k 1 9o =& %%‘3

S 11 WA & 15 A olloll A theFs #1A|

A3 gk Aot @ CZT A&7+ il

&

;,_l:
}\‘]
=

o

ks 3% CZT A&=7] 9
1=

¥ o
& o

gl
=]
LU

‘

&o}nr

off 771 wioll, (180°, 0°), (270°, 0°)¢} 2 o] AZ7|Hel tlal 2 2= QJAL&}
=AY 98 o8 vpelk o, T1E Qe whako)] ufE HE7] S EAlol B
S| A= 27} uk Al aho] 450 Hhak o 2 QlAbebE N9l 1 BRI} u] S W



13
WO 2023/204653 PCT/KR2023/005434

AR sl M dd A= e gAY TR s AY ot ¢ ol
o A gk, kel whE S S0 ESHA o 1 A E HlaH 4 gret
A gpobst & otk A2 A 02, A&7 = Zvbal dApE el upE v A A<l

TZ25 7= 3lo] a8, 5l A -2 o]o] A gtattt.
[100]
[101] H7F2: ol YA Aw
[102] T 16 WA = 223= 213 4

[103] (1) G2 Hb-5-4=
[104] g slol ALg¥

T
o
RN
rir
I
N,
b
>,
o,

oF g

2} Aol A ol g %] 7} 57k gtol] whef x| 4=}
]*1 =250 keV7HA] Z7F8lE}7) 71 o] EHE]
[ &2 Qe ube T Aoz gon,

A}g37] el 7 gk,

)

b

23
(g
e

-
‘

2
o T,
Y

do

)
oo 12 [H
o 2
g

e (LRETD)

Me rlo g
; i

2

[105] 2) 45
[06] 7% ¥e oA 499 FFEo} 54912 A S ke 2| ol v,
2] full width at half maximum(FWHM) 2.2 3% 7]|3}al 1
2 @ A q A 7L F7hgtel) whef A gk o 2
= LR e o, A A 02 300 keV ©14 l?‘
A HERE Aol AR E g getl sheb e o vk A EE
7] A BHA] ot QA AT O] 3] 200 keV ] Ub]
N A thF ol A w - -3 52 BAoH, | A7} 5
3t 662 keVoll A &= oF7F 713l §3F A4S F At =
AR N £ Zo 7he he Holw, B o] thejel A theF 10~ 20°
4] ke epil,
[107] () A LEe] Azl waEAA
[08] A1 el Aee EEAARs AT AR Aol ek = ae) Aol B

==
olr
rlo
o2
0%

L
L

ot N

4 K
4R
L = M
)
b

eIV Ry )
[@))
o
o
<

S
i

Lo~
Q‘L
I
N
N

—Eﬁlﬂﬁ\i
N

2

1

N

d
O Bk S

Fﬁ

o
o

M r
=TT
Sk rft oo g

A Q5= o, 1 glo]l YrarE Frh A S QN Al =
Ao = A7t 54 ¥ FWHMETE 22 A 52 Aol ) v &2 o442 9
W27k Z: 7kl uhel 7HAa gl 0™ 300 keVR-E = 7 9] E3}1E o, o] = F4)
o] Aol FobA gho] vh slo] o Aol A= A -7 = #] & 3%7] wji-o]
o A e F7kelt 7356 ke VB A9 dA o, TGS A2
B E YA el A dA4 g ghs ettt ol = F AV o W3 A
o= Bl

[109] (d) figure-of-merit

[110]  figure-of-merit(FOM)< B8 3 215 Fal 58 TAlo 1= A H& a8

[e)
FWHM’C & Uie gho g JojHr) B Adoi= a8 -2 A3l



PCT/KR2023/005434

14

WO 2023/204653

.
o
o
2]

E7|Hdow A

$- w2 A 7238 250 keV

FOMo] u]

o171 662 ke Vol A

[s)

7}

[

=

[e)

T .

