University of Massachusetts Boston

ScholarWorks at UMass Boston

Physics Faculty Publications Physics

7-31-1995

All-optical light modulation in bacteriorhodopsin films

F. J. Aranda
University of Massachusetts Boston

R. Garimella
University of Massachusetts Boston

N. F. McCarthy
University of Massachusetts Boston

D. Narayana Rao
University of Massachusetts Boston

D.V.G.L.N. Rao
University of Massachusetts Boston, raod@umb.edu

See next page for additional authors

Follow this and additional works at: https://scholarworks.umb.edu/physics_faculty_pubs

6‘ Part of the Physics Commons

Recommended Citation

Aranda, F. J.; Garimella, R.; McCarthy, N. F.; Rao, D. Narayana; Rao, D.V.G.L.N.; Chen, Z.; Akkar, J. A.; and
Kaplan, D. L., "All-optical light modulation in bacteriorhodopsin films" (1995). Physics Faculty
Publications. 31.

https://scholarworks.umb.edu/physics_faculty_pubs/31

This Article is brought to you for free and open access by the Physics at ScholarWorks at UMass Boston. It has
been accepted for inclusion in Physics Faculty Publications by an authorized administrator of ScholarWorks at
UMass Boston. For more information, please contact scholarworks@umb.edu.


https://scholarworks.umb.edu/
https://scholarworks.umb.edu/physics_faculty_pubs
https://scholarworks.umb.edu/physics
https://scholarworks.umb.edu/physics_faculty_pubs?utm_source=scholarworks.umb.edu%2Fphysics_faculty_pubs%2F31&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=scholarworks.umb.edu%2Fphysics_faculty_pubs%2F31&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umb.edu/physics_faculty_pubs/31?utm_source=scholarworks.umb.edu%2Fphysics_faculty_pubs%2F31&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@umb.edu

Authors

F. J. Aranda, R. Garimella, N. F. McCarthy, D. Narayana Rao, D.V.G.L.N. Rao, Z. Chen, J. A. Akkar, and D. L.
Kaplan

This article is available at ScholarWorks at UMass Boston: https://scholarworks.umb.edu/physics_faculty_pubs/31


https://scholarworks.umb.edu/physics_faculty_pubs/31

\\
Applied Physics \\
Letters \\

Alloptical light modulation in bacteriorhodopsin films
F. J. Aranda, R. Garimella, N. F. McCarthy, D. Narayana Rao, D. V. G. L. N. Rao et al.

Citation: Appl. Phys. Lett. 67, 599 (1995); doi: 10.1063/1.115401
View online: http://dx.doi.org/10.1063/1.115401

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/V67/i5
Published by the American Institute of Physics.

Related Articles

Stimulated supercontinuum generation extends broadening limits in silicon
Appl. Phys. Lett. 100, 101111 (2012)

Triggering, guiding and deviation of long air spark discharges with femtosecond laser filament
AIP Advances 2, 012151 (2012)

Four-wave mixing in carbon nanotube-coated optical fiber gratings
Appl. Phys. Lett. 100, 071108 (2012)

Symmetry-breaking diffraction and dynamic self-trapping in optically induced hexagonal photonic lattices
Appl. Phys. Lett. 100, 061907 (2012)

Ultrafast all-optical tunable Fano resonance in nonlinear ferroelectric photonic crystals
Appl. Phys. Lett. 100, 031106 (2012)

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the_journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

@\ ACCELERATE AMBER AND NAMD BY 5X.

LEARN MORE

NVIDIA

Downloaded 30 Mar 2012 to 158.121.194.143. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/1726772523/x01/AIP/Asylum_APLCovAd_1680x420Banner_02_14_2012/AIP-Ad1.jpg/774471577530796c2b71594142775935?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=F. J. Aranda&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=R. Garimella&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=N. F. McCarthy&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=D. Narayana Rao&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=D. V. G. L. N. Rao&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.115401?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v67/i5?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3692103?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3690961?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3687170?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3682510?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3678184?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

All-optical light modulation in bacteriorhodopsin films

F. J. Aranda, R. Garimella, N. F. McCarthy, D. Narayana Rao,?
and D. V. G. L. N. Rao
Physics Department, University of Massachusetts, Boston, Massachusetts 02125

Z. Chen, J. A. Akkara, D. L. Kaplan, and J. F. Roach
U.S. Army Natick Research, Development and Engineering Center, Natick, Massachusetts 01760

(Received 3 March 1995; accepted for publication 19 May 1995

We report a convenient method to obtain all-optical light modulation in bacteriorhodopsin films
using a degenerate four-wave mixing geometry. Chemically stabilized films of bacteriorhodopsin in
a polymer matrix for which the lifetime of the excitéd state is tens of seconds were used to
demonstrate all-optical light intensity modulation. The films are observed to be stable over a period
of 4 years. Due to the sensitivity of the films, small intensities of order microwatt/acenrequired

in the modulation experiments. Furthermore the fast photochemical transitionMramB permit
reasonably fast modulation speeds independent of the slow th&raal B relaxation time. The
experimental system also acts as an all-optical switch where a low power blue pulse turns on a
signal red beam. €1995 American Institute of Physics.

