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Abstract. To assess the crystallinity degree for Ge,Sb,Te, (GST) films the method of re-
flection and transmission photometry and the approximation of an effective medium of the
Brueggemann type were used. It was found that the changes in the energy and duration of the
laser pulse lead to the change in the ratio of crystalline and amorphous fractions and change
in crystallinity degree. It was found that an increase of crystalline fraction leads to an increase
of refractive index and extinction coefficient at telecommunication wavelength of 1550 nm,
which also leads to changes of reflectivity and transmissivity of the GST film and can be used
to perform modulation and switching of signals.
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Annotauud. 14 oueHku crenenu kpucraumuHoctu Ge,Sb,Te, (GST) B nanHO# paboTe MbI
WCTIOTB30BAIN METO (POTOMETPUYN OTPAKEHUS U TIPOITyCKAHUS U TPpUOIKeHre 3P (PeKTUBHOMN
cpennl Tuma bproiirreMaHa. YCTaHOBJIEHO, YTO W3MEHEHWE DHEPIUM U JIUTEJTbHOCTU
JIa3epHOTr0 UMIMYJIbCA MPUBOJIUT K U3MEHEHUIO COOTHOIICHUSI KPUCTAINYECKON U aMOophHON
(pakuuii, yTo HabIOHAETCS IO UBMEHEHUIO CTETIEHU KPUCTALNTMYHOCTU. TakKe yCTaHOBJIEHO,
YTO yBEJIMYEHUE MOJM KPUCTAIUTOB MPUBOIUT K YBEJIWYEHUIO IMOKA3aTENsT MPETOMIICHUS
U Ko3bhdULIMEHTa SKCTUHKIMU IS TEIEKOMMYHUKAUIMOHHOW IJIMHBI BOJHBI 1550 HM, 4TO
TaKXe MPUBOAUT K U3MEHEHUIO OTPAXATEIBbHOU W MPOMYCKATEJIbHON CIOCOOHOCTEN TJIEHKU
GST u Oyner UCTMONB30BAHO IS OCYIIECTBICHUS MOIYJISIIMUA U TIEPEKIIIOUEHUS] CUTHATIOB.
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Introduction

Semiconductor materials with first kind phase transition (Phase Change Material — PCM),
in particular, chalcogenide glassy semiconductors, have found their application in non-volatile
radiation-resistant memory elements for creating dynamic storage devices. Currently, PCM
material Ge,Sb,Te, (GST) is actively used for this purpose. GST has a fast and low-energy phase
transition, which can be excited by both an electric and a laser pulse [1—3]. In addition to the
main phase states (amorphous and crystalline) of GST, there can be additional intermediate
states due to the presence of nanosized fractions of the material in both these states. Controlling
the ratio of the amorphous and crystalline fractional composition (crystallinity degree) of GST
opens up wide possibilities in fine-tuning its optical parameters, but at the same time, it requires
studying the processes and peculiarities that occur when laser radiation is applied to the GST
material. Therefore, the aim of the work is to investigate in the GST thin films the amorphous
and crystalline fraction ratio, which is characterized by the crystallinity degree.

Materials and Methods

To estimate the crystallinity degree of GST films in this work, we used the method of reflection
and transmission photometry and the approximation of an effective medium of the Brueggemann
type. Such approximation represents a medium in the form of amorphous matrix with growing
quantity of spherical crystallites. Fraction of crystals in the matrix (crystallinity degree) is equal
to [4]:

C= (" -7)) @i’ +1) | (A, -1,)), )

where 7, n, and 7 are the complex refractive index of GST film in the current, amorphous and
crystalline state respectively. The complex refractive index 7 is found from the model expressions
determined by the Airy formulas for reflectivity R and transmissivity I of the GST structure taking
into account processes of multiple re-reflection of electromagnetic waves in the film and their
interference.

System of nonlinear equations is solved to search the complex refractive index:

fi=R.—-R(n,k)=0 Q)
f2=3.-3(n,k)=0"

where n and k are a refractive index and an extinction ratio of the researched medium; R and 3,

are experimental data on reflectivity and transmissivity; R(n, k) and 3(n, k) — model expressions

for reflectivity and transmissivity of the thin film structure taking into account processes of

multiple re-reflection of electromagnetic waves in the film and their interference, are determined

according to the Airy and Fresnel formulas [5].

Solution of simultaneous equations (2) is performed numerically according to the nonlinear
system optimization method. This solution is the global minimum of the objective function of F'=
(f, / Af,)* + (f,/ Af, )*. Here Af, and Af, are scale coefficients of f, and f, function calculated as
the average of experimental and model data (Af, = (R, + R(n, k)) / 2, Af, = (I, + 3(n, k) / 2).
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More generally, the objective function is the following:
F(R,,3,.nk) = (R, —R(n,k) / (R, +R(n,k))* + (3, = 3(n,k)) (3, +3(n,k)*. (3)

The GST thin film with the thickness of 24 nm were deposited by magnetron sputtering. The
measurement setup based on the NTEGRA Spectra (NT-MDT SI, Russia) was used and allowed
to carry out investigations using methods of Raman spectroscopy, atomic force microscopy,
optical microscopy, photometry, laser modification.

Laser modification of the GST film (see square regions in Figure lab) has been performed by
radiation with the 405 nm wavelength, with the focused spot diameter of about 1 um and with
various duration values (from 4 ns to 1 microseconds), repetition intervals T (from 20 ns to 1
microseconds) and radiant exposures (from 0.02 nJ/um? to 20 nJ/um?) of the pulse.

Photometry was used to measure the reflectivity and transmissivity of the GST film at 405,
532, 638 and 1550 nm wavelengths. Reflection and transmission photometry maps (see Fig. 1)
obtained by scanning the GST film with the focused laser with a wavelength of 532 nm and a
power of 5.3 uW (energy exposure 1.44 nJ/um?).
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Fig. 1. Reflection (a) and transmission (») photometry maps

Results and Discussion

Crystallinity degree of the local film area was determined using the obtained values of the
complex refractive index at the wavelengths of 405, 638, and 1550 nm. As can be seen from
Fig. 2, a, when films are exposed to laser pulses with wavelength of 405 nm at energy exposure of
pulse from 2.92 to 3.26 nJ/um?, the crystallinity degree changes from 1 to 0.

The evaluation of crystallinity degree showed that amorphization of the film is observed when
exposed to laser pulses with wavelength of 405 nm at energy exposure of pulse from 3.26 to
3.37 nJ/um?, with pulse durations up to 12 ns (see Fig. 2, b).
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Fig. 2. Changes in the crystallinity degree of the local region in the GST film: depending on the energy
exposure of the 405 nm laser pulse (a); depending on the laser pulse duration (b)

Partial crystallization of amorphous GST at these energy exposures is observed at the pulse
durations from 12 to 25 ns, while full crystallization is observed at the pulse durations from 25
to 78 ns. An increase in the proportion of crystalline fractions leads to an increase of refractive
index and extinction coefficient at telecommunication wavelength of 1550 nm, which also leads
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to changes of reflectivity and transmissivity of the GST film and can be used to perform multilevel
recording, and amplitude modulation or routing of signals.

Conclusion

Thus, it was found that a change in the energy and duration of a laser pulse leads to a change
in the crystallinity degree and, so, to a change in the ratio of crystalline and amorphous fractions.
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