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1.  Introduction 

 

The demand for non-volatile memories has been 

increased at the market of mobile instruments such 

as personal digital assistants (PDA), cellular phone, 

electronic digital cameras. A phase change random 

access memory (PRAM), which has many 

advantages over other existing memories, is 

considered to be mostly close to a practical 

utilization and promising candidate due to many 

advantages such as high speed, low power, high 

density and low cost. The PRAM is based on the 

reversible phase transformation between amorphous 

and crystalline states by local heating with a 

nanosecond current. There have been great efforts 

on developing new phase-change materials and 

understanding the phase transformation phenomena 

in phase-change materials.[1] 

The pseudo-binary Ge2Sb2Te5 (GST) thin film has 

been utilized as a phase-change recording medium. 

However, there are several problems associated with 

GST material for high density PRAM devices such 

as high reset current, thermal stability in amorphous 

state, relatively. In particular, a high resistance in the 

crystalline phase is necessary to reduce electrical 

current.[2] 

In this study, we investigated that crystallization 

speed as well as thermal stability and optical 

property of Aux(Ge2Sb2Te5)1-x films. 

 

2.  Experimental details 

 

The 200-nm-thick Aux(Ge2Sb2Te5)1-x films 

were deposited on p-type (100) Si and glass 

substrate by Thermal Evaporator at room 

temperature using Aux(Ge2Sb2Te5)1-x bulk. The 

evaporating speed by 3Å/s, pressure of 1ⅹ10
-5

 Torr, 

respectively. 

Evaporated films were isothermally annealed in 

a N2 atmosphere for 10 min. The isothermal 

structural phase changes were characterized using 

X-ray diffraction (XRD, X'pert PRO, Phillips) and 

X-ray photoelectron spectroscopy (XPS, VG 

MULTILAB 2000). XRD and XPS measurements 

were performed for Aux(Ge2Sb2Te5)1-x thin films 

annealed from 140 
o
C to 270 

o
C. The optical 

transmittance (TOP) was measured in the wavelength 

(λ) range of 800-3000 nm using a UV-Vis-NIR 

spectrophotometer (Shimadzu, U-3501). In order to 

examine the effects of Au doping on the electrical 

properties of the GST films, we measured the sheet 

resistance (RS) of the films with the 4-point probe 

(CNT-series). The nano-pulse illumination was 

performed using a nano-pulse scanner with a laser 

diode of  λ = 650 nm (beam diameter < 2 μm). 

Speed of the amorphous-to-crystalline phase 

transition was evaluated by detecting the response 

reflection signals, ΔR = R1 – R2, where R1 and R2 are 

intensities before and after illumination, respectively. 
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In this work, ΔR was measured over a laser power 

(P) range of 1 ~ 17 mW and a pulse duration (t) 

range of 10 ~ 460 ns. 

 

3. Results and Disscusion 

 

Each composition of thin films with increasing 

annealing temperature XRD results were shown in 

Figure 1. In general, Ge-Sb-Te based material is 

used as a memory device and the metastable 

amorphous fcc structure change between traders 

decided to operate as shown in Figure 1 in more than 

150 ℃, as Figure 1 (a) ~ ( d) As indicated in the 

typical fcc structure (●) of the XRD peak appears, 

we can see that. In addition, more than 210 ℃ 

annealed films shown in the 2 θ ~ 29.5 ° HEX (103), 

39.5 ° shown in HEX (106) and appears stronger in 

terms of the diffraction peak from the hexagonal 

structure (○) and can be found. In other words used 

in this experiment (Au) x (Ge2Sb2Te5) 1-x films 

with increasing annealing temperature to the 

amorphous → fcc → hexagonal phase 

transformation process seems to. In particular, 

150 ℃, the films annealed Figure 1 (a) fcc peak 

appears in the film, but in the case of Au thin films 

doped with the rest from 165 ℃ to reveal some of 

the fcc peaks could be confirmed. The addition of 

Au thereby increasing the crystallization temperature 

is expected to increase thermal stability. Phase 

Change Memory should have thermal stability as the 

primary attribute for a long time to maintain the 

Data will show better results. [3,4] 

 

 

Fig.  1. XRD patterns for (a) Ge2Sb2Te5, 

         (b) Au0.0110(Ge2Sb2Te5)0.9890, 

         (c) Au0.0323(Ge2Sb2Te5)0.9677, 

         (d) Au0.0625(Ge2Sb2Te5)0.9375 thin films. 
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Fig. 2. Plots of hυ vs (αhυ)
1/2 

for as-deposited(●) 

 and 210℃-annealed(○) films. 

