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This letter analyze the quality of reproductia of holograns recordel in thermoplastt media as a
function of the variatiors in coatirg thicknes of the differert layers The fidelity of reproductia is
investigate by mears of a pha® samplirg interferometré techniquet is found tha the distortion
depend on the processig parametersA criterion for the optimizatian of the coatirg thicknes of
the layersis given © 19% American Institute of Physics.

The recordirg of opticd information on thermoplast—
photoconductofiims is well known! =3 The stes of the re-
cording proces are sensitizatio by mears of a corora dis-
chage device exposue to one or more light beans and
developmenby heatirg the thermoplastt to a temperature
close to tha of the glass transition The possibility of reusing
these materiak makes them candidats for their usag as op-
tical memorieg:®

The thermoplast—photoconducto films consis of a
transparensubstrat layer on which two successig layers
are coated the first is the photoconductie layer, which typi-
cally contairs poly-n-vynilcarbazoé (PVK) doped with a
certah amoun of trinitrofluorenore (TNF), and the seconl is
the thermoplast: layer tha also contairs PVK and TNF but
with differert molar ratios with regad to the photoconduc-
tive layer for appropria¢ operatior®” In this letter we report
the influence of the spatid inhomogeneitis of the film layers
on the quality of the bean reconstructd by a previously
recordel hologram An opticd interferometr¢ setyp has been
usal to determire the fidelity of the bean reconstructe by a
surface-relié pha® grating recorde in a thermoplast—
photoconductofilm.

Due to the manufacturig proces of the substrag by
extrusian proceduresspatid inhomogeneitie are inducel in
the thicknes of the material The scanniy of the surfa@ of
the substrag with an atomi force microscoe (AFM, Model
ARIS 3350 from Burleigh) reveas spatid inhomogeneities
in the orde of 1559 nm with arms value of 368 nm with
regad to the mean value of the thicknes 51.3 um deter-
mined by mears of the interferene methal describe in Ref.
8. The area scannd was 35x35 um?. A three-dimen-
siond plot of the AFM image is shown in Fig. 1(a). The
height variatiors are 5 times less than the typicd wave-
lengths \ usal for the recordirg of hologramsthus the phase
of the reconstructe beans will be spatially modified In the
sane way, the inhomogeneitis of the photoconductie layer
could alter the dynamicé behavio of the thermoplasg film;
during the sensitizatio step nhonhomogeneauarea of su-
face chage densiy will be producel in the vicinity of the
spatid inhomogeneitis causirg additiond tangentia stresses
during the heatirg processFigure 1(b) shows an AFM image
of the top of the photoconductie layer coverirg a surface
are of 14x14 um?: it reveas holes of abou 130 nm in
diamete and 400 nm in depth The inspectia of the top of
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the film, the thermoplast: layer, shows height variatiors in
the orde of 285 nm [see AFM image in Fig. 1(c)].

The alteratian of the opticd pah by one of the layers of
the film A(X,y) can be written as

A(x,y)=A[n"(x,y)h(x,y)], @

wher x and y are coordinats in the plare of the layer,
n’(x,y) is the refraction index of the layer tha could be
spatially inhomogeneoysand h(x,y) is the heigh variation
with regad to the averag thicknes of the layer considered.
The overal alteration of the opticd path A4(X,y), is the
sum of the contributiors of ead layer, ard its mea value
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FIG. 1. (a) AFM image of the substraé commony usel in thermoplastic
films. (b) AFM image of the PVK-TNF photoconductie layer usel in the
thermoplast film studied (c) AFM image of the PVK-TNF thermoplastic
layer usel in the thermoplast film studied.
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FIG. 2. Experimentasetyp usel to measue wavefror distortion M1, M2,
M3, M4, and M5 are mirrors L1 and L2 are the collimating lenses Mi are
the microscope objectives H is the holographt camera.

(Ag) can be considerd as aparamete of the quality of the
film. We remembe here tha the first-orde diffraction effi-
ciency 7 of a sinusoidal thin grating is proportional’to

7=31(¢)*~ )

where ¢=27(n—1)d/\, n being the refraction index of
the thermoplast layer and d the peak-to-pek value of the
surface-relié pha® grating Let us define aquality parameter
of the reconstructd beam Q, as the relation betwea the
pha® shift producel by the grating and the phag alteration
producea by the inhomogeneitiesTaking into accoumn Eq.
(1) Q can be written as
(n—1)d
(Ag)

We now conside the experimenth measuremenof the
distortion of the wavefrort by mears of an opticd method.
The holograns are recordel on a thermoplast—photo-
conducte film using a commercid holographc camera
(Steinbichle Optotechrk GmbH): this camea allows the
contrd of the corora voltage applied during the sensitization
of the film ard the heatirng powe applied Figure 2shows the
experimenthsetyp employel in our experimenta p pola-
ized He-Ne lase, \=6328 nm, is divided by avariabke beam
splitter, BS, producirg the referene beam ., , and the ob-
ject beam 3. The angk betwea %, ard 3, was selecte to
be 32° producirg an interferogran with a spatia frequency
of 830 lines pa mm which is within the range of the maxi-
mum diffraction efficiengy of the film (see Ref. 6 for more
detaib on the recordirg geometris ard processig of the
holograms. An electromechanidashutte allows us to select
the exposue time. The use of the elemen BS allows the
contrd of the modulation i.e. the relation betwea the
powe of the referene bean and the powe of the object
beam Both beans are collimated using achromat: lenses,
25 mm in diamete. The objed bean is further split by a
nonpolarizig cube beamsplitte CSL (with an apertue of 50
mm): the dired transmittel beam 2., , impinges on the film
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ard produce an interferene patten with the reference
beam wherea the othe beam 2., , is directel by appropri-
ate mirrors to anothe nonpolarizirg cube beamsplitte CS2,
whos apertue is 50 mm, for later processingThe film is

