Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 19, No. 10, p. 918, October 2006.

] 19-10-6

A GeiSeTe: 2 GexSbrTes Z@ALIO| = utatel
Al E M

Phase Change Properties of Amorphous GeSeiTe: and
GezSbeTes Chalcogenide Thin Films

Hau's, zaF, F4m
(Hong-Bay Chung'?, Won-Ju Cho', and Sang-Mo Ku')

Abstract

Chalcogenide phase change memory has the high performance necessary for next-generation
memory, because it is a nonvolatile memory with high programming speed, low programming voltage,
high sensing margin, low power consumption and long cycle duration. To minimize the power
consumption and the program voltage, the new composition material which shows the better
phase-change properties than conventional Ge;SheTes device has to be needed by accurate material
engineering. In the present work, we investigate the basic thermal and the electrical properties due to
phase-change compared with chalcogenide-based new composition GeiSe;Te; material thin film and
convetional GesSheTes PRAM thin film. The fabricated new composition GeiSeiTez thin film exhibited a
successful switching between an amorphous and a crystalline phase by applying a 950 ns-6.2 V set
pulse and a 90 ns - 82 V reset pulse. It is expected that the new composition Ge;Se;Tez material thin
film device will be possible to applicable to overcome the Set/Reset problem for the nonvolatile
memory device element of PRAM instead of conventional Ge;Sh.Tes device.
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Fig. 1. Schematic cross sectional diagram of

the fabricated memory cell.

t monitor
! ] i
Dl _|F]

monitor
a8 2. ARHEEAE SHsr] Y% A=A,
Fig. 2. Schematic circuit view for measuring

the electrical characteristics of phase
change memory.

g 13 2tk 7182 SioyZ A& " Si(100) el
H 2 RAZ o2 AlE ol4dlgen, 4%
202 Si0, AFRAFoZE AlS o433yt A
24 Al 97 A% 200 nm, Z2AYl=
2o F7E 100 nmel™ ol Z3-&L 05 nm/s
o] ATt

AZAAQ Az WEge 999 A7 1 mm
x 1 mm °|9, 2}7]7} 4D (self-heating) ¥4]-& o] &
ste] W3 A4S doligith Set 3 Reset ¥
2o g &4 93 29 29 2 FJ=E A
e AR e e gWslE god)e
g2 F719 AAAYY AV E ZARFsRS. =
28 A7l Hete]  H2A 8 o Bl (HPS116A)
g olgdden ESAHHE AF 2 AY A
R A Z 5 Z(Tektronix TDK 3012)& o] &34 x
AYEHL DY E(Protek320)2 AM¥PEFE S
AAde] AAZoE =AY



J. of KIEEME(in Korean), Vol. 19, No. 10, October 2006.

Ge,Sh,Te, DSC

REE

Haat Flow (wig)

04

ae

PURATY

23 2o £ 0 alo
[y Temperature {*C)

(a) GesShyTes

GeSe;Te; DSC

1% ) o & %
Temparshua (*C)

(b) Gei:SeiTez

GeiSe;Tex9b GesShyTesE 28 9) DSC 4.
DSC  analysis of GeSeiTez and
GezSboTes material.

ag 3.
Fig. 3.

3. 2% & ¥

3% 32 GeSeiTe; 9 GesSheTes e DSC
T Aol a9 394 4 F UKol GeSheTes
E39 AS ZAINR2TE 282807 C, £¥2E:
440311 T °l% GeiSeiTe; B9 A¢+ ZAS
L%7b 231503 Colil &HLEE 396779 T2
el GeSeiTe; E@o] tha AAZI2 7} Yo}
71&9] GeSheTes EART A AAI}E ol
T e AXSE Al A AvAZHer LAAE
LT ¢ AS A2 Pl

17 4% GexSbeTes 2o A A 3te] wzle} A
Aol X E T3H7] 5ty 2% g FEx9
H3E el afZeltt. 1d 4(a)dllA BE A

3] 2=t F7HEe) wel Az AaHE E

B E
4€ YEtdTrt 130 TR o) FolME o o4

920

6000

5000 4

4000

3000

Resistance (K¢2)

2000 -

1000 —

T T T T T
20 40 60 8 100 1200 140 160 180 200
Temperature (C)

(a) Resistance

® & @
s 7 B

e
.
8

Cantichine (51 ey
E2]
8

. = 304(K:

way

ver T

H A, . . ‘
Bee 95t W g 15 sz
vTary
(b) Conductivity

3 4. GeSheTes Hetoll A o] 250 WE 3

B A=W
Resistance change
with temperature in Ge:Sb;Tes thin film.

