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mWe! Ze whakg Folrt A AL A 2o
shelg 4 gt ol25E ¥ FuAsE PYEA 712
2ot HH 2UHOIL 30~40 mWel AOE BUT
glon] 3 HuAsel A 71SAZHE 0320 usel A

712 AZo BAZHES 5] Y34 PRAM 7157
2] Dense-spot BEQ} Line 2=5 A3ttt oldf 7|52
AL Dense-spot 2= o] 2] £2& 30 mW, LA
03 us A=2 pAEeH, golx Wel spot sizeZk 1 um
e mEjate] o | umPF LR 2UstA F FEHASE 7]
2351glc}. 3 Line ZEofjA= oA 9] &2 20, 30 1
21 35 mWE zHzh 2438t a glo]jA e A&Es ~ 10 mm/s
2 A3 5 1000700 um’e} WA F HRATE =
BslA 71538k

9o} 2o 2ALE 7123 & BPEUAE ANt 7
E AT el A9t Wl AMERS S 19 9
L Line 2EZ Agste] Fojx9] &¥F 20, 30 121l 35
mW= HHREA 293 7|25 & BFEEAE 0]-85to]
2238} BFgANS: A9t U ABlEYS HoErh AZE((0)
AL 712 A el Aot U e, 93(0), o
ZFg(a)et GAZHR(V) BAE dolAe &g 47 20,
30 121 35 mWo R 7|23 Fo] A9t U AdEYS e}
Wich E3 MRk ¥)e A3 7HEsh in-situ BHEAR 2
HAg WolEls A IS GSTY YAk A9t Wolrk

139 9(a)ollA] PRAM 7|2715 AMg- & of FojA 9 &8
0] 30 mWE Yol7ld 235 eldAE= 2433 GSTY B
Axafe} ol = AL olE 5= qltk 3447 2de 2%
8ol O] R AF5=Ql GSTC| B4ZHE-S Lorentz 24HA| 45
Apg-ste] Uehd oz Wel Aol AHEYS AUstal, A4t
Astel 24E Vet A9 ~HEYS HAYEo=s A4
GSTY] EAZAE ez 19 103 19 1o Yehlich

18 102 Dense-spot REE Aesle] 7]E3%F AR &
AZTAES ARZ GSTY BAZHEF B|IF I =ojr.

160
(b) a  Amor-GST-Ref
150 4 e 20 mwW
30 mW
140 4 Omy v 35 mwW
Moy .
" 130 ...Ugﬂa < Crys-GST-Ref
Q "'a,r.’,uﬂ
g 120 ! -:-»\5;_%%
2 110 ClPeag
= 100 oo %eeg,
< 904 T
80 -
70 T v T r T
1.5 20 25 3.0 35

Photon Energy (eV )

2% 9. Line BE2 7|23 GST AlR] BHAS: Yot A AHEYE. @)7]S4, 07155



(FT=R) 234 F715 GeShyTes vite] 1284 AT — o3hd - A3+ 9 357

45+ (a )
LI -
» . Amorphous
L s Bef-GST-Ref
30 mw
Crys-GST-Ref

Crystalline

Refractive index (n)
N

16 20 25 30 35 40
Photon Envergy (eV)

405(b)
Crystalline
3.5+ = Bet-GST-Ref
30 mwW
3.04 Crys-GST-Ref

2.5

assmEsFO.
2.0 \,an*"
. L

154 "
-
. Amorphous

Extinction Coefficient (k)

15 20 25 30 35 40
Photon Energy (eV)

19 10. Dense-spot REE Alg3to] 7|23t GSTY E4Z4E n k

*1(a)
_] ma,
- 40 N '.. Amorphous ® Amor-GST-Ref
c » 20 mW
~ 3.54 30 mwW
by . Bmw
- 3.04 Crys-GST-Ref
£ .
qa, 2.5 ) '..
g 2.0+ Crystailine
[
‘@ 151 ©
e
1.04
10 15 20 25 30 35 40
Photon Envergy (eV )

— 409 (b) . = AmOr-GST-Ref
= Crystalline 20 mW
= 354 30 mw
= l  3BmwW
@30 Crys-GST-Ref
9 L
& 254 .
8 samEmEsEs
O 20 ant® N
c 1 "
2 15 "
g - +" Amouphous
.E 1 0 - .
x
n
05 -

10 15 20 25 30 35 40
Photon Energy (eV )

