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Fabrication of a photooptical switching device based on the photo-induced refractive index change of polymer
film doped with photochromic compounds is described. 1,2-bis(2-methylbenzo|b]thiophen-3-yl) perfluorocyclopen-
tene (BFCP) and 1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethene {CMTE) were used as the photochromic
compounds. A transformation in the compounds from the opened-ring to closed-ring form was induced by irradia-
tion with a He-Cd laser (325 nm) and the reverse reaction with an Ar ion laser (488 nm). The polymer films contain-
ing BFCP and CMTE showed a refractive index change, An, as large as 5 X 10~4/wt% photoisomerized chromo-
phores. Photooptical switching of a prism-coupling device was demonstrated by alternate irradiation with Ar ion
and He-Cd lasers, and also by irradiation with a pulsed YAG laser.

KEYWORDS: photochromic compound, diarylethene, polymer film, switching device, waveguide, prism coupling, refrac-

tive index

1. Introducti'on

Much attention has been paid to developing optical
devices capable of signal processing such as switching,
deflection, and modulation. Almost all devices
proposed to date are based upon electro-, acousto-, or
magnetooptical effects. The device that can control
light directly by using a photooptical effect"? (e.g., pho-
to-induced refractive index change) is of interest,”
since it can operate without mechanical motion and
electric noise. In this study, fabrication of a photoopti-
cal switching device based on the photo-induced refrac-
tive index change of polymer film containing photo-
chromic compounds is described.

A photochromic compound is characterized by its
ability to undergo a reversible transformation between
two different chemical forms having different absorp-
tion spectra in response to light of appropriate
wavelengths.

Recently, a new type of photochromic compounds, di-
arylethenes, which undergo thermally irreversible and
fatigue-resistant photochromic reactions, was devel-
oped.*® Both isomers were found to be stable for more
than 3 months at 80°C, and coloration/decoloration cy-
cles of the compounds can be repeated more than 10°
times. In this study, such diarylethene-type photo-
chromic compounds were dispersed in polymer film and
used for photooptical switching devices.

2. Experimental

2.1 Materials and sample preparation

1, 2 - bis (2-methylbenzo [ b] thiophen - 3 - yl) perfluo-
rocyclopentene (BFCP) and 1,2-dicyano-1,2-bis(2,4,5-
trimethyl-3-thienyl)ethene (CMTE) were used as the
photochromic compounds. A transformation in the com-
pounds from the open-ring to closed-ring form was in-
duced by irradiation with He-Cd laser light (325 nm)
and the reverse reaction with Ar ion laser light (488
nm) as shown in Fig. 1. The compounds were dispersed

in amorphous polyolefin (Zeonex 280) and used for the
waveguide.

The polyolefin film waveguide was prepared by spin-
coating a toluene solution containing the polyolefin and
the photochromic compounds (20 wt% ) on a Pyrex sub-
strate (index of refraction, ns=1.47 ). The polymer film
was kept at 70°C for 24 h under vacuum to remove the
solvent. The film thickness was about 4 um.

2.2 Prism-coupling method for refractive index mea-
surement

Determination of the refractive index of the
waveguide was carried out using the prism-coupling
method. This method is convenient and accurate and
well described in the literature.®” The experimental
setup for the prism-coupling method is illustrated in
Fig. 2. Here two prism input-output couplers were
used. The TE-polarized He-Ne laser beam (wavelength
633 nm) was focused on the edge of the prism coupler
(index of refraction, n,=1.78), which was brought into
contact with the film. The He-Ne laser beam was trans-
ferred to a guided wave by the prism at appropriate
coupling angles. The effective mode index n.g was cal-
culated for each mode from the angles at which light
was coupled to the guides using the relation®
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Fig. 1. Photochromic compounds.
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Fig. 2. Illustration of the prism-coupling method.

where 1, and a are the prism refractive index and an-
gle, respectively, and 8 is the coupling angle from the
prism normal. The dispersion mode of the polymer film
waveguide was calculated from the coupling angles,
and the refractive indices were determined.®

3. Results and Discussion

The absorption spectral change of the polyolefin
waveguide film containing BFCP (20 wt%) is shown in
Fig. 3. Irradiation of the film with He-Cd laser light led
to the formation of a red film in which visible absorp-
tion at 520 nm was observed. Upon Arion laser light ir-
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Fig. 3. Absorption spectral change of polyolefin film doped with
BEFCP.

Naff
1.52 1.53
—_—
ot 0
+ 91 I2
| i .
3 - n
3 d ¥
Py =
= s ‘h .
e f .
" h . -
-‘5 ﬂ ‘O"Q"O' lr:.
-8‘ ‘/d - g0 -
:j » Yy - s ”® — - I
© 0 G800

24 25 26 277
Incident angle / deg |

Fig. 4. Coupling characteristics of BFCP-doped polyolefin
waveguide. O: underirradiation with Arion laser licht O: under ir-
radiation with He-Cd laser light
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radiation, the red color disappeared. Figure 4 shows
the coupling characteristics of the TEy-mode, i.c., out-
put light intensity as a function of the incident angle,
for the waveguide by irradiation with Arion and He-Cd
laser light. The coupling characteristics shifted to a
higher angle, and the refractive index increased when
the film was irradiated with a He-Cd laser (in the case
of Fig. 4, the photo-induced refractive index change is
about 1.5X107%). Upon irradiation with an Ar ion
laser, the coupling angle returned to the initial state.
The angle shifts correlated well with the amount of
iIsomerization of BFCP.

