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INTRODUCTION

Ge2Sb2Te5 (GST) is one of the promising phase change 
materials. The phase of GST can be changed between 
crystalline and amorphous rapidly, reversibly, and reliably at 
relatively low temperatures (Raoux, 2009; Raoux & Wuttig, 
2010). The phases between crystalline and amorphous 
produce large differences in electrical and optical properties 
(Lee et al., 2005; Welnic et al., 2007). Due to its unique 
characteristics, research has been conducted signifi cantly for 
various applications such as optical and electrical memories 
for decades. Especially, it is being used broadly as the main 
material of phase change random access memory (PRAM) 
(Horii et al., 2003).
Single crystal GST nanowires (NWs) have been grown by 
bottom-up process via vapor-liquid-solid (VLS) method 
using a chemical vapor deposition (CVD) tool (Jung et al., 
2006). As-grown GST NWs have hexagonal close packed 
structure and can be used for phase change applications 
(Jung et al., 2006; Nam et al., 2012). The devices based on a 
single crystalline GST NW in defect free condition allow us 
to examine the phase change mechanism more accu rately 

compared to the conventional GST thin films with pre-
existing grain boundaries and fabrication defects. For the 
crystallographic analysis of the phase change NWs, trans-
mission electron microscopy (TEM) can be generally used.
There are two methods in preparing TEM samples for the 
crystallographic analysis of NWs. As shown in Fig. 1, one is a 
“solution dispersion method” and the other is a method using 
a “focused ion beam (FIB)” (Salkar et al., 1999; Mayer et al., 
2007).
The former is the method of picking up diffused NWs in a 
solution using a mesh-grid. While it provides an advantage of 
easier preparation and analysis for the characteristics of NWs 
without incurring any physical changes, it could be diffi cult 
to prepare proper TEM samples if the amount of NWs is not 
enough. Also, the observation of NW orientation is limited to 
a specifi c direction in TEM since the cross-sectional shape of 
GST NW is in the rhombus form (Lee et al., 2007).
On the other hand, the latter is the method of either milling 
the cross-section of a NW along with a substrate where it 
is grown (Mayer et al., 2007) or welding a NW on a grid in 
order to prepare TEM sample with an accelerated ion beam 
(Peng et al., 2008; Diercks et al., 2009). As only a portion of 
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NW is prepared, the method is limited in observing various 
orientations in the crystal structure. Also, NW exposed to 
the ion beam accelerated at 30 kV may undergo a phase 
change during the sample preparation so that it is diffi cult to 
understand the unique characteristics of NW.
To overcome the limitations of conventional methods, we 
suggest a new method of TEM sample preparation for GST 
NW using a tip and an electron beam (e-beam) deposition 
in a fi eld emission scanning electron microscopy (FE-SEM) 
equipped with nanomanipulator and gas injection system 
(GIS). 

METHODS

The GST NWs are grown via the VLS method in a CVD tool 
at 450oC for 2 hours on a SiO2 substrate with the pressure of 
50 mTorr using Ar and N2 flow. Au nanoparticles with the 
diameter of 100 nm are used as metal catalysts (Jung et al., 
2006). A selected as-grown NW has a diameter of 90 nm and 
a length of 4.4 μm, having single crystallinity.
We used Dual Beam FIB equipped with nanomanipulator 
and GIS to prepare single crystal GST NW sample for TEM 
analysis. The equipment is manufactured by JEOL (Japan) 
and is a combination of the FE-SEM part with in-lens 
Schottky fi eld emission gun and the FIB part using Ga liquid 
metal source.
We prepared the TEM sample only using the electron beam 
portion of the Dual Beam FIB to minimize damage to the 
sample. The specifications for the electron beam of the FE-
SEM are accelerated voltage of 0.2 to 30 kV and beam current 
of 1×10-11 to 2×10-8 A with a resolution of 1.2 nm at 30 kV. 
In this experiment, we used electron beam condition of 5 kV 
and 3×10-10 A for the image condition as summarized in Table 
1 in order to fi nd and lift-off a NW.
We used a nanomanipulator (Autoprobe 200.2; Oxford, 
UK) to transfer the NW to a grid. The nanomanipulator is 
attached to the Dual Beam FIB and can move to any position 

while observing the SEM or FIB image. It is possible to move 
along X, Y, and Z axis at the velocity of 0.1 to 60 μm/sec and 
to rotate in 360o.
As shown in the “lift-off condition” of Table 1, the sample is 
lifted off from the substrate by moving the nanomanipulator 
side to side at the velocity of 2 μm/sec.
The NW is then fi xed to a grid using the GIS. As summarized 
in “bonding condition” of Table 1, the NW was fi xed to the 
grid using the e-beam assisted deposition with the condition 
of 5 kV and 5×10-9 A for 30 seconds.

