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ABSTRACT

We have studied the characteristics of a nonlinear Fabry-

Perot filled with Kerr liquids CS, and nitrobenzene, and found

2

excellent agreement between theory and expériment. The tran-

sient behavior due to cavity field buildup is dis@ussed.

+Suppottéd by U. S. Department of Energy
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Felber and Marburgerl have proposed the use of a nonlinear Fabry-

-,

Pefdt (FP) with a nonabsorbing medium as a broadband nonlinear optical de-

o

vice. Most experimental observations héve,vhowever, been made on FP with
an abéofbing medium,although in those caées it is shown that the disper-
sive contribution to the field-induced refractive index usually dominates.2
.Recently, we have studied the characteristics of a nonlinear FP filled with a nonab
éorbingliquid'crystalline material which has a large optical Kerr con-
sfant;3..H§wever, siﬁce the response tiﬁe of the medium is long compared

with the input ;aéer pulsewidth, only ﬁhe tranéient characteristics were

vobseéﬁed. iﬁ this péper, we report sémé:receﬁt results df our study on a

nonlineat FP filled with‘CS aﬁd hitrobenzene, both of which are strong

2

nonabsorbing Kerr liquids with avshort feéponsg time.‘ From our results,
we can see how the FP behaves towards the quagi—steady-state limit in its
three modes of operatiqn. We find that the expérimental results are in
eﬁcellent agreemgnt with the dynamic theory of the nonlinear FP.3

Our ekpérimeﬁtal éétup has already been deséribgd éarlier.3 In the
pteSent césg;VWE uséd two singie—mode Q-s&if?hédyrﬁby'lésers with differ-

ent pulsewidths, ip = 14 and 62 nsec FWHM respectively. Both lasers had

a Gaussian beam profile.with a maximum peak intensity of about 25 MW/cmz.

The FP cavity was constructed with plane mirroré separated by 1 cm corre- .
-

sponding to a Cavity round-trip time t_ of about 0;1 nsec. The finesse

R {

A . o !

of the cavity was ~ 13 so that the cavity buildup time is 1 = 0.45 nsec at zero de-
- . : ¢ tuning.

The response of the Kerr medium is governed by the Debye relaxation. The

Debye relaxation time’TD is 2 psec for CS2 and 45 psec for nitrobenzene.

The nonlinear réfractive index n, is 2.2 x 10*11 esu for CS

2 “and 1.1 x

2

10711 esu for ﬁitrobenzene.
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Our results are shown in Figs.‘1 and 2, Iﬂ:each figpre,-the three
diffefent modes of operation of the nonlinear FP are shown, with the phase

detuning 8¢, = 0 for power limiter, A¢6 = - 0.1 7 rad. for differential

'géin, and A¢6 = - 0.2 7 for optical bistability. The dots in the figures

are obtained from measurements while the curves . are theoretical curves.

;Figuré 1 shows the results of the response of the FP with nitrobenzene to

a rp = 14 nsec input,pulse. The different modes of operation are clearly

seen in the I versus I, plots. Here, we have t /t_ = 140.and t /1, =
out p p D

in

R

310, yet the curves still exhibit some remenant transient characteristics:

{n Curve appears as a looﬁ instead of a line in the power

limiter and differential gain cases and shows a rather smooth switching in_

the I '~ versus I
out o ooC

the.bistable case. If we used CS2 instéad-of nitrobgﬁzene in:the 'FP cav-

D becomes 7000, the results were almost identical to those

~given in Fig. 1 when the input intensity was reduced by half because of

the larger nz-of CS,. However, little transient behavior remained when a

rp.é'ﬁz'nsec:input pulse was used on a FP with QSZ, as shown in Fig. 2.

In this case, we still have rp;>'tD, but'té/tR = 620. These»results indi-

- cate that the observed transient response in the present case is mainly

due to the finite buildup time of the cavity field. The quasi-steady-

state limit of operation can only be reached when-rp/tR 2 300.

The theoretical curves in Figs. 1 and 2 were calculated from the time-
dependent theory of the nonlinear FP we had developed earlier.a' It takes
into account the cavity field buildup and -the t:ansient medium response.

We first fit the input laser pulse by I, (t). We then calculated numeric-

in
ally the round-trip phase 1ncrement'A¢o due to the field-induced refractive
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index in the cavity, and the output pulse Iout(t) with the response func-
tion of the detector system included in the calculation. Finally, Iout(t)
versus Iin(t)nusing t as a varying parameter'vaé pldtte@. Ipveach figure,
one normalization constant was used to fit the peak of Iout(t) in case (a),
"and then the same'normalization constant waé uséd in cases (b) éhd (c).