T

356 keV7}HA]

O
73$-(122 keVH} 662 keV)ell

1

T

[111]
[112]
[113]

T
T

EDEE

7} 3:

3

3

1 2 & o} 7))

[

S 7hx1 Aol €]

5

[

g (0,p)°l 1A
= 1l

°|

jm

gt} Aehghe 2
3}

cho
}\1 T/HE— 57C0, 133Ba, 137C89] 753,/]_0] q_

[¢]

T
T .
D
T

24

Fel
Fol 7}

=
-

A

[114]
[115]
[116]
[117]

Wi

o 744

14~
=

H

H]

=

-

A4 ol 4754

ool uf

[118]
[119]



PCT/KR2023/005434

15

3749

|

1

WO 2023/204653
)

Q_—rL

3|

8

e

}

A

ALz

YA
ar

ol XYz #

Aol 2274 9] Aol

Chsl

3

Aol Xy

YA
ar

AL w e, A7

o]
H

717} 271 XYZ #

EE RS- R

7] HkAL A o] A7) AEH

)

o] gfgto] o1 AR F=H(anode), D A7) WA A2A}e] S
[e]

A

Tk
-
ruze]
i:l
o
|
—_
fite]
o
i:l
i

RN
=

3

==

_]

A
o
oA
|

7]
=

o 914 4 u
T

r}

2

==

T .

Gl
T

F, &7

[s)

o] A7) BAlolA Hlel o7 153y
73 ek kel v ¥

g H.oF thH|

g

A
=

717} &
3 Al
o]

Aol XF, Y

Lol 91ofA,
Lol 91ofA,

1

[
1

[}

q.

q.

Q_—rL
Q_—rL

J
A7 XYZ F

S
3|

[e]

|
|

5+ 2
)3

q.

q.

Q_—rL
Q_—rL

3|

A

(e}
£

[
[



16

PCT/KR2023/005434

WO 2023/204653

30l SlofA,

&

Q_—rL

g

b

@ 4]

Q_—rL

[

A7) AR Q] e 1 A ) 9 o] 600 keV Z A o]

7130l <]

,

D

2F7] HEARAL 2] ol L A] T 9 0] 250 ~ 600 keV ! T ]

30l SlofA,

&

Q_—rL

g

b

g} 5]

Q_—rL

[

2

=

£ 7|Hke

AE w3 25 H7]9] A

i:l

&

Q_—rL

g

b

5} 6]

Q_—rL

[

(center of gravity method)

30l SlofA,

&

Q_—rL

g

b

7]

Q_—rL

[

s}
o]

371 [

MLEM (maximum likelihood expectation maximization) 7| ¥+2]

o 7] A,

< n,n+l (021 9]

n n +l1
NN

1 ol el 2l

T
T .

A AdE71e 541G

A

-
[e]

=44 2 A "k

7] A

T



17

PCT/KR2023/005434

WO 2023/204653

alt—
T .

=
=

& 1ol A5 EA

o) A o] ¥l E(event) i’ (i

jruzel

T= =
[}



1/18
WO 2023/204653 PCT/KR2023/005434

[5=1]

100

13 ]

104

17w

15

300

100

10




2/18

WO 2023/204653 PCT/KR2023/005434

12y | 13

(5.3) (5.4)

7x7 13x 13

1x11 21 x 21



3/18

WO 2023/204653

. 1

o ooy

AT (CTSNR—- ——

[

It
QS H ™, MMN;

PCT/KR2023/005434

\

/i P
/| /\
f B

- "Cathode signal |

Charge signal

[T | Z-coordinate
Anode Virtual Cathode
Frisch-grid

y



4/18

WO 2023/204653 PCT/KR2023/005434
[5=9]
Virtual
cathode Frisch-grid anode

Side pad

Virtual
Frisch-grid
4 Signal (inverted) . — Anode
‘ = Cathode
time = Side pad

\

o

Positive step Negative step
related to depth related to x and y

S TR AlAE

Smm Smm

Cathode board
Frame
Grid

Anode board
ASIC




5/18

PCT/KR2023/005434

WO 2023/204653

(smabap)ejayyl
0S€ 00€ 0SZ 00C OST 00T 0S5 O

179 paleny

(23469p) 1yd

o1

0z

0E

08
09
oL

(e04Bop)ejoy )
0SE 00OE 057 00Z OST 001 05 O

1790 9|buig

(90168p) 1yd

(.0 ‘,081)



