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Fine Adjustable Non-glued Fiber Optic Taper Array
Coupled Digital X-ray Detector

ZHAO Zhi-gang, WANG Ru, LEI Yao-hu, GUO Jin-chuan, YANG Qin-lao, NIU Han-ben
(Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and
Guangdong Province, College of Optoelectronic Engineering ,

Shenzhen University, Shenzhen 518060, China)

Abstract: Fiber Optic Taper(FOT) array coupled digital X-ray detector is an efficient way for large-area
high-resolution X-ray imaging applications, but the coupling method between the small ends of FOT array
and the corresponding image sensors is commonly tightly glued coupling at present. To avoid the
disadvantages in the conventional glued coupling method, a fine adjustable non-glued 2 X 2 FOT array
coupled digital X-ray detector was designed and implemented. The proposed X-ray detector scheme can
realize multi-dimensional adjustment of the four data acquisition boards on the same adjusting layer
through the novel horizontal and vertical adjusting mechanisms, with the restriction of the limited
adjusting space formed by the structure of the FOT array and the sizes of the printed circuit boards, and
especially under the condition of the distance between the boards was only 40 mm in the vertical direction.
According to the fact that the four data acquisition boards and the data transmission board are separated,
an embedded Ethernet data acquisition system for multiple CMOS image sensors based on one ARM chip
and four FPGA chips was implemented. Tested results showed that the implemented X-ray detector with
the imaging area of as large as 100mm X 100mm, can realize fine adjustable non-glued coupling and data
acquisition of multiple CMOS image sensors, which could be a new way for multipurpose use in large-area
high-resolution digital X-ray imaging applications for scientific researches.

Key words: X-ray detector; Fiber optic taper array; Coupling; X-ray imaging; Adjusting mechanism;
Data acquisition;Data transimission

HETH . HEHKREEHES (Nos. 61227802, 11074172) [EH % & & L BF5E & JE i+ %] (No. 2012CB825804) | 1 [ 18+ J5 2% 3 4 (Nos.
2012M511835, 2013T60813) Fl L & &B i 45 24 4% 1 - 2 Bl s L TR 5L 42 (No. 20124408120001) ¥% )
FE—1EE RERIA977-) , T PRIE A+, RGOS AT X KR, Email: zhaozhigang127@163. com
BIRAESE 4365 (1940-) , B, BF 9 51, EZEWFSE O 1] R SR B B P2 I X LR ARAT B4R, Email: hbniu@szu. edu. cn
i EHE.2014-11-12; A HH.2015-01- 22
http . // www . photon . ac. cn

0504001-1



kT

E

OCIS Codes: 040. 74803 040.6070; 040.1880; 110. 74405 170. 7440

0 3|5

JEAHE BB HE A B0 XS RI #8 R FH 2 A 6
vt LA R BT 2Pk 82 98 15 10 D' 4 1 5 4 R # A oo 14
S X R B 5 CCD/CMOS B4 15 B fe s B
(CMOS 5 ) Z 8] 1 AR T 5 5 A A A 4 000 45 A1
Bt o S P 51 P00 25 1 A5 T AR A 3G, ) B g
P BR G HERE & AH L A% 50 B B fl & e A AOR & R
NG B R g AR T A P A R AR AR O T B A3 R A
FXHRAR M EERET . R LEA L E L
FIF J T G HE B B A A BT XS 2R 400 28 A OC 1
I8 U5 K BN K4 T fh R AT 5 R o PR R 2R AR S £
AN FH 45U

H BT SRR A BOGHE MR SR & 807 X LR
215 2% 3 SR FH O B0 45 R 46 R0 S LIRS 25 s 1) O 58K
PO HE /N S T 5 %R CCD/CMOS o B 8% T 38
BV ARSI PR SR R T
fif—A~ CCD/CMOS it K () 151 35 #18 1T 68 5 B0t 4 1 1)
MEEER —'BE. B E T Z SN — R
L, N 4% CCD/CMOS 6 B 22 ] B, A B e s — 8, —
FURE 25008 A J 1 28 3500 AR — S0ME #0008 Bl 16 T8 vk
R4l 52 B I 150 98 . A S P SR G R O
Gk EBNA Z —. 52 T2 KF BRI A 0 58
D NS I i I Y (2 T < e [ s B i 7 v e | B o Y
il BRI A AR O A R A A O TR A A
15 I 0 DA S L R R R A G
oK. DR, JR AT SO 0 SR R S5 A G R XS
A A A PSR X

ORI CCD/CMOS G5 F 19 19 A 541 75
Z30H] B AL TN SZ 98 A RS OR TR 26 HE R G e
0t AR AR 3 2 B ) BE B A PR LI B AR A AL
KT R 25 R A 1 AL 45 AL R R 4 R B R T R T Y
Pk k.

g i R R T AR A PR X B R A R R SR T
KA SCR B CMOS i B 8 Se B T — Fh &
Xof AR T FRURE TR AL B S5 R Ak XS 2 2 46 B 11 W] AR IR
R 4E 22X 2 SEHERE 5L G 507 X BRI 45 7 2. iE IR
FLIMEFIR Ak X 5 42 5% 40 b HLAT B s 19 93 B R (R
HOB ORI B 8 TG B 5 B A

1 RS BEEEIT

R E £ CMOS Jth F R85 R %5 Hb 55 %) B 6 #E /N i
T FEAT RS A B h T U B AH Bk S 0 L FPGA Sh % L
B B0 SR AR (T FR FPGA D) , U5 CMOS St 43991
PEARAE — P BB 0 — . — B DL ARM S B0 19 04
&ty v B B (T B ARM B F T 52 3 D e SR 48 B 14 %k

i Ko fiw A AL 5. 4% FPGA #e 5 ARM H2 [a] LA Z2 1 i %
W (FPO A% . X % 1T 7 58 0 % FPGA i 43 3|71 sl e
&1 CMOS J5 R 55 68 07 6 8 /N sty T 2 77 K5 2 8 7 A1)
WA BRI 2 X2 eI A BE X
S 2 B I 5 6 R A T 0 45 H s A L AR SO A R
182 i #1F Solidworks 58 B T T A HLAR & (1 & 1T

Pixelated X-ray scintillator

2x2 FOT array.

CMOS sensor

(four) FPGA board (four)

FPC (four)

ARM board”” Through hole (eight)

Bl 2X2h4MrBmetiy XALRMNENEN
TEHGEAD
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