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Abstract 
 
The phase transition of germanium antimony tellurium (GST) using different thickness of heater layer (Silicon Carbide, SiC) was inves-
tigated. The separate heater structure of phase change memory (PCM) was selected as a model simulation. However, there is little infor-
mation about this structure that deal with the low power consumption of PCM. This structure has a potential to achieve the low power 
consumption of PCM with using the different thickness of heater layer (SiC). From the simulation, the effect of heater layer (SiC) thick-
ness on the PCM was studied by COMSOL Multiphysic 5.0 software. The temperature of GST and phase transition of GST can be ob-
tained from the simulation. The 20nm thickness of SiC can reach the crystalline temperature at 1.2V with 100 ns pulse width. The 100nm 
thickness of SiC can reach the crystalline temperature at 0.8V with 100ns pulse width. From these results, the thickness of SiC can affect 
the temperature of GST and phase transition of GST. If the thickness of SiC was increased, the temperature of GST was increased and 
the rate of phase transition of GST was faster. It can be concluded that the thickness of SiC may have been an important factor in the 
transformation of GST’s phase and the temperature of GST. The low power consumption of PCM can be produced when the thickness of 
SiC is considered. 
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1. Introduction 

There are two main types of memory: volatile and non-volatile 
memory. Non-volatile memory can be broken down into flash 
memory and phase change memory (PCM). Stanford Ovshinsky 
(in late 1960s) was apparently the first to use the term PCM when 
he had reported that the chalcogenide material can change from 
amorphous state to crystalline state and vice versa [1]. In amor-
phous state, the atoms are arranged in a disorderly manner. When 
the heat applied on the chalcogenide material until it reaches the 
crystalline temperature, the atom will begin an orderly and the 
chalcogenide is in crystalline state. If the chalcogenide material is 
heated continuously until it reaches the melting temperature and 
rapidly cooling down, the chalcogenide material will be trans-
formed to amorphous state back. The atom will be arranged in a 
disorderly manner. There are many reasons why the PCM has 
become so dominant in memory industry. These are high endur-
ance, low programmable energy, fast switching speed, and good 
data retention [2] [3]. Many scholars have been studying about 
producing PCM with low power consumption by doing improve-
ment on the phase change material, structure of PCM and heating 
element materials. 
The novel PCM with double GST thermally confined structure 
was proposed by Der-Sheng Chao (2007) to reduce the reset cur-
rent less than 0.3mA [4]. Je Feng (2007) was used Si doping in 
GST film to reduce the writing current of PCM [5]. The compari-
son between GST, N-doped GST and Si doped GST was investi-
gated by them. Cheng Xu (2008) do an improvement on the struc-
ture of PCM with used TiO2 layer was inserted between GST and 
bottom heating electrodes [6]. This method can reduce the reset 

current of the device cell decreased 68% compared with that with-
out TiO2 layer. Feng Xiong (2011) proposed the low power 
switching of phase change material (GST) with carbon nanotube 
electrodes [7]. According this paper, this structure can achieve 
programming current as low as 0.5uA for SET process and 5uA 
for RESET process. Yin Y (2012) and Irma R (2013) was used the 
separated heater structure of PCM with TiSi3 as a heater layer to 
achieve the low power consumption and multi-level storage in 
lateral PCM [8][9]. The advantages of separated heater structure 
of PCM is the temperature of heater layer can be controlled de-
pend on the voltage pulse.  
However, few studies have reported on the low power consump-
tion of PCM. But there is little information available on the sepa-
rated heater structure of PCM especially the material that used as a 
heater layer. The suitable semiconductor material that can operate 
at the higher temperature and high power is silicon carbide (SiC) 
[10]. The other advantages of SiC are wide band gap material, 
excellent thermal shock resistance, and high thermal conductivity 
[10]. This paper will discuss the variation of heater layer (SiC) 
thickness. The objective of this paper is to study the effect of heat-
er layer (SiC) thickness on the low power consumption of PCM 
structure. From the variation thickness of SiC, the temperature of 
GST and the phase transition of GST will be determined using the 
COMSOL Multiphysic software. 

