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Electrical and thermal characteristics of PRAM with thickness of phase change
thin film

Hong-Kyw Choi* -

Nak-Won Jangt - Hong-Seung Kim#** - Seong Hwan Lee#**

Abstract : In this paper, we analyzed the heat transfer phenomenon and the reset
current variation of PRAM device with thickness of phase change material using the
3-D finite element analysis tool. From the simulation, Joule’s heat was generated at
the contact surface of phase change material and bottom electrode of PRAM. As the
thickness of phase change material was decreased, the reset current was highly
increased. In case thickness of phase change material thin film was 200 A, heat
increased through top electrode and reset current caused by phase transition highly
increased. And as thermal conductivity of top electrode decreased, temperature of unit

memory cell was increased.
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Fig. 1 Finite element analysis model of PRAM
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Table 1 Specification of PRAM unit cell considered
for finite element analysis

I

Layer A= =7} [um] FALA]
M1 W 15X 15 1500
TEC W [AE] 030 2000
TE TiIN 05 X 05 500
GST GexSheTes 05X 05 1000
Heater TiN [(A&] 0.10 2500
BL W [41&] 0.30 3000
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Table 2 Material parameters

o AWNARR| dAEE H 4 =i
= 72 3 3
1Qm | J/emKs) | (JJem™ K | (g/em’)
W | 175x 107 1.780 258 19.30
GST | 15x 1¢° 0.018 1.20 270
TiN | 10x 10° 0130 324 540
Si0 | 1.0x 10™ 0014 310 2.33
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Fig. 2 Temperature distribution of PRAM cell
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Fig. 3 Temperature distribution of PRAM cell with
GST thickness

ox

Wt A FA w3 AHE =] Aol A
o A7l FEALE sIse 28y A A
< dolxsitt. Fig. 4% 4¥3 A= GST
AE HEAA w Fst vEe] Ao 2EF

1

o, :‘ﬂl oX
—‘ﬂ §>‘—4 _IEL



A} wpeke) TAo] mhE

730Ce) el LEAA 2 Lo 497
A7 3he e Aol

S N
Ty T

= 28F
26
24p
2.2 X
2.0 L
18}

Reset current( mA)

0 500 1000 1500 2000 2500 3000
Thickness of GST(A)

Fig. 4 Reset current of PRAM cell with GST
thickness
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Fig. 5 Temperature distribution of PRAM cell with
current applied time
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Fig. 7 Temperature distribution of PRAM cell with

top electrode thickness
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Fig. 8 Temperature distribution of PRAM cell with
top electrode thermal conductivity
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