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The Bragg mismatching condition for volume holograms occurs because of the changes in the
thickness and the refractive index of holographic recording materials during the recording and
reconstruction procedures. We propose an improved compensation method to physically correct
these effects in the fabrications of volume holograms for optical interconnects. In order to show the
validity of this method, Slavich photographic plate VRP-M is used to fabricate optical interconnects.
The correction of the Bragg diffraction angle shift of about 2.10°, which is induced by 6.14% film
shrinkage and 0.06 refractive index shift, is successfully demonstrated with the surface-normal
configuration. A shrinkage- and refractive-index shift-corrected volume hologram with 23%
diffraction efficiency is experimentally confirmed. The methodology proposed is applicable to other
phase media when the associated film shrinkage and refractive-index shift data are experimentally
determined. ©2002 American Institute of Physic§DOI: 10.1063/1.1502022

Thick recording materials such as silver halide emulsionterial at 6,; and 6s;. The recording material consists of a
dichromated gelatin, and photopolymer, can be used tsubstrate with refractive indemg and a photographic film
record volume holograms for optical interconnects. Thewith refractive indexn;; (at A;) and thicknessd;. Their
thickness and the refractive index of these recording materirefractive angles in the photographic film &g, and 6’ ,
als can change significantly after optical exposure and posgnd the spacing of the interference fringesiis. After the
processing. According to the coupled-wave théeottye dif-  exposure, the recording material is postprocessed for devel-
fraction properties of a volume hologram are stronglyoping. Then the thickness of the photographic film and its
dependent on the wavelength of the reconstructed light, theefraction index may shift to different values. Assume the
thickness, and the refractive index of the recording materialthickness, the spacing of the interference fringes, and the
Thus, the operation characteristics of thick volume holo-Slant angle are changed frofw,, A1, ¢1) to (dz, Ay, ¥),
grams are strongly influenced by the shifts in the thicknes@s Shown in Fig. 2. In order to satisfy the Bragg matching
and the refractive index of the photographic film, especiallycondition for volume holograms, the recording and recon-
when the operating wavelength is different from that of the_structlon condmor_ls r_nust be.carefully designed. For opuca!
recording beam such as for optical interconnect applicationdntérconnect applications, this problem becomes more seri-
There are several articles proposed to reduce the influencQ¥S Pecause volume hologram are always fabricated by the
of the thickness shift:® Some are related to the procedures!€cnique of shorter-wavelength construction for longer-
of the postprocessing® Recently, Zhacet al® proposed a W_avelength reconstructich.Thus, the _reconstructed I_|ght
corrected condition in the geometry of optical setup for re-W'th_ wavelengthi, (>A,) mgst _be incident at a_speglally
cording volume holograms, and he demonstrated its feasibifjeSIgneOI anglé;,, as shown in Fig. 3. If the outgoing signal
ity with Dupont photopolymer HRF-600X001. There is no

reference related to how to simultaneously correct the influ- R, g
ences of the thickness shrinkage as well as the refractive- 0 :
index shift. In this letter, an improved compensation method n, ! Os1
to physically correct the influences due to both the thickness
shift and the refractive-index shift is proposed, based on ng
Zhao's technique. In addition, volume holograms for optical film ¢ ' d
interconnects are fabricated with silver halide emulsion to (unprocessed) 051
demonstrate its validity. '
The geometry of optical configuration for recording a n, '
volume hologram is shown in Fig. 1. Two light beaRs substrate
and S, with wavelength\; are incident on a recording ma-
na
3Electronic mail: t7503@cc.nctu.edu.tw FIG. 1. Geometry for recording a volume hologram.
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FIG. 2. Schematic representation of thickness shift of photographic film

before and after processing.

wave S, with diffracted angleds, is desired, then the angles
0',, and ', can be calculated with Snell's law, and the
anglesé’,, and 6’5, can be derived with th&-vector dia-
gram for Bragg matching conditiohas shown in Fig. 4.
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FIG. 4. K-vector diagram for the compensation study.
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n¢; andns, are the refractive indices at; and\,, respec-

Here,K is the grating vector of the volume hologram beforetively. It is obvious from Eqs(1) and(2) that8,, and 65, can
processing, its initial and end points are on the circular arde calculated if the experimental conditionsmf, n¢;, d;,
with radius 27/A,. And K, is the grating vector of the ny,, d,, 6,5, andf,, are specified. These equations serve as
volume hologram after processing. Since a light beam withldesign formulas for the precompensated volume holograms.

