) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 21 (2016) 219501

5=

IHDE A EFED

B X B2k iRE Rk &

% B i 5)

eI LR

1) (R E R B se P B 7L, 63 100049)
2) (hEEFE RS, b5 100049)
3) (RYIR el TAE S, SRR S RS (B R/ RAE) EALI =, WYl 518060)

(2016 £ 6 A 1 HUHI; 2016 £ 7 A 7 HW BB SR )

DR R S8 XS 2RO I A 2 R AR T, A SCHR AR RO ZOIR I 2 X G 2R, Big
AT BRI S 2 SR BN BAR (2, W27 1) EAR il B 1 3 BT RDEION E R TOL, AU R GiHe it
R R, B LTI L, RS BURANT, JvAMEIZ T R R Rk, TR N T %, B
R R R, AR IR, S T T B s [A) B 3 A 3o R BB I 0 AT R A, L5 SRR M SN AR, A
AT 8 PR BRI 28T 160, A% 33 R BUCR PR A ORI RE B vy, AT T DA% 38 PR ot 2 (RO AR Bl . 10 X
SYERAE, SEHL T A SRR, JFA ] SEARIAIE 1% iR I R

KR XAHEL, XIEME, BB EW
PACS: 95.85.Nv, 87.59.—€, 42.30.Wb

15 =

X A2 B R B LIORAE 25 A Uk AR AT 32 1
TN, AR AE A R M RL A U
R — PSR BRI AR AR U0 7E X2 iR
ARG, G A T BB A R E 1 5
W 161, FE R WG BL, A & Ry i e e R
&, BT XL, BER A A 2T BUk Ay
BR, — RSB 2 Gt b AT RT3 VA a8 S A
Jo e =00 X B R R AR ILTE AN T THT, —
JCUR BT AR T, BGOSR EL; 55—
S GURI 25 (AH T, XS 2 R SR TR SR Wk
SE. X R ARTT 70 N PAEOR, 35— AU T
WL 4 BB 5 12, %07 A AR AS R B D' 55
WRCSCAN (R B R AR et 135 58 — AR A AR, A
X5 I AR I AR AL AL B BB B 3 T 55
WS AR, WSO RR AR e LATE B 5 AT B2, R AR

DOI: 10.7498 /aps.65.219501

FRAE AR BRSSP AR A, Wik 3 T i o
FAAT R L0120 X R BB R A (1914 AL GRS 4
AT 77 49 i (L) R o) b b e R A 7= 291 B %6
KRB FAR, R B[RRI 4% (8] 47 7E 1 5,
SV A 73 [FYAH P X AR5 B2 5 1 T A [

AN YEVR I R TR AR — g 80 v e R
23 () AH 14 14 77 ¥, 48 2 SR D Al 0 s 5 1 [
FHAT AR, HOGIRAE S EARA 1050 pm, AL
T X S B BT 0.5—1 mm. {H/NVEBE K 5
— /NP E [ R DGUR IR R ORAK. X R
e R R o 4 R R R B R S X T, H
H T4 30 AR, 99% DAL 1) FEL T R B A0 4 Dy A
&, S TAER S AR IR AR s, O R A, T
WIRARER K, 5 WA 2 Be RSB SR REG IR
TR HLEE N 50—200 pA, T E X S L E
1—40 mA, J5 7E T RS A AR D, BIRA
RER, MTIGIEEAR /).

* PR H EGHIE (AES: Y4545320Y2). E K AR A3 4G (HHES: 11535015, 61571305, 61101175, 11375225) FlE K &

AR AR R (EHE S 2012CB825804) #t i R .

# LR —1EH.
T BfE/E#E. E-mail: jeguo@szu.edu.cn

1 @fE1E#. E-mail: zhuppQ@ihep.ac.cn
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

219501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.219501
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 21 (2016) 219501

DAL I, 56 T 3053 1) X AR 28 R, DU 1 7 []
DG & — X, H RS &A i RiX
— P JE B BT ARSI A AR B,
A X — 7 JE. A 7 — M ERTE IRy
1 cm x 0.1 mm ) X 5264, B HIHE AN 13 mA.
FE£0.1 mm 75 [ _EOGYR B R AF 828 (A AR 1 72
1 em J7 1A b, SGIEA R &S EAH T, BB K%
VIR I4ETT, B e AR, SRS 2 AN T5 A 1k
PR, ) FH I8 e 2 22 I IR 7 VE IR S A 415 . A
X T AR BEE H AL 50 pA, JERig 58 T 20—60
% AT B AR 0.5—1 mm B AR, R
PEFEZ] T 0.1 mm, 3 HFFAH MR = 5—10 f5.

