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Abstract It WELS shown how the fanning noise is reduced by the dual-wavelength method in the photorefractive 

crystals．The non—destructive readout can be realized．The experiments were first done with lithium niobate doped 

with iron to find the optimal reading out configuration．Afterwards lithium niobate doped with iron and magnesium 

was used to record the high signal—tO noise—ratio hologram~．In order to retrieve the hologram with filed losses a 

cylindrical lens was added into the reference path． 
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双波长全息存储中的扇形噪音抑制 

Johann Wolfsberger” 张心正” 许京军” 

M．E1 Labban” 黄 晖” 唐拍权” 

(”南开大学物理学院光子学中心 ，天津 ，300071； 

’lnstitut f r Experin*entalphysik·Universit~t Wien—Strudlhofgasse 4一Wien 1090，Austria) 

摘要 分析了普通配置下震渡长存储中．不同波长偏离对扇形噪音读 出的影响，并从实验上研究了掺铁铌酸锂晶 

体的最佳读出配置．为能使所存图像完整再现．使用 了一十柱面境柬调羹读出光的渡前，在艰掺键酸锂晶体中实现 

了整幅图像高信噪比再现，达到了预期鼓果． 

关羹词 震渡长，扇形噪音，非破坏． 

Intr0ductiOn 

Since the last decade holographic methods 

have become very popular in material research． 

M any materials ranging from crystals to polymers 

to liquids have been examined in order to use them 

for optical data stor,age．waveguides_2_．phase con— 

jugation ，image amplification， frequency dou— 

bling，and SO on．Especially data storage applica一 
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tions seem to be very attractive．W ith a theoreti— 

cally predicted storage density of 1 0 bit／m and 

with a tremendous reading speed，in future，such 

materials will replace common devices like magnet— 

ic hard discs．Lithium niobate，which iS one of the 

most widely used electro—optical materials， has 

been treated in many ways，e．g． by doping with 

various elements． thermaI treatments， applying 

electric voltages，and examining it at wavelengths 
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Abstract It was sbown how tbe (anning nOise is reduced by tbe dual-wavelength metbod in the photorefrachve 

crystals. Tbe non-destructive readout can be realized. The experiments were first done witb Iitblum niobate doped 

with Iron to Hnd the optimal reading out configuratiOn. Afttrwards lithIum niobate doped with iron and magnesium 

was used to record the bigh stgnal-to-noise-ratio bologram~. In order to retrIevE' tbe bologram wlth filed losses a 

cylindflcal lens was added into the reference patb. 
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Introduction 

Since the last decade holographic methods['J 

have become very popular in material research. 

Many materials ranging from crystals to polymers 

to liquids have been examined in order to use them 

for optical data stornge. waveguides[~~. phase con­

jugation[JJ. image amplification. frequency dou­

bling. and so on. Especially data storage applica-
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tions seem to be very attractive. With a theoreti­

cally predicted storage density of 10'" bit/m' and 

with a tremendous reading speed. in future. such 

materials will replace common devices like magnet­

ic hard discs. Lithium niobate. which is one of the 

most widely used electro-optical materials. has 

been treated in many ways. e. g. by doping with 

various elements. thermal treatments. applying 

electric voltages. and examining it at wavelengths 
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from ultraviolet to infrared．But problems st_11 ex- 

