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RExsrI! - IN ImC- - F a t  IxmRnmIm 
H3IoGRAFHIC!CPIXCAL-- 

RXER A. LESSARD and JEAN J.A. 
Centre d'qrtique, €hotan 'que et laser, Universit6 -Val, 
pavillon Vacfhan, Sainte-Foy, QUEBEC, CANAIM GlK 7P4 

Abstract Experimental studies have been ccmhctd with a 
versatile tm m m h q  beans (488 ran) arraxyemetrt that permits 
to investigate the &-time respcatsf3s (633 w) of skdied 

this new autaMted spatial frequency analyser designd a t  
Universib5 Laval, dye/polymer systans can be d m a c t e r i z e d  for 
both- ' ion and reflection holography.  reov over many 
applications involving real-time holography and far-ve mixing 
techniques are easily performed w i t h  this special apparatus. 
M o s t  of a x  characterization studies have amsidered polariza- 
tion holography. Results for thin solid films made frun %zo 
dye colored polyvinyl al-1 (FJVA)" and l l Y e l l a w  dichmmt& pvA 
films" w i l l  be discussd. Fhotoreaction mechanisms involved in 
these m z d i q  processes ard s(3ne modem applications of our 
erasable or/and pmment  films are presented. 

polymeric films for a w i d e  range of mte&cam angles. using 

22cmmma 
W y ' s  researcfi in optical fields needs real-time recording 

materials of excellent performance and high spatial freqwncy 

response. presently, the future of linear and non-linear holosraRhy 
is slxmgly depedent upon new holographic recording thin films. 
Also, most limitations associated with tcdayls techniques are 
attributed to nowcptinunn reaxdiq materials. IXE to their  
excellent mspnses, gratings with high spatial frequency up to 7500 

nm-1 can be rec~rded, -1- and -slinking materials 
seem t o  be good CdnrLidateS t o  averc~ne sane limitations. Dichramatd 
gelatin f i l m  damstrated excellent properties for permanent 
recordings but they are humidity sensitive; also they need a special 

U c a l  processing. presently d e m  holographic works need 

erasable and d - t i m e  recording m a t e r i a l s  of lcw co6t l ike  organic 
and polymeric systems. In that way, cur dye/polymr system offer 
sane new passibilitiesl. In this mrk we consider a ccanparison 
between holographic properties of two kbds of WA f i l m  of 30 pn in 
thickness. me f i r s t  ones are dichmmated PVA films (noted Dc-PVA) 

which m r d  volume hologram gzatings by a ~410txxmsslinking process 
when d u m  dichramte (6,7%) is added during the preparation of 
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452 R. A. LESSARD AND J .  J .  A. COUTURE 

solutiorrs. The preparaticn techniques have been indicaW else- 
&#3. - - mtera is colcured pwi fiw obtained & 
&%nq an az-e, the MXD4Hl' YEZUW 3R; the preparation tecfinique 
for M.Y. 3 R / m  films w a s  intm&cd inapreviouspaper l .   hose 

organic films may record volume hologram gratings by a W i s a a n e r i -  
zatim pmcessl aver the u botd in the AZO meal group (*-I. 
TIE two kinas of studied f i lm can give polarization hologranslr4; 
h t  the present work considers the maxdiqs e i n e d  for right and 

left c-arly polarized (0 0) beans (488 m) ard the real-time 
(633 ran) w i t h  a plane wave having a circular polarization 

stah similar to  the reference beam used ciuring the recording 

P-. -- 
mr versatile experimentdl arrangement5 allaws t o  study holographic 
characterization. Essentially, volume trarmru 'ssion polarization 
holograms w e r e  reooLded w i t h  a sinple two-beam &-up using the blue 

line of an Ar* laser (488m). As illustrated in Fig. 1, we operated 
a very good fringe stabilization systesn using the two equal path 
1- recording beams t 'tted by the studied films. lmis 
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POLARIZATION HOLOGRAPHIC OPnCAL ELEMENTS 453 

special systemwas working d w i q  the recording p-; also at  the 
-m prooess, when the abject beam was closed, the 
sirqle blue reference beam and a suitable polarize3 I4e-Ne laser 
(632.8 rnn) beam were used in agEement w i t h  dmmcterization 

previously aligned at  their respective Bragg angle. cansequently 
the hologram readirgwas performd by the red beam and the blue o m  

was inaucing an erasure prcess. a a process gives a new (31s- 

For DC- 
films the basic set- ms used in amjunction w i t h  a reflection 

stabilization system as illustrated in fig. 2. 'Ihe h t e r h x m  angles 

aperimFnk. These two different * beanswere 

equilibrim in expsed sections of azo-dyepm films. 

