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Following the success of cavity ring dow@RD) spec- of about 5us duration containing up to 50 mJ of energy.
troscopy for quantitative optical absorption studies on gasEach macropulse consists of a train of micropulses with a
phase specigsyarious experimental schemes are currentlyduration of 0.3-5 ps, separated by 1 ns. In the present ex-
being explored to make this technique applicable to the studperiment FELIX runs aa 5 Hzrepetition rate, and the full
of thin solid films as well. A straightforward way to proceed macropulse is used to excite the optical cavity in the $+9
is to put a thin solid film on an optically transparent substrateegion. If required, a higher peak intensity in the optical cav-
inside the optical cavity such that the vario(@mbeddeyd ity can be obtained when pulse-stacking, or synchronous
cavities are all optically stable; reflection losses from thepumping, is performed, as recently demonstrated using the
substrate will not be noticed as overall losses from the cavitytanford FELS The temporal shape of the FELIX pulse is
in this case and one can selectively measure the absorption Well-approximated by a flat-topped profile with an exponen-
optical rotation in the solid. We used this approach to meatially decaying tail with a time-constant of 36®0 ns(ring
sure the polarization rotation at a fixed wavelengta2 mm down time of te 6 m long FELIX cavity, implying a
thick optically flat BK7 window using the polarization de- Q-factor of less than 20 for the laser cavityA long pass
pendent CRD schenfeTo be able to record an absorption filter (7.2 um cutoff wavelength is used to prevent the
spectrum of the solid, the wavelength range covered by thBigher harmonics that might be present in the FELIX-beam
reflecting elements used for the optical cavity has to be suffrom entering the ring down cavity.
ficiently large to encompass the, often wide, spectral region ~ The ring down cavity is formed by two identical plano-
over which the absorption in the solid occurs. Pipataal®  concave mirrors with a diameter of 25.4 mm and a radius of
have theoretically outlined that by using a total-internal re-curvature of—1.0 m placed a distanaé= 36 cm apart. With
flection minicavity, absorption spectra of either thin solid @ Specified reflectiviR of the mirror coatings of 0.9998 at
films or species in solution on the outside of the internal-8-5#m (Laser Power Optigsa ring down time of the empty
reflection surface are measurable via evanescent wave ab-
sorption throughout a 300 nm interval in the visible part of

: . : FELIX pulse
the spectrum. Shortenl.ng of the ring down time due to eva- 5ps P .
nescent wave absorption of present on the surface of a ﬂ—>
Pellin—Broca prism placed inside a standard ring down cav- 36 cm
ity has recently been demonstrafeih this Note we experi- = = ol
mentally demonstrate the possibility to sensitively record the S .( ). N
£

absorption spectrum of a thin solid film via CRD spectros-
copy by the measurement of the absorption spectrum of a
20—30 nm thick G film deposited a a 3 mmthick ZnSe

ZnSe window  MCT detector

N

0 102030

substrate in the 8.pm region.
A scheme of the experimental setup is shown in Fig. 1. [ 1]
Tunable pulsed radiation from the free-electron laser for in- T @ °+ 20
frared experimentdFELIX) in Nieuwegein, The Nether- |0 10 20 30 40 b ]
lands, is used for this studyFELIX produces IR radiation time(us) | =777 '

that is continuously tunable over the 5—250h range with a

. . . FIG. 1. Scheme of the experimental setup. In the inset the ring down tran-
0
minimum achievable bandwidttFWHM) of 0.3% of the sient of the empty cavity at 8,am is shown, together with a linear fit to the

