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Abstract: In this paper, we investigated current (I)- and voltage (V)-sweeping properties in a double-stack structure,
GeaSboTes/Ti/W-doped GesSbaTei1, a candidate medium for applications to multilevel phase-change memory. 200-nm-thick
GeaSbaTes and W-doped GesSbaTer: films were deposited on p-type Si(100) substrate using magnetron sputtering system, and
the sheet resistance was measured using 4 point-probe method. The sheet resistance of amorphous-phase W-doped GesSbaTei:
film was about 1 order larger than that of Ge2Sb2Tes film. The I- and V-sweeping properties were measured using sourcemeter,
pulse generator, and digital multimeter. The speed of amorphous-to-multilevel crystallization was evaluated from a graph of
resistance vs. pulse duration (t) at a fixed applied voltage (12 V). All the double-stack cells exhibited a two-step phase change
process with the multilevel memory states of high-middle-low resistance (HR-MR-LR). In particular, the stable MR state is
required to guarantee the reliability of the multilevel phase-change memory. For the Ge2SbaTes (150 nm)/Ti (20 nm)/W-
GesSb2Teir1 (50 nm), the phase transformations of HR—MR and MR—LR were observed at t<30ns and t<65ns, respectively.
We believe that a high speed and stable multilevel phase-change memory can be optimized by the double-stack structure of

proper Ge-Sb-Te films separated by a barrier metal (Ti).
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Fig. 1. Schematic model of Ge2Sb2Tes/Ti/W-doped GesSb2Tei cell.
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Fig. 2. Temperature-dependent sheet resistance for the 200 nm thick
GeaShaTes and W-doped GesSbaTeir films.
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Fig. 3. Current—sweeping I-V characterisics of double stack cell based
on (a) GeaSbaTes (50 nm)/Ti/W-doped GesSbaTerr (150 nm), (b)
Ge2SboTes (100 nm)/Ti/W-doped GesSb2Terr (100 nm), and (c)
Ge2SbaTes (150 nm)/Ti/W-doped GesSbaTer1 (50 nm).

Table. 1. 1*, 2" snapback Vi & I of Fig. 2(a), (b), and (c).

GesSbyTer12t GesSbyTes &+ whate] X gf
Aol BE7] o o]l 1% Vi, 3Ee 2™ Vi BT 2 54t
o, 1¥ Vg 53}0] 1% snapbacko] A o]H &
3} B QRS S&ste A HRQT x| 2™
snapbackol| A= H]Zg A e 2 £t Bafo] & & of
UhE A ZEEtehd 27 Vo] 432 S8l 2™ snapbacko] A
of Jgdist vfate 55 4 ok 219 3(a), (b), and (c)
% W-doped GegSbTen 7t 7Hd 5748 18 3(a)ollAl
2" Vi ~2.181 V2 7P 2 Vi 342 Holo] 2™ [y, 4]
7V 2 3k 7HKn2 "olo 2 2™ snapbackol| A LA
St Fwist urak-2 W-doped GegSb,Tend& 458 & 3l
ot wets A= AYo] 2J5] double stack A
Ge;SbyTes WAl 2727 WAstL &
GegSbyTen o] 274s7 dojd2 & o+ 1o ol= 1Y
29] ZAAst 2= oE/GA A
snapback Ato]9] A& X} Alpe= )
MY dS Folohe A B2 AFSE £ QT B 1& Als
o Alxkel 2" 3(a), (b), and (c)°] Alme 242} 0.050
mA, 0.021 mA, 0.009 mA2 W-doped GegSb,Te;; Bhat
o] EAI7}Y 71 2 1 3(a)2] GezSbyTes (50 nm)/Ti/W-
doped GegSb,Tei; (150 nm) Allo] 71AF QP& A Q1 MR A)
BE 72 &g & Qo

I3 4% ANArE Ao ®AZS 100ns, 300ns, 500ns
2 d2jolo] 0~15 VE A4St 429 AF-HY 2fjmg
HR, MR, LR9] multilevel A&} ¥3}S sH=of &HQ18F 2
T 33 404 B vet Zo] Wi Ao tfjs A =
o] Zraof whet of w2 ALolA sty wWAdste, MR
eI doE oz W2 AU oA A&EHS B
DEARARAY A 5oA FEo] QAR MR JHIE &
R|5tH . 3], W-doped GegSb,Ter2] F4|7F 150 nm
27V A% 1" 4(a)9] Aol 79, 100nse] A=
oisl oF 7.5~11.5 V ¢t MR JEHI& fAIF =X 71T
MYAQl BG5S BoRoich 17 49 o] HR—>MR—
LR7}X] 9] ekt WA 57| YfsliAd= 10 V o]de] w2
Aol WAS Q5HARF 4F-82hd PRAM AAF= nm A&

Ge2SbaTes (50 nm)/Ti/ GeaSbyTes (100 nm)/Ti/ GeaSbyTes (150 nm)/Ti/
W-doped GesSbz2Ter1 (150 nm) W-doped GesSbzTer1 (100 nm) W-doped GesSbzTe11 (50 nm)
Vi [V] 6.108 5.949 5.777
1% snapback
I [mA] 0.067 0.066 0.080
Vu[V] 2.181 1.721 1.511
2" snapback
Im [mA] 0.117 0.087 0.089




48 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 1, pp. 44-49, January 2022: Oh and Lee

107

10° 4
¢ 10%
@
o
c
S
(2]
a 104_
[0
14
10% 4
102 T r T T T : : :
0 2 4 6 8 10 12 14 16
Voltage(V)
107
10 4
G
5
5 10
o
[
8
(2]
5 104_
[0}
14
103_
102 :
0 2 4 6 8 10 12 14 16
Voltage(V)
107
106 4
c
R 5
5 10
o
[
]
(%]
‘@ 10°4
Q
4
103.
102

Voltage(V)
Fig. 4. R-V curvess of double srack cells as a function of voltage
sweeping with pulse durations of 500ns, 300ns, 100ns: (a) Ge2SbaTes
(50 nm)/Ti/W-doped GesSbaTer1 (150 nm), (b) Ge2Sb2Tes (100 nm)/
Ti/W-doped GesSbaTer1 (100 nm), and (c) Ge2SbaTes (150 nm)/Ti/W-
doped GesSbaTer1 (50 nm).
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nm)/Ti/W-GesSbaTer1 (50 nm) by 12 V pulse.
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