ist+which have to be solved first，such as avoiding 

the effect of the beam fanning and the nondestruc— 

tire reading out of the stored information． 

Beam fanning+the amplified light—induced 

scattering from the defects on the surface of or in 

the crystal·can deplete the energy of the pump 

beam as well as the signal beam and make the re- 

constructed image noisy． Many techniques have 

been proposed to suppress the beam fanning+by 

doping with damage—resistant dopants (In” + 

M g 一，Zn )，the properties of the Dhot。refractive 

crystals could be optimized．So we used the dou—— 

ble—doped lithium niobate as our storage medium ， 

but the experiments were first done with the ir。n— 

doped lithium niobate to choose the proPer feadout 

configuration． 

Several methods，including thermal fixing[ ． 

electrical fixing and two step recording．Ⅲ have 

been developed to realize nonvolatile readout．An— 

other effective method was the dual—wavelength 

method，the shortage of this technique was the 

partial retrieval of the stored information because 

the signal beam wash t plane wave．Petrov[ 、and 

Psahis[ improved this method，but the recording 

processes involved in these techniques are compli 

cated and time—consuming，therefore，it is difficuh 

to design a practical storage system based on these 

methods．Our group proposed a convenient and ef—． 

fective way by adding one cylindrical lens in the 

reference path，the problem of the image field IOSS 

es can be solved simply．Furthermore+the Bragg 

mismatch in dual—wavelength method reduced the 

retrieval of the fanning noise． 

In this paper first the structures are investi— 

gated with the fanning noise in lithium niobate 

doped with iron to search for the right readout con— 

figuration．And then an effective way is reported in 

lithium niobate doped with iron and magnesium to 

solve the problem of image field losses． 

1 Resistance of the beam fanning 

During the production of a grating，undesired 

structures OCtur due to the fact that the incident 

reference and signal waves are scattered by inho— 

mogeneity in and on the surface of the crystal un— 

der consideration．As this phenomenon can also be 

examined by using only one beam hitting the lithi— 

UlTI niobate crystal the results in the following were 

got only from holographic scattering experiments 

using the experimental set up in Fig．1．The laser 

used is all argon ion laser， which provides the 

wavelengths 514， 501， 496， 488+ 476， and 

4 58nm ．The investigated sample is a LiNbO3 crys 

tal doped with 0．05W t Fe2O3 in the melt with 

the dimensions a×b×c一 22×13× 1 2mm。． 

The transmitted intensity js determined by the 

number of parasitic gratings．This number depends 

on how many scattered waves interfere with the in— 

cident beam．The tota1 possible scattered intensitv 

remains constant for a given structure of parasitic 

gratings inside the sample．The total scattered in 

tensity，which appears during the reading process 

depends on the angle，the reading wavelength，the 

rotation axis of the sample，and the polarization． 

According to this modell 9_every material，where 

light—induced structures appear，can be character— 

ized in detail．Our experiments were perfomed on 

different rotation axis and the reading wavelength． 

For reading a light—induced structure with different 

rotation axis two cases have to be distinguished． 

S 

Fig．1 Experimental setup for holographic scattering 

experiments：L 1aser，W  expansion system ． 

bs——beam splitter，M——r血rror，sh——shutter， 

Dh——photodiode．s sample holder 

图 】 全息光散射实验装置 ：L 激光器 ， 

w一扩柬 系统 ，bs 分柬器 ．M一反 射镜 ． 

sh 开关，Dh 光二极管，s一样品夹持器 

X 
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from ultraviolet to infrared. But problems still ex­

ist ~ which have to be solved first .such as avoiding 

the effect of the beam fanning and the nondestruc­

tive reading out of the stored information. 

Beam fanning. the amplified light-induced 

scattering from the defects on the surfacE' of or in 

the crystal. can deplete the energy of the pump 

beam as well as the signal beam and make the re­

constructed image noisy. Many techniques have 

been proposed to suppress the beam fanning ~ by 

doping with damage-resistant dopants (Inl-t- ~ 

.Mg~- ~ Zn~ f-) ~ the properties of the photorefractive 

crystals could be optimized. So we used the dou­

ble-doped lithium niobate as our storage medium. 

but the experiments were first done with the lron­

doped lithium niobate to choose the proper readout 

configuration. 

Several methods. including thermal fixing[<. 

electrical fixing:;] and two-step recording. [0 have 

been developed to realize nonvolatile readout. An­

other effective method was the dual-wavelength 

method. the shortage of this technique was the 

partial retrieval of the stored information because 

the signal beam wasnrt plane wave. Petrov[1~ and 

Psaltis[K] improved this method. but the .recording 

processes involved in these techniques are compli­

cated and time-consuming ~ therefore. it is difficult 

to design a practical storage system based on these 

methods. Our group proposed a convenient and ef­

fective way by adding one cylindrical lens in the 

reference path~ the problem of the image field loss­

es can be solved simply. Furthermore~ the Bragg 

mismatch in dual-wavelength method reduced the 

retrieval of the fanning noise. 

In this paper first the structures are investi­

gated with the fanning noise in lithium niobate 

doped with iron to search for the right readout con­

figuration. And then an effective way is .reported in 

lithium niobate doped with iron and magnesium to 

solve the problem of image field losses. 