Figure 5 shows the relationship between the weight
fraction of the photoisomerized compounds in the film
and the refractive index change (An). BFCP of 10 wt%
undergoes photoisomerization in polymer matrices un-
der suitable conditions. In this case, the photo-induced
refractive index change reaches 5X107°. Figure 6
shows the result for the waveguide film containing
CMTE. The photo-induced refractive index change ob-
served for CMTE film was as large as the change for
the BFCP film.

Refractive index (n4) of the compounds can be esti-
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Fig. 5. Photo-induced refractive index change (An) for BFCP.

2
M)
|
-
™~ 1
-
< ®
0
0 1 2 3 4

concentration of photo-

isomerized compound / wt$%

Fig. 6. Photo-induced refractive index change (An) for CMTE.
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mated from molecular refraction ([ R]) and molecular
volume (V).

na= v(2¢+1)/(1—¢)
¢=IR]IV (2)

Using eq. (2), the photo-induced refractive index
changes of BFCP and CMTE with 10 wt% photo-
isomerization was calculated to be 5X107% The ob-
served value was 10 times larger than the calculated
value. The discrepancy is ascribable to the dispersion
effect.

Refractive index varies as a function of wavelength.
In the wavelength region far from the absorption
bands, the refractive index increases monotonically
with decreasing wavelengh. On the other hand, near
the absorption band, the refractive index becomes
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Fig. 7. Change of output intensity for BFCP-doped polyolefin ilm
waveguide.
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large.” The calculated refractive index change,
5X107% is the value at the wavelength region far from
the absorption bands. This explains the large refractive
index change observed at 633 nm in comparison with
the calculated value.

The coupling chracteristics shifted to a highter angle
by He-Cd laser (325 nm) irradiation, as shown in Fig.
4. Thus, if we set the incident angle at 8, or 0, of Fig. 4,
the output intensity is expected to change by irradia-
tion with Arion (488 nm) or He-Cd laser light (325 nm).
The switching characteristics of output intensity were
investigated under alternate irradiation with 488 nm
and 325 nm light. Figure 7 shows the result. At 6,
(which is the coupling angle under irradiation with Ar
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Fig. 8. Change of output intensity for BFCP-doped polyolefin film
waveguide by irradiation with a pulsed laser.
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ion laser light in Fig. 4), the output intensity decreased
upon irradiation with 325 nm light, and recovered upon
irradiation with 488 nm light. On the other hand, at 6,
(which is the coupling angle under irradiation with He—
Cd laser light in Fig. 4), the output intensity increased
upon irradiation with 325 nm light, and recovered upon
irradiation of 488 nm light. .

The photoisomerization rates of 2,3-di(2.4,5-
trimethyl-3-thienyl)maleic anhydride were studied by a
laser photolysis method and both the ring-opening and
the ring-closing reactions were found to proceed in less
than 100 ps.!” The rapid response suggests that the
switching rate reaches more than 1 GHz. In order to
confirm the rapid response rate, the switching charac-
teristics were studied under irradiation with a pulsed
laser (pulse width: 8 ns, wavelength: 532 nm, power:
15 mJ), as shown in Fig. 8. At 6,, the output intensity
increased, while at &; the intensity decreased. The

~response time was less than 100 pus. At present, we

could not eliminate the initial spike noise possibly
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caused by the scattering light. The response time is ex-
pected to be shortened to less than 1 ns when the noise
15 eliminated. The observed rate less than 100 us is,
however, still much faster than the rate observed for
chalcogenide films.?

1) K. Tanaka and A. Odajima: Appl. Phys. Lett. 38 (1981) 481.
2) K. Tanaka, Y. Imai and A. Odajima: J. Appl. Phys. 57 (1985)
4897.
3} J. R. Kulisch, H. Franke, R. Irmscher and Ch. Buchal: J. Appl.
Phys. 71 (1992) 3123.
4) M. Irie and M. Mohri: J. Org. Chem. 53 (1988) 803.
5) M. Irie: Jpn. J. Appl. Phys. 28 {(1989) 215.
6) P. K. Tien: Appl. Opt. 10 (1971) 2395.
7) T. N. Ding and E. Garmire: Appl. Opt. 22 (1983) 3177.
8) A. L. Dawar, J. C. Joshi, S. K. Kapoor, N. K. Bishambhu and
| K. N. Tripathi: Appl. Opt. 30 (1991) 2553.
9) G. Andermann, A. Caron and D. A. Dows: J. Opt. Soc. Am. 55
(1965) 1210.
10) Unpublished results.

Supplied by The British Library - "The world's knowledge”

¢ = by T . & - gl =N P