DC-PVA FILM 

460*-% 

FIGUFtE 2 Reflection statibilization system 
were continuously varied fnm 14' to 154' for the present study. 
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454 R. A. LESSARD AND J. J .  A. COUTURE 

h-eserrtly w! are perfonnirg many tests m a new designed arrange- 
ment6 illustrated in fig. 3. ?his mm versatile apparatus permits 
to 0cnti.mflWly change the intertwam axyle start- frcm 5' to 170'. 

m - c ~ ~ R R D C - P v A m  
II-I the characterization experinrents the intm%em angle (28) was 
kept to 30' and the m- ' spatial frequemy was 1061 
cycles/mn. we qxi-atd mr basic aFparatus spatial fnquercies 
(ranging frrm 500 to 4000  Cydles/ma) to hwskigate the modulation 
trarrSfert functian (M.T.F.) of m e d  PVA f h .  We po- & that 
two kinds of W A  stulied films in this wrk do not require any 
chemical develqmmt. Figures 4 a r r l 5  show the deperdence of real- 

time diffraction efficiency (or the gmting growth) with respect the 
total pmer of the two blue (488 m) recoLding beanrs for DC-PVA 

films. ?he displacanent of the maxinun peak is well illustrated. 
m l l a w ~  these wes, the lMximrm diffraction efficiency (DE) 
values are cbtained for an cqosure time &&tq f m  50 to 150s 
when the total laser pawer is less than 1 rrWardbecomes about 12s 
if the puer is over 5 nki. &nsequmtly those Dc-PVA f i l m  do not 
obey to the reciprocity law gavernin3 the basic behavicur of silver 
holographic plates. Huwver an expsure abaut 200 to 400 In.J/cn? 

%bW4 
K.1 2g-w 

V Y . .  . . . . . . . *  
24 48 72 96 I20 I44 1 6 8  192 216 2 4 0  264 

T (sec 1 

0.260 t 
0.234 

0. m 

T ( l e d  

FIGURES 4 and 5 'Ihe real-the diffraction efficiency resp~lse 
versus the totdl of recording beans used for DC-PJA films. 

The beams w e r e  of equal powr (K = 1). 
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POLARIZATION HOLOGRAPHIC OPTICAL ELEMENTS 455 

T (sec) 

FT- 6 T h e  DE depenaenCe on the beam rate K for DC-PVA film. 

give the best results. Figure 6 illustrates h m  the grating 

growthis affected by the pfer beam ratio K(K=WPo) of the two 
recording beanr;. As expect& the I33 k cbtained for K 
values near 1. A l s o  the DE level dLznges SlCkJly when K increases. 
Those last results permits to consider many mgineering applications 
for E-wA films when ciruilar polarization holograms a d  be 
recorded with two h a m s  having an high K ratio. Figure 7 represents 
the spatial frequency responses of Dc-m films for right and left 
cirailar polarizations. ?hose results have been abtained with two 
equal recording beans (pR = Po = 0.5 rrW) which lightel the Dc- 
EVA films during 60 seconds. This  M.T.F. m e  is nearly uniform 

bandwidth is about 2500 cycles/m. That kind of spatial frequency 
response may be mplained by short lengths of photoQPsslinloed 
polymzr chains. When the spatial frequency uvercmes 3700 cy- 

cles/m, the phatocrosslinking mechanism is less efficient because 
it inplies very short chain lengths required to record an hologram 
fringes period that is lesser than 0,27 pn. So the DE vdlue 
decreaseswhenthei&€&eam angle kmases. Cn the other side, 

between 1500 and 3700 cycles/nnn. ?he mrmspxUq - frequency 
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456 R. A. LESSARD AND J .  J .  A. COUTURE 

0.001 , , . , . , , , , , 
700 1360 2020 2680 3340 4000*  

I f lgckr/mm) 

* 
10. 19. 29.5. 408. 54.6. 77- 

8:'" 
F'Ic;uRE 7 M.T.F. m e  for D C - M  films 

whenever spatial frequency is less than 1000 cycles/mn, the chain 
formation is mre inportant near the front surface of the DC-m 

films. consequently the recorded holagra@ic fringes did not 

penetrate the full depth of these E-M films; as a result, the 
m m l e d  hologram begins to look like a volume hologram w h i c h  cwns a 
thin grating oanponent. So, the rn level decreases rapidly when the 
interkm angles appmch the mininun values ard the M.T.F. response - readily. * .  

