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CThW5  Fig. 2. Power vs. wavenumber of the

difference frequency laser for two difterent poling

periods of the PPLN erystal, The temperature of

the crystal is 20°C.

20.6 i to 22.6 . Translating the crystal to
the adjucent grating results in a frequency shift
of 42 cm’ ' as shown in Big, 2.

The frequency range between the two peaks
shown in Lig, | can be continuously swept by
variation of the crystal temperature from 20 to
60°C witha rate of 1.6 e /°C. A spectroscopic
impotlant characteristic is the capability of fine
frequency tuning. A fast change of the DIG
wavelength wilh a rate of 0.013 cm™'/V can be
achieved by tuning the diode Taser wavelength via
tuning of the external cavity wilh a plevockectric
transducer. At a DEG wavelength of 3.35 pm
high conversion efliciency of 0.2%/W is demon-
strated, resulting inoutpul power levels up Lo 27
W, We expect to achieve even higher output
power with a wave-guided PPLN which is cur-
rently under investigation.

In order to apply our DEG laser system for
cavity lealc-out spectroscopy the beam param-
cter of the laser has to be exactly determined
because the bean has to be mode matched to
the high-tinesse cavity, The first spectroscopic
resulls with our laser device in combination
with a CALOS setup will be presented.

This work is supported by the German led-
cral Toundation for Environmental Researcly
(Deatsche Bundesstiftung Unwelt).

*Univ. Kalserstautern, Gernany

l. M. Miirts, B. Vrech, W, Urban, “Tligh-
resolution cavily feak-out spectroscopy in
the 10~ region,” Appl. Phys. B 67, 1--7
(1999),

2, M. Miirtz, I, Kayser, 1, Kleine, S. Stry, D,
Ileving, W, Utban, “Recent developments
on cavily ring-down spectroscopy with
tunable cw lasers in the mid-infrared,”
Proc, SPIE 3758, in press (1999).

3.0 KL Petrov, ILE, Curl, LK, Tittel, “Com-
pact laser diflerence-frequency spectrom-
eter for muliicomponent trace gas detec-
tion,” Appl. Phys. B 66, 531-538 (1998),
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Wide wavelength range picosecond
table-top SFG spectrometer

A Rinkevicius, 1. Jacinavicius, . Kolenda,
EKSPLA Tul, Savanorin Ave 231, 2028
Vilnius, Lithuanio; K- mail: ekspla@ekspla.com
Since the first demonstration by Y.R. Shen,
vibrationally resolved sum frequency genera-

THURSDAY AFTERNOON / CLEO 2000 / 553

tion (1) spectroscopy has becone a power-
ful tool for investigation of molecules at sur-
faces and interfaces.! In SIG studics, the
pulsed visible lager beam is mixed at the inter-

face with the tunable IR beam. "The majority of

SI'G experiments have employed mid-TR lasers
at wavelength below 5 pm. At longer wave-
length, especially over 10 juny, it becomes more
dilficult to generate sulficient infraved inten-
sity.”

We lave developed the picosecond table-
top SEG spectrometer with a wide simooth un-

ability range of 2.3—10 pm. The accessibility of

wavelength up to 16 um is foresecn. Por the
sum [requency generation we use the second-
harmaonic (532 nm) radiation of BKSPLA
P121438 mode-locked Nd:YAG laser and
mid-1R ractiation of ERSPLA PGA0TVIR/DEG
paratnettic generator. Active-passive mode-
locked laser PL214318 generates optical pulses
of three wavelengths: the fundamental Nd:
YAG radiation (L064 nm), the second har-
monic (532 ni) and the third harmonic (355
nm). T'he third-harmonic pumps LBO crystal-
based optical parametric genetator resulting
radiation fronn 0,42 p to 2,3 o Difference
frequency generation by mixing of the L19—
1198 o parawctric radiation and 1.064 L
fundamental Nd:YAG radiation in AgGa$,

crystal provides intense pulses i the range of’

