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Fig.1 Illustration of the Lau condition of the dual phase grating interferometer

2
a,b, eXp(jTtp712>€Xp[j7c Zj( " m) }X

M, \ M, p, g

exp jzn(I.—O—ZZJF%x & exp JZT((I-I- < x )m
M, ’ 2 ! M1P1 M, . 2Tz ’ 22

A, A AR AL BB, AR5 B XSGR AT LA o a6, p o p o 58 0 ARG G G, i 1 L R HOR

}%ﬁ)ﬂo 21\22%1]23%%']%7 Go@] Gl\GéU Gz*u G3§Ubk’f%qz‘ﬁﬂ’:]ﬂﬁ% ,Isﬁbk1%¥ELE@§éTi<o P\Ml ?FHMZJI_\"J
B

Ulr,)= A, :z

(1)

_ 22A
? M, pi 2
Ml:zl+z2 (3)
R4
M_zl+22+23 (1)
L Zl+22
M (DT EH, S EBEsh o BE G, MG 12" %sh T 7tz xo, oM G AR "R 8 T

21
<3

T 53 BT BUAR AL A 5 4SO A 2% SR I S AL, 25 R IR W i K ) 2R 0% sl ek, B0 DOf: [ A A

KA o X, [RIRE 23 W DA B0 E AT 25 18, B X o AH L A T 98 AR X e/ 2 AL Gl T84

1) X LG 1K

— T 75, RO I X A2 A T P SO AR AL e IE B — 2R B LA T A SR IR R R . 1%
FEAOCIRA W& 2 SEET MREA N

32 271: 2'7_’_2'; —2 27'( <3 2
I, =——cos s F———a +—x,+
11 o COS|:M2(IA < -TLJ)Mlpl MZ(-T& otz IO)P2:| (5)

ALt Ja 13

am ‘ Plzrx_(zz+Z:;)P2 10)} (6)

32 2n [ 2 2
I, ,=— cos () Xyt
e M\ p. M, p, (ZlJFZz)Pl*Zle

N T AE RO GBS 2 80 (2 (6) ) AL b Gl B BN 4% SCRE 6 FH 500 58 , 2 — 8 9 AR A2 22 9 2
4 B KA, B

P12 — (22 + 23) )28
(21+22)P1*21P2
K, po s S BRI B A BRI R AR (7)) A AT R A

To==p3 (7)

0105001-2



WA 55 R 95 A5 R SR BBOSUR A2 6 T 53 52 e

1 Lpip:
Iozzzg(zz#*zg)pZA*plzg (8)
Aorp o BERTHCE A, AT B (E, L LR SCR G Rl DAFE G R oA o 2R (8) BV A A AS [l A7 B 1 a5
U5 B BUAR Y 4% SCRE S T AR N8 Y 25, IGEE oo o B DRG0 JRLI poo BRLIE , XU A OS2 B T 5 A 8 55 2644
_ 1 Lpip:
po*E(zszZS)Pz*Plzs
K ()R EMPEC d SCER 22 ] b Y S50 BT S0 E o 5 BE0R A 1Y 2 78 2 G IR B AR AL HE T #54X
AR R B BT B AT 8 e 28 () e T g e 3K (12) g o BRI RS C7) R AT, SSUARR A2 D' A 5 450 %) 5 6
0155 AR S S0P 0 B AR o A 22 680 BB B 00 o A 57 ST 5 A3 Y 15 2% 0 JE I BE AT g R A A2
M I B — AT S B T A s o n] B Hh A L 6 A 4 2 R IE S — SATT SR B T A 80T Tk
SEVT S AR B ML T TR 2 0 BEBH R AR SRR G S AR R AR SR —
JE MO I B R PTAE . (RS2 g 2 SRR 3R W SR SR I AE £ Ot IR B R OR — g A . — 2Rl
{51 J2 , % T e AR AZEHE Talbot-Lau ¥4, 7350840 B A 1) BUAR 2% S0 178 5660 BRI 0 22 60 50 BRI I
FATE Y o HARAR S R AE T, 52 G0 9 AR 4% SR AN S i J] 30T 05 R 1 5 2% S0 | T 2 4 s e K1 1 3
S BT GE o 8B KL G T 95 4300 A2 % L B A R AF 4% 10 B R 7 S A 10 B R T £ — AT S B
TV 4% SCHR MR 7 AN W AE AL G I 57— G AT ST B T 5 45 SO IR K, I IS B 2% S50 9Tl A AL O B —
AT I L 05 Ze SO DR E o 25 0L e AR G M 35 ASCAS 16 A2 XoF b B A R A% 1 I, 2% 80 i 40 ) = 52 ¢ A
AL G A 2 G RN T B — ZATT 5 B T 95 2R SO DR GE
2) X xe/ 2 AL AT A
XF TR/ 2 AL G T BB A, I W 5 R 18 T 95 A SUR R RANE T — AT 55T B, BP
II’O’IfZCO{Mj\ZPI (13+ z):zs Io) ]\4227;72 (Jrng zljjzz xo)Jr 4 (10)

A, g AU, AR IE AOR R 0 55 25 R a8 . BT X (10) )5 Wl 15

ILO‘]_ZZCO{ZR( 1 1 )(I +plzr(z2+zs)pz 1"0)+¢:| an
T

(9)