I13-C HXt M.Y. 3R/WA rn 
present experimental results w e m  cbtained with t m  orthogonal left 
and right polarized beans. T h e  kinetic recording (240 s a x . )  and 
erasing (180 sec.) processes under orthogondl cirailarly polarized 
(00) illumination are shum in Fig. 8 for the present azodye/PVA 
films. In those characterization experiments the inte&eam angle 
(28) was kept at 30'. As illustrated in Fig. 8 ,  the grawth rate of 
the holcgra~c grat ing (dq/dt) hmsases with the pmer ( p ~  = Po) 
of the two bearns. we pint out that the linear reoording process 
oc~xus just  for the first 15 seconds of laser illumination; after 
that the diffraction efficiency kegins to saturate. We oksemed 

that full erasing process was abtained when w3 stopped the laser 
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POLARIZATION HOLOGRAPHIC OPTICAL ELEMENTS 451 

il1umi.nati.m after 1.5 to 20 seuxds. If a laser light expsure 
takes mre than 30 SecCQds we did not cbserve fu l l  erasing process 
as it can be seen in Fig. 8. lherefore these azo-dye/FVA films 
-ted a weak I I ~ ~ M I L ~  effect. Ime best real-time diffraction 
efficiencies are abart 0.3%. If corrections for reflections a d  
absorption are taken in acuamt this maximrm diffraction efficiency 
value dmqes fmn 1.2 to 1,7%. ?his weak diffraction efficiency 
lewd occur€d when t h  ptmer of the two writing beams were grater 

than 5 n ~  (18n~/an2) in the present case for KRJYNT YELJLW 3~/m 

films as inlicated in Fig. 8. Maximm diffraction efficiency level 
(0.27%) was respectively obtained with an exposwe of 300 mT/a$. 

60 120 180 240 300 360 420 
* 

f ( W d  

F'XGURJ3 8 Kinetic gxating gmwth and erasing in M.Y. 3l?/FVA films. 

~n a second expximerrt we investigakd the diffraction efficiency 
level with respect of the beam ratio K used as a parameter. ?he 
total of the two recording polarized beans was kept at 15 nW 
(53.1 mw/cm2) and the K ratio varied frun 1 to 100.  ine ear 
hologra@xic respanse ocoured in the first 15 secaxk and rnaXinnrm 
respnse w a s  achieved for K ratio near 1. The r e s u l t s  are illus- 
trated in Fig. 9 suggest that polarization hologra~c recording of 
3-D cb-kcts W d  be possibly achieved even thcugh a deplarization 
action induced by such subjects; mnseqwntly these 3-D recoLdings 
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458 R .  A. LESSARD AND J .  J .  A. COUTURE 

wmld be assuIII3d by CQlpOnents of parallel linear polarization, 
Qpssed linear ard cirailar polarizations as noted in prwicus 
paperslr4. 

*.I 

00 
P. .lIlR 

0 

Tlxcl 

FIGURE 9 Kinetic grating gmwth with respect to the power 
beam ration (K) 

lb ccmplete the present characterization stw, the spatial 
frequency response of those azo-dye/m films have been investigated 
for three polarizatiorrs states of the two recording beans. The 
corresponding mdulation transfer function (m) curves are 

presented in Fig. 10. T h e  M.R. 3R/PVA films give uniform spatial 
frequency responses between 500 cycles/m and 3300 cycles/nnn for 
volume transruss ' ion polarization reconled holograms. The spatial 
frequency bandwidth reaches 3500 cycles/m. When these studied azo- 
dye/pvA films do not received a thermal treatment before OUT 

characterization experiments, they danonstrated a law diffraction 
efficiency level and they were  OCRnpletely erasable. such a spatial 
uniform response for three states of polarization all- to 
investigate many useful applications like recopding of polarization 
hol0graFhic CqJtical elements (HOE) usable in &-time or in 
pernranent recording mcde (obtained with thermal treabnent which 

leads to menwry effect). 
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POLARIZATION HOLOGRAPHIC OPTICAL ELEMENTS 459 

91 ' 

recordings. Qnsequently mny d to red  experiments my be impmved 
as explained in this part of the paper. presently nary @id 
processing experiments are in prcgress for Dc-m films w h i c h  are 
not erasable; then w e  shall point mt most interest irq applications 
for azo-dye/WA films. 

