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Effects of Electron Beam Irradiation on

Amorphous GeSbTe Film
WANG Jiangjing, JIANG Tingting, TIAN Lin, ZHANG Danli, ZHANG Wei

( Center for Advancing Materials Performance from the Nanoscale, State Key Laboratory for
Mechanical Behavior of Materials, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract: Phase-change memory is a promising candidate for next generation memory devices. The storage performance
greatly depends on the structure-property relation of the core material, chalcogenide phase-change materials (PCMs) , which
makes the characterization of atomic structure and defects of PCMs crucial to the development of phase-change memory.
Transmission electron microscopy (TEM) is a useful techinque for the characterization of the morphology and structure of
materials. However, the high-energy electron beams can cause temporary or permanent structural changes in materials. These
beam effects in fact post challenges in measuring the structural details of amorphous PCMs, including the commercialized
GeSbTe compounds. Here, we carried out a systematic in-situ TEM study on amorphous GeSbh,Te, thin films with the focus
on electron beam effects. We showed that the amorphous films crystallized quickly if they were subjected to high-density elec-
tron beams, while by reducing the beam intensity, the amorphous phase can be sustained for longer periods. The threshold
values of electron beam intensity under given irradiation time were determined quantitively, and a map displaying the rela-
tionship of beam intensity and irradiation time was provided. Our work suggests a safe range for TEM investigations of struc-
tural details of amorphous GeSbTe materials.

Key words: GeSbTe; amorphous; electron beam irradiation; crystallization; in-situ TEM
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Fig. 1  Electron beam irradiation in amorphous GeSb,Te, film: (a, b)
the bright field images of as-deposited and irradiated GeSh,Te,
film on Si substrate, respectively (the area inside the red cycle
is the irradiation area, the inserts illustrate the corresponding
SAED patterns ) , the SAED pattern shows diffusion halos in
Fig. la, while shows sharp concentric rings in Fig. 1b, which
indicates the amorphous structure of as-deposited film and the
polycrystalline  structure of irradiated film; ( ¢ ) the
corresponding dark field image of Fig. 1b, the bright spots
inside the red cycle are grains; (d~f) the dark field images of
irradiation area with 5, 15, 23 min electron beam irradiation,
respectively. same as c, the areas with brighter contrast are
grains, the grain size increases with irradiation time, and even-
tually grows to 10 ~ 20 nm. Two different grains inside the
vellow cycle in Fig, le merge into one in Fig. 1f, which suggests

that grain merging happens during growth
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Fig.2 HRTEM characterization of GeSb,Te, crystallization process

under electron beam irradiation: (a~c)HRTEM images with
0, 5, 20 minutes electron beam irradiation, the inserts are cor-
responding SAED patterns. HRTEM images shows a highly dis-
ordered structure without any sign of ordered clusters before irra-
diation, SAED patterns also illustrates diffusion halos, confirms
the fully amorphous nature. With 5 min irradiation, some crystal
orientation has been observed in Fig. 2b, as marked with white
dashed lines. Although the corresponding SAED pattern is still
dominated by diffusion halos, some sharp spots can be
observed, indicating that some areas of the film have
crystallized. As the irradiation time increases to 25 min, the a-
morphous film crystallized almost completely in Fig. 2¢. (d)
SAED patterns of irradiated crystalline film and thermal
annealed crystalline film, respectively. These two SAED
patterns match well with each other, indicating that irradiation-

induced crystallized sample is in cubic phase
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Fig. 3 Electron beam irradiation experiments of amorphous GeSb,Te, film under different electron beam density: (a) 1.88x10? m™ - s7'  (b)

1.25%10"% m™

-7, (¢) 0.94x10™ m™2 - s7!(The inserts are the corresponding FFT patterns, which is similar to SAED pattern that could

identify whether the sample is crystallized ). As shown in the series of experiments, the crystallization time of amorphous films gradually increa-

ses with the electron beam intensity decreases. As the intensity of the electron beam decreases to 0. 94x10'> m™ - s™! | the amorphous film

does not crystallize within 90 minutes, indicating a threshold of electron beam induced crystallization in amorphous GeSb, Te, films
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Fig. 4 Relation of beam intensity and irradition time of GeSb, Te,

films. The electron beam intensity is inversely proportional to
the crystallization time, the higher the electron beam intensity,
the shorter the crystallization time. The dashed line suggests a
safe range to sustain the amorphous phase under the electron
beam irradiation. Under the accelerating voltage of 200 keV,
the ~80 nm films remain amorphous in the area below the
dashed line, while crystallization occurs above the line. The
inserts display the corresponding structure of samples, in
which the purple, blue, black and white cycles represent Ge,

Sh, Te atoms and vacancy, respectively
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