As shown in Figs. 1 and 2, the tﬁeoretical curves>descfibe the experimen-
‘pal results very well. | |

| In the bistable mode of operation; if.tﬂe detector responsé is infi-
.nitelyyfast;iIouﬁ(t) would actﬁally show an ovgrshobt and damped oscilla-
vtion'after the.opfical switéhing; Thié resulté fyémifheiﬁransient buildup
:_ofzthe cavity field:from its initiél Qalue to thevfinal value at switching.
 In our experimeﬁtél observation, the effect ﬁas laréély,dampea out by the
' siow detéctor.response except for a small errshoot. 1f we consider over-
shoot and 0sciliation_as part of ;hé switcﬁing, then switching cén‘be con-
side;ed as.ovgr only after 2 or 3 times the cavity_buil&up time Tos There-
.fére, the switching speed‘of a nonlinear FP is eventually limited by Te»

. In conclusion, we have shown that even when the medium response is
vefy‘fagt, the operation of a nonlinear FP still shows transient ;harac—
teristics if the input pulsewidth Tp (or>eqﬁivaiently, the characteristic
time of the input intensity variation) is not sufficiently 1afge in com-

' comparison with the cavity round-trip time t or the cavity buildup time

R
T The Quasi-steady—state limit is only apprdached when 'rp/tR 2 300.

Then even in the quasi-steady-state limit, opticallswitching in the bistable

mode of operation may exhibit overshoot and ringing and the switching speed
is limited by the cavity buildup time.

brThis work was partially supported by the Division of Materials Sci-
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Figure Captions

I I » and A¢ as a function of time t and Iout(t) versus

in® “out

Iin(c) of a nonlinear Fabry-Perot filled with nitrobenzene.

Té = 14 nsec, T, = 45 psec,“t =0.1 nsec,band~¢é~=;0.55 nsee.

D R

Cases (a), (b), and (c) correspond to the'th:ee modes of opera~

tion of the Fabry-Perot: power limiter, differential gain; and

 optical bistability respectively.

Iin’ Iout’ and A¢ as a function of timg t and Iout(t) versus
Iin(t) of a nonlinear Fabry-Perot filled with CSZ' Tp = 62 nsec
and TD‘=’2 psec. The rest are the same as in Fig. 1.

o
0,

[ ey
~



-

\\/L

€

NORMALIZED INTENSITY

LO——T 711 |
= (a) 4037w
| Tin -
- 1027w
0.5 ' A¢ 1
i ’,l’ \\ A 0'1!
’ loonu'
o1 111 1 14 YN0
10 —T T T T T 1
(b) :O.31r
 Tin _ -
"_A?_\-\ —0277
0.5 /' '\\\ =
I e
1 10x Lout 40.|1r
Il -
I’ R
) R T Y N S B - o)
10 T

TIME (nsec)

INDUCED PHASE SHIFT, A¢

ag,= O
Io=23.19 MW/cm?

-105

T O B T

1o = 23.96 MW/cm?

{
T T T T T
B ¢ =-0.lr 7
[ 0% .

0.5

= -
s 4
WU VN U U S S I o
T 7 LI b T T 'O
Ag=-02m _
L 15:20.09 MW/em?Z  _
B ' -
u 405
: -
) I N qo
0 05 1.0

NORMALIZED INPUT INTENSITY

NORMALIZED OUTPUT INTENSITY

XBL789-5803



NORMALIZED lNTEN_SITY

05

0.5

| S S — T T T
— (0) “40.3 7
- lin i
= ~0.2r
- -
_ _4L¢ i
” \\\
e . -10.1r
. ‘N -
Y S U D N S A 0 -
T T T 1 T 1 <
- : 4037 -
(b) ] -
1. *
| n, | (%
- A 40.27 .
= I’ \\\ _ LIJ
/ ~ 2
- ¢ 10xLoyt 3 ] I
- ) 10.1r &
- I, ~ o
) w
/ (&)
S T N I B 0 8
=
103»
02w
O.lr
0

TIME (nsec)

Ay =0 |
I5= 12.18 MW/cm?

I 1T 1T T 1 i
- A¢ =-O.lw .

0o 2
~ Io=1L.34 MW/em

B

T T T T T 7
B A¢o=-0.21r

= - 2
Io=966 MW/cm

NORMALIZED OUTPUT INTENSITY

"

0

0.5 1.0
NORMALIZED INPUT INTENSITY

XBL789%305

Q-‘v\.

[ £



This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
those of the author(s) and not necessarily those of The Regents of the
University of California, the Lawrence Berkeley Laboratory or the
Department of Energy.




kY .

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