1. Labaratorv VilxaticmEz d!Et€&l 'an 
(xlr spatial frequency analyser set-up w a s  placed over special 
optical mte table. Sanetimes residual laboratory vibrations do 

not permit t o  record hologra@ic gratings. In order to detect these 
laboratory vibrations, in real-time, a siqle detection technique is 
to record a volume transruss ' ion hol- i n  cur lm cost azo- 

dyes/wA films as indicated in Fig. 11. Fran a mrking set-up and 
using two -litters t ie  sampled those two blue beans, R and 0; 
thesebeanswruteasinglehologramandathirdoneredbeam (T) w a s  
reading, in &-time such a hologram, when it was aligned to Bragg 
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460 R. A.  LESSARD AND J.  1. A. COUTURE 

aryle. 'Ihen a t- t ream&m&ian beam is generaw and 
strikes a sensitive photcdih. AS azo-dye- filnrs are polariza- 
tion sensitive filns we can work following ane of the thzee studied 
modesas- * in many ho1-c studies. Iaboratory vibra- 
tiom of different kinds my be easily studied when this optical 
system is anpled to a gocd anplifier and s-le labomtory 
oscilloscope or rec~rder even thcqh  the nnm&m&d red signal 
has a WE& value. Fig. 12 s h w s  two cum-; the lower line rep- 
sents the diffract im efficiency of real-time recording when 

clktubd by laboratmy vibrations and the q p e r  one is for an 
d- holograFhic gmting recording dJ+2mld * when (xlf fringe 
stabilization system w a s  wDrkiq. 'Ihese kinds of vibrations can 
easily detected w i t h  azo+e/PVA films when blue Ar+ laser lines 
(488m, 458m) and low power He-Ne (632.8m) are used. Hmever we 
can work w i t h  a mast effective blue line (442m) frwn a He-cd laser 
because M.Y. 3R/PVA f i l m  have a large absorption band in blue part 
of the visible spectrum. I f  we wxk w i t h  green laser lines 
(514,5rnn, 532m) and a lm power He-Ne (543m), the azee/PVA 
systems that would be used are MEIHYL OFWJGE/PVA and ACIDIFIED 
MEIHYL FED/PVA films wh ich  they have been studied in a previous 
paperl. c0rr;equently cur azo-ctye/m films are used as &-time 
sensitive holographic optical element. As illustrated in Fig. 12  we 
used a M o a t  Y e l l w  3 R / m  f i lm thermally treated (9O"C, 60 mh. )  : 
so, we pointed that the mxinunn diffraction efficiency w a s  irw=1.8ased 

FI(;uRE 11 Redl-time laboratory vibrations detector. 
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POLARIZATION HOLOGRAPHIC OPTICAL ELEMENTS 461 

by factor 6. If Correctims for reflections and absorption are 
taken in account this factor bearnoes 20. 'Ibis siaple holographic 

technique represent a high sensivity method that all- useful 
vibrations detectim in any optical holography laboratory since the 

required &-up is s k l e  and the low 006t azo-dyes/WA films are 
easy to prepare and reusable marry thousands tims. T h i s  vibration 

detection technique becaaes htemshq ' method in m y  mlications 
whel33hi*lIuxhnl 'cal stability is required. SO we readily detected 
sand waves like human voices and air mations in ax labomtnry. A 

limiting aFplication is to use the present technique in earthquake 
detection. 

F 

0 Y) w 90 120 ISO m 2 1 0  240 P I O  

F - - 
240  P I 0  

FIGURE 12 Laboratory vibmtions by using a &-time recording 
obtained w i t h  M.Y. 3R/WA films. 

2 .  stabilitv cultml bv holosram real-time M- -1 
As in the f i r s t  application, we sanpled tho beams R and 0 f m  

making an interbeam angle 2Ij fman a working holcqraghic set-up. NCX 
we T[R1st solve the stability problem. one possible solution is to 
build up a HOE element that gives two parallel aAe.rent beam a t  its 
cnrtprt surface when two angularly separated beans (2$) strike the 

hpt surface. To make this kina of HOE, w e  shdll t a b  into a m t  

the m e m ~ ~ y  effect of azo-dyes/WA films. Before using t h e  films, 

they were thermally treated a t  9O'C for 60 minutes i such a t r e a h t  
gives permanent holcqrams having a high diffraction efficiency as 
pointed cut in a previous paper7. ~ f t e r  that, our HOE was hilt as 
following: 1" an azwe/WA film is placed on the plateholder of 
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462 R .  A. LESSARD AND J .  J .  A. COUTURE 

cur stabilized spatial frequency analyser 2' a f i r s t  recording was 
made with tsm polarized blue beams r am3 0 as indicated in Fig. 13A 

