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TERAHERTZ COHERENT SCANNING PROBE MICROSCOPE

We present the terahertz (THz) scanning probe microscope which combines a THz coherent spectrometer and a scan-
ning probe microscope. It detects forward-scattered radiation and employs harmonic signal demodulation to extract the
signal of near-field contribution to scattering of THz electromagnetic waves.
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TEPATEPLIEBBIN KOTEPEHTHBIIA CKAHUPYIOLIUI 30HI0BbIII MUKPOCKOII

MpI npescTaBisieM TeparepleBblii CKaHUPYIOLUTHH 30HAOBBIH MHUKpockon, o0beaunstomuii TI'l KorepeHTHBIN criek-
TPOMETP U CKaHMPYIOLIMIT 30HI0BbII MUKpOCKOI. OH AETEKTUPYET MPSMOPACCESIHHOE U3ITydEeHHE U UCTIOb3YET IEMOLY-
JISIIUIO TAPMOHMYECKOTO CUTHAJA JUIs BBIISICHHUS CHI'HaNa ONIMKHENONBHOTO BKJIaAa B paccesHue Tl anekTpoMarHuT-

HBIX BOJIH.

Knrouesvie cnosa: TeparepueBbIﬁ, 6IIPI)KH€HOIII)HLII>1, MUKPOCKOIIHA, CKaHI/IpyIOHII/Iﬁ 30HI0BEII MUKPOCKOIIL.

Introduction and background

The advent of the THz scanning probe mi-
croscope instrument can hardly be overesti-
mated — it will add new powerful diagnostic
instrumentation to the analytical arsenal of na-
notechnology. The THz technology features
accurate spectroscopic specificity over a very
wide frequency band, together with other object
recognition properties that are not present in the
existing diagnostic instrument. It employs the
THz radiation coherently generated and de-
tected using ultrashort optical pulses and the

tip-enhanced radiation scattering near a speci-
men under test [1-3]. Here we introduce a diffe-
rential type of the THz near-field microscope
and present recently obtained experimental re-
sults.

Experimental details

Our THz microscope is a combination of a
THz time-domain spectrometer with a scanning
probe microscope (SPM) operating in the tap-
ping mode. The forward scattered THz radia-
tion is analyzed. The near-field signal and the
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spatial contrast are extracted by measuring the
THz signal at the frequency of SPM tip excita-
tions. We used a GaAs sample with Au stripes
deposited on it as a test phantom. The geome-
tric parameters of the test phantom were con-
trolled independently using a scanning electron
microscope and a scanning probe microscope.
We obtained the dependencies of the differen-
tial THz signal induced by the scattering and
absorption of radiation by a “probe-nanoobject”
structure on the probe height when the probe
was either under metal or semiconductor.
Probes with different tip radii were used in the
measurements.

Results

The experimental dependencies of specular-
ly reflected THz electric field amplitude on the
probe-phantom distance (height) were obtained
in both the full reflected and differential signal
registration modes. The fundamental and
second harmonics of differential THz signal
were measured. The real position of the probe
above the sample was determined via syn-

chronous registration of the “THz amplitude-tip
height” dependences and the SPM approach
curves. It was observed that the character of the
approach curves (the typical distance at which a
differential signal starts to increase) for diffe-
rential THz signals varies depending on what
material is underneath the probe and also on the
tip radius. Fig. 1 shows an example of approach
curve for a differential THz signal when a
150 nm probe was above an Au stripe.

It was experimentally shown that the growth
of THz signal for approach curves depends on
the object under the AFM probe. The growth
rate of THz signal above a metal surface is con-
siderably higher than that above a semiconduc-
tor surface. Enhancement of THz near-field
depends on the properties of the material under
the AFM tip which was used for scanning the
test semiconductor sample with metal stripes
deposited on it. Fig. 2 shows the surface topol-
ogy of the test sample (a) and the correspond-
ing distribution of THz signal (b).

Experimental THz waveforms and corres-
ponding spectra were obtained for both full
reflected THz radiation and radiation scattered
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Fig. 1. The approach curve for differential THz signal and SPM tapping amplitude. A tip of 150 nm in radius was above

the Au stripe
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Fig. 2 Surface topology (a) and simultaneously obtained corresponding THz signal distribution (b)

by the “probe-nanoobject” system. The expe-
rimental THz field approach curves were ana-
lyzed on the basis of several models: the Mie
theory and the simple antenna model [2]. The
spatial resolution of the differential THz near-
field microscope was determined through si-
multaneous THz-SPM analysis of several topo-
graphic samples. We have found that the THz
spatial resolution is the same as that of the SPM
and, in common case, is controlled by the tip
radius.
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