2. Experimental 

In this work, the simulation was done by using the COMSOL 
Multipyhsic 5.0 software. The separated heater structure of PCM 
was used and this structure was proposed by the Irma R (2013). 

http://creativecommons.org/licenses/by/3.0/
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The difference between this works with the previous researcher is 
the use of SiC material as a heater layer. This structure consists of 
substrate, four electrodes (bottom and top electrode), memory 
layer, insulator layer, heater layer and capping layer. Every layer 
on this structure used the different material. The thickness of each 
layer has been set for all simulation except the thickness of the 
heater layer. The Fig. 1 shows the material and the thickness of 
material that used in this simulation. 

 
Fig. 1: The thickness for all materials and the different thickness of SiC. 

Table 1: The physical properties of SiC. 
Material  Heat 

capacity 
(J/kg.K) 

Thermal con-
ductivity 
(W/m.K) 

Density 
(kg/m3) 

Electrical 
conductivity 

(S/m) 

Heater, 
SiC 

670 120 3200 4.3X104 

For this research, the simulation with different thickness of SiC 
will be simulated to determine the temperature of GST and the 
phase transition of GST. The thickness of SiC that used in this 

simulation is from 20nm until 100nm with a rise of 10nm thick-
ness of SIC. The physical properties of SiC’s material that used in 
this simulation can be seen on the Table 1. The applied voltage 
from 0.5V until 2.3V with 100ns pulse width was applied at the 
two top electrodes and heated up the heater layer, SiC material. 
The heater layer was not connected electrically to the memory 
layer because the insulator layer located between heater layer and 
memory layer. The heat would transfer from the heater layer to 
memory layer and the temperature of GST would increase. From 
the simulation with different thickness of SiC, the temperature of 
GST and the phase transition of GST were determined. The term 
“phase transition of GST” is used here to refer to the changes in 
GST from amorphous state to crystalline state in percentages.  

3. Result and Discussion 

Table 2 shows the temperature of GST when using the different 
thickness of SiC as a heater layer. The result of simulation state 
that the different of thickness of SiC can affect the temperature of 
GST. The increasing of thickness of SiC can cause the tempera-
ture of GST to increase. The temperature of GST at 1.2V with 
100ns pulse width is 466.29K when the thickness of SiC is 20nm. 
While, the temperature of GST at 0.8V with 100ns pulse width is 
474.49K when the thickness of SiC is 100nm. The bold values of 
temperature show that the GST has already changed from amor-
phous state to crystalline state when the temperature of GST was 
over 450K, crystalline temperature for GST. The Fig. 2 shows that 
there has been a gradual increase in the temperature of GST when 
the thickness of SiC increased. 

Table 2: The temperature of GST for the different thickness of SiC 
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Fig. 2: The temperature of GST for the different thickness of SiC. 

Table 3 shows the percentage of phase transition of GST for dif-
ferent thickness of SiC. From the table, the applied voltage that 
changes the GST to crystalline state increased when the thickness 
of SiC was increased. Comparison between them are when using 
the 20nm thickness of SiC, the applied voltage is 1.2V with 100ns 
pulse width and when using the 60nm, 70nm, 80nm, 90nm and 
100nm thickness of SiC, the applied voltage is 0.8V with 100ns 
pulse width. From this situation, it can be concluded that the in-
creased thickness of SiC will affect the phase transition of GST 
when the same applied voltage was applied at the top electrodes. 
The bold percentage of phase transition of GST shows that GST 
changes to crystalline state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 3: The percentage of phase transition of GST for different thickness of SiC. 