2.3-10 i with the encrgies 400-70 ] re-
spectively. T'he using of GaSe crystal in differ-
ence frequency stage can extend spectromnetet
tunability range up to 16 i, Typical param-
eters of pulses generating SFG signal are: en-
ergy ol visible pulses (A = 532 nm) =100 pJ,
spotsize L& m?, pulse duration 20 ps; coergy
ol TR pulses =100 ), spotsize (.28 i, pulse
duration 12 ps. Spectral resolution of Lhe spec-

trometer, determined mostly by bandwidth of

the parametric generator, ks about 6 cm

I'he visible and (R beams are directed to the
sumiple al the angles of @y g = 55% and @ =
62° respectively. 'The SFG signal is detected by
photomultiplier after filtering via a bolo-
waphic notch filter and monachromator. Out
of plane two mirrors assembly changes Lhe self-
dispersion plane of ST signal from horizontal
to vertical. So this plane is made coincident
with monochromator slits and allows to avoid
the influetice of self-dispersion when scanning
of SIG spectram, 'Two-channel detection with
reference SIG signal generated in ZnSe is used
in this system. 'I'his aliows to reduce the influ-
cnee of SUG pump beams instability and im-
proves precision of experiment. Control of afl
spectrometer units and data acquisition is car
vicd out by computer under TabVIEW soft-
ware,

The oblained spectra of model systems: oc-
tadecancthiol monolayers on gold and
poly(3methylthiophene) on platinum, show
high sensitivity of spectrometer in all tuning
range and reproducibility of results.

1. Y. Shen, “Surfaces probed by nonlinear
optics,” Surf, Sci. 299/300, 551-562
(1994).

2. K. Braun, B.D. Casson, C.12, Bain, “Sum-
frequency generation trom thiophenol on
silver in the mid and fae-1R,” J. Chem.
Phys. 110, 4634 -4640 (1999).
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Room 104

THz Optoelectronics and
Spectroscopy

Daniel R. Grischkowsky, Oklahora State
Univ., USA, Presider
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THz spectroscopy with ultrahigh
sensitivity

M. Brucherseiler, 11. P. M. Pellemans,
P. Haring Bolivar, 11. Kurz,

nst, fitr Halbleitertechnik 11,

RWUH Aachien, Somtmerfeldstrasse 24,
D-52074 Aachen, Germaity; H-mail:
brucherseifer@ibiy-ii.rwih-auchen.de

Although TLiz radiation has been used suc-
cesslully for several applications'? the sigual-
to-noise ralio is mostly restricted to 10* to 10°
in futensity.? Especiaily [or thin films of mate-
rial the absorption and time delay of a TE2
pulse are mostly too low (o be detected. We
l;lmw a new niethod (o enhance the sensiiivity
of Tllz speclroscopy Lo velative changes of
L0 l“ in infensity.

To demonstrate the capabilities of this new
measurenent technique, we spinned a pho-
toresist (AY 5214) witl a constant thickuess of
1.2 oy onto a sapphirve substrate, Brom half of
the sample the photoresist is removed, leaving
a well-defined edge in the middle of the
samiple, ‘This smnple is placed in the focal plane
of a [ocussed, pulsed Ttz beam which is de-
tected by a photoconductive "1z antenna
(Tip. 1).

Figure 2(a) shows a reference Tz pulse,
whichis transmitted through the sapphire sub-
strate only. ‘The difference between this reler-
ence pulse and a sceond pulse (ransmitted
through sapphire with photoresist is also plot-
ted as the lower curve. The caleulated differ-
ence is nol reliable becanse of high amplitude
{luctuations and cannot be improved by longer
averaging due to long-time fluctuations of the
laser.

Tior the new differential measurement tech-
nique, the edge of the photoresist is vapidly
moved (“shaked”) fateralty through the focus
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CrhXL  Tig. [, Optical setup for investigating
a sample with anpulsive optically induced 111z
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CThX1 Fig.2. (a) A'T'Hz refereace pulse trans-
mitted through sapphire and the calcalated dilfer-
cnce {maltiplied by 50) between this reference pulse
and a THz pulse transmitted through sapphire with
photoresist on top. (b) Differential signals of three
difterent sample positions are shown. Ouly when
the edge of the photoresist crosses the I'l1z focus, a
significant signal can be detected.
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CrhX1 Fig 3. Detected signal for a constant
time delay. The sample is periodically moved
across the THz beam with different offsets.

of the THz beam. Lock-in detection on the
shaking frequency directly gives the difference
between the signal with and without the pho-
toresist [Fig, 2(b)]. Due to the rapid shaking
the inflience of the laser noise {(~1/6) can be
considerably decreased. That difference signal
is compared with two other signals taken with
the same technigue, but at other sample posi-
tions where the edge does not move into the
THz beam. The small signal still left is mostly
due to inhomogencities of the sapphire or the
photoresist.