central frequency. The light output consists of macropulsegatural logarithm of the decaying tail.
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99.980 such a way that the cavities that are formed are again opti-
a cally stable, transients with a ring down time larger than 2.2
. 99.978 | s are found over the 8.1-8,8m region. This implies that
§ the additional losses due to the presence of the ZnSe window
S 99976 | are below 340 ppm per pass. The upper limit for the absorp-
8 tion losses for this particular sample of ZnSe in this wave-
® goo7 | length region is therefore concluded to be below 1.1
%10 3cm %, which can be accurately measured using this
99.972 . , , , experimental setup. With a thin film ofggdeposited on the
ZnSe window the CRD spectrum shown in the lower part of
65 p Fig. 2 is recorded. The baseline of the spectrum is deter-
. mined by the effective cavity losses, {Rq)/d, mainly due
_ to the mirrors, the substrate and scattering losses from the
e 55 | thin film. Absorption of the thin film introduces an extra loss
o determined byl/d, in which « is the absorption coefficient
3 50 - and| the thickness of the thin film. The absorption line cen-
§ tered at 8.46um is one of the fourF,, IR fundamental
> 45 absorptions of g, With an absorption coefficiertbase &
= of 0.24um ™! and taking the mismatch between the linewidth
© 40 r of the G, absorption line in the thin filn{2 cm™) and the
a5 | width of the spectral profile of FELIX8 cm™?) into account,
- s . . a sample thickness of approximately 20 nm is found, in good
7.9 8.1 8.3 8.5 8.7 8.9

agreement with the 20—30 nm sample thickness found in
wavelength (um) independent FTIR measurements.

FIG. 2. (a) Mirror reflectivity as a function of wavelength as measured via W ratefull knowl Prof r R. N. Zare for
CRD in the empty cavity(b) CRD absorption spectrum of a 20—30 nm e gratefully ackno edge olesso - N. care o

thick Cs, film on a 3 mmthick ZnSe window. making the highly reflecting mirrors available to us. We ac-
knowledge the support by the “Stichting voor Fundamenteel
Onderzoek der MateriégFOM)” in providing the required

cavity of 6 us is expected. The light exiting the cavity is beam time on FELIX and highly appreciate the skilful assis-

detected by a liquid-nitrogen cooled fast HgCdiMCT)  tance by the FELIX staff. This work is part of the research

detector(response time about 40 )nsThe signal of the de- program of the FOM, which is financially supported by the

tector is amplified and digitized with a fagtO0 Ms/9 10 bit  “Nederlandse Organisatie voor Wetenschappelijk Onder-

digital oscilloscopglLeCroy 9430. After averaging 25 shots zoek (NWO),” and receives direct support by the NWO via

on the 16 bit on-board memory of the oscilloscope, the dat®IONIER Grant No. 030-66-89.

are transferred to a PC, which also controls the scanning of

FELIX. The measured transients are deconvoluted with thepresent address: Department of Applied Physics, Eindhoven University of

temporal profile of the FELIX pulse to correct for the finite T'\jhgols\?g, FI’-O-SBO'CI 5;3, 5600 '\:BJEigdhgve_n, ThedNJthﬁrlgmf-hf y

decay time of the laser cavity. The transients thus o_btalneJJ.'Ch'emgiii’ Féraaayew:;: 3é7{1938),wmg' and M. N. R. Asnlold,

are fitted to an exponentially decaying curve from which the g gngein, 6. Berden, E. van den Berg, and G. Meijer, J. Chem. Phys.

ring down time is extracted using standard procedures. In the 107, 4458(1997.

inset of Fig. 1 the ring down transient as measured behindA. C. R. Pipino, J. W. Hudgens, and R. E. Huie, Rev. Sci. Instr6&.

the empty cavity at 8.%m is shown, together with a linear 4197(:53%9%7_)-_“ 3. W. Hudgens, and R E. Huie. Chem. Phys. D60

fit to the natural logarithm of the decaying tail. A ring down ., ('1997)."0' O. J. ¥, Hudgens, and K. £. Fidle, Lhem. Fays.

time of 5.6 us is deduced from the fit, and true exponential sp_ oepts, A. F. G. van der Meer, and P. W. van Amersfoort, Infrared

decay is observed over three characteristic decay times.  Phys. Technol36, 297 (1995.

The reflectivity curve of the mirrors in the spectral re- E. R. Crosson, P. Haar, G. A. Marcus, H. A. Schwettman, B. A. Paldus, T.

. - . - G. Spence, and R. N. Zare, Rev. Sci. Instr§m.press.
gion of In_ter_eSt as me_asured using CRD in J_[he empty evaCU7D. S. Bethune, G. Meijer, W. C. Tang, H. J. Rosen, W. G. Golden, H.
ated cavity is shown in the upper part of Fig. 2al3 mm Seki, C. A. Brown, and M. S. de Vries, Chem. Phys. Laff9 181

thick optically flat ZnSe window is inserted in the cavity in  (1991.