 Percentage of phase transition GST for different thickness of SiC 
Voltage (V) 20 nm 30 nm 40 nm 50 nm 60 nm 70 nm 80 nm 90 nm 100 nm 

0.7 0 % 0 % 0 % 0 % 0 % 2 % 13 % 29 % 49 % 
0.8 0 % 0 % 0 % 18 % 52 % 73 % 94 % 96 % 100 % 
0.9 0 % 4 % 56 % 95 % 100 % 100 % 100 % 100 % 100 % 
1.0 3 % 76 % 94 % 100 % 100 % 100 % 100 % 100 % 100 % 
1.1 47 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 
1.2 97 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 

 
The percentage of phase transition of GST at 1.1V and 1.2V with 
100ns pulse width for 20nm thickness of SiC are 47% and 97% 
respectively. It can be seen on the Fig. 2 below. From the Fig. 3, 
the percentages of phase transition of GST for 100nm thickness of 
SiC are 49% and 100% respectively at 0.7V and 0.8V with 100ns 
pulse width. That means, the 20nm thickness of SiC need 1.2V 
applied voltage to change the GST to crystalline state and the 
100nm thickness of SiC required only 0.8V applied voltage to 
change GST from amorphous state. The Fig. 3 and Fig. 4 show the 
red color at GST area is in crystalline state and the blue color at 
GST area is still in amorphous state. From the result of simulation, 
the increased thickness of SiC will lower the applied voltage for 
PCM then affect the temperature of GST and phase transition of 
GST. From this situation, it can be described that the increased 
thickness of SiC can produce a low power consumption of PCM. 

 
Fig. 3: The phase transition of GST for 20nm thickness of SiC at 1.1V and 
1.2V. 

 
Fig. 4: The phase transition of GST for 100nm thickness of SiC at 0.7V 
and 0.8V 

The following part of this paper moves on to describe in greater 
detail about the thickness of SiC that can affect the power con-
sumption of PCM. In this paper, the term will be used to describe 
the phenomenon is heat transfer between two materials. The trans-
fer of heat is normally from the high temperature of material to a 
lower temperature of material. Fig. 5 shows the different of heat 
transfer which occur on 20nm and 100nm thickness of SiC. The 
red arrow shows the heat transfer flow from SiC material to GST 
material through insulator layer. For example, the P is power or 
energy that the 20nm thickness of SiC can hold and Q is a power 
or energy that the 100nm thickness of SiC can hold. The power or 
energy value, P is less compared with the power or energy value, 
Q. 
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Fig. 5: The different heat transfer which occur on 20nm and 100nm thick-
ness of SiC. 

From the explanation above, there is some evidence that thickness 
of SiC may affect the temperature of GST and phase transition of 
GST. When the thickness of SiC is thick, the temperature of GST 
becomes high and the GST will change to crystalline state. Also, it 
can be concluded that the thickness of SiC can affect the power 
consumption of PCM. 

4. Conclusion 

The simulations of separate heater structure of PCM with different 
thickness of SiC were successfully simulated using the COMSOL 
Multiphysic 5.0 software. The 20nm thickness of SiC can reach 
the crystalline temperature at 1.2V with 100 ns pulse width. The 
100nm thickness of SiC can reach the crystalline temperature at 
0.8V with 100 ns pulse width. The phase transition of GST oc-
curred when the applied voltage was 0.7V at 100 ns pulse width 
for 20nm thickness of SiC and applied voltage was 1.2V at 100 ns 
pulse width for 100nm thickness of SiC. From the result of simu-
lation, the thickness of SiC can affect the temperature of GST and 
phase transition of GST. If the thickness of SiC was increased, the 
temperature of GST increased too and the rate of phase transition 
of GST was faster. It is because the power or energy value when 
the thickness of SiC is 100nm is more compared with the power or 
energy value when the thickness of SiC is 20nm. It can be con-
cluded that the thickness of SiC may have been an important fac-
tor in the transformation of GST’s phase and the temperature of 
GST. The low power consumption of PCM can be produced when 
the thickness of SiC is considered.  
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