6/18

PCT/KR2023/005434

WO 2023/204653

[5=12]

(svabap)ejoylL
0S€ 00€ 0SC 00Z 0ST 00T 05 O

08-

170 peheny

(eouboaplejayl
0S€ 00€ 0SC 00Z 0ST 00T 0§ 0

170 8|buis

(90465p) 1yd

AmO‘ “omNNv



7/18

PCT/KR2023/005434

WO 2023/204653

[5=13]

® O s N

01
(4"
14}

oT

(epubop)ejoyl .
0SE 00€ 0SZ 00Z OST 00T 0S O

1790 pakely

(33165p) 1yd

(sa4bap)eroy)l
0S€ 00€ 0SC 00C OST 00T 0S O

o1 09
0z or
R~
o€ 0c ~.
fo )
oy o 2
gl
09 ‘
09-
oL
08-

170 8|buig

(0 5022)



8/18

PCT/KR2023/005434

WO 2023/204653

[14]

(saibap)eiayl
0SE 00£ 0SC 00C 0ST 00T 05 O

08-

170 pakeny

(92162p) 1yd

(saibap)ersyL
0S€ 00€ 0SZ 00Z OST 00T 05 O

170 sjbuis

Aom,wq: mQONNv

(sa4Bap) yd



9/18

PCT/KR2023/005434

WO 2023/204653

[5=15]

(s0iBapieloyy
0S¢ 00g 05T 00C OST 00T 05 O

170 pakedy

(e0168p) 1yd

(sv4Bap)eyayL
0S€ 00€ 05T 00T 0ST 00T 05 0

170 slbuig

(224B3p) 1ud

AG@.W: hsow _\v



10/18

PCT/KR2023/005434

WO 2023/204653

[5=16]

(a5iBap) €30yl
0S€ 00E 082 00T 08T 00T 0% 'O

abeuw
uoisn4

(20165p) 1yd

(s81B0p) w30y )
0SE 00€ 05T .00Z 08T 00T 05 0

abeuwil
uojdwon

(e3160p) 1yd

(22169p) ey}
05€ 00% 05T 00T ‘0ST 00T 0§ O

abewil
ssajJojewijjoD

08
09

oNu.
0 p

>mx ¢cl



11/18

PCT/KR2023/005434

WO 2023/204653

[5=17]

0TX°

(93168p) B3oyL
0S¢ 00 052 00Z 05T 001 0S

abewi
uoisn4

(]

e o o Q Q
‘.DQ‘N‘ o~

(93169p) 1ud

; (984B3p) 3oyl
0S¢ 00% 0S¢ 00Z OST 00T 05 ©

abeuwi
uoydwo)

{824B3p) 1yd

(ovaBop) w38yl
0SE 00€ DSZ 002 OST 00T .05 O

abeuwl
$S9]101EWI||0D

Nd

4

(e04bop)

NS 0G1



12/18

PCT/KR2023/005434

WO 2023/204653

[5=18]

{peibap) Bloy]

B R DR U W W 8

abewil
uoisn4

{paiBap) moy L
o WL S s L w8

(sa.bap) BloYY
e g wE G oE M 5 D

o5
o

NS 00¢

® R ¥ 8 B

{paubep) g

-

8
{e8108p) mid

T
o
&
&
3
8

¥
g g8 R

§ § =

b

abeuwi mmmEM
uoydwon ssajlojewl||oD



13/18

PCT/KR2023/005434

WO 2023/204653

[5=19]