Fig. 4. and conductivity

9] HMgE HolX ¥3 A HIAHNE FASH
o8 g 2EEALE AAM3 #Fd Y3ty AR
E9 ¥3tE vy 23 4b)e 2ok 29 4b)
A 2EF7t ot Axxe FAF WA}
130 THRINA dolds & & e o|x%
ARZ 3 AL AR oA A AGFE
A AAA Fog HolgE FALEs F 130
TI2AYLE ¢ = U

a9 55 MEE ZAY GeSeiTe; 2ol A g
Agel Walel QAo LEE T sl L%
o ME MEX9 oEAHEL Yed Lo}

29 594 28 I8 La)dlA e riRstR R
A A e 2xe Frtel wet Ade] ZamE A
7F A&H7E o 110 THZAA o o4 W}
g Bolx o3 A AFAHE FAY



8000

5000 -
= 4000
g€
g 3000 AN
5 N\
]
© 2000
\,\
1000 N
od A
T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220
Temperature (C)
(a) Resistance
0.06
|
0054 |
i
g 0044
© 5
> o034 i
Z i§
2 !
3 0024
€ 1
=3 H
o
0.01 ‘
LT =383 (K)
0.00 4

T T T T T T 7
28 27 28 28 3.0 3.1 32

Temperature (10°7T, K')

(b) Conductivity

a8 5. GeSeiTes
= 9&A.

Fig. 5. Resistance and conductivity change with
temperature in Ge;Se Te; thin film.

W Ao AT AEE &

AAG BEE 7] At AEEEHR Y
B 28 50b) dAMe AExe FA4F WAzt

110 THZAA Yebds & = dAch. 28 4(b)
e mezels ozt t2A ¥ 5h)eME
25 Z7te] mE Axxrt 858 X 492 R
ol ol wEte] A9stAQ AN 2 A
5 Sed Aol Fo wgs FHo|ztA
Se-Te bond9] Etge] 7193 Aoz Algdr
[11]. oj8jg EAE= 4-83A £429] package®
o AgdEtd EgAL dag £ um A=
g

2% 49 59 AFHZE B GesSheTes uhate] A
Aol £EE 131 T(404 K)32old o™, GeSerTer
dhato A= 110 C(383 K)E 2oz Ueytth o)

A FEZS ARE GeSeTe, &t HJAo) 227}

921

A7 ARAA B8 =EX|, A194 A10E, 20063 104

14 L

2r SET Pulse RESET Pulse

10} 100ns (Ge,Sb,Te,)
g et
S
g |r5us (GeszzTes)’I 90ns (efSe;Te,)
g s 3

o | 195yns (Ge,Se,Te,

2

0 F— v -

0 Sus 0 100ns
Time(us) Time(ns)
3% 6. Set?} reset FTAANAM HY, A =,

Fig. 6. Schematic voltage, pulse waveform for
the set and reset operation.

21 THE doies Aot}
423 JUAE GeSeTe; Hote] A HA &
23te A& Ygulsi] PRAMARRZE §84]
AAYEo g2 Aol 71%d Aoz AIRHM H
AR AAAe H3ds vE GeSeTe; ¥ato]
A A vetgE & F I dFE 53] 7
S 1R2R=

I3 62 AFH GeSeTes? GeiSerTer B4
79l Set/Reset A8 A A4y #2g veld 29
ojtk, 2 2¢F #e FHEE o]gdte] Set I
Reset B2& Q7Iste] A3H oz Arolrt dof

5 4 5 YAt 17 6914 GesSbeTes vt
9] A% Set Aol 64 V, 5 us ©]3L Reset A
o] 98 V, 100 ns °lAZ GeSeTe; vtee] 7S
Set o] 62 V, 950 ns 9 Reset A Yol 82 V,
90 ns °IAT. I 69 EE et o] Set 32
Al "AF7)7F oF 5MiAE ZAAFE 2o Set T
Reset B2t A GeSeyTe; We] #7)14 EA4o
GezSexTes WHate] gtuch A4 AXMEL 2 ¢ 9
o] GeSeiTe; ®ute] £33t H| 3y AAo)
RAM(PRAM) ZAA24 §471540 &g ¢
& AN

ol g A= Aol

4.8 8
ZaAdel= A o§E st Wmee
AR 27/A%7 §4 A 2 qUAF} 2y
e Aot Wb o e AuA £uE Folm
aedel wug Az AAAE BA AA



