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ABSTRACT

In this paper. a new recording method named X-ray image holography is proposed. and The new idea employs two micro
zone plates. one for wmaging. the other for producing the reterence. Main advantage over the traditional X-ray n-ime¢ and
tensless Fouriertransform holography s that the requirement of the spatial for X-ray beam 1s reduced. Conseguently. the method
for selecting the experimental parameters is given.

Kevwerds: X-ray, image holography.
L. INTRODUCTION

X-ray holography can offer the possibility of three dimensional micromolecular structure in hve cells in biology and provide
resolving power reaching wavelength range. Moreover. this capability should be applicable to cells and subceliular swuctures in
something closely related to thetr natural state: that 1s without dehvdration. sectioning or staining. Although there are hgher
resolving power than soft X-ray due to short wavelength in electron microscope and elecon holography. they require thin
sectioning and fixation of the specimen, This can result in partial structural disassembiyv and prectudes the investigation of
structural changes resuiting from genetic or environmental manipulation. Therefore, soft X-rav holographic method has specially
advantageous for brological samples 1f X-ray in the waveiength region berween the carbon and oxygen K edges are used.

X-ray holographic microscopy was tirst suggested in 1#32 by Baez. Until 1974, Gabor holegrams of chemical fibers and red
blood cells were recorded by Aoki and Kikuta et ai ! using both microfocus x-rav tubes and svnehrotron radiation sources at
Jum resolution. Inrecent years. X-ray holography has received much renewed attention due 10 recent advances in X-ray lasers.
synchrotron radianon sources and optics. In 1986, an X-ray hologram was taken by Trebes et al”’ by means of an X-ray laser

and a Gabor m-line tvpe at 5-10 um resolution. The holograms were recorded on phetoresist using 25.7 4 saft X-ray from an
undulator at the National Syvnchrotron Light Source at Brookhaven National Laboratory at 560 A resolution in 1990.") The
fenless Fourer transtorm holograms were recorded by 1. \’\’lcNu%t}.‘M In 1992, a digital twin imaging ehmmation method in soft
X-ray m-line holography was developed by Joviux et al at Orsay. France and resolution as high as #0nm has been achieved"

However. up to now. two main approaches have been used to record X-ray holograms. 1.e. Gabor and lensless Fourter
transtorm holograms. In this paper. a new recorded method named x-ray immage holography is proposed. The method emplovs
A0 micro-zone-plates. one for imaging. the other for producing the reference. X-rav image holographyv has main advantage over
the madiional X-ray m-hne holography and lensless Fourer transform holography. se. the requirement of the spanal and
temporal coherence for the X-ray beam s reduced.

As we know. the mam hmitng factor for realizing holography with hugh resolution s represented by the lumited spanal
coherence ot svnchrotron radiation sources. In opuical and electron holography . the problems of the tinite sources dimension has
already been solved by using the image holography method. That 15, making the object on image in the recording plane of the
hologram.

The main propose of this paper is to fill this gap and give the method for selecting experimental parameters

2. THE PARAMETER-SELECTION METHOD IN X-RAY IMAGE HOLOGRAPHY

Suppose the X-ray image hologram can be recorded 1n digital form by CCD camera. The resolution hmit of CCD s about Spm
Let the mimmum spacing o 15 bum. thus the included angle & between the reference beam and the imagmg beam 1
#=1/d {hH

image separanon requires
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where ¢ is the angular radius of the imaging fight cone. Suppose 5 s the imaging distance, #; 1s the radius of the zone plate, we
have
po=sa 254 3d (3
Therefore. the radius 8° of an 1mage spot {pixel) must satisfv
S =06lAs" 7 p, 20614 (4 3dr=183d 14
Suppose
& =2d=12um (5)

The radius O of an object spot (resolution element) 1s 66nm. so the magnification m of the zone plate 13

m=d . =200 (6)
Suppose the imaging distance s~ 1s 200mm. thus the object distance 515 Imm. And if the wavelength % is 3.3nm. the radius p, of
the zone plate 15 l
o= 06145 &8 =33350 10m), ™ |
the tocal length fof the zone plate is |
F=(idisi=(175 ] =0995(mmy, (8)
the first zone radius p, 1§
P, =\ A =181 umy ©
and the total number £ of zones is
k=tp ip, 7 =344 (10)

The focus-to-focus spacing ¢ between the two zone plates 1s
r=Ast- iAo d = 10950 um) (1)
Now we discuss the requirement of the spattal coherence for the X-rav beam. Suppose the radius r. of the X-ray source is
2um According 10 van Ciert-Zernik theorem’™ the degree of spattal coherence will be cqual to or brgger than 0.88. it the
distance =, sausties
= opal FO16] = 314 8tmm) (12)
[hus the cemer-to-center spacing 7. between the two diffraction disks of the nvo zane plates on the hologram. can be given by
T=1lz,+58) (z.~ 1I=162( umj {13)
The rudis B of the diffraction disk on the bolparam s
Ri=061s"- iz O =06677rmm) ()
afnd the supenimposed width 1ol the two diffraction disks 1s

W= 2R -7 =13 2immi {151

Seowowe diseuss the regquirement of the temporal coberence for the Merav beamy The path of a reference ray from the X-ras
source e the holoyram i
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LARGI=z =[5 18- f]fts~f /= R~ T -2RTcosé i

iz -5 s SR T - 2RTcospis’ s’ -

6.
and the path of object ravs passing through a zone with the radms o 15
LiRoprsize-sa=[ix~s") st s~R ) ~p B-p 2
S{zp-9~svs o tdi=1 o mipT 35~ p A2 O
Because the relationship berween the spattal frequency v of ebiect rays and the radius p of 2 zone 15
VR pLSA S
I'neretore. the path difference between the reference rav and the object rays with 0.6y resolution 1y
ALIR D v i= L AR @I-L iR @ V)
=R+ T -2RTcosd)s’ s' < f ry-tl=1 - myR 25'-twiy  2f 19
The cut-off spanal frequency v, of the tmaging zone plate 1
Voo SAEU6] S= g rm S =
: o {20)
and the path difterence between the reference ray and the ravs with 80nm resolution from an object spot is
ALIR @y )t R =T -2RTcos@ss’. 2 - 1
1 AR R T
SOl B RE DN ik Y0 2 o)

So the path difference berween the reference ray and the raxs with 60nm resofution from the object spot on the axss of the
imaying zone plate 1

AL v = T58 28 4 7 -tv sA 7 20=049 um)

(3
It the object spot 15 at tr.o=[3tmm).0] or 1r.d1 [Sumn] the mage spot will be at (R4 100um 0} or (R.d3={100um.x)
respectinvely  as shown m bre2 So the path difference. between the reference ray and the ravs with 60nm rescinnuion trom the
nbrect spot at{r.ds=[Mmmno}. s
AL{YOOOemn) 0y J= o = 77 -2RT cosgys’ 7218 - 1
(233
bt o R8N e sl TP 2 e R

And the path difterence. berween the reterence rias and the ravs with olinm resolution from the object spot at (e[ 3um,x). 15

ALAIOOO gy v =0 30 umy 124)

Accarding 10 the abose caleulation the Neray image hologram with 80nm resolution can be recorded by a UCT) camera at
swncrrotron rely on the rechnology of the zoue plate and aperture at present in addition. the device ot taking the X-ray nnage
holoaran: can dlso be used as an X-ray mterferometer. wi call it douhie-zone-plate N oray nterferometer
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Fig.l Schematic of recording an X-ray image holegram.
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Fig.2 Schematic diagram of calculaung the path of X-rays from an object spot to its image spot.
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