Measured TOP (λ) value is applied to the law of 

Beer wavelength dependent optical absorption 

coefficient α (λ) were calculated. In other words, α 

(λ) = -ln (TOP) / d. Where d is the thickness of the 

film. Most of the amorphous chalcogenide thin films 

near the optical engergy gap just below the range of 

the energy (hv <EOP) called Urbach tail in the 

exponential band tail looks. 

Figure 2 shows the composition of each film before 

and after annealing for hv (αhv)
1/2

 a picture of the 

graph obtained from the energy-axis intercept values 

of the EOP can be obtained. Where B
1/2

 slope in the 

extended energy region typically has a value of ~ 

10
3
cm

-1/2
eV

-1/2
 range have been reported.[5] In 

addition, the slope of Urbach tail near the 1 / F 

parameter was expressed as. The slope of the graph 

shown to the two kinds of B1 / 2 and 1 / F of the 

amorphous chalcogenide semiconductor energy - is 

associated with changes in the organic structure of 

the atom. In other words, both the slope of the 

decrease of disorder of atomic arrangement of 

amorphous thin films can be evaluated as a result of 

the increase is attributable to. 

Figure 2 (a) If the Ge2Sb2Te5 film, ΔEOP as the 

0.26eV B1 / 2 and 1 / F, all of the changes occurred. 

Figure 2 (b) of the Au0.0110(Ge2Sb2Te5)0.9890 case, 

ΔEOP was a slight increase of 0.31 B1 / 2 than the 1 / 

F of the variation was greater. Figure 2 (c) of the 

Au0.0323(Ge2Sb2Te5)0.9677 case, ΔEOP to 0.34 can be 

seen that the increase was larger. EOP of the large 

fluctuations in the optically induced phase change 

memory device that can reduce the noise to have the 

advantages can be estimated. Also, the addition of 

Au films in the remaining common B
1/2 

but the 

change is almost 1/F of the slope is greater than the 

degree of the films showed that Ge2Sb2Te5. Au thin 

film thereby adding to the chaos after the phase-

change can be seen that the decrease of. Since the 

phase change is thought to improve the stability of. 

In addition, variations in extent than the impurity 

level due to fluctuations in the phase transition can 

be considered to be caused.[6] 



 

 

Fig. 3. Variation of sheet resistance of 

(Au)x(Ge2Sb2Te5)1-x thin films for annealing 

temperature. 

 

Figure 3 shows the value of sheet resistance for 

each composition. Films before annealing the 

amorphous phase, as having a high resistance value 

is known, the decision on treatment after the film as 

having a low resistance value is unknown. This is 

shown in Figure 1 are consistent with the XRD data. 

Addition of Au thin films before and after the 

addition of Au films when the sheet resistance of the 

Au content increases, the phase transition 

temperature is rising at 150 ℃ 180 ℃ can be seen 

growing between. The crystallization temperature 

affects the thermal stability of amorphous over. Au 

grows with the increase of phase-change 

temperature as it was found to increase the thermal 

stability. 

For each composition of the films due to laser 

power and exposure time difference between the 

reflectivity (ΔR) of the three-dimensional mesh plot 

is shown in Figure 4 shows the results graphically. 

The range of laser power and duration of 1 ~ 17 mW, 

respectively, and were in 10 ~ 460 ns. Chalcogenide  

 

 

 

Fig. 4. 3D-mesh plots about reflectivity differences 

according to crystalline mark formation of 

(Au)x(Ge2Sb2Te5)1-x. 
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Fig. 5. Reflectivity differences during crystalline 

mark formation for (Au)x(Ge2Sb2Te5)1-x thin films 

measured at (a) 9 mW and (b) 11mW. 

