Regular Paper
J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 32, No. 6, pp. 448-453 November 2019
DOI: https://doi.org/10.4313/IK EM.2019.32.6.448
ISSN 1226-7945(Print), 2288-3258(Online)

AV|WYTEE P BAASHE AWs B2 AR
MM B U RE BE

Electrical Characteristics of and Temperature Distribution in Chalcogenide Phase
Change Memory Devices Having a Self-Aligned Structure

Hye Ryeon Yoon', Young Sam Park? and Seung-Yun Lee'
! Department of Materials Science and Engineering, Hanbat National University, Dagjeon 34158, Korea
2 Electronics and Telecommunications Research Institute (ETRI), Dagjeon 34129, Korea

(Received August 7, 2019; Revised September 5, 2019; Accepted September 11, 2019)

Abstract: This work reports the electrical characteristics of and temperature distribution in chalcogenide phase change
memory (PCM) devices that have a self-aligned structure. GST (Ge-Sh-Te) chalcogenide aloy films were formed in a
self-aligned manner by interdiffusion between sputter-deposited Ge and Sh,Te; films during therma annealing. A
transmission electron microscopy-energy dispersive X-ray spectroscopy (TEM-EDS) anaysis demonstrated that the local
composition of the GST dloy differed significantly and that a Ge,Sb,Tes intermediate layer was formed near the
Ge/Sh,Te; interface. The programming current and threshold switching voltage of the PCM device were much smaller
than those of a control device; this implies that a phase transition occurred only in the Ge,Sh,Tes intermediate layer and
not in the entire thickness of the GST alloy. It was confirmed by computer simulation, that the localized phase transition
and heat loss suppression of the GST aloy promoted a temperature rise in the PCM device.
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Fig. 1. Schematics of chalcogenide PCM devices. (a) structure A
and (b) structure B.
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Table 1. Physical properties of various materials.

C(I;:riszt(:tli(\:/ailty co-l;:ii(:;?ity Specifisc heat Denggy

@'-md  (Fom-K-g K)o (gom)
2.40x10° 3.00x10°

GeSbTe (GST(1)] [GST(1)] 1.20 6.20
3.30x10° 4.13x10°
[GST(2)] [GST(2)]

Ge 2.13 0.58 1.65 5.32

TiN 2.00x10° 0.19 3.25 5.40

Tiw 1.43x10° 0.60 2.64 14.3

W 1.75x107 178 2.58 19.3

S0,  1.00x10™ 1.4x10? 3.10 2.33
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Fig. 2. Crosssectiond TEM image of a chalcogenide PCM device
having a sdf-digned structure (structure B).
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Fig. 3. EDS spectra obtained from (a) point a (b) point b, (c)
point ¢, (d) point d, () point e, and (f) point f in Fig. 2.
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Fig. 4. Resistance vs current for chalcogenide PCM devices.
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Fig. 6. Smulation results of temperature distributions of chacogenide
PCM devices and corresponding device structures.
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