wavelength\ , is used to reconstruct this volume hologram,

Optical interconnects with the specifications 6f,

its original and end points are located on another circular are=0°, 65,=45°, and\,=632.8 nm are fabricated. A solid-

with radius 27/ A, . Finally, the values of),; and ¢, can be

calculated by using Snell’'s law again. Hence, we have

N¢p
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FIG. 3. Geometry for reconstructing a volume hologram.
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state laser with 532 nm wavelength is used to record the
interference fringes on the Slavich photographic plate
(VRP-M) whose optimal exposure is 30)/cnt. After the
optical exposure, it is processed with the technique presented
by Sazonov and KumonRdwith SM-6 developer and PBU-
Amidol bleach. An ellipsometer(Model: nkd-6000™, Ag-

uila Instruments Ltd.and a surface profilefmodel: Dektak
3030, Veeco Instruments Inc., Slgare used to measure the
refractive indices and the thickness of this film before and
after processing, respectively. The measured results are
shown in Fig. 5. From this figure, we obtain, = 1.6046(at

532 nm, n;,=1.6647(at 632.8 nM, d;=5.70m, andd,
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FIG. 5. The measured relation curves hetween the refractive index vs the
wavelength of Salvich VRP-M film before and after processing.
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TABLE I. Calculated values for four possible uncompensated conditions.

Chen, Su, and Su 1389

—&— Experiment

25 = ~ = Theory
Conditions (% Os1 Osr Condition (i)
— - — Condition (ifi)
0) -2.20° 39.26° 46.15° B
(ii) -2.18° 39.23° 46.11° 3 foe
(iii ) -3.39° 40.81° 48.04° > Sy T R
(iv) -3.38° 40.80° 48.03° £ CoeN N
S coo N
T .o \
g ‘\ . R
.=5.35,um, respectively. Supgtltutlng these data ang-1 § N
into Egs (1)—(6), the conditions 6,,=—1.46° and 64 & N R
=38.31° are obtained. o . ‘ R
Let us consider the conventional cases. First, assume we 1 ' . \‘\ .
consider only the thickness shrinkage of the photographic B+—————T T T T 1

5 4 3 2 4 0 1 2 3 4 5

Incident Angle Deviation (degree)

film, then we have two conditions$i) d;=5.70um, d,
=5.35um, n;;=n,=1.6046, and(ii) d;=5.70um, and
d,=5.35um, n¢;=n;,=1.6647. In addition, if we even do ()
not consider both the thickness shrinkage and the refractive

. . R —®— Experiment
index shift of the photographic film, then we may have an-

25- = = Theory
other two conditions (i) d;=d,=5.70um, n¢;=n;, ] T gggg;gzm)
=1.6046, andiv) d;=d,=5.70um, n;;=n;,=1.6647. We 234 B,

use these four possible uncompensated conditions to calcu- & 4 S vt _

late the values of,;, s, andfs,. And they are calculated 7214 . Z'\I\ T

and listed in Table I. In these four cas#s, does not equal s ¥ . . Lo < .

to 45° as originally designed. We have plotted the relation ¢ 194 .° . Lo N \
curves of the diffraction efficiency versus the deviation of ‘2 { . / : Vo O

the incident angle from the surface-normal direction, as -%17- o : Vo N, ~“'\
shown in Fig. 6a) for conditions(i) and (iii) and Fig. 6b) E / . N N \
for (i) and(iv), respectively. The theoretical and experimen- & 154/ . .o N R
tal curves have been added in both Fig&) &nd &b) for 1 . M N, <
comparisons. It is seen that the experimental curve shows 13 +——T—rrr 7T
good correspondence with the theoretical curve. It is noted in 5 4 3 2 44 0 1 2 3 45
Fig. 6 that the incident angle for matching the Bragg condi- Incident Angle Deviation (degree)

tion (maximum diffraction efficiencyare deviated from the (b)

surface-normal direction by-0.81°, —0.78°, —2.10°, and - S . . .
_ o ditiong(i), (ii), (iii), and (iv), respectively. If FIG. 6. Variations of diffraction efficiency as function of the angular devia-
2.09° for _Con & ' ! ! p . Y. _tion from the surface-normal Bragg condition f@ conditions(i) and(iii );
both the thickness shrinkage and the refractive index shifand (b) conditions(ii) and (iv).

have been taken into account, then there should be no angle

deviation. _ to show the validity of this method. The methodology pro-
According to the coupled-wave theory, it can be calcu-posed is applicable to other phase media when the associated

lated that if the product of the index modulation strength  fiim shrinkage and refractive-index shift data are experimen-
and the thicknessl, (in micron uniy of the photographic tally determined.
film is larger than 0.24, then the diffraction efficiency will be _ _ _
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