 

material evolved into a crystalline reflectivity 

increases. The laser power and time of each film 

increases the reflectivity value of the difference can 

be shown that an increase in ΔR. By which the laser 

power irradiated amorphous - crystalline phase can 

be sure that the artist takes place. ΔR value increases, 

the slope is estimated that the largest phase change 

rate. Addition of Au films (a) Ge2Sb2Te5 Compared 

with (b) Au0.0110(Ge2Sb2Te5)0.9890, the overall value 

of ΔR a little lower. This phase transformation rate 

seems a little slow. (c) Au0.0323(Ge2Sb2Te5)0.9677 

before the doping can be seen that very little change. 

(d) Au0.0625(Ge2Sb2Te5)0.9375, and the rest tend to look 

the other as the phase change of Au doping So much 

seems to be different mechanisms. 

Figure 5 shows the crystallization rate to more 

easily compare the relative low power 9 mW and 11 

mW in the exposure time for each composition 

according to the difference in reflectance (ΔR) of the 

graph drawn. Au0.0110(Ge2Sb2Te5)0.9890, the two 

graphs of both films before doping Ge2Sb2Te5 films 

showed similar crystallization rate of 102 ns after 

the latter had a relatively slightly lower reflectance 

values. Au0.0323(Ge2Sb2Te5)0.9677 in both films, the 

two graphs showed the most rapid phase change. 

Which, when used as memory devices will show the 

fastest speed. But (b) Au added- Ge2Sb2Te5 -11mW 

in the second half of the 10
2
 ns after the Ge2Sb2Te5 

film was slightly lower than the value of ΔR. 

 

4. Conclusions 

 

In this study Ge2Sb2Te5 bivalent transition metal 

thin films containing Au (Au)x(Ge2Sb2Te5)1-x (x = 0, 

0.0110, 0.0323, 0.0625) in thin film structural, 

optical, electrical, basic characteristics and 

amorphous - crystalline phase between Studied the 

rate of change. XRD and 4-point-probe (CNT-series) 

through the addition of Au to increase the 

crystallization temperature was found. This means 

improved thermal stability over the amorphous. 

Ge2Sb2Te5 film amorphous - crystalline phase 

impurity level and extent of anger accompanied by 

changes, however, (Au)x(Ge2Sb2Te5)1-x films, the 

phase change in anger over an extended area due to 

structural changes in impurity level That were 

evaluated. In addition, the phase change of Au films 

after the addition of disorder has decreased 

significantly. Over the stability of the crystal will be 



higher. Au0.0323(Ge2Sb2Te5)0.9677 films showed the 

most rapid phase-change rate. If it is driven by the 

memory device is estimated that the speed is high. 

 

 

5. References 

 

[1] Sin Ung Cheol, Jo Seong Mog, Lyu Sang Ug, Yu 

Byeong Gon, J. KIEEME, Vol. 16, No. 12, p.10, 

2003. 

[2] Daniel Salamon, Bruce F. Cockburn, "An Electrical 

Simulation Model for the Chalcogenide Phase-

Change Memory Cell," mtdt, pp.86, 2003 

International Workshop on Memory Technology, 

Design and Testing (MTDT'03), 2003. 

[3] A. Pirovano, A. L. Lacaita, A Benvenuti, F. Pellizzer, 

and R. Bez, IEEE trans on Electronic Devices, Vol. 

51, No. 3, p 452, 2004. 

[4] C. Sun, J. Lee, M. Youm, Y. Kim, Jpn. J. Appl. Phys. 

45 (2006) 9157. 

[5] Song, Ki-Ho; Seo, Jae-Hee; Kim, Jun-Hyong; Lee, 

Hyun-Yong; J. Appl. Phys. Vol. 106, Issue:12, Dec 

2009. 

[6] S. W. Kim, K. H. Song, H. Y. Lee, J. KIEEME, Vol. 

21, No. 7, p.629, July 2008. 


