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ALK FHXUEE (ZnSb #E M GeoSboTes #) el i 1l % 7 %251 ZnSb 7% ] GeaSbaTes (GST) . | H
X SPERAT T B 5 H T AR TR A7 S5 IR /AR R L PN B L X 2o e R R S W AR AL T AR ) AR R
SRR F R, R SRR AL HE AR B ZnSh 52411 GeaSboTes #i I HLAT 5 = 145 il . R
H Arrhenius AT K I ZnSb 5 4% 1] GeaSba Tes I 1 FHHR (R IR E I B TAE S GeaSba Tes iR
f188.9 °C. HELE 200, 250, 300 F1350 °C TR K J5 i X T L AT 5 E 5 R W] ZnSb #1544 401H] T GeaSbaTes
TN fee 45 B hex A5 (LA, 3@ Idh X 8 B8 11 o B 7 R I AN 02 S BBABE /0 A BT 60 Zim, Sb, Te JR T2 [ €34T &
#H, e Zn—Sb 1 Zn—Te §, EANRCAE S TAAAE T i 8 L SR AH AR 3 ARSI R S AR AR AT A
KIR ZnSb 5 2= 1] GeaSba Tes I AT ML, FIEE. FrAlE (ZnSb)24.3(GeaSbaTes )7s.7 K, F 45 iR
FEIEF) 250 °C, THEEHR R FFR AR 130.1 °C, H HAE 70 mW BOGAKIMIhZ T S4BT (B4 ~64 ns, T
1£45 GeaSboTes K1) FALET ] ~280 ns. B FZ25 K (ZnSb)24.3(GeaSbaTes )75, 7 HIHE — Fh #1447
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55 ) Sn—Te 8 45 24 thoKs GST 8 ik & 4k Bsf 1] 45 J
N 60 ns, {HS5 &I L EI RS 140 °C H AR (R 5
B e R D d kAT DLE Y, AR XEFE GST
I H O ok 45 A B SR A Rk 1 [R] B Ok 4 T AN
T E M H 1.

AR SR, BATLE GST # 5] N = Je
ZnSb A KL ME SCHR [15] R 1E, £ Zn—Sb — It &
girh, MIEFH Zn - Sb=1: 1, ZnSb EA K&
4 fmiEE (257 °C), BUF T FHIR R FFRE (201
°C) LA K BRI 45 S . ZnSb BPEH ) Sb AEAE
AR T HEm AR AR R 0] [ Zn (51 N0 AT DL3R
m MR R AR D R, A SCEREAE GST H
51N ZnSb, WA EE R BT S AT R 2R
REHJE B = GST AHAS M b i A% s M 1 R )
AR AR A B 1] UK SRR RUR.

K U (ZnSb 1, GegShoTes ) H 3k (1) 5
1] 4% ZnSb 15 4% (1) GST i 8, HAk 45 RN
(ZnSb),.(GeaSboTes )y . 1 Ml 45 Wk 5 0% I & ¢
(PR BHEHYX JGP-450 2Y) H, ¥4 ZnSb #EM 22 e 75
E (DC) WA #EH, K GeaSboTes #EM A4 AE
TE3% S50 (RF) W S 8w, SR FH A oy AR A
J9FF R, 8 IR o A I S i = AR A 2
2 x 1074 Pa, 87 IS 5 % P9 I8 N\ AN 50 ml/
min P 1 2T 2 DA TR 2 N A T8 SIS P 75
EMESE 0.3 Pa, REEEMEES, HT TAERER
0.35 Pa, #RJ5 435I il ZnSb #EH1 GeoShy Tes #E 1)
T 5 T R TP ST 10 min, PR AR A B, 7T
FEREEAR, T F R T 7 A 98 R Fr b 0 S 9 e,
T 55 B[] Ay — A2 /i) A2 4. B Tescan VEGA
3SBH 2 4= 4 W1 7 2 Bl B A B i 11 F T R 1S 1
JE P SRR FIREE, ik 1R, R
& [ Veeco Dektak 150 R & 303 [ 6 BR A &= 7
FEL 1) B JEE 40 9 250 nm, >R FH R L0 3843 R Nk 7
JEC P 7 e e B, SR 4 3R A7 H B AR &R 8 o T
H, BELAE — g i P55 T 9 IR 7 B e L e ) 2 £ 1
LR R KA 23 ) BT PR HGR KA e B
200 °C, 250 °C, 300 °C 1350 °C 4T 3 min #kb
PSR KPR il R AR RS FE O £5°C, 1R K 1)
N 6 N 5, DABE f 967 S TE vy i B R AR SR Ak. TE i