(exposwe time was tl= 120 secads) 3' a symnetric hologram 
recording was perfond with t m  blue beans r and R as illustrated 

in Fig. 13B; the secord exposum time was t2 = J2 tl or 170 secoxds 
as required for sequentially volm miLtiplex holcgrams8 4 "  then, 
the tm reoorded permrmt gratings generate two mherent paxallel 
beanrs pmducing large frinyes imaged on a screen (Fig. 13C) when the 

two R and 0 bean\s strike this HOE which dces not need any Welcp 

ment. 5" A f t e r  that, this HOE was placed in the redl set-up where 

two beams R and o intersect at an angle 2lp. ?he produced fringes 

are imaged on an a p t i d  sensor wfiich drives a nwxrable mirror mxlnt 

as sham in Fig. 13C. C#sequently we can easily prepare siqle  
HOES with our spatial frequency andlyser set-up and azo-dyes/PVA 

films. Thase H O B  may m e  as @ i d  circuit to sinplify the 
stabilization set-up for many different optical tables. A drawback 

is the laser light level involved; huever electronic stabilizer 

B) 

C) 

FI(xIRE 13 HOE amstruckion and utilization as a 
-litterdiner 
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POLARIZATION HOLOGRAPHIC OPTICAL ELEMENTS 463 

systems rquired a low fringe intensity profile, then this problem 

orange/m films. The diffraction efficiency value of the tm 
seqwmtially nultiplex grating was respectively 0.05% and 0.04%. 
Quite intemst ing was the feasibility of t h i s  IDE with r43Rnwr 

3R/wA films; so we cbtained better stability and diffraction 
efficiemies of 0.05% and 0.12% for eaczl of t m  gratings and less 

is not serias one. In ar aperimental test we used methyl 

exper- adjushnents. 

3. E w m m ? n t ~ b Y h o l m r a m  interferometry 

kkw suppzse that we are interestd in translation, rotation or any 
slow movemats of a 3-D objects. In order to determine that kind of 
mement amplitude we fix a small mirror M on this object and we 
used the bm-bmn stabilized set-up as illustrated in Fig. 14A which 
illustrated the principle of the first aFplication as reported in 
Fig. 12. A second possibility is to prepare a special azo/M 
plate made f m  tm layers. First layer of thickness 4 was a 

~R/PVA film thermally treatd. After su& a 

treatment a second layer, 4 in thickness was deposited over the 
first one; methyl orange/PV?i material has been used as the second 

layer. when this special recording plate is placed in the stabi- 
lized appamtus, a first permanent recording has been obtained. 
'Ihen we used cur set- without any stabilization system; come 

FIGURE 14 Real-time interferwnetric meammmnt of small 
mechanicdl nrovement by using a tm layers Azo-Dye/m plate. 
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e y ,  e can easily &senre real-time fringes produaed by 
interference effects be- a real-time grating (%) with a 
pemment grating (9) whenever a red beam aligned to Bragg angle is 
used (Fig. 14B). V i s u a l  or camera irr;pecticm beames easily usable 
in the screen plane(s). This sinple technique alms to detect 
snall  translations, rutations, vibrations and tescperature effects. 
present aFplications involved wnstmch 'on sinple HOES w h i c h  can be 

readily adapted to more specific needs. Ihe basic results are the 
possibilities of real-time and pernranent recordings with azo 
d y e s p  IAm that greatly sinplifies the m r t 3 . t ~ ~  techniques for 

special experimental arranganents- 

CmacInxCrs 
In this paper we presented sane progress in holographic charac- 

terization of M.Y. 3R/PVA f i l m  which are polarizatian volume 
@mtosmsitive moxding mterials.  'Ihose films have a uniform 
spatial frequency response betkeen 500 and 3300 cycles/m and a 3500 

cycles/nm~ spatial frequency bandwidth. H o w v e r  they allw weak 

diffraction efficiency holograns but they are erasable ard reusable. 
YEUfW 3R/WA f i lm w e r e  f a n d  to be more appropriate since 

its rise hime is shorter than tm others a z o / m  f i b  previously 
studid. SO, three interestiq 4 - t i m e  application m i q u e s  
w e r e  performil w i t h  GW azc-dyes/WA f i b .  M o w e r ,  the E-M 

f i l m  studied in the f i r s t  part of this paper are good candidates 
for real-time q l i c a t i o n s  and c p t i d  process- experiments but 
those films are not erasable. presently we are studyiq many tests 
to  enharce the diffraction efficiency level for the two kinds of 

colarred pvA films characterized in this paper. 
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