1 Resistance of the beam ranning 

During the production of a grating, undesired 

structures occur due to the fact that the incident 

20 ~ 

reference and signal waves are scattered by inho­

mogeneity in and on the surface of the crystal un­

der consideration. As this phenomenon can also be 

examined by using only one beam hitting the lithi­

um mobate crystal the results in the following were 

got only from holographic scattering experiments 

using the experimental set-up in Fig. 1. The laser 

used is an argon-ion laser ~ which provides the 

wa velengths ;; 14. 501. 496. 488. 476. and 

458nm. The investigated sample ig a LiNb03 crys­

tal doped with O. 05Wt % Fe,O, in the melt with 

the dimensions a.' b ~c~22 ~ 13~ 12mm'. 

The transmitted intensity is determined by the 

number of parasitic gratings. This number depends 

on how many scattered waves interfere with the in­

cident beam. The total possible scattered intensity 

remains constant for a given structure of parasitic 

gratings inside the sample. The total scattered in­

tensity ~ which appears during the reading process 

depends on the angle. the reading wavelength. the 

rotation axis of the sample, and the polarization. 

According to this model[~= every material. where 

light-induced structures appear. can be character­

ized in detail. Our experiments were perfomed on 

different rotation axis and the reading wavelength. 

For reading a light-induced st.ructure with different 

rotation axis twO cases have to be distinguished. 
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S 

Fig. 1 Experimental setup for holographlc scattenng 

experiments: L-Iaser. W-expansion system. 

!:Is-heam splitter. M-mirror. sh-shutter. 

~h-photodiode. s-sample holder 
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The rotation about an axis paralleJ to the c—axis js 

referred to as∞一rotation．and the rotation perpen 

dicular to the c axis as 一rotation． The different 

wavelengths were provided by the argon ion laser． 

The light induced structures were examined 

which were produced with the wavelength 514nm 

with an exposure of 120Ws／mm and read by the 

wavelengths 514，501．496，488—476，and 458nm 

with an lntensity of 1．5mW ／"mm ．The results for 

the o~rotation can be seen from Fig．2一where the 

stated angels refer to that in the medium．The re 

suits for the 一rotation are given in Fig．3．But due 

to the fact that the rotation table used in the exper— 

iments had only one rotation axis，the light in 

duced structu res were produced again before they 

were used for the 一rotation ease． 

W hen the rotation angle was equal to zero and 

the readout wavelength was equal to that of the 

recording light，the transmitted light intensity was 

the smallest in both rotation case， because the 

Bragg condition was fulfilled for any parasitic grat 

ings and all of the noise gratings could be re 

trieved． W hile the crystal was rotated deviating 

the original angle，because each parasitic grating 

requires a distinct Bragg—matching condition，the 

Fig．2 Transmission as a function of the rotation 

angle}reading with different wavelengths at~-rota— 

tion with an intensitY of 1．5 mW ／mm ‘recording 

with the wavelength^一 5 1 4 nm with an exposure of 

120W s／ram 

图 2 透射率和转角的关系(用514nm激光记录噪声船 

曝光量为 120 Ws／mm ，以 方向转动晶体， 

用 1．5mW／mm 不 同波长的激光读出噪 声橱) 

readout wave at different angle could read OUt only 

some of the gratings，the transmitted light intensi 

ty became higher than that of the zero—angle case． 

The main difference between both rotations is that 

their FW HM differs by a factor of seven． There 

fore，the cp-rotation，which can provide a large 

storage capacity，is chosen instead of the~o-rota— 

tion in the angular—multi—storage system． 

W hen we changed the readout wavelength， 

the circumstance was similar，only part of the par— 

asitic gratings could match the Bragg condition． 

Therefore， the transmitted light intensity was 

stronger than that readout with the 514nm．As a 

result，the bigger the readout wave Length devia 

tion．the smaller the fanning noise which could be 

read out． Furthermore，if the wavelength of the 

readout beam is longer than that of the recording 

beams，for example 670nm ，we could realize non— 

destructive readout，this method is called the dual 

wavelength technique． 

2 Reduction of the field losses 

Assuming the signal and the reference beams 

are plane waves，a hologram consisting of a single 

grating can he recorded．The hologram can he re 

constructed by a plane readout wave with Bragg 

Fig．3 Transmission versus rotation angle for different 

reading wavelengths ； 一rotation ‘recordmg wlththe 

wavelength ^ 一 514nm with an exposure of 10O 

Ws／ITtm ；readingwith anintensitY of1．5mW ／mm 

图 3 透射率和转角的关系(用514nm激光记录噪声橱， 

曝光量为 100Ws／mm ，以 方向转动晶体 ． 

用 1．5mW／mm。不同被长的激光读出噪声橱) 

I％一00I％—l - I． 
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The rotation about an axis paralJeJ to the c-a.xis. is 

referred to as w-rotation. and the rotation perpen­

dicular to the c-axis as <p-rota tion. The different 

wavelengths were provided by the argon-ion laser. 

