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In this study contact resistances between the Ge2Sb2Te5 thin films and TiN/W electrodes 

were investigated by the transmission line model method. The influence of the heat 

treatment on the electrical characteristics of the Ge2Sb2Te5/electrode was investigated. 

Heat treatment at 150 °C leads to a significant drop in contact resistance due to 

crystallization of the thin Ge2Sb2Te5 film. The contribution of the contact resistance to the 

total contact resistance of the Ge2Sb2Te5 and TiN/W contact was analyzed and showed that 

the contribution of the contact resistance to the total resistance sufficiently increases for 

the Ge2Sb2Te5 film in the crystalline state. 
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1. Introduction 
 

Phase change memory (PCM) attracts increased interest as promising new class of non-

volatile memory device due to the high operation speed, low power consumption, high endurance, 

extended scalability, compatibility with CMOS technology [1-3]. 

Currently, chalcogenide semiconductor compound Ge2Sb2Te5 (GST225) is widely used as 

PCM material due to high stability at room temperatures and fast crystallization rate [3-5]. 

The SET and RESET operations in electrical PCM is based on the reversible phase 

transition between the crystalline state with low resistivity and amorphous state with high 

resistivity. Such transitions are induced by the temperature increase caused by the electrical pulses 

and Joule heating. 

So, in the case of PCM the total cell resistance determines the work of the memory device. 

The contact resistance between the phase change memory material and electrode may be 

responsible for the significant part of this total resistance [6] and so can seriously affect the 

memory performance and influence number of important parameters of PCM, such as 

programming characteristics [8], device switching behavior, power consumption, reliability [7-10]. 

The contact resistance between PCM material and metal electrodes can be responsible for the 

reduction of RESET current [11]. The multiple thermal cycling used for the SET/RESET 

operations can lead to the interaction between the phase change memory material and electrode, 

which can influence the stability of the PCM cell work.  

The contribution of the contact resistance between the PCM material and electrodes to the 

total resistance of the memory cell increases with the development of the technological node and 

scaling down the PCM cell size [12, 13], and can seriously affect the memory performance. At 

last, contact resistance can be a dominating factor for the reliable work of the multi-level PCM 

cell. 

So, for the successful implementation of the PCM technology, it is important to investigate 

and optimize the contact properties between the PCM material and electrodes. However, despite 

the intensive investigations and noticeable progress achieved last years in the development of the 

phase change memory technology contact properties and contact resistance of the PCM materials 
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with different electrode materials are not fully studied and obtained results have a certain 

discrepancy. 

For the amorphous, crystalline and nanowire GST225 chalcogenide contact resistances 

were estimated for such conducting materials as TiW [14-17], TiN [13], refractory metal nitride 

electrode [18], Ti/Pt [19], Ni/Au [11]. It was demonstrated that the contact resistivity depended on 

the annealing temperature, applied voltage and the thickness of the PCM material film. 

In this regard, the aim of the present work was the investigation of the contact resistance 

between the GST225 thin film and TiN/W electrode, and the influence of the heat treatment on it. 
 

 
2. Experimental 
 

Thin GST225 films were deposited on the oxidized Si substrates by dc magnetron 

sputtering of the stoichiometric polycrystalline target. The residual pressure in the chamber before 

the deposition was 3.010
-3

 Pa, and the pressure of Ar during the process was 5.710
-1

 Pa. The dc 

power was 25 W, the film thicknesses determined by the atomic force microscope (NT-MDT 

Solver Pro) were 130 nm. 

Elemental composition of the films was determined by Auger spectroscopy (Perkin Elmer 

PHI-660), and results are shown in Fig. 1. Composition of the films was close to Ge2Sb2Te5, and 

as can be seen from the figure, the elemental distribution was uniform across the film thickness.  
 

 
 

Fig. 1. Elemental distributions for the deposited film determined by Auger spectroscopy. 

 

 

The structure of the GST225 films was studied by X-ray diffraction (Rigaku Smart Lab, 

step Δθ = 0.001 °, scanning speed 1 ° per minute, λ (CuKα1) = 1.5406 Å). It was determined that 

the as-deposited and annealed at 100 °C films were in an amorphous state (Fig. 2). Thin films 

annealed at 200 and 250 °C for 30 min had a crystalline structure identified as NaCl with space 

group Fm-3m. 
 

 
 

Fig. 2. Diffraction patterns of the as-deposited GST film and film after the heat treatment. 

 

 



3 

 

Thermal properties were investigated by differential scanning calorimetry (DSC-50, 

Shimadzu). For this purpose, GST225 films were deposited on c-Si substrates. Thin films were 

scraped from the wafers with a sapphire spatula and pressed in Al pans. Empty Al pans were used 

as references. Measurements were carried out at a heating rate of 5 °C/min in a nitrogen flow (20 

ml/min) up to 250 °C. 

