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Abstract

Photo-thermal reflection microscopy has been used for investigating semiconductor materials to evaluate carrier diffusivity, lifetimeend surfz
recombination velocity. We developed this technique to obtain carrier recombination velocities at the interface betwezid&i®m and Si
substrate. Two samples with different oxide film thickness of 92 and 45 nm were prepared. Since the oxide film layer does not absorb the pump
probe laser light, carrier recombination velocity at the $8Dinterface can be estimated. Curve fitting procedures with the theoretical prediction
results in an estimation of the interface recombination velocity of 100 cm/s for thick oxide sample. When the sample was chemically etched,
recombination velocity increases to 2500 cm/s. The chemical etching results in the drastic increase of the recombination velocity. The etct
solution may soak through the Si©Oxide film layer and attack the Si surface during the chemical etching. Increase of the number of the interface
traps induces the increase of the carrier recombination velocity at the interface. We, therefore, found that the present photo-thermal T&)ection (F
microscopy is a useful technique for investigating the carrier dynamics atSii@terface.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Among those techniques, photo-thermal reflection (PTR)
microscopy has been used for investigating semiconductor mate-
Recent demand for drastic decreasing of an active area amils to evaluate carrier diffusivity, bulk lifetime and surface
a thickness in the metal-oxide-semiconductor (MOS) structureecombination velocitj2—4]. Since the observed signal strongly
requires an improvement of the quality of both the oxide filmdepended on the surface recombination velocity, surface change
itself and the interface with the substrate. This is because thieduced by an ion implantation has been well characterized by
SiO,/Si interface plays a dominant role when the oxide thick-this techniqug5]. In this paper, we report on the estimated car-
ness becomes smaller. Recent technological development for 8ér recombination velocity of Si@and Si interface for thick
epitaxial layers provides for increased reliability of semicon-SiO;, films grown on the substrate by using our methodology
ductor device and ultimately more functional integrated circuitfrom the photo-thermal phenomena points of view.
deviceq1]. Although controls over surface reaction during the  We show that chemical etching strongly affects the interface
thermal oxidation become important, no experimental methodproperties even for the case that thick gi@ore than 50 nm,
ology has been available for making clear the growth mechanisrmovers the Si surface.
of the oxide layers until now. It, then, becomes important to char-
acterize the interface between the layer and substrate in moge
detail. )

Modulated photo-reflectance is a non-contact and non- . : .

. oo . : Whenthe sample surfaceisilluminated by a laser light, photo-
destructive characterization technique of semiconductors. . . N

generated free carriers diffuse along and parallel to the direction

of sample thickness and recombine in the bulk and at the sur-
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priate boundary conditions at the surface, as 1E7 ¢

on n F f=10KHz
o DeV2n — T + 2, (1) " De=18cm?s
whereDe, T and @ are electron diffusivity, carrier lifetime and
incident photon flux, respectively. Surface recombination veloc-
ity vy, which induce drastic change to the carrier dynamics, are
taken into account for the boundary conditions. The quantum
efficiency is supposed to be one for simplicity. Temperature rise
T(r, t) in the sample under the light illumination at the photon
energyhv larger than that of band gap enerdy, is calculated
by solving thermal diffusion equation given below,
or = DTV2T + qu + ﬂﬁ, 2) 60 -40 -20 0 20 40 60
o pC pC T (a) distance from center (um)
whereDr, p, C are thermal diffusivity, density and specific heat
of semiconductor sample, respectively. The heat source for this
equation arises from the following two mechanisms. Firstis due 100 T
to the fast carrier non-radiative relaxation to the conduction band P
minimum or valence band maximum. The energyof{ Eg) is 7 .
dissipatedinthis case (second term of @)).. Second is the non- 120 AT P TS -~
radiative recombination of the free carriers diffused throughout
the sample with energlg (third term).

Photo-thermal reflection microscopy detects the change of
the surface reflectivity in terms of refractive index change mod-
ulated by the light illumination. Photo generated free carriers -160 -
diffuse in the sample until they recombine through non-radiative
transition. Therefore, the dynamics of free carriers play an 180 10KHz
important role in temperature rise through the sample and at —_
the surface followed by the modulation of the reflectivity. Mod- 0 “0 20 0 20 40 80

. . . . ) b) distance from center (um)
ulated free carrier density contributes directly to the modulation
of the reflectivity through Drude effect. Fig. 1. Theoretical calculation of the photo-thermal reflection (PTR) amplitude

Therefore, relative reflectivity change at the surface is, ther'l(,a) and phase signal (b) as a function of the distance between pump and probe
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calculated byj4] beam.
AR _10R . L1OR, (3)  Figures show that the change for the phase signal is more dras-
R ROT Ron tic than the amplitude signal. We, therefore, discuss the phase

Since Eqs(1) and (2)determine the distribution of photo- change for the calculated and experimental results. When
generated carriers and the temperature rise as a function ofdgcreases from 3000 to 10 &, phase changes from100

distance from the illuminated spot on the surface, the expecte® —160" around a distance at 20m. Since the carriers can
spatial distribution of the reflectivity change is calculafgd diffuse far from the illuminating spot when the recombination

We considered that the carrier recombination veloojtpt ~ Velocity decreases, the phase signal remains aredréf for
the interface between Sidilm and Si substrate was the most Ur =100 cnf/s. No significant effect in the phase signal could
important parameters for understanding the observed expef€ observed below 100 dfs. Surface recombination velocity
mental results. As discussed later, since the light cannot b&ay be controlled by the presence of the traps underneath the
absorbed in Si@film layer, we consider the surface recombina- Native oxides on_Sl substrate. We h_ave also discussed the PTR
tion velocity vy in Si should be a carrier recombination velocity Phaseé by changing the other physical parameters suéh.as
at Si0y/Si interface. Accordingly, the effect of the substrate (Si)? @nd fraction of the thermal/plasma components. Details are
surface recombination velocity on the PTR results in @).  discussed in the following section.
is first discussed her€&ig. 1 shows the calculated PTR signal
amplitude (a) and phase (b) for differantas a parameter. Hor- 3. Experimental
izontal axes are taken for the distance between the pump and
probe laser beam. Electron diffusiviBe and the lifetime of the Reflectivity change due to photo-excitation by*Aon laser
carrierr are supposed to be 18 éfmand 5Qus as in the case for of 514nm as a pump beam was measured as a photo-thermal
typical Si bulk sampl¢3]. The modulation frequengiwas set  reflection signal from the sample surface as a function of the
at 10 kHz. For higher modulation frequencies, observed changdistance from the illumination spot. The reflectivity was mea-
in the calculated PTR curves as a functionvpbecomes small. sured by a probing laser diode of 670 nm. Both laser beams of
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