The light-induced structures were examined 

which were produced with the wavelength 514nm 

with an expo~ure of 120Ws/mm2 and read by the 

wavelengths 514. 50], 496. 488. 476. and 458nm 

with an intensity of 1. SmW/mm:, The results for 

the w--rotation can be seen from FLg. 2. where the 

stated angels refer to that in the medium. The re­

sult~ for the cp-rotation are given in Fig. 3. But due 

to the fact that the rotation table used in the exper­

imenrs had only one rotation aXIs. the light-in­

duced struclUre~ werE' produced again before they 

were used for the cp-rotation ca~e. 

When the rotation angle was equal to zero and 

the readout wavelength was equal to that of the 

recording light, the transmitted light intensity was 

the smallest in both rotation ca~e, because the 

Bragg condition was fulfilled for any parasitic grat­

ings and all of the noise gratings could be re­

trieved. While the crystal was rotated deviating 

the original angle, because each parasitic grating 

reqU1re~ a distinct Bragg-matching condition t the 
10 
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·20 ·15 ·10 

--458nm 
-476nm 
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~496nm 
---501 nm 
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Fig. 2 Transmission as a (unction o( the rotatlon 

angle.; readtng with different wavelengths at w-rota­

tion with an mtensity o( 1. 5 rnW I mm2 I recording 

with the wavelength A = 5 14 nm wtth an exposure of 

120Ws/mm~ 

'" 
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readout wave at different angle could read out only 

:-;.ome of the gratings, the transmitted light intensi­

ty became higher than that of the zero-angle case. 

The main difference between both rotations is that 

their FWHM differs by a factor of seven. There­

fore, the <p-rotation. which can provide a large 

storage capacity. is chosen instead of the w--rota­

tion in the angular-multi-storage system. 

When we changed the readout wavelength, 

the circumstance was similar~ only part of the par­

asitic gratings could match the Bragg condition. 

Therefore, the transmitted light intensity was 

stronger than that readout with the 514nm. As a 

result, the bigger the readout wavelength devia­

tion. the smaller the fanning noise whIch could be 

read out. Furthermore, if the wavelength of the 

readout beam is longer than that of the recording 

beam~,for example 670nm. we could realize non­

destructive readout, thi~ method is called the dual­

wavelength technique. 

2 Reduction of the field losses 

Assuming the signal and the reference beam~ 

are plane waves, a hologram consisting of a single 

grating can be recorded. The hologram can be re­

constructed by a plane readout wave with Bragg 

,. 
.a 

~ 
a 

I .a 
~458nm 

-476nm e --488nm ... 
•• ~496nm 

---501nm 
-St4nm 

.2+-~~~~,-~~~ __ ,-~~~ __ ,-~ 
-25 -2.0 ·1.5 -10 -05 00 05 10 15 20 25 

Fig . .1 Transmission versus rotation angle for diHerent 

reading wavelengths; lP - rotation I recording wuhthe 

wavelength A. = 514nrn with an exposure o( 100 

Ws / mm~ ; reading with an intensity o( 1. 5 rnW I mm~ 

00 3 iil't-i$fII*>IIIfl'J'lUUIIl514nmill:*iC>l!IIfP' •• 
IIJ1';ttJ:1 100 W,/mm'. ~:l 'P :n!l;]*>;;iJAI$. 
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1M，SL 