The temperature dependences of the resistivity for GST225 thin films were investigated on 

a special set-up, containing heating stage HFS600E-PB4 Linkam and picoammeter Keithley 6485. 

The measurements were carried out at heating rate of 5 °C/min in an argon atmosphere up to 400 

°C. 

To study the influence of peculiarities of the interaction between the adjacent layers with 

the heat treatment on the electrical characteristics of the GST225/electrode structure, contact 

resistances were investigated by the transmission line model (TLM) method originally proposed 

by Shockley [20]. This method is well known as a simple and reliable technique for measuring 

contact resistance of the metal/semiconductor structure in the case of Ohmic behavior, and the 

resistivity of the semiconductor [10, 13, 21-24]. 

The TLM test structure is shown in Fig. 3. GST225 thin film was deposited on the 

oxidized Si substrate. Then 11 electrodes with the same geometry (length d=0.5 mm and width 

W=2 mm) and different distances between each other (L = 0.5, 1, 1.5, 2, 3, 4, 5, 10 mm) were 

fabricated. TiN/W (25/25nm) were examined as electrodes and were deposited as electrodes on the 

top of the GST225 thin film through the mask by the magnetron sputtering. 

 

 
 

Fig. 3. TLM test structure. 
 

 

According to the TLM method, the total resistance RT between the two electrode pads 

used for the measurements is given by the equation [21] 

 

𝑅𝑇 =
2𝑅𝑆𝐾𝐿𝑇

𝑊
+

𝑅𝑆𝐻𝐿

𝑊
                                                                                   (1) 

 

where W is the electrode width; L is the distance between two electrodes; RSH and RSK are the 

sheet resistances of the semiconductor layer outside the contact region and directly under the 

contact, respectively; Lt is the current transfer length defined as the length of the contact used for 

transferring most of the current from the semiconductor to the metal or from the metal to the 

semiconductor [22]. 

Contact resistance (Rc) of the semiconductor/electrode contact is equal to 

 

𝑅𝐶 =
𝑅𝑆𝐾𝐿𝑇

𝑊
                                                                                          (2) 

 

In the case of electrically long contact d >> LT (d is the lengths of the electrodes) and 

RSH=RSK specific contact resistance (ρc) is determined as 

 

𝜌𝑐 = 𝑅𝑆𝐻𝐿𝑇
2  .                                                                            (3) 
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By a linear fitting of the experimentally obtained dependence of total resistance (RT) on 

the distance between the electrodes (d), Rc, RSH and LT can be determined from the intercept of the 

fitting line with the RT and d axes and slope of the line. 

TLM measurements were carried out using an Agilent E3647A power source and a 

Keithley 6485 picoammeter (for high-resistance amorphous samples) / Keithley 2700 multimeter 

(for low-resistance crystalline samples). To form an electrical contact to the samples, tungsten 

probes were used. Measurements were carried out between adjacent electrodes for the different 

electrode distances. 

To study the influence of the heat treatment on the electrical characteristics of the 

GST225/electrode contact annealing of the TLM test structures was performed using an HFS600E-

PB4 Linkam heating stage at annealing temperatures of 100, 150, 200, 250, 300 °С during 15 

minutes. To prevent oxidation of the samples, annealing was carried out in an argon atmosphere. 
 

 
3. Results and discussion 

 

Fig. 4 shows resistivity temperature dependence and differential scanning calorimetry scan 

for GST225 thin film. 

 

      
(a)                                                                         (b) 

 

Fig. 4. Resistivity temperature dependence (a) and DSC scan (b) for the GST225 thin films. 

 

 

As can be seen from the figures, in the temperature range of 152.5-172.0 °C sharp drop of 

the resistivity by two orders of magnitude and endothermic peak on the DSC curve are observed 

due to the crystallization of the amorphous film. The crystallization temperature determined from 

the resistivity temperature dependence by the first derivative as the highest transition rate during 

crystallization was estimated as 155.3 °C. The crystallization temperatures determined from the 

DSC curve by the tangent method was estimated as 161.2 °C.  

These results correlate with the X-ray diffraction data and were used for the selection of 

the annealing temperatures of the TLM test structures. 

Current-voltage characteristics for the TLM test structures without heat treatment are 

presented in Fig. 5. 
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Fig. 5. I-V characteristic for the different distances between the electrodes. 
 

 

As can be seen from the figure, the current-voltage characteristics are symmetric and 

linear (R
2
 ≥ 0.99) indicating on the Ohmic behavior and confirming the correctness of the TLM 

method application. It should be noted that the same Ohmic behaviors and good linear fitting were 

also established for all annealing temperatures used. 