TRATAGFE AT 2 T, K A Bruker D2 24 X 5
LR AT S Ao AT TSR 0 R AR A R SR AXTS
UltraDLD %4 X 55 46 0% 8 1 g 85 A% (XPS) 75 #7
JEAE b % 0 R A A, SR A AR A e DU
X (PST-1, NANOStorage Co. Ltd., KOREA)
A RRE B EOE R S R 04 R, BotdK
N 650 nm, THRAWIEE 170 mW, ik o8 AR
FETE N 1250 ns.
%1 ZnSb B4k GeaSbyTes MM L2415y

Table 1. Chemical composition of the ZnSb-doped
GeoSbaTes films.

BE, et Dh& /W FE S L5

= ZnSb  GeoSbyTes ZnSb GeaSbaTes
(£2 at.%)  (£2 at.%)
1 0 50 0 100
2 5 80 5.4 94.6
3 5 50 9.9 90.1
4 10 50 18.7 81.3
5 15 50 24.3 75.7
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Fig. 1. Sheet resistance as a function of temperature
for GST and ZnSb-doped GST films.
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(ZnSb)g.g (GST)go.1, (ZnSb)1s.7 (GST)g1.3 F (Zn-
Sb)os.3(GST) 757 B & & I B 7 7 & ~175 °C,
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JI 5ok IS0 1) A AL BRI (8] 58 SO R BE R I AE g A
TRAEI ., FHREZ AT, S5t MK R EHE,
4t & Arrhenius 22 30 B 8 HE 55 B0 OR RF T 4R X
N AL FE IR BE. HoA Arrhenius A UN: t, =
toexp(Ea/ksT) '), to N SRBETLRMFHE R, Eu N
SEEEARE, ks AR LEHH, T RIRE. B 24
T (ZnSb)s.7(GST)gs3, (ZnSh)g.o(GST)go 1,
(ZnSb)1g.7 (GST)g1.3 1 (ZnSb)ay 3(GST)75.7 HI+
SERIEARATIRE 43 )2 93.3 °C, 109.8 °C, 129.2 °C
A130.1 °C, XL gh R AL 401 GST(88.9 °C)
B, U ZnSb 1B 2% (1 GST I BLA e s (0 B0
TRFET1, ARITHEE PCM (7R 1.

1010
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Fig. 2. The extrapolated data retention time of ZnSb-doped GST films at specified temperatures. Inset is

the change of resistance with time for the (ZnSb)24.3(GST)75.7 film, measured at certain temperatures.

NT R A ZnSh 15 2% 1) GST # JE 11 Hr
mAT N, B3 g T GST, (ZnSb)s.4(GST) gy 3,
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K =4y BB XRD B . M B R R LLA B A
AR BTSSR ES LTRSS fE
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i A IR SRS B fee A IEAR. 55— J7TH, Mt
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(103), (106), (110)F1(203) & #H (1 fi7 5F U, Xt
N % fee 25 B /N 5 % HE 45 M) (hex) HIBEAR. M0
(ZnSb)18.7(GST)g1.3 Fl (ZnSb)oy 5(GST) 5.7 £ #
A 3L IA B 350 °C B 3R A HH B hex 7 45 F AT 5
U ATHARPRER fec &5, IXEEEE R UL N ZnSh J5 $2
i 1T ) 4 IR R, ST R-T A5 AR, I
H =328 1) ZnSh 4] 1 B fec B hex FIHAZ.
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Fig. 3.

XRD patterns of GST and ZnSb-doped GST films:

(a) GST; (b) (ZnSb)s.4(GST)g4.6; (¢) (ZnSb)g.9(GST)g0.1;

(a) GST; (b) (ZnSb)s.4(GST)oa.6; ()

(ZnSb)g.9(GST)90.1; (d) (ZnSb)18.7 (GST)g1.3; (€) (ZnSb)24.3(GST)75.7.