(o81H9p) €8y L
0SE 008 0SZ 00Z 0ST 00T 0S5 O

abeuwi
uoisn4

(931B5p) 1yd

W oW W st e N el

(99aBap) w3041
0SE DOE 0SZ 00Z OST 00T 05 0

abewi
uoydwo)

{a9iBap} elou)
0S€ 00 0SZ 00Z 0ST 00T 0S5 0

abeuwi
Sseji0)ewl||oD

(s0.b2p)

4d

A 062



14/18

PCT/KR2023/005434

WO 2023/204653

[5=20]

{ssubap) miayL
GE M 08T DR HE B 08 B

(esubep) BayL
[ ) W W B T mL W

{saubiep) epyL

eE. W W O ey

&

A8 00€

g @

B = =

"8 & “8

o [
g

ke

mmmﬁ_; | @mmEm | ebeuw
uoish4 uojdwon ‘ssajojewl|joD



15/18

PCT/KR2023/005434

WO 2023/204653

[5=21]

(onibap) ejoyy
0SE 'O0F' 052 00Z OST 00T 0§ ©

ebeuw
uoisn4

(90163p) 14yd

(a8iBap) e3ou]
0SE° 00 08T 00T OST 00T 0%

abewi
uoydwo?)

0

(ss1Bap) e1oy]
0SE O0F 08¢ -00C 0ST 00T 05 0

abewi
SS8|10)eWl||0)

(<]

N9 96€

(924B0p) 1yd



PCT/KR2023/005434

16/18

WO 2023/204653

[5=22]

(s8ibsp) w3041 (seabap) w0yl ;nmu‘.mwn& esyy,
0SE ‘00F. 052 00Z OST DOT 05 O 0S¢ 00F 0SZ 00Z OST Q0T 0§ O 0SE 00F 0SZ 00T OST 001 0S O o >®V~ N@@
i 08 08
o6 ¥ 09
oy 9 oy

<
ea1Bap) 1yd
L=
(sa1Bop) 1yd

g
{

abeuwi abeuw abeuwl
uoisn4 uoydwo) ssa|lojeuwll|joD



WO 2023/204653

...mm.‘c &mif)fiess
Camplon

T
‘Energy (keV)

(a)

bl
T

Cuolliiatordass
‘ Complan
| {m——Fusion

i
T

.

b
2%

=
e

2
e

&
B

Normalized standard deviation (Arb. Unit)

‘ 0
Energy (keV)

(¢)

17/18

log, (FWHM) (degree)

?Ggg{}{?igiﬁfeéﬁfmerﬁ} (Arb. Unit).

PCT/KR2023/005434
o ”m"cﬁ;mzwﬁ%
e Complon
2 u com
b w-mQﬂ«nM’jﬁ"‘ﬁﬂ’Q’;sﬂ«fﬂf
e -
i"",‘ ‘

£7-1 S p

14

L

t
Wi :

i 200 et A i s il

Energy (keV)
(b)
2 .
. ‘ -..‘.,..wrmmﬁm

) Complon

- i s
e

¢
CET

€S
w35 o o

:' ;M‘?\M‘N“

B -

e 20 % W - _ ]

Energy (keV)

(d)



18/18

WO 2023/204653 PCT/KR2023/005434

?3383
13?C$



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2023/005434

A. CLASSIFICATION OF SUBJECT MATTER
GO1T 1/24(2006.01)i; GO1T 1/29(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1T 1/24(2006.01); A61B 6/00(2006.01); GO1B 15/00(2006.01); GO1S 19/01(2010.01); GO1T 1/161(2006.01);
GO1T 1/17(2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: [PC as above
Japanese utility models and applications for utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: w3 =2 (collimation-less), o] 5 "4 (dual mode), Hk /\]-/}j(radiation), o3 73} )
(imager), 73 X = (compton), F+ = 4] 7 & 7](semiconductor detector), W+ = ] 2~ A}(semiconductor device), = (anode), & =
(cathode), A A= (virtnal Frisch-grid), P R-=a l"f—(signal measurement unit), o Ak =] €] l"f—(image processing unit)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2018-0256121 Al (PRISMATIC SENSORS AB) 13 September 2018 (2018-09-13)
Y See paragraphs [0064]-[0121] and figures 2 and 8. 1-2