I% 11. Line ZEE AHE-3lo 7|23 GSTO BE4ZHE n k

Dense-spot LES ARE3lo] 7| &3 GSTY HAamdE(YE
(O), n, k)o] ZAA 7IEd oA A Z(A)St & AolE B
o]= 712 spot size7} 1 pmQl FHo|A W& 1 ume| 7ML
2 29% 71722 7|1ESFQARE Z dlo|A A% A
HEo ARzt dojuA] ge 990l ARE] Hotglvl
wjZojch. ojet Y| Line R =& Aeisio] 7|23 GSTY
E4Z2HEL Fold £3o] 30 mWolio] HH ZAAA
GST9] 7|&dlole]e} Zot& 11 11944 &I 4= qlch
a4 ARFRO), 9F(0), HAB(D), dH4ZAE(YV)
EAE ZH2h vigd GSTe 7)&diolE, #leojx &o] 20,
30 18]1 35 mWY w9 BEAZAEo|n, HMEKY) FA|
= 234 GSTY 7|&dlo[Elo]th
Line ZEE AM-SHH #o[A9] &£¥o] 30 mWhH 2
dojli= AARA 7EdoleE el &AL koA Rt Apojzt
UERLR|EE FlojHe] &¥e] 30 mWE dolrtd HAA
GSTe] 7|&dlelelet TYshA HEE 30 mW7t 2H43E
A3t FE3I A719] &Y Aoz ek ojitm Zol
GST & 8rate] 739 PRAM 71E71E |83t ¥ Line 2
=2 ARgsle] HA-3 golx &¥oR 7|Estd ZAE
GSTY EA4gdES AXE += Utk
oo whHol el Zro] wAA A& Z|H¢]of bulk Atel
o) ¢h&o] GST7} & 344 AlRA HolHE 2AS
22X A4 GSTE WHED I BAFHES 2= W
2 ALO; EE ZnS-Si02 H3H gk GSTE ZAAZHA]Y]

0 BAZAES BYHE Hol= AG bt ol%
2| PRAM 71%7]2 o] $510 24 ns 59 229l Wy
o U 7Bt EAlo] W BUAE A8l
GSTO| 71% AFo) BATUSL FHY 4 omz 44
Frlaz ool 2 HPe FAT 4 Qx 2
Sl 248t § GSTS BaZWES 24Y 4+ 9o8

2 e AgHolch

54. PRAM 2HHE ALESH &7t T2 2|8t GSTL
EASHE EF

V-30fl4] GST ©hututo] A9 PRAM HMHE ARE-sho]
GSTY] EAIZHES AgsH 24T 4= U7 dEe &2
SFOo=2 B3y GSTY 1L BAFHEE o] P& AR
o A g 2R 5 e ALE #YdEY agn
PRAM 7]E7]o|A AMZSteE FojAe ¥ 2xdiA=
O 4049k Zo] AT = eHE Ho|H &L 15
mW(EHE2E ~163C)ol|A] 45 mW(EHEe = ~450C)71A]
SAEE BslA)7|n ALO; E= ZnS-Si02 B3 F o e
GST vt Algof FeHHHE Dense-spot RER 71E3 &
¢t o] B e}UAE ARt Bhelide Agh Weol A9
EgS st vAd GSTY FeHdes 7|3 4
o 33 ¥do] e WA EIF/GST/ESS/7IME 4
Aot oh2at 22 WHer AASY HIFQl ALOs
E= ZnS-Si0 9] FEHtpe ZIEdlolHE ARESHRAL, |



358 A=A A8A A5E, 20079 109

7- -~ 15mW
(a) —o— 18 MW
6 « A 30 mwW
—_ - —y— 45 mW
[ l- s As-Depo
bt 54 seee, »  Amor-GST-Ref
8 . R - +  Cry-GST-Ref
£ - ‘.:&‘._Amorphous
25 T¥ioe
= *e Gt
.
§ 2 ~.‘Q!‘ e
v IR PN
‘E, Crystalline "< 4, 8.5 ANy
14

05 10 15 20 25 30 35 40 45 50
Photon Energy (eV )

1(e) — 15 mW
64 - e— 18 MW
PR .SOmW
= —-— 45 mW
5 o5 N, o As-Depo
.

D\ s Amor-GST-Ref
# Cry-GST-Ref

Refractive Index (n )

05 10 15 20 25 30 35 40 45 50
Photon Energy ( eV )

- - 15mwW
451(b —o— 18mW
: 404 Crystalline - & 30 mW
~— —v—45 mW
€ 3.51 = As-Depo
Q2 30l X » «  Amor-GST-Ref
£ x \e*e¥y  Cry-GSTRef
D 25 o:.,
=3 1 x o ,.:.noc@.i
Q 201 e X300
S 15 ¥ e o 4 vy
2 * o .7 Amorphous "o
© 1.04 o« -
£ *
5 0.5
0.0

05 10 15 20 25 30 35 40 45 50
Photon Energy ( eV )

_*51(d) 15 mw

~ 4.04 —e— 18 mW

= Crystalline ... .30 MW

e 35 —. =45 mW

g 3.0 SR o As-Depo

& PN ®  Amor-GST-Ref
2 25 % Cry-GST-Ref
O 201 S

5 1.5j

2

g 1.0+

% 05

w

05 10 15 20 25 30 35 40 45 50
Photon Energy (eV)

29 12. PRAM 712712 o] 3] Z2x<l WAclN 22stA 7127 F £ BrUAS olgate] AT GSTY 2L BAZHE.
(@), ()= ALO;EZ RE3E GST #wret Algolul, (), (d)= ZnS-Si0,2 EE ¥ GST ¥e Alzojch