RESULTS

The process of preparing undamaged TEM sample using 
electron beam is explained with FE-SEM images as shown in 
Fig. 2. Fig. 2A is a SEM image of a selected GST NW for the 
analysis in TEM. Fig. 2B and C are the images showing that 
the tip of nanomanipulator is inserted and moved to pick up 
the NW. Because the electron beam is focused on the NW, 
tip at a distance of 300 μm away from the substrate is out of 
focus. We can identify the distance between tip and substrate 
as the tip is being focused.
Fig. 2D is an image showing that the tip adjacent to the 
substrate moved slowly to contact with NW. As the tip 
approaches the NW, it could adhere to the tip by electrostatic 
interaction. If the NW adhering to the tip moves fi nely, it can 
be lifted off from substrate. Then, the tip is removed away 
from stage.
Fig. 2E and F are images that the stage is moved to a grid area 
and the tip is inserted on the stage. As with Fig. 2B and C, we 
can identify the distance between tip and grid by how well 
the tip is focused. Fig. 2G is an image that the NW is fi xed on 
the grid wall using e-beam deposition after being in contact. 
In this way, we can prepare a TEM sample of NW without 
incurring any damage.
As shown in Fig. 3, the prepared GST NW TEM sample was 

Table 1. Transmission electron microscopy sample preparation condi-
tions using electron beam

Item Condition

Sample diameter

Equipment

Image condition 

Lift-off  condition

Bonding condition 

(E-beam deposition)

80~100 nm 
Dual Beam FIB (JIB-4601F; JEOL) 
Accelerated voltage: 5 kV

Probe current: 3×10-10 A

X, Y axis

Velocity: 2 μm/sec

Accelerated voltage: 5 kV

Probe current: 5×10-9 A

Time: 30 sec

FIB, focused ion beam.

Fill solution in container

Pick up the nanowires
using mesh grid and dry

Pour the nanowires
into solution

Disperse the nanowires

Find the nanowire by SEM

Deposition with FIB

Bulk milling (FIB)

Sample lift-off

Transfer sample to grid

Fine milling (FIB)

[Solution dispersion method] [FIB milling method]

Fig. 1. Typical transmission electron microscopy sample preparation 
processes. SEM, scanning electron microscopy; FIB, focused ion beam.
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analyzed by using a TEM (JEM-ARM200F; JEOL) at 200 kV. 
Since we fi xed NW at the designated position by using SEM, 
the time for searching the prepared GST NW sample is greatly 
reduced in comparison to the “solution dispersion method”. 
In addition, the process damage on the sample is minimized 
compared to the sample produced by using the conventional 
FIB method.
The as-prepared GST NW has one-dimensional structure 
as seen in Fig. 3A. As one of the representative phase change 
materials, GST has relatively low meting point, <650oC. The 

outer part of the GST NW exposed to e-beam starts to melt 
from the surface as shown in Fig. 3B due to the heat generated 
with the electron beam. The melted part of GST NW is 
brighter than the other parts so it is easily recognizable. This 
e-beam induced melting leads to the slight deformation in 
GST NW as seen in Fig. 3C. While atomic resolution analysis 
of GST NW can be hindered by the rapid melting with the 
concentrated electron beam at high magnification, we were 
able to observe the intrinsic property of a phase change NW 
associated with heating. 

1 m�1 m�1 m�

10 m� 10 m� 1 m�

1 m�1 m�1 m�

A B C D

E F G

5 m�5 m�5 m� 5 m�5 m�5 m�

E-beam Deposition Area

Fig. 2. Transmission electron microscopy sample preparation process using electron beam. Scanning electron microscopy images of a selected Ge2Sb2Te5 
(GST) nanowire (NW) (×10,000; A), a tip of the nanomanipulator moving to the selected NW (×3,000; B, C), the edge of the tip contacted to the NW (×20,000; 
D), the tip attached to grid (×1,000; E, F), and the fi xed GST NW on the grid wall (×10,000; G).

A B C

Fig. 3. Transmission electron microscopy (TEM) images of Ge2Sb2Te5 (GST) nanowire (NW) prepared by electronbeam. (A) Th e image being fi xed NW 
on selected area of grid wall. It was possible to fi nd the position of the NW. (B) Th e image magnifying center of GST NW. It was possible to observe a NW 
without damage by TEM sample preparation. However, the exposed part of GST NW to e-beam started to melt from the surface because the representative 
phase change material (GST) has relatively low meting point. (C) Th e image magnifying edge of GST NW, Th e end of the NW was not only melted down but 
also bent and deformed by an electron beam. 
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CONCLUSIONS

The improved understanding of a phase change material can 
be approached with the device made of a single crystalline 
GST NW. Due to the inherent property of the phase change 
material, GST NW is prone to damage with the conventional 
preparation process of TEM sample using focused ion beam. 
By preparing TEM sample of GST NW with our electron 
beam process, surface damage of the sample has been 
appreciably reduced. 

In addition, using nanomanipulator and e-beam deposition 
by GIS enabled us to prepare the selected NW as TEM sample 
for better analysis. This type of TEM sample preparation 
technique can be applied to a variety of NWs for minimal 
damage to the sample and improved TEM analysis. 
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