2 s E

i X S P A ) X O o AT, SR
HR AT R AR AL B RO 4%, RO
5 PR AR AT P A IR 1, PT- ] 58 2
FIERE N 1 Frs, B ey Ay VR R
FES VR EE P R (P, P) A TF5RER
J(Py, Py), 4k MG AL B 5 (Q1, Qo) FIHAT
SRIZN J(Q1, Qo). MR LR EALHRELL,

J(Q1,Q2) = Ag////J(P1,P2

 SPURra = 1)) 46 g6 ()

rira
XA MK, koA E PO
I, 13358 E 500 1(Q).
K H van Cittert-Zernike X eI i %: JGIE
TEEW RGOS, K (1) RSB, AT
BRI RIER P

I(xay):IO(xvy)®Il(x7y)7 (2)

Hrp, 79 @ NZgEB, Io(x,y) NGRS AT
VIR AL B FLI B LR B, I (2, y) OGN B AR
RIUEYIAR UG .

MU N A BR A B AR R YRR T Io (2, y)
AI5N

HQ1, QM NES

Io(z,y) = d(z)rect(y/a), 3)

Horp, 6(-), rect(-) 4 54 Delta B 4 A4 5 4L
Ha R/ S BOZTT 1R B A TR AR 42K 419%
JEE (2) REE B8

G(u,v) = H(u,v)F(u,v), (4)

Hd Glu,v), H(u,v) & F(u,v) 5 5 N I(z,y),
Io(z,y), I1(w,y) B 4EfE B A4 (u,v) N
B M H (u,v) N PR EUR Lz, y) B2 A%
1 R

K1 A AL i

Fig. 1. The propagation of mutual intensity in free

space.
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Fig. 2. (color online) The values of spatial frequency response in frequency field (The spatial frequency of two axes (u,v)

change from —5 to 5 lp/mm): (a)—(c) The rotation angles are 0°, 10°, 20°, respectively; (d) the superposition of 19 images

with 0°-180° rotation angles, the value of color bar varies from —1-1.
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Fig. 3. (color online) The design of filament of X-ray

line focal spot: (a) The structure of filament for tra-
ditional X-ray tube; (b) the lateral view of common
filament; (c) the structure of filament for line focal
X-ray source; (d) the lateral view of filament of line

source.
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Fig. 4. (color online) Imaging system.
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0°, 45° and 90°; (d) the superposition of 17 images;

the diameter of the circle in image is 35 mm.
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Abstract

High spatial coherent and bright X-ray beam is necessary condition for acquiring high quality radiography image.
However, traditional X-ray tube can only provide high flux X-ray light or high spatial coherent light. In general, X-ray
photons are generated by using energetic electrons with several tens or even hundreds keV to hit a target. Unfortunately,
over 99% electron energy are converted into heat rather than the energy of X-ray photons. Thus, the heat dissipation
of the target restricts the emission power and radiation flux. Increasing the emission area of X-ray can relieve the heat
dissipation, but it would bring another serious problem—Ilow spatial coherence that is in inverse proportion to emission
area or focal spot. In order to solve the conflict between brightness and spatial coherence, an X-ray source with one-
dimensional coherence is proposed in this work. The new X-ray source has a special focal spot where one side is small
enough to ensure the spatial coherence and the perpendicular side is big enough to provide sufficient X-ray flux. In
the direction of long side, the long size of focal spot will result in losing the image details. Consequently, an algorithm
of superposition and rotation, in which many images with different rotation angles are added together, is proposed
to retrieve the lost information. On the other hand, the spatial transfer function of superposition is analyzed in the
frequency domain, and the result shows that the method of superposition can transfer more components of frequency
than single image. Based on a traditional X-ray tube, a line focal spot source is designed and fabricated. Two series
of experiments are performed for different destinations. After 17 images of a chip with different rotation angles and
the line focal spot are collected, those images are rotated in the reverse direction and added together. The image of
superposition clearly presents some details which are invisible in one of 17 images. At the same tube voltage and for
the same object, some comparative experiments with micro-focus source, line focal spot source and normal focal spot
source are presented. Compared with traditional X-ray tube, line focal spot source can provide high-resolution image.
In the aspect of image visibility, the new source has definite advantages compared with micro-focus source, despite no
improvement in imaging resolution. Finally, the reason for the difference in imaging resolution is discussed from the

aspects of spatial coherence and light flux.
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