The photochromic protein bacteriorhodopéiiR) which dl
is related to the visual pigment rhodopsin contained in the &= ~a(ll,
cone cells of the human retihhas shown great promise as a
candidate material for applications in photonics technologywhere ay=No;, g=No;(o;—0,)7/hv and the satura-
Several applications have been proposed in informatiofion intensity | ;=hv/(o,+0,) 7, o;,0, are the absorp-
processing.° bR like most complex organic materials lends tion cross sections for the nonradiative transitigre M and
itself to many manipulations which permit the optimization M to B, respectivelyr is the relaxation time for the transition
and tailoring of its optical properties without degradation of M to B. For light of wavelengths close to or greater than 570
its inherent mechanical and thermal stability or other physinm, ;> 0, and a(l) exhibits saturable absorption. The
cal characteristicSome of the interesting nonlinear optical term a includes linear absorption as well as any loss due to

properties have already been investigété]d.Mirrorless_all— scattering. We first measured the saturation behavior of the
optical bistability was reported by our grotign a previous bR film in the presence and absence of a blue beam as a
letter. function of the incident red light intensity and the results are

Light modulation plays a fundamental role in the devel-shown in Fig. 1. We observe that the saturation intensity is
opment of optical and optoelectronic systems for future in-markedly different when the film is simultaneously exposed
formation technologies. Spatial light modulatofSLMs)  to red and blue light beams. When only the red beam is
have been proposed to provide interconnections in parallgdresent we obtain by numerically fitting the data in Fig. 1
information and image processing. The most common SLMsyith Eq. (1) a saturation intensity of 1.3 mW/émHowever
are made from ferroelectric liquid crystals, and there is ayhen a blue beam of 1.1 W/énis simultaneously present
substantial effort underway to utilize multiple quantum well the saturation intensity increases to 50 mW/cm
(MQW) structures for this purposé. The experimental arrangement for studying light inten-

In this letter we report a convenient method of obtainingsity modulation consists of a Spectra Physics He—Ne cw
aII-opticaI |Ight modulation in chemically stabilized bR dis- laser with Output at 632 nm. A Coherent Innova 70 Spectrum
persed in polyacrylamide gel and cast into thin films at theargon—krypton cw laser which can be tuned to give 458 nm
Natick labs. wavelength laser light was used as the source of blue light.

The most relevant states for our experiments in the bRrhe technique of degenerate four-wave mixingdFWM)
photocycle are th®& andM states. If we neglect the remain- with the red beams is used throughout the experiments. The
ing short lived intermediate states of the photocycle, we cagertically polarized laser beam was split into three beams,
approximate the saturation dynamics of bR using a simplgvhich are spatially overlapped in the sample. We used the

two Ievellmode.F.S . o backward wave geometry where the two pump beams inter-
‘The intensity dependent nonlinear absorption is deact with the probe beam giving rise to the phase conjugate
scribed by the expressions: signal in the backward direction. The intensity of the phase

conjugate beam was measured.
The signal is obtained by physically separating the phase
ag— conjugate beam with the aid of a beam splitter and measur-
1+1/1g ing the beam intensity with a Hamamatsu R298 photomulti-
(2) plier tube. The detector was interfaced to a personal com-

90n leave from School of Physics, University of Hyderabad, Hyderabad PUter or an os_cilloscope for data .vaUiSitio'f‘ and anal)_/SiS-
India. The blue light is made to overlap in the region of the film

N 1+20,F7 gl
a=No 1+(oq+oy)FT B

Appl. Phys. Lett. 67 (5), 31 July 1995 0003-6951/95/67(5)/599/3/$6.00 © 1995 American Institute of Physics 599
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FIG. 1. Transmission of the chemically stabilized bR film as a function of

the incident 632 nm light intensity. The squares represent data obtained in
the absence of blue light and the circles represent data obtained when 458
nm light is simultaneously present. PMT

