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Electromagnetic and Thermal Analysis of Phase Change Memory Device
with Heater Electrode

Nakwon Jangt - Suk-Bum Mahx -

Hong-Seung Kim*x*

Abstract ©: PRAM (Phase change random access memory) is one of the most promising
candidates for next generation non-volatile memories. However, the high reset current
is one major obstacle to develop a high density PRAM. One way of the reset current
reduction is to change the heater electrode material. In this paper. to reduce the reset
current for phase transition, we have investigated the effect of heater electrode
material parameters using finite element analysis. From the simulation, the reset
current of PRAM cell is reduced from 2.0 mA to 0.72 mA as the electrical conductivity of
heater is decreased from 1.0X10° (1/Qm) to 1.0X10* (1/Qm). As the thermal
conductivity of heater is decreased, the reset current is slightly reduced. But the reset
current of PRAM cell is not changed as the specific heat of heater is changed.

Key words : Phase change random access memory (%433} Wl 22]), Non-volatile memory
(3¢ viZ2)), Heater electrode (FLA=), Electrical conductivity (A711=
%), Thermal conductivity (EJ&=%
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Fig. 1 Cell ammay of PRAM device
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Table 1 Specification of PRAM unit cell considered
for finite element analysis

Layer A 8 271 {um] FA(A)
M1 W 15X 1.5 1500
TEC W (X&) 0.30 2000
TE TiN 0.5 X 0.5 500
GST GeaSboTes 0.5 X405 1000

Heater TiN (X&) 0.10 2500
BL \ (7€) 0.30 3000
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Fig. 3 Finite element analysis model

Table 2 Material parameters

o g | ANAEE | ddEm M) o T
= (1/Q-m) (J/em-K-s) | (J/em*K) | (g/em®)
W | 1.75x 107 1.78 2.58 19.3
GST | 2.4x 10° 0.018 1.2 2.698
TiN | 1.0x 10° 0.13 3.235 54
Si0; | 1.0x 10| 0.014 3.1 2.33
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Fig. 5 Ohmic loss of PRAM cell

Fig. 6 Temperature distribution of PRAM cell
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Table 3 Material parameters of heater

o n | AHEE | gAEE b o g =
=2 gem | emKs) | (0/em®R | (g/em®)
w | 1.75x 107 1.78 2.58 19.3
TIN | 1.0x 10° 0.13 3.23 5.4
TiW | 1.43x 10° 0.6 2.04 14.3
TiAIN | 5.0x 107 0.3 0.7 4.5
SiGe | 5.0x 10* 0.085 1.84 3.08
p-Si | 1.0x 10° 1.3 1.61 2.33
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Fig. 7 Reset current of PRAM unit cell as a
function of electrical conductivity
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Fig. 8 Reset current of PRAM umit cell as a
function of thermal conductivity
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