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Abstract: To evaluate the possibility as a multi-level memory medium for the Ge2Sb2Tes/TiN/W-doped Ge2Sb2Tes cell structure,

the crystallization rate and stabilization characteristics according to voltage (V)- and current (I)- pulse sweeping were

investigated. In the cell structures prepared by a magnetron sputtering system on a p-type Si (100) substrate, the Ge2Sb2Tes and

W-doped Ge2SbaTes thin films were separated by a barrier metal, TiN, and the individual thicknesses were varied, but the total

thickness was fixed at 200 nm. All cell structures exhibited relatively stable multi-level states of high-middle-low resistance

(HR-MR-LR), which guarantee the reliability of the multilevel phase-change random access memory (PRAM). The amorphous-

to-multilevel crystallization rate was evaluated from a graph of resistance (R) vs. pulse duration (T) obtained by the nanoscaled

pulse sweeping at a fixed applied voltage (12 V). For all structures, the phase-change rates of HR—MR and MR—LR were

estimated to be approximately t<20 ns and t<40 ns, respectively, and the states were relatively stable. We believe that the double-

stack structure of an appropriate Ge-Sb-Te film separated by barrier metal (TiN) can be optimized for high-speed and stable

multilevel PRAM.
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RAM), FeRAM (ferro electric RAM) £o0] Qit} [1-3].
J%Fo|A = PRAM v, e £, =2 M7=
34 59 GRS Ald 5= A w22 vheA] F
shute goiety 9low, f&o] gAE A= 0, 1 0]
2 EHE AT ol AFEEE =€ 4+ A U
& (multi-level) 22} 7]=of ojst A
ATt [4-7].

PRAMO| Al g & 717 2] ARE-E| 1L Q1= Te-7|9t 2
FAHo] E(chalcogenide)= &, A7] 59 <% A=
sl v]- A (amorphous)-Z2AA A (crystalline) A&l 7+9]
7T AN Af Wehrt WAlSHaL o] of] Fytsto] BhAbE, St
T, 22E Y A Az B AT 59 AVIA Al
o] Hets JoxIt} [8,9]. (GeTe)x(SbyTes) F-AC A
(pseduobinary) sH3FE ZoA] x=291 Ge,SbyTes=
PRAM 7]S0id 2A 71 d2] d2iq don v]ga-
fcc-hep GAIE AAA A Heb st 53 242
o fecee ©HE &9 7ido A&shr]ole 2t st 2T
Al AR 5] AN A% ERME Do Ke
Stoh ¥FH x=891 T Th2 PRAM 7|5 0fA Q1 GesgSbyTen
+ YA A -fcc DAIE A Af Ws7F BAYsHH o] 2{sh 4
W3} A 9] X}o] 2 GegSbyTer10] GeySbyTes Bt wih2 24
A8} & % (crystallization rate)& Ho|= 7102 H L]
AL} [10]. Ge-Sb-Teo] Ag, C, W 5 ttfet H4ass
B AIA SR M ST BIA Y S7tr Qe Av AR
i, g AR &= 59 E4S A7 =
8] Alaystol gtk [11,12).
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g0z dojihs Aoz HItE ). Sal, 1A 9ad
A8 0] thel 15k 278t o 30 ns ofah, 23 2Rt
= o 65 nsof| A S EAsHRint [13].
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Fig. 1. Current-sweeping I-V characteristics of double-stack cell
structures based on (a) Ge2SexTes (50 nm)/TiN/W-GezSexTes (150
nm), (b) GezSexTes (100 nm)/TiN/W-GezSexTes (100 nm), and (c)
GeaSeaTes (150 nm)/TiN/W-GeaSeaTes (50 nm).
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Fig. 2. R-V curve of double-stack cell structures as a function of
voltage-sweeping with pulse duration of 100 ns, 300 ns, and 500 ns:
(a) GeaSexTes (50 nm)/TiIN/W-Ge2SeaTes (150 nm), (b) GezSexTes
(100 nm)/TiN/W-GeaSexTes (100 nm), and (c) Ge:SexTes (150
nm)/TiN/W-GezSe2Tes (50 nm).
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Fig. 3. R-T curve of double-stack cell structures: (a) Ge:SexTes (50
nm)/TiN/W-GexSexTes (150 nm), (b) GexSexTes (100 nm)/TiN/W-
GexSexTes (100 nm), and (¢) GeaSexTes (150 nm)/TiN/W-GexSexTes (50
nm).
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