SCL 

Fig ． 4 Experim ental setup for holographic storage ： 

DPSL —— diode pumped solid laser ，SCL semicon 

duetor Iaser，M ’s mirrors，SLF spatial light filter， 

I 1，L2 and L3 sphericaIlenses，l，4 cvlindricallens,， 

BS beam splitter 

图 4 全息存储实验装置(DPsL 半导体二极管泵浦固 

体激光器，scL 半导体激光器 ．M s 反射 镜 ，sLF 空 

间光 滤波 器，I 1、I 2和 I 3 球 面镜 ，I 柱 面镜 ，Bs 

分束器 ／ 

matched at any wavelength < 2A．where A is the 

grating fringe spacing，and represents a readout 

wavelength．W hen the hologram is reconstructed 

at different wavelength，the incident angle of the 

readout beam should be adapted to the eorre— 

sponding Bragg angle． 

However，it should be poined OUt that in the 

traditional storage setup，as shown in Fig．4，the 

output from one point on the spatial light modula— 

tor(SLM )is not collimated owing to diffraction． 

After the spherical 1enses(L2 and L3)they will be 

focused on a point on the image plane．These wave 

vectors include one ground spatial frequency eom— 

ponent and many high spatial frequency eompo— 

nents． The ground spatial frequency components 

from all points on SLM play the key role in the im 

age field losses of dual—wavelength method．There— 

fore，the signal beam can be considered as a spheri— 

cal beam only composed of the ground spatial fre— 

quency components． As a result， the recorded 

holograms will consist of multiple gratings with 

different grating vectors．Because each grating re 

quires a distinct Bragg—matching condition， the 

plane readout wave with a wavelength differnet 

from that of the writing beam could only read out 

part of the gratings，the stored information could 

be partly retrieved． 

Here we find that the image retrieval with 

plane readOUt wave without image field losses 

could also be realized by using a cylindrical record— 

ing reference beam according to the storage geome— 

try and the wavelengths of the writing beam and 

the readout beam．By shaping the reference wave 

front，we can get the grating vectors which could 

be reconstructed by the red plane readout wave． 

The experimental setup is shown in Fig．4， 

two extraordinan1y polarized beams from a diode 

pumped solid laser(wavelength：532nm)record 

holograms． The crossing angle between the two 

recording beams is 45。in air． The signal beam ， 

which is expanded and collimated，passes through 

a computer—addressed SLM ．Further a cylindrical 

lens (L4)is put into the reference beam to change 

the reference wave front．A LiNbO crystal[。 ．a× 

b × c一 12 X 14× 4．5mm ，co—doped with iton 

(O．05W t )and magnesium (0．8tool )，is used 

in the experiment as the storage medium．The e 

axis 1ies In the lncident plane． For retrieval，a 

plane wave at 670nm from a semiconductor laser 

reads Out the recorded holograms．An imaging lens 

(L3)and a CCD camera are arranged to detect the 

田 _  
i-。g．5 The reconstructed image by plane readout beam (a)the reference wave is a cylindrical wave 

(b)the reference wBve is a plane wave 

图 5 用平面渡再现的图像：(a)参考光为柱面渡前， (b)参考光为平面波前 
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M~' ~ __________ -{==~ 
Dl'SL 

BS SCL 

SLf MJ 

L' 
LI 

M2 "t=l==+=~O/ 
SLM 

FLg . 4 Experimental setup for holographIc storage : 

DPSL - diode pumped sobd laser . SCL-semicon­

ductO! laser. M' s-mirrors. SLF -spatial light filrer. 

LI.L2 and L3- sphencal lenses.L4-cyhndncal lens.. 

BS-beam splitter 

rn 4 ~,~1'Hiil.:nUl;llmpSL-'¥"'l*=i!!'!'flillJlllOl 

l*!lb'til> .SCL-,¥'" 1* !Ii J'til> .M' ,-l'i. ~1lI.SLF- Q: 

IliJJ'tililll:il>.L1.U fjI U-j$:I!IiIll.U-I1I!1iIll.BS-
ltll!lI!I ) 

matched at any wavelength A' <2A~ where A is the 

grating fringe spacing. and "'A' represents a readout 

wavelength. When the hologram is Ieconstructed 

at different wavelength. the incident angle of the 

readout beam ff' should be adapted to the corre­

sponding Bragg angle. 

However. it should be poined out that in the 

traditional storage setup. as shown in Fig. 4. the 

output f.rom one point on the spatial light modula­

tor (SLM) is not collimated owing to diffraction. 

After the spherical lenses (L2 and L3) they will be 

focused on a point on the image plane. These wave 

vectors include one ground spatial frequency com­

ponent and many high spatial frequency compo­

nents. The ground spatial frequency components 

from all points on SLM play the key role in the im­

age field losses of dual-wavelength method. There­

fore. the signal beam can be considered as a spheri-
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cal beam only composed of the ground spatial fre­

quency components. As a result. the recorded 

holograms will consist of multiple gratings with 

different grating vectors. Because each grating re­

quires a d1stinct Bragg-matching condition. the 

plane readout wave with a wavelength d1ffernet 

from that of the writing beam could on1y read out 

pan of the gratings. the stored information could 

be partly retrieved. 