N T — B B ZnSb B 24 0 JE A GST 5
TR R, B A5y B4 T IR A GST M
(ZnSb)15.7(GST)g; 3 I Sb 3d A1 Te 3d HY XPS
WM 5 GST # M HSb 3d 1 Te 3d Ui,
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B g G Re BRI T s, WAL BK S & RE
J5 RS 2 BT 51N R 1 E SO LR /N i R
07 Zn (1.6) B SME /N Sb (2.05) Al Te (2.1).
R, FRATTAT LAHERKT, Sb 3d Al Te 3d 1§47 fr LAIA]
BUREE A BT MRS B R N Sh—Te 88 F (193643 Sb
M Te J& 74 Zn J&F AT &R, MWIMIER T Zn—Sb
M Zn—Te 8. Zn, Sb, Te J& ¥ a8k ) 5 2 5011

T fee B hex (AR 1171

N T B Zn R AR AEIRZS, B 5 (a)
A (b) Féa T IS (ZnSb)1s.7(GST) g1 5 HRAE
300 °CiE ‘K 3 min J& I TEM & F Ak [X 47 5t .
AT AR B, KA — R R O 4 BB K5 1
WA R, U R 2 e A k. 8IS 6 SAED
P 1 Bk 2 AT AR K S Y (ZnSb)1g.7(GST)gy 3 7
JEE N AR S T O 327 4584 (fee), @RI R30S XRD
SMTARTE G, BT AR AR URLOR, TS IR
[E] BT, SEORHCIR. D 17— 25 o0 A i I I O 5
1, Bl 5 (c) F1 (d) 45 (ZnSb)1s.7(GST)s1 3 MR AE
300 °CiE“k 3 min J5 HRTEM K& fr. il id 5
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Fig. 4. XPS spectra for GST and (ZnSb)18.7(GST)sg1.3 films: (a) Sb 3d; (b) Te 3d.

Bl
Fig. 5. (a) The TEM Bright-field micrograph and (b) SAED pattern of (ZnSb)1g8.7(GST)g1.3 film annealed
at 300 °C; (c) and(d) The HRTEM images of the same film.

. (200)
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(a) PTE (power-time-effect) diagram of (ZnSb)24.3(GST)7s.7; (b) relative reflectivity of

(ZnSb)24.3(GST)75.7by laser power at 70 mW; (c) the optical switching behaviors of (ZnSb)24.3(GST)75.7.
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Abstract

ZnSb-doped GeaSbaTes films have been deposited by magnetron co-sputtering using separated ZnSb and GezSbaTes
alloy targets. The concentrations of ZnSb dopant in the ZnSb-added GesSbaTes films, measured by using energy
dispersive spectroscopy (EDS), are identified to be 5.4, 9.9, 18.7 and 24.3 at. %, respectively. X-ray diffraction (XRD),
in situ sheet resistance measurements, X-ray photoelectron spectroscopy (XPS), and transmission electron microscopy
(TEM), are used to analyze the relationships among the composition, structures and properties of the films. The sheet
resistance as a function of the temperature (R-T") is in situ measured using the four-probe method in a home-made
vacuum chamber. It is found that the crystallization temperature of ZnSb-doped Ge2SbsTes films are much higher than
that of conventional GeaSbaTes (~168 °C). The higher crystallization temperature is helpful to improve the amorphous
thermal stability. Data retention can be obtained by the extrapolated fitting curve based on the Arrhenius equation. It
is shown that the values of 10-yr data retention for ZnSb-doped Ge2SbaTes films are higher than that of conventional
GegSbaTes film (~88.9 °C). XRD patterns of the as-deposited films when annealed at 200 °C, 250 °C, 300 °C, and 350 °C
show that ZnSb-doping can suppress the phase transition from fcc phase to hex phase. XPS spectra are further used to
investigate the binding state of (ZnSb)1s.7(Ge2SbzTes)s1.3, suggesting that the Zn—Sb and Zn—Te bonds may exist in an
amorphous state. In addition, we have measured the dark-field TEM images, selected area electron diffraction patterns,
and high-resolution transmission electron microscopy images of the (ZnSb)is.7(Ge2SboTes)s1.3 films. Apparently, the
films show a uniform distribution of crystalline phase with the dark areas surrounded by bright ones (Zn—Te or Zn—Sb
domain). A static tester using pulsed laser irradiation is employed to investigate the phase transition behavior in
nanoseconds. Results show that the ZnSb-doped GezSboTes films exhibit a faster crystallization speed. Among these
samples, the (ZnSb)24.3(GeaSbaTes)75.7 film exhibits a higher crystallization temperature of 250 °C and the 10 years
data retention is 130.1 °C. The duration of time for crystallization of (ZnSb)s4.3(Ge2SbaTes)75.7 is revealed to be as
short as ~64 ns at a given proper laser power 70 mW. A reversible repetitive optical switching behavior can be observed
in (ZnSb)24.3(Ge2SbaTes)7s.7, confirming that the ZnSb doping is responsible for a fast switching and the compound is
stable with cycling. These excellent properties indicate that the (ZnSb)aa.3(Ge2SbaTes)75.7 film is a potential candidate

as the high-performance phase change material.
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