US 2014-0231657 A1 (BOLOTNIKOV et al.) 21 August 2014 (2014-08-21)
Y See paragraphs [0057]-[0178] and figures 1A-2D. 1-2

KR 10-2123562 B1 (JEJU NATIONAL UNIVERSITY INDUSTRY-ACADEMIC COOPERATION
FOUNDATION) 16 June 2020 (2020-06-16)

A See paragraphs [0011]-[0015], claims 1 and 8-10 and figures 1-5. 1-7

JP 2005-208057 A (INSTITUTE OF PHYSICAL & CHEMICAL RESEARCH) 04 August 2005
(2005-08-04)
A See abstract, paragraphs [0016]-[0023] and figures 1 and 2. 1-7

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 August 2023 18 August 2023
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon Building 4, 189 Cheongsa-
ro, Seo-gu, Daejeon 35208

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

PCT/KR2023/005434
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2008-0042070 Al (LEVIN, Craig S.) 21 February 2008 (2008-02-21)
A See paragraphs [0046]-[0068], claims 1-17 and figures 1-6. 1-7

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2023/005434

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
us 2018-0256121 Al 13 September 2018 CN 110392847 A 29 October 2019
CN 110392847 B 12 May 2023
EP 3593171 Al 15 January 2020
IL 268906 A 31 October 2019
IL 268906 B 28 February 2021
Jp 2020-511644 A 16 April 2020
Jp 7237846 B2 13 March 2023
KR 10-2019-0125416 A 06 November 2019
KR 10-2544384  B1 15 June 2023
us 10575800 B2 03 March 2020
WO 2018-164621 Al 13 September 2018
us 2014-0231657 Al 21 August 2014 uUsS 9335423 B2 10 May 2016
WO 2013-006453 Al 10 January 2013
KR 10-2123562  B1 16 June 2020 KR 10-2020-0061885 A 03 June 2020
Jp 2005-208057 A 04 August 2005 EP 1548465 Al 29 June 2005
us 2005-0139775 Al 30 June 2005
uUs 2008-0042070 Al 21 February 2008 DE 112005002398  T5 16 August 2007
IL 182045 A 24 July 2007
Jp 2008-514965 A 08 May 2008
us 8063380 B2 22 November 2011
WO 2006-039494 A2 13 April 2006
WO 2006-039494 A3 30 November 2006

Form PCT/ISA/210 (patent family annex) (July 2022)




= A AR LA EETL
PCT/KR2023/005434

A, Edol S Ve EFEGASFHEFAPC)
GO1T 1/24(2006.01)i; GO1T 1/29(2006.01)i

B.  ZAHE £oF

e

A A AEAGH E e /1A
GO1T 1/24(2006.01); A61B 6/00(2006.01); GO1B 15/00(2006.01); GO1S 19/01(2010.01); GO1T 1/161(2006.01);
GO1T 1/17(2006.01)

AR T E B ok S e AR o9 B
G5 HdGcke il g g ) Sl ok B Ak HaEd el 7)A€ IPC
A2 HAEAMNTE 3 EF /WA SLPTH: AL FH A @l 7] A IPC

T A ZARe] o] &% HAF dlo]H Aol 2(H o] H Hlo] 29 WA A A Mol dal= A9y
eKOMPASS(53] % W5 ANA 28 & 79 = 8] H £2(collimation-less), ©] % W2 (dual mode), HH A} (radiation),

o Abg} Zo ¢ mager) 71 3 E (compton), FHE A 74 3*7]( emiconductor detector), BV =2 2~ 2} (semiconductor device), ¥="
(anode), & =r(cathode), A A = (virtual Frisch- grid), Al 135 23 F(si gnal measurement unit), o A} =] 2] B (image processing unit)