Phase conjugate

where the DFWM interaction takes place. A mechanicalgg, 2. schematic of the experimental arrangement for the light intensity
chopper with different aperture sizes or a rotating mirrormodulation experiments. The laser used for DFWM is a Spectra Physics
with a fixed aperture are used to modulate the blue |ight—|e—Ne and the modula_ting Iaser‘is a Coherent Innova‘7(_) Spectrum Ar—Kr.
intensity. A schematic of the experimental arrangement &> (Peam spiitter M (mirron), F (filter), PMT (photomultiplier tubg:

shown in Fig. 2. The DFWM signal arises as a result of the

index grating that is formed from th& to M state transition power while holding the power of the four wave mixing red
and the change in the index of refraction is governed by théeams fixed. The forward pump and the probe were set at 67
Kramers—Kronig dispersion relatio$ As a result of the mw/cn? and the backward pump was set at 55 mWicm
photochromic transition induced by the red light in the re-The data obtained are shown in Fig. 3. The great sensitivity
gion of the DFWM interaction, thd to M transition will  of the chemically stabilized bR film is due to the low satu-
locally be saturated and all the bR in the region will beration intensity. Thus the beams used in the DFWM setup
switched to théM state. This saturation happens at relativelycan be extreme|y weak. We are Currenﬂy using 0.8
low powers of the incident light because of the long thermalmw/cn? for the backward pump, 0.75 mW/énfor the for-
relaxation time of thev to B transition, which is of the order ward pump, and 0.78 mW/cnfor the probe. These powers
of tens of seconds. No index grating will exist due to thecan easily be achieved with currently available low power
above mechanism since all the molecules remain inMhe |3ser diodes. The blue laser is chopped in pulses with aver-
state. Gratings formed by other mechanisms may be presele powers in the range 60—5@0W/cn?. The very small

but we found their contribution to the signal to be below thesatyration intensity of the chemically stabilized bR film is
noise level and thus negligible at these intensities. Following,e to the fact that the lifetime of the excitbtistate is very

the procedure of Tompkiet al'® we can estimate an effec- |ong. The use of this type of geometry and the wavelengths
tive third-order nonlinear susceptibility for the observedcngosen make the light modulation process dependent only on

saturation intensity of 1.3 mwi/cnf according to the dynamics of th® to M transition and the control of the
nécz @ photochemical transition back to tigestate triggered by the
X<3>=m(5+i), (2)  blue light. We thus take advantage of the great sensitivity
S

afforded by the low saturation intensity while not being con-
ny and « are the linear refractive index and absorption re-strained on a time scale by the long relaxation lifetime. We
spectively, andé=(w— w) T, is the detuning of the laser have been able to attain modulation with 0.4 ms pulses with
frequencyw from the resonance frequenay normalized to  repetition rates of 250 Hz, limited only by the speed of the
the dipole dephasing tim&,. We thus estimate a value of rotating mirror used in the experiments. An added advantage
(0.14+0.36) esu for y®. Experimentally with | ,.=3 s that this technique affords great signal to noise contrast

X103, 1 0pe=30, =70 1,,=50 uWlcn?,  we  since the phase conjugate beam will be either nonexistent or
obtairf’ y®)=0.6 esu which is in line with the estimated present. It could also be treated as an all-optical switch
value froml. where a low power blue pulse switches on the red signal

When blue light is present on the other hand, a fast phobeam. A picture of the light modulated phase conjugate sig-
tochemical reaction is induced that reverts the bR moleculesal is shown in Fig. 4.
in the M state back to the initidB state within less than a few We can then easily extend the use of this technique to
microsecond$.The effect of the presence of the blue light is obtain spatial light modulation by the use of a pixelated
thus to trigger the photocycle. An index grating will there- chemically enhanced bR sample which would allow us to
fore be formed and a phase conjugate beam will appear. Fimplement optical processing algorithms. Image processing
nally by modulating the blue light the phase conjugate beanmn an unpixelated film can easily be achieved by selectively
will effectively be modulated. We monitored the evolution of cancelling or enhancing the desired Fourier frequency com-
the phase conjugate signal as a function of the blue beamonents of the image.

600 Appl. Phys. Lett., Vol. 67, No. 5, 31 July 1995 Aranda et al.
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| | | FIG. 4. Oscilloscope picture of the modulated phase conjugate signal. The
0
0001 00! ol | DFWM beams were set at 0.8 mW/@nfior the backward pump, 0.75

Tin (WICMZ) mW/cn? for the forward pump, and 0.78 mW/énfor the probe. The blue
laser is chopped in pulses with average intensity in the range 60—-500

uWi/cn?. The horizontal scale on the photograph is 1 ms per division. High

FIG. 3. Evolution of the phase conjugate signal intensity as a function of thﬁfrequency noise is due to rf background from the laser affecting the photo-
incident 458 nm light intensity. The forward pump and the probe were set aFnuItipIier tube.
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