
Current Driven Macro-model of Phase-Change Material (PCM) Device  

Used for H-spice Simulation 
 

Cheng Li1, Juntae Choi1, and Yun-Heub Song1* 
 

1 Department of Electronics and Computer Engineering,  

Hanyang University, Seoul 04763, Korea 

* E-mail: yhsong2008@hanyang.ac.kr 

 

Abstract 

In this paper, we proposed a current driven macro-

model of phase-change material (PCM) device using Ver-

ilog-A language for H-spice simulation. This model con-

siders the three states during programming process: crys-

talline, amorphous, and melting state. The SET operation 

of this model is performed based-on the temperature de-

pendent crystallization velocity. The RESET operation is 

realized based-on both internal temperature gradient of 

PCM device and the re-crystallize process with long fall-

ing time of programming pulse.  

 

1. Introduction 

The phase change memories are being studied as a candi-

date for next generation non-volatile memory, with its good 

properties such as multi-level resistance values, strong data 

retention, high endurance, promising reliability, CMOS com-

patibility, and technological maturity [1]. However, it is dif-

ficult for circuit design about phase-change random access 

memory (PRAM) circuits without a PCM device micro-

model for H-spice simulation. In this paper, we proposed a 

current driven macro-model of PCM device using Verilog-A 

language, realizing the programming operation of PCM such 

as fully SET, partially SET, fully RESET, partially RESET 

and the programming dependent on falling time of pulse. 

 

2. States and Operations of PCM Device 

During the programming process, the PCM shows three 

states: crystalline, amorphous, and melting state. The re-

sistance of PCM device (RPCM) can be seen as the combina-

tion of these states (as shown in fig.1a) and the equation can 

be written as eq. (1): 

𝑅𝑃𝐶𝑀 = 𝑅𝑐 ∙ 𝐶𝑓 + 𝑅𝑎(1 − 𝐶𝑓)(1 − 𝑀𝑓) + 𝑅𝑚(1 − 𝐶𝑓)𝑀𝑓 

(1) 
   Here, Rc, Ra and Rm are the resistance of PCM device at 

fully crystalline state, fully amorphous state and fully melting 

state, and Cf and Mf are the crystalline fraction and the melting 

fraction, respectively. The RPCM changes following the in-

creasing or decreasing of Cf and Mf at certain temperature, as 

shown in fig.1b. If the temperature is below the crystallization 

trigger temperature (Tg), the PCM device remains its initial 

state. If the temperature is between Tg and the melting point 

(Tm), the SET operation is performed with increasing crystal-

line region as shown in fig.1c. The RESET operation requires 

the temperature above Tm and following a fast quenching pro-

cess. As a result, the melting region increases firstly, and sub-

sequently transfers into amorphous region during the quench-

ing process, as shown in fig.1d. It should be pointed out that 

if falling time of programming pulse is long, the PCM device 

can be re-crystallized during the slow quenching process. 

 

3. Module of PCM model  

   The proposed macro-model is consisted of circuit module 

and calculation module, as shown in fig.2a. A variable resis-

tor is used to represent the PCM resistance. The calculation 

module is designed with four kinds of basic devices: resistor, 

capacitor, current source and voltage source. The calculation 

module includes temperature calculation module, Cf and Mf 

calculation module, and RPCM calculation module. Fig.2b 

shows the performance of the model. Firstly, the calculation 

module receives the voltage of device (VPCM) and RPCM to cal-

culate the cell temperature (Tcell) using temperature calcula-

tion module. Then Cf and Mf change according to the Tcell. 

 
Fig. 2 (a) Modules of PCM device (b) Calculation mod-

ule (c) Temperature calculation module (d) Cf calculation 

module (e) Mf calculation module 
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Fig. 1 (a) The PCM device is consisted of three states. (b) 

phase-change process between the three states. (c) SET 

operation (d) RESET operation 
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Finally, a new value of RPCM is calculated using eq. (1) and 

send to the circuit module. The widely used temperature cal-

culation module (fig.2c) is analyzed in [2]-[4]. The current 

source provides the quantity of heat from joule heating (Pj) 

according to the programming current and RPCM. The resistor 

(Rdis) and capacitor (Cth) are used to simulate the thermal dis-

sipation resistance and the thermal capability, respectively. 

The temperature is calculated using eq. (2) and eq. (3): 

𝑇𝑐𝑒𝑙𝑙 = ∫
𝑃𝑗−𝐼𝑑𝑖𝑠

𝐶𝑡ℎ

𝑑𝑡  (2) 

𝐼𝑑𝑖𝑠 =
𝑇𝑐𝑒𝑙𝑙−𝑇𝑟𝑜𝑜𝑚

𝑅𝑑𝑖𝑠

  (3) 

The Cf and Mf calculation module are consisted of a capacitor, 

a variable resistor and a voltage source (as shown in fig.2d 

and fig.2e). The RC circuit can be used to control the crystal-

lization velocity and melting velocity, whose equations are 

shown in [5]-[6]. The voltage sources drive Cf and Mf into the 

final results according to the cell temperature as eq. (4) and 

eq. (5): 

𝑉𝑑𝑟𝑖𝑣𝑒_𝑐𝑓(𝑇𝑐𝑒𝑙𝑙 , 𝐶𝑓)  =  𝐶𝑓 , 𝑤ℎ𝑒𝑛 𝑇𝑐𝑒𝑙𝑙 <  𝑇𝑔  
                                    =  1, 𝑤ℎ𝑒𝑛 𝑇𝑔 ≤  𝑇𝑐𝑒𝑙𝑙 <  𝑇𝑚  
                                    = 0, 𝑤ℎ𝑒𝑛 𝑇𝑐𝑒𝑙𝑙 ≥  𝑇𝑚   (4) 

𝑉𝑑𝑟𝑖𝑣𝑒_𝑚𝑓(𝑇𝑐𝑒𝑙𝑙)  =  0, 𝑤ℎ𝑒𝑛 𝑇𝑐𝑒𝑙𝑙 <  𝑇𝑚  
                                = 1, 𝑤ℎ𝑒𝑛 𝑇𝑐𝑒𝑙𝑙 ≥  𝑇𝑚    (5) 

 

4. Simulation Result  

   The macro-model parameters are shown in Table. I. Typ-

ical programming current for fully SET and fully RESET are 

set as 15uA and 30uA, respectively. Fig.3 shows the simula-

tion result of fully SET, fully RESET and the falling time de-

pendence of RESET operation. Fig.4 and fig.5 show the sim-

ulation results of the partially SET and partially RESET op-

erations according to the pulse amplitude, respectively.  

 

5. Conclusions 
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Fig. 4 Simulation result of SET operations 

 
Fig. 5 Simulation result of RESET operations dependent 

on pulse amplitude 

 
Fig. 3 Simulation result of fully SET, fully RESET and 

RESET operation dependent on falling time of pulse.  

Table. I Macro-model Parameters 

Symbol Value Description 

Ra 10MΩ PCM resistance at fully amorphous state 

Rc 100kΩ PCM resistance at fully crystalline state 

Rm 10kΩ PCM resistance at fully melting state 

Tg 400K Crystallization trigger temperature 

Tc 800K Temperature with the fastest crystallization 

velocity 

Tm 900K Melting temperature 
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