C. #Ad £3

Zhel| 2z 2] |9 9 B pAEEE e A9 71A o A

US 2018-0256121 Al (PRISMATIC SENSORS AB) 2018.09.13

Y w2 [0064]-[0121] 2 = 2, 8 1-2

A 3-7
US 2014-0231657 A1 (BOLOTNIKOV 3) 2014.08.21

Y w2 [0057]-[0178] 2 = 1A-2D 1-2
KR 10-2123562 B1 (& F0f Qi’_ ~HehgE e 2020.06.16

A ©El [0011]-[0015], 73 1,8-10 & =¥ 1-5 1-7
JP 2005-208057 A (INSTITUTE OF PHYSICAL & CHEMICAL RESEARCH) 2005.08.04

A L9k, ©E[0016]-[0023] B =9 1,2 1-7
US 2008-0042070 Al (LEVIN, CRAIG S.) 2008.02.21

A e} [0046]-[0068], 478 1-17 H =¥ 1-6 1-7

(57t 4ol ciAzel 71 A=} gt e Es|o] Phat MAE B4 S

#ol gy Fale] 5

A S1a] gedo] A7) %FES A T FARUY B SN Fof] FAH BP0, HA7} 43
o el %) gfom] o) 7127k 5t Pt o 28 o] s3] 9l4l 2l

D7 B = el iRl

B SAEddu e 5 S AT I AT o e pelo] Qv T Y FH shbnos P wye)
o] o] THE AE Y Ei= 53 %5& AR e R H A o] 9y A 0w B},

L7 9 MP Fel] o B8 A7) Eh By mi T E Qg R F o e o I
A L ThE B e ol f(ol 52 BA)E Hel 7] Astol o SHRRAN AT T AP Aol s old e e TR
e Z3ahs AR 1 2 gte] BIRel Al A e A A

T Mo R HAo] gt Aoz B
07 T AL AR, A B e Seg AFelE gl B GE A A A £
P A o) Fol FAHYO ZAZAY oA AR HR & TALASEATA Sk
A zALe] A SR A AR LA Wk
2023308218 (18.08.2023) 2023308218 (18.08.2023)
ISA/KR®] 7 2 -2 AL
ez E5A
(35208) N AF G A AT FALZ 189, 4% (£4H%F, A Fd 13
AAAD
N2 W 5. +82-42-481-8578 7319 5. +82-42-481-3953

XA PCT/ISA/210 (- A 27y (202213 78)



A Z AR I A TAEUH D
NSE3 o B AR

PCT/KR2023/005434
jﬁglﬂ%%“] A 27)9) e Es 2 27)9)

US 2018-0256121 A1l 2018/09/13 CN 110392847 A 2019/10/29
CN 110392847 B 2023/05/12

EP 3593171 Al 2020/01/15

IL 268906 A 2019/10/31

IL 268906 B 2021/02/28

JP 2020-511644 A 2020/04/16

JP 7237846 B2 2023/03/13

KR 10-2019-0125416 A 2019/11/06

KR 10-2544384 B1 2023/06/15

US 10575800 B2 2020/03/03

WO 2018-164621 Al 2018/09/13

US 2014-0231657 Al 2014/08/21 US 9335423 B2 2016/05/10
WO 2013-006453 Al 2013/01/10

KR 10-2123562 B1 2020/06/16 KR 10-2020-0061885 A 2020/06/03
JP  2005-208057 A 2005/08/04 EP 1548465 Al 2005/06/29
US 2005-0139775 Al 2005/06/30

US 2008-0042070 A1l 2008/02/21 DE 112005002398 TS5 2007/08/16
IL 182045 A 2007/07/24

JP 2008-514965 A 2008/05/08

US 8063380 B2 2011/11/22

WO 2006-039494 A2 2006/04/13

WO 2006-039494 A3 2006/11/30

A2 PCT/ISA210 (H]-8-5-3] F=7F8-#]) (2022 79)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