M, Mlplig ! <21+Zz>P1_21P2
FRASSUE W s AT J5 0T A5 0L 7/ 2 A M T 5 A3 95 45
L Lpipe
po (22+zs>Pz_P1zs (12)

st (6) R (1) T AT . 2 By g e 22— (2 b 20) e
(Zl +22)P1 — 21 D)2

NIEAH, 4 4 8088 B i 2 SR, REWR A 2R S0 RS B 05 1l SO IR A2 S U7 1 A R, W 2(a) o fE ELULEN B

roBEATREEIE(H , Wl RERAE . iz,

Ll — Point source at G, ' L baint source at G, '
10 —— Point source at G,,x,=5um —— Point source at G, , x,=10 um
N X169 3 10
S Y1 s
E 0.9 E, 09
8 0 g
E E08
o o
£ 07 =
3 g 07
~ 0.6 =7
0.6
0.5
-100  -50 0 50 100 -100 =50 0 50 100
x,/um x,/um
(a) The shifting direction of the fringe is the (b) The shifting direction of the fringe is
same as that of the point source opposite to that of the point source

W2 mRAEXHE LS GG a8 Gab ok 8y 17 142X

Fig. 2 The simulation fringe formed by the point source G, on the optics axis and the point source Gy off the optics axis

0105001-3



T o AR

hOCTR AR Bh B R G R R s A R AR L HE 2(a) TR R S E M L KRR E S
Talbot-Lau T #AX G AR TR, B A2 0 sh e 24 a2 SR &5 1 . 17 24 4 808 ol i 2 IE A, ) 28 Wk 35 25 S0y %
7 5 TRA RS 5 A, G0 & 2(b) frs , L5 Talbot-Lau T ¥ AIETE AR . BLARDT B S 80 %
PRSI A RSB s ik 1.

£1 WHAMKMFSNOHESH

Table 1 The simulation parameters of the dual phase grating interferometer

p/pm p,/pm 2;/cm z,/cm zs/cm Voltage/kVp  xo/pm  Fringe shift/pm
Parameters in Fig. 2(a) 2 2.1 14.91 2.22 52.92 40 5 —16.9
Parameters in Fig. 2(b) 2.1 2 38.32 2.01 151.21 40 10 13.8
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Sensitivity Calculation for the Dual Phase Grating Interferometer by
Lau Condition

YANG Jun, HUANG Jianheng, SHAN Yuzheng, LEI Yaohu, ZONG Fangke, GUO Jinchuan
(Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and Guangdong Province, College
of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: In the past few decades, there are five major methods that can successfully perform X-ray phase—
contrast imaging, namely two—beam interferometer, crystal diffraction enhancement imaging, propagation—
based imaging, grating—based X-ray interferometer and the coded aperture X-ray phase contrast imaging.
Among the above five methods mentioned above, grating—based X-ray interferometer has drawn a lot of
attention and made much progress due to its compatibility with X-ray source with large spot size and good
image quality. In a grating-based X-ray interferometer, absorption, phase-contrast and dark—field signals
can be simultaneously obtained from the same data. Generally speaking, the phase—contrast signal is
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created by the X-ray refraction after passing through the object, which is more advantageous than the
absorption signal for soft materials. Moreover, the dark—field signal, which is regarded as small-angle—
scattering information, is sensitive to the density fluctuations onmicrometre length scales. However,
grating—based X-ray interferometer is limited by the small size of the absorption grating in clinic
applications. It is a great challenge to fabricate the absorption grating over large area and high aspect ratio.
To a certain extent, X-ray interferometer based on inverse geometry grating can remove the limitation of
absorption grating on the field of view. It interchanges the position of the X-ray source and the detector and
doesn't need any analyzer grating. But its high system magnification can also reduce the field of view.
Therefore, a dual phase grating interferometer is proposed to address the above difficulties. It consists of
two phase gratings and can generate fringes with periods of tens to hundreds of microns. Due to the lack of
absorption grating, the dual phase grating interferometer can realize X-ray phase—contrast and dark—field
imaging with large field of view and high dose utilization. In the dual phase grating interferometer, the Lau
condition affects the fringe visibility, which in turn affects the signal-to—noise ratio of the system. For the
Lau condition of the dual phase grating interferometer, some researchers made use of the intuitive
geometric relationship to calculate the transverse fringe shifts caused by the transverse shifts of the X-ray
source on two phase gratings respectively, and then subtracted the two fringe shifts from each other to
obtain the Lau condition. They thought that for the dual =—phase grating interferometer, the source grating
period under the polychromatic illumination was twice as long as that under the monochromatic
illumination. However, their theory could not explain the following questions. For the Talbot-Lau
interferometer, the period of source grating is the same whether it is illuminated by the monochromatic X-
rays or polychromatic X-rays. For the sensitivity of the dual phase grating interferometer, most researchers
directly derived it from the sensitivity model of the Talbot-Lau interferometer. The sensitivity of the dual
phase grating interferometer is valid when the system is arranged as two cascaded Talbot-Lau
interferometers. However, there are still some problems to be addressed in the sensitivity of the dual phase
grating interferometer, such as unreasonable physical models and incomplete theoretical results, which
restrict the improvement of system sensitivity. Therefore, a new sensitivity model for the dual phase
grating interferometer is proposed here: the transverse fringe shift produced by the object is equal to that
produced by the position change of the X-ray source. The new sensitivity model converts the X-ray
refraction by an object into the position change of the X-ray source. In addition, another key step in
calculating the sensitivity of the interferometer is to use the Lau condition to connect the position change of
the X-ray source with the transverse shift of the fringe. Using the new sensitivity model above, the
sensitivity of the dual phase grating interferometer and Talbot-Lau interferometer are successfully
obtained, which provides theoretical support for the optimization of the dual phase grating interferometer.
Key words: X-ray phase—contrast imaging; Talbot-Lau interferometer; Dual phase grating
interferometer; Sensitivity; Lau condition
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