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ABSTRACT
In-situ transmission electron microscopy (TEM) has been used to characterize the solid-
phase epitaxial growth of amorphized GaAs at a temperature of 260°C. To maximize heat
transfer from the heated holder to the sample and minimize electron-irradiation induced
artifacts, non-conventional methodologies were utilized for the preparation of cross-sectional
samples. GaAs 3x1 mm rectangular wafers were cleaved then glued face-to-face to form a
wafer stack size of 3x3 mm while maintaining the TEM region at the center. This stack was
subsequently polished on the cross-section to a thickness of ~ 200 Jim. A 3 mm disc was
then cut perpendicular to the cross-section using a Gatan ultrasonic cutter. The disc was
polished men dimpled on both sides to a thickness of ~ 15 |im. This was ion-beam milled at
liquid nitrogen temperature to an electron-transparent layer. From a comparison of in-situ and
ex-situ measurements of the recrystallization rate, the actual sample temperature during in-
situ characterization was estimated to deviate by < 20°C from that of the heated holder. The
influence of electron-irradiation was found to be negligible by comparing the recrystallization
rate and microstructure of irradiated and unirradiated regions of comparable thickness.
Similarly, the influence of the "thin-foil effect" was found to be negligible by comparing the
recrystallization rate and microstructure of thick and thin regions, the former determined after
the removal of the sample from the microscope and further ion-beam milling of tens of
microns of material. In conclusion, the potential influence of artifacts during in-situ TEM can
be minimized by the appropriate choice of sample preparation procedures.

INTRODUCTION
The solid-phase epitaxial growth (SPEG) of amorphous (a)- GaAs has direct application to
the fabrication of ion-implanted GaAs devices. As a consequence the recrystallization of (a)-
GaAs layers produced by ion-implantation has been intensively investigated (Sinclair, 1988).
Previously, we have utilized in-situ TEM to compliment conventional techniques to
understand the regrowth phenomenon of (a)- GaAs during SPEG (Belay, 1996). In this
report, artifacts associated with in-situ TEM including the electron-beam effect1, the thin-foil
effect2 and ion-beam induced heating, resulting from the sample thinning process, have been
studied.

THE EXPERIMENT
As described below, cross sectional TEM samples were prepared using a non-conventional
methodology to enhance heat transfer from the heated holder to the sample and to help
minimize electron-beam irradiation induced artifacts. GaAs 3x1 mm rectangular wafers were

1 electron-beam-induced changes in the recrystallization rate.
2 differential recrystallization rates as a function of sample thickness.



glued face-to-face to form a bulk sample of size 3x3 mm. This was subsequently polished to a
thickness of ~ 200 um from which a disc of 3 mm in diameter was cored using an ultrasonic
cutter. The disc was polished and dimpled on both sides to a thickness of ~ 15 um. This was
then ion-beam milled at liquid nitrogen temperature to produce an electron transparent layer.

Imaging was carried out using a JEOL 2000FX TEM fitted with LaB6 emitter and operating
at an accelerating voltage of 200 kV. Beam current was of the order of 18 nA and the
resolution of the microscope was better than 0.5 nm.

The potential influence of ion-beam induced heating was characterized by comparing
measurements of the thickness of an amorphous layer determined from XTEM micrograph
and Rutherford Backscattering Spectrometry and Channelling (RBS/C) spectrum.
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Figure 1: (a) XTEM Micrograph of Sample after removal from Ion-Beam Thinner, (b) Channeled RBS/C
Spectrum for an Amorphous GaAs Layer.

The sample heating was ramped to a temperature of 200°C at the rate of ~ 0.7°C/sec. At this
temperature the regrowth rate is negligible. The temperature was then increased to 260°C at
the rate of l°C/sec. From a comparison of in-situ and ex-situ measurements of the
recrystallization rate it was determined that the actual sample temperature during in-situ
characterization was estimated to deviate by < 20°C from that of the heated holder.

Semi-insulating (100) GaAs, as implanted with 200 keV As ions and 190 keV Ga ions to a
total fluence of Iel4/cm2 to form an amorphous surface layer of ~ 160 nm, was partially
recrystallized in the TEM at« 260°C for « 10 min.



Electron-beam effect and thin-foil effect were characterized by comparing the recrystallization
rate and microstructure of the irradiated and unirradiated, thick and thin regions of the sample,
respectively.

RESULTS and DISCUSSION
From Figure 1 it is evident that no material has recrystallized during the sample thinning
process, due to ion-beam induced heating during sample milling.
Figure 2 shows a low magnification image of the sample which was prepared using the non-
conventional methodologies, where (A), (B) and (C) are the irradiated3, the unirradiated4 and
the bulk5 parts of the sample.

Figure 2: Disc Sample Showing Regions of Interest.
(A) Irradiated Region.
(B) Un-Irradiated Region.
(C) Bulk Part of Sample.

The extent of the regrown layer and the microstructure of the amorphous/crystalline-interface
of irradiated, unirradiated and bulk regions of the sample are shown in Figure 3 (I), (ii) and
(iii), respectively. The extent of twinning and the depth of the amorphous/crystalline interface
is the same in all regions of the sample.

3 area of sample irradiated by electron-beam during in-situ heating.
4 area of sample not irradiated by electron-beam during in-situ heating.
5 thick area of sample not yet thinned to form an electron-transparent region.



surface

Figure 3: Amorphous/Crystalline Interface of:- (i) Irradiated Region, (ii) Un-Irradiated Region.(iii) Bulk Part
of Sample

CONCLUSION
The influence of ion-beam induced heating during the thinning process is insignificant when
the sample is maintained at liquid nitrogen temperature during the milling process.

The influence of artifacts resulting from the electron-beam and thin-foil effects during in-situ
TEM can be eliminated by the appropriate choice of sample preparation procedures.
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