exposéd to both beans after sensitizatio in dak conditions,
ard heatel appropriate}. After developmentthe film is illu-

minated with the referene bean wherea the bean 2, is

interruptel by an opaque screen The first-orde diffracted
beam 3 ., impinges on C and is combinal with 3,

producirg a low spatia frequeng interferene patten re-

cordel with the aid of a CCD camea (Sory Modd AVC-

DSCE with the automatt gain disconnectedAn image pro-

cessiiy boad is usel to acquie the images of the
interferene patten and transfe them to a compute. A mir-

ror mounte&l on aPZT scannirg actuato allows the introduc-
tion of known incremens of the pha® of thebean %, , ;. A

four-bucke techniqwe is usal to get the phag mgp module
279 All the systen is allocatel in a mechanical} isolated
table All the experimers hawe bee carried out using a co-

ronavoltage of 14 kV at 21 °C ard arelative air humidity of

66% The powea of the referene bean 3, was 128
uWi/cn? and the powe of the objed bean 3, was 52

wWi/cn?, the exposue time beirg 20 ms The heatirg power
applied was 5.46 J/cnt.

Before recordirg any hologran the film is removel and
the phag mgp moduk 27 of the interferometer is acquired
ard stored in the compute. Allow ¢(x,y) to be the phase
map moduk 27 (reference phase maproduced by2,,; and
3.2, X and y being coordinats on the plare of the film.
Allow ¢'(x,y) be the phase map moduler?roduced by
3 ., ard 2., when the objed bean is interrupted thus the
overal wavefrort distortion Ay(x,y) can be easiy com-
puted by subtractig both phag maps

Ag(X,y) =" (X,y) = (X,Y). 4

The pha® map given by Eq. (4) includes distortiors caused
by problens arising from materiat used sud as cosmetic
defects nonlinearities in the recordirg proces and losses
due to absorptionFigure 3(a) shows the referene phag map
moduk 27 and Fig. 3b) shows the phase map produced by
3 ., ard 3, . After subtractig the referene phag map we
obtan the phag mgp shown in Fig. 3(c). In this latter phase
map it can be observe tha ther is only one fringe, i.e.,
there are no pha® discontinuities and therefoe there is no
neel to use apha® unwrappimg algorithm to get the com-
plete phag map We concluee tha the distortion of the
wavefron is less than \/2 (the sensitivily of the interferom-
eten, with smal spatid variations The experimehwas con-
ductal for differert heatirg powe rangirg from 4 to 5.65
Jlent, i.e., from underdevelopmério overdevelopmercon-
ditions respectivel. We observe that when modifying the
heatirg powe from underdevelopmerto overdevelopment,
spatid distortion greate than \ can be produced Figure 3(d)
shows the phag map A4(x,y) for a heatirg powe of 4.35
Jicnt: there are three discontinuities in the phag map and
there are points where one fringe is broken into two fringes.
In the left-hard side of Fig. 3(d) the phag map producel by
2, and X4, has low modulation thus the distorted phase
map Ay(x,y) neary coincides with the referene phag map
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FIG. 3. (a) Referene phag map moduk 27 of the interferometef ¢(x,y)]. (b) Phase map moduler2using the first order reconstructed beapi(x,y). (c)
Wavefrort distortion of the first orde reconstructe beam A 4(x,y). Heatirg powe applied for the developmetwas 4.63 Jlen?. (d) Wavefront distortion of
the first order reconstructe beam A4(x,y). Heatirg powe applied for the developmetwas 4.35 Jien?.

¢(x,y). It becoms clea tha heatirg powe is a critical
parametefor the optimum reconstructia of a wavefront.

Figure 4 shows an AFM image of the grating recorded.

The film mug be dischaged before the measuremenwith
the AFM since after the recordirg of the holograns there
remairs asmal numbe of surfae chages at the top of the
thermoplast layer. The inseé shows aline of the grating

()

700

n}

Zovo

a00

100
4 4 3 8 11 14
N {num)

Z.97430 bt

K400 ui\\ll\

FIG. 4. AFM image of the grating recordel in the film considered.
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recordedthe inhomogeneitiein the profile of the grating d,
arise from the spatid inhomogeneitis of the top of the ther-
moplastc layer. The value of the Q paramete given by Eq.
(3) for the film considerd in this work can be computed
from the data of Figs 3(c) ard 4, taking n=1.5 for the ther-
moplasti¢ the resut being Q=0.6.

Equatio (3) gives acriterion for the desig of the ther-
moplaste film when fidelity in the reconstructia is required.
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