To prove that the ditferential signal origi-
nates from the photoresist, the 'I'Hz transmis-
siont is taken for several different positions of
the photoresist edge relative to the THz focus

{Fig. 3) and u fixed time delay (Ac = 7.75 ps),
Now the signal is acquired with the fast data
acquisition PC-card ALXScan®.*

Here one can directly see the amplitude
difference between the transmission with
and without the photoresist. 1f the sample is
placed in such a way that the cdge symmetri-
cally moves through the 'I'' Tz focus (0 nun) a
rectangular signal with a duty cycle of one is
obtained. During the upper part of the signal
the 'I'lLz beam is only transmnitted through
sapphire, otherwise is has additionally to go
through the photoresist. One can sec that the
duty cycte becomes smaller if the photoresist
is moved further into the 111z beam., When
Lthe edge of the phiotoresist does not cross the
1117 focus anymore the signal degrades to a
flat line. This proves that the signal is due to
an inhomogencily of the sample which can
only be caused by the edge of the photoresist.

In summary, we have demonstrated a tmea-
surement technique by which it is possible to
enhance the sensitivity of 4 T'Hz spectroscopy
system from 10° intensity to 10" by shaking a
sample through the focus of a 'THz beam and
using lock-in detection on the shaking fre-
quency.

1. M.C. Nuss and ). Ovenstein, “I'Hz tinme-
domain spectroscopy,” in Millimeter and
Sub-Millimeter Wave Spectroscopy of Sol-
s, G. Grimner (Springer-Verlag, Heidel-
berg, 1998).

2. P. Haring Bolivar, “Coherent terahertz
spectroscopy,” in Seaiicondictor guantum
optoelectronics, A. Miller, M. Ebrahimza-
deh, D.M. Finlagson (The Scottish Uni-
versities Summnier School in Physics, Edin-
burgh & lastitute of Physics Publishing,
Bristol and Philadelphia).

3. Y. Cai, 1. Breuer, [. Topla, . Wynn, L.
Pleiffer, J.B. Starl, Q. Wu, X.C. Zhang, ].1%
Frederici, “Coherent teraherty radiation
detection: Direct comparison between
[ree-space electro-oplic sarupling and an-
tenna detection,” AL, 73, 444146
(1998).

4, AIXScan® the universal femtosecond daty
acquisition system (GWU Fasertechnik
Vertrichsges, mbIH), http:/fourworld-
.compuserve.com/Ilomepages/gwu_um-
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Enhanced coherent THz emission from
(100) GaAs in the presence of a
magrietic field

A, Corchia, R. McLaughlin, C.M. Ciesla,*
M. 3. Johnston,™ 12,1, Arnone,*

BT Linficld,** AG. Davies, ™

MY, Simmons,* M. Pepper, Semicondicior
Physics Group, Cavendish Lub., Univ. of
Cambridge, Madingley Road, Canmbridge CB3
OFLE, United Kingdom

Aterahertz (1'T12) field may be generated at the
surface of a semiconductor by surface [licld
photoconduction (SPP). In this process, pho-
togenerated carriers are accelerated by the
built-in surface ficld within the depletion re-
gion and their coherent motion resalts in the
cooperalive emission of THz radiation. A sig-
nificant cnhancement in the 'T'Hz power gen-
crated by SIP has been observed when a mag-
netic ficld is applicd to InAs.!? In this
cxperiment, we investigate the effecls ol mag-
netic ficlds up to 871" on the THz cmission from
abulle (100) p-type MBI-grown GaAs saple
(carrier density o = 1% 10" em™ ?). The sample
was dluminated at an augle of 45° by a 70-fs
pulse centred at 760 nm. The magnetic field
was applied in the plane of incidence parallel to
the reflected ‘Tz beam. The emitted 1z ra-
diation was measured both by an incoherent
bolometer detection scheme and coherent
free-space clectro-oplic (EOS) sampling,.

The dependence of emitted power on mag-
netic field was measured at different sample
terperatures in the range 5-300K; data in l'ig.
1 refer to the 'I'™M and the TE polarizations of
the THy field al 250K, the temperalure which
showed the maximun field-induced enhance-
ment, Because only the surlace ficld is present
orthogonal to the crystal surface, the THz field
i B = 0'1'is completely I'M-polarized. With an
increasing magnetic field, however, a 16 com-
],)()llCHl is HIS(] gCﬂCl"dtt‘(l 'tlﬂ(l an C]]l]ﬂf\CC[l]e]]t
in both polavizations is measured. The TH
component increases faster at smaller B-fields
and peaks at B = 6’1" whilst the T'M component
shows no saturation cffect up to our maximum
field of 81. When the photon excitation encrgy
is increased, the (ield-induced enhancement
becomes larger (sce Fig. 2) owing to a stronger
absorption of the pump radiation at the crystat
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