Here we find that the image retrieval with 

plane readout wave without image field losses 

could also be realized by using a cylmdrical record­

ing reference beam accordin-g to the storage geome­

try and the wavelengths of the writmg beam and 

the readout beam. By shaping the reference wave 

front. we can get the grating vectors which could 

be reconstructed by the red plane readout wave. 

The experimental setup is shown in Fig. 4. 

tWD extraordinanly polarized beams from a diode 

pumped solid laser (wavelength: 532nm) record 

holograms. The crossing angle between the two 

recording beams is 450 in air. The slgnal beam. 

which is expanded and collimatedt passes through 

a computer-addressed SLM. Further a cylindrical 

lens ~L4) 1S put Into the reference beam to change 

the reference wave front. A LiNbO j crystal [IOJ. a X 

b A C ~ 12 X 14 A 4. 5mm', co-doped with iron 

~O. f15Wt %) and magnesium (0. 8mol %). is used 

in the experiment as the storage. medium. The c­

axis lies in the incident plane. For retrieval. a 

plane wave at 670nm from a semiconductor laser 

reads out the recorded holograms. An imaging lens 

(L3) and a CCD camera are arranged to detect the 

(b) 

f.,g.5 The reconstructed image by plane readout beam (a) the reference wave is a cylindrical wave. 

(b) the reference wave lS a plane wave 
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retrieved image．In the experiment the distance e— 

qual to the focal length，f一300nm，of the lens 

(I 2)lies between the SLM and L2，which brings 

the signal beam to a focal point of 15mm behind 

the sample．In order to adapt the reference wave 

front，the cylindrical Iens with，一200mm is added 

to the reference light path to focus the reference 

beam to a point of 106．5ram behind the sample． 

The stored image is read ou't by using plane wave 

at 670nm．This is shown in Fig．5(a)．For a com— 

parison，we also record holograms without the ad— 

ditionaI lens L4 in the reference arm．The recon— 

strutted image，again with a plane wave at 670nm， 

is shown in Fig．5(b)．Now only one fifth of the 

stored image is retrieved．From this it can be seen 

that retrieval of holograms without image field 

losses with dual--wavelength nonvolatile holograph— 

ie method could be effectively realized by adding a 

cylindrical lens into the reference arm． 

3 Conclusion 

In conclusion it is shown how the light—in 

duced structures in LiNb03 doped with different el— 

ements can be characterized and by doping with the 

right dements undesired retrieval of the noise grat— 

ing can be reduced．Furthermore，a new method for 

a free image field loss reconstruction of holograms 

is provided． Therefore the dual—wavelength tech— 

nique is effective to resist the fanning noise and to 

tealize the non-destructive readout． 
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retrieved image. In the experiment the distance e­

qual to the focal length, f = 300nm, of the lens 

(L2) lies between the SLM and L2, which brings 

the signal beam to a focal point of 15mm behind 

the sample. In order to adapt the reference wave 

front, the cylindrical lens with f = 200mm is added 

to the reference light path to foc:us the reference 

beam to a point of 106. 5mm behind the sample. 

The stored image is read ou't by using a plane wa ve 

at 670nm. This is shown in Fig. 5 (a). For a c:om­

parison. we also record holograms without the ad­

ditional lens L4 in the reference arm. The recon­

structed image. again with a plane wave at 670nm, 

is shown in Fig. 5 (b). Now only one fifth of the 

stored image is retrieved. From this it can be seen 

that retrieval of holograms without image field 

losses with dual-wavelength nonvolatile holograph­

ic method could be effectively realized by adding a 

cylindric:al lens into the reference arm. 

3 Conclusion 

In c:onc:lusion it is shown how the light-in-

duced structureS in LiNbO, doped with different el­

ements c:an be charac:terized and by doping with the 

right elements undesired retrieval of the noise grat­

ing can be reduced. Furthermore, a neW method for 

a free image field loss reconstruc:tIon of holograms 

is provided. Therefore the dual-wavelength tech­

nique is effec:tive to resist the fanning noise and to 

realize the non-destruc:tive readout. 
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