The total resistances RT were obtained from the measurements of the current-voltage 

characteristics of the TLM test structures. Fig. 6 shows the dependences of RT on the distance 

between the adjacent conducting electrodes for the different annealing temperatures, and linear 

fitting of these dependences. 

 

      
(a) (b) 

 

Fig. 6. Dependence of the total resistance on the distance between the electrodes:  

a – amorphous state; b – crystalline state 

 

 

As can be seen from the figures, these dependences are well described linearly (R
2
 ≥ 0.99). 

The fitting lines were used for the estimation of the transfer length LT, contact resistance Rc and 

sheet resistance RSH as was described in Experimental. Obtained values of LT and RSH were used 

for the calculation of the specific contact resistance ρc. Results are presented in the Table 1.  
 

Table 1. Estimated values of Rc, LT, and RSH for annealing temperatures. 

 

Annealing temperatures Rc, Ohm LT, mm RSH, Ohm/sq ρc, Ohm m
2
 

without 3.30·10
6
 0.042 1.54·10

8
 2.69·10

-1
 

100 2.97·10
6
 0.029 1.99·10

8
 1.69·10

-1
 

150 1.02·10
4
 0.226 8.73·10

4
 4.50·10

-3
 

200 1.78·10
3
 0.179 1.94·10

4
 6.22·10

-4
 

250 1.64·10
3
 0.210 6.33·10

3
 2.79·10

-4
 

300 1.30·10
3
 0.410 1.34·10

3
 2.25·10

-4
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Fig. 7 shows the dependences of the total resistance RT and contact resistance Rс on the 

annealing temperature. 

 

      
(a)                                                                    (b) 

 

Fig. 7. Dependences of the total resistance for the GST225 films with distance between  

the electrodes of 0.5 mm (a) and contact resistance (b) on the annealing temperature.  

 

 

As can be seen from the figure, the total resistance and contact resistance decreases by 3 

and more than 2 orders of magnitude, respectively, at the annealing temperature of 150 °C. These 

drops correlate with the resistivity temperature dependence (Fig. 4) and are associated with a phase 

transition from the amorphous to the crystalline state.  

Fig. 8 shows the temperature dependence of the estimated specific contact resistance. 

 

 
 

Fig. 8. Annealing temperature dependence of the specific contact resistivity for  

the GST225 film with TiN/W electrode. 

 

 

As can be seen from the figure, heat treatment at 150 °C is accompanied by the drop of the 

specific contact resistivity, which is continued by the slight decrease at higher temperatures. Test 

structures demonstrate a change in ρc for the as-deposited films and annealed at 300 ° С from 

2.69·10
-1

 to 2.25·10
-4

 Ohmm
2
. 

The same drop of the specific contact resistivity due to the crystallization of the PCM 

material was observed for Ge2Sb2Te5/TiW [15], Sb2Te/W [15], nanowire Ge2Sb2Te5/TiN [13], 

Ge2Sb2Te5/W [25], GeCu2Te3/W [25] contacts. 

Then contribution of the contact resistance to the total resistance of the GST225/electrode 

structure was calculated as proportion Rc/RT using obtained values. Fig. 9 present dependence of 

the proportion Rc/RT on the annealing temperature. The total resistance was used for the distance 

between the TiN/W electrodes of 0.5 mm. 
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Fig. 9. Dependence of the proportion Rc/RT on the annealing temperature. 

 

 

As can be seen from the figure, the ratio Rc/RT increases with the annealing temperature 

and became sufficient after the phase transition. This means that in the crystalline state, contact 

resistance plays a significant role in the resistance of the PCM memory cell. This result correlated 

with the literature data. It was shown that the contribution of the contact resistance to the total 

resistance is dominating for the contact of crystallized Ge2Sb2Te5 with Pt and Pt/Ti electrodes [19], 

nanowire Ge2Sb2Te5 with Ni/Au electrodes [11]. As was shown in the work [13] for the contact of 

nanowire Ge2Sb2Te5 with TiN the contact resistance dominates in the total resistance for the small 

film thicknesses that are smaller than 1μm in both crystalline and amorphous states.  
 

 
4. Conclusions 

 

Thus, in this study, contact resistances between the GST225 thin film and TiN/W 

electrode was investigated by the transmission line model method. 

The influence of the heat treatment on the electrical characteristics of the 

GST225/electrode was investigated. Heat treatment at 150 °C leads to the drop of the specific 

contact resistivity from 2.69·10
-1

 to 4.50·10
-3

 Ohm∙m
2
. Further heat treatment up to the 

temperature of 300 ° C leads to the further drop of c 2.25·10
-4

 Ohm∙m
2
. 

The contribution of contact resistance to the total resistance of the Ge2Sb2Te5 and TiN/W 

electrode contact was analyzed, and showed that the contribution of the contact resistance 

dominates for the Ge2Sb2Te5 film in the crystalline state. 
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