J. of KIEEME(in Korean), Vol. 19, No. 10, October 2006.

A 7 A
101%‘ 4 9lofof gt

2 =3dNe AR ZIAYel= gt
’—‘} ol g3le] &x ¥ HE:Z EA, AVH =
A7 Al st W& A st 01“13} 2
Aol sl AdEgt 2dZF 7 DSC
ff} AA3 &2 B3 x4 wE AF
ol2=E T % 2Eo| WE %
A 7129 GeShTes 2R GelSeTe
A ANdE 4L YelAY. =8 17
AN E Set/Reset 57 A 5ujAE 7+
o 2HEE AY E3} AHES 4 F YA
2 Ay ZAFIZ vwFo] ZIAIE
GeiSeiTe; BHehg o] &3 _/I:ZV} A A8 2 2E
el AWl Muel2A FE3) ol& e Aol 3l
= 222 Algdh

Wsto] do g

i
s
B oM oae > X

o?_‘, ojt

A

i o
e
oL

—_

i
o?f:

ol
-

R ]

[1] G. Wicker, "Nonvolatile, high density, high
performance phase change memory”, SPIE,
Vol. 3891 p. 2, 1999.
S. R. Ovshinsky, "Reversible electrical
switching phenomena in disordered structures”,
Phys. Rev. Letters, Vol. 21, p. 1450, 1968.
[31 S. J. Yang, J. M. Lee, K. Shin, and H. B.
Chung, "The phase transition with electric
field in ternary chalcogenide thin films”,
Trans. EEM, Vol. 5, No. 5, p. 185, 2004.

(4] N. Yamada, E. Ohno, K. Nishiuchi, N.
Akahira, and M. Takao,
transitions of GeTe-SbyTes pseudo-binary

(2l

"Rapid—-phase

amorphous thin films for an optical disk

922

memory”, J. Appl. Phys., Vol. 69, No. 5, p.
2849, 1991.

J. H Yi, Y. H. Ha, J. H. Park, B. J. Kuh,
H. Horii, Y. T. Kim, S. O. Park, Y. N.
Hwang, S. H. Lee, S. J. Ahn, S. Y. Lee, J.
S. Hong, K. H. Lee, N. I. Lee, H. K. Kang,
U. I. Chung, and J. T. Moon,
structure of PRAM with thin metal layer
inserted GeSbTe", IEDM Tech. Dig., p. 901,
2003.

K. Nakayama, K. Kojima, F. Hayakawa,
and Y. Imai,
memory cell based on reversible phase

Jpn, J.

(5]

"Novel cell

(6]
"Submicron  nonvolatile
transition in chalcogenide glasses”,
Appl. Phys., Vol. 39, p. 6157, 2000.
J. M. Lee, K. Shin, C. H. Yeo, and H. B.
Chung, "Electrical
amorphous

(7]

switching studies of

GeiSe Tez
high-performance nonvolatile phase-change
memory”, Jpn. J. Appl. Phys., Vol. 45, No.
6B, p. 5467, 2006.

[8] J. M. Lee S. J. Yang, K. Shin, and H. B.

Chung, "The study on the characteristic of

thin film for a

phase transition in difference thickness of
Se;ShTe thin film”, Trans. EEM, Vol. 5,
No. 6, p. 241, 2004.

H. Tanaka, T. Nishihara, T. Ohisuka, K.
N. Yamada, and K. Morita,
"Electrical switching phenomena in a phase

[9]

Morimoto,

in contact with metallic
Vol. 41, p.

change material
nanowires”, Jpn. J. Appl. Phys.,
11443, 2002,

[10] J. M. Lee and H. B. Chung, "Characteristics
of chalcogenide GeSeiTez thin film for
nonvolatile phase change memory device”,
Trans. KIEE, Vol. 55C, No. 6, p. 297, 2006.

[11] N. Afify, A. Gaber, 1. Abdalla, and H. Talaat,
"Structural study of chalcogenide glasee
Sep7Teps”, Physica B, Vol. 229, p. 167, 1997.