A4 GSTY EAZHE& n, ki= Lorentz £4HHA| A&
AMgate] 3% wvhare] spetmdo] o3t AAt Autel EAH
2HEY ZRgrEoz BAALES AASATH

a9 12()2F 28 12(b)= ALOE B3 FE GSTO| E4aF
HEge Bojan, 18 12(c)2 28 12(d)= ZnS-Si0E &
9 GSTY E4AZEEL BEAZEth 15 mW o3} Fo]A]
ZYo | GSTE HE%9 TR FHsHA 2% HEE
S {A|EHARE P& Q) £Eol 18~45 mW ] FHof
& wo] GST= ZAA EAS Holi Stk 53| in-situ
AT ARR3lo] GSTO) 12 HE4EHES 2R o 4
it 7198y o&Aolv Bau o|&4 52 PRAM 7|
718 o] 88 AL UehtA got Bd3t ARFA E4E 2o
z9jth. ojAre] Aat= PRAM HHHES AMEE 3¢ 4 ns
o] e A7t Ujof| uto|aZ =79 F4AWA WolA 7FE3}H
7] gio) §HZ08 B3 H GST gfete] 7125 &44A17]
At 2A4S v ofa, AR 9 12 A AZH 5
Q7] Rrog wrtEy o] Zo] 1.2 FX2jH GSTY &4
ZAEL 2% eHAAE ARSst ZEstA 23 & Utk

5.5. AFM2} SEM A2t ESE GST2| EHRXE B4
PRAM o2 7|23 AR} insitu AR 71E%
A2o] RHZZ WIS AT ARM S AT 19 133
Zreh In-situ EFIAIS] A 2571 370CE o7t X353
EAALOs &, ZnS-Si0; V)l TAIgle] EH #H7]2] RMS
Zol 5 nm ooz FAsHA F7ish=t] B34 PRAM B

Laser Power ( mwW)
20 30 40 5

0 10 0 60
30 T T T T T
_— i
£ PRAM Method :
& 25 —O—GST Sandwiched by ALO, ¢ 4
~ —O—GST Sandwiched by ZnS-SI0, |
N g | In-situ Method i B
4 —"~GST Sandwiched by AL,O, ; N
[od —7—GST Sandwiched by ZnS-SiO, |
£ 154 ! i
o i
3 :
2 101 = A
n i 0
= 54 H 4
o :
0 % A4 A e o
T —
T

0 100 200 300 400 500 600
Temperature { °C )

29 13, giolA &L WItA7In] PRAM YHOR 7|EF A
29} insitu EFEAZ BH3) 7HE MRS 2E AR
7] Wl

HolAl= 2% 370Co| &3k #Ho|Ae £ 36 mW
g dojzlvats B9 #2712 RMS & 1~2 nm®] YA

2 A5k TR E PRAM S AR A4S @
o] &8o] 45 mWoloE B3EZF EAHY FTHALOs [,
ZnS-Si0; O)of F3stA H A2 7]e] RMS Fol ~1 nm
21d] H]3) in-situ EFEAQ] -9 450T oA A ZE A=
E9 AZr] RMS 2 ~10 nmO = PRAM Hhof 2J3t
Azt 10 v) A= Z S HolFr) o] PRAM PHE
A8 712 o Ael 2ol 4] ns Fet] A A
ufo|2E 7|9 FAUE YA AHIE Al7]7) Wi



(A=)

ZA

B71% Ge:SbrTes Hf2te] n2HEA A7 — o3k - HF+ 9

()

359
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The samples composed of a GST thin film and the protective layers of ZnS-SiO; or ALO; coated on c-Si substrate were
prepared by using the magpetron sputtering method. Samples of three different structures were prepared, that is, i) the GST single
film on c-Si substrate, ii) the GST film sandwiched by the protective ZnS-SiO; layers on c-Si substrate, and iii) the GST film
sandwiched by Al,O; protective layers on c-Si substrate. The ellipsometric constants in the temperature range from room
temperature to 700°C were obtained by using the in-situ ellipsometer equipped with a conventional heating chamber. The measured
ellipsometric constants show strong variations versus temperature. The variation of ellipsometric constants at the temperature
region higher than 300°C shows different behaviors as the ambient medium is changed from in air to in vacuum or the protective
layers are changed from ZnS-SiO; to ALOs.

Since the long heating time of 1-2 hours is believed to be the origin of the high temperature variation of ellipsometric constants
upon the heating environment and the protective layers, a PRAM (Phase-Change Random Access Memory) recorder is introduced
to reduce the heating time drastically. By using the PRAM recorder, the GST samples are heated up to 700C decomposed
preventing its partial evaporation or chemical reactions with adjacent protective layers. The surface image obtained by SEM and
the surface micro-roughness verified by AFM also confirmed that samples prepared by the PRAM recorder have smoother surface
than the samples prepared by using the conventional heater.
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