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Introduction
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(PCMs), based on structural
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Phase change materials

transition, are potential

candidate for data storage,
thermal storage, drug
delivery, image recording.
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/Chalcogenide (ChG) basem
PCMs exhibit reversible
structural phase transition

> from amorphous to

crystalline, accompanied by a
drastic change in optical and
electrical properties, on the

K nanosecond timescale. /
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In the modern era, materials ¢l | Alloys on GeTe-ShTe; tie line
having different structure 2 and AgInSbTe are potential
under different conditions ' ChG based PCMs used for

have unique importance from Crystalline Phase various technological
application point of view. 058560808 applications.
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Nat. Photonicsll, 465-476 (2017)Adv. Opt. Mater5, 1700261 (2017)Nat. Commun8, 1446 (2017)Adv. Funct. Materl 705563
(2018),Sci. Reportg, 42712 (2017).
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» Among them, GsSb,Te; (GST) is a potential candidate for phase transition teasgyotue to its capability of
phase transition on annealing and by applying currentlgeltpulse and pressure owing to its versatile

properties like fast crystallization speed, good therrabifity and better data retention.
Nat. Mater.6, 824 (2007)Sci. Rep5, 8050 (2015).

03 July, 2018 EUCALL Workshop-2018, Szeged, Hungary Punjabi University, Patiala



Phase change mechanism

Tu
D
T, |----F———F--- Crystalline
T,

High reflectivity and
low resistivity

Low reflectivity and
high resistivity

Amorphous g
{1I) Time

Schematic of phase transition mechanism. State 1 is the crystalinse having high reflectivity and low electrical resistivitat8 | can be converted to
State Il (amorphous phase), having low reflectivity and high eledtrésastivity, by applying short and intense laser/electrical @palsd with quenching of
liquid (intermediate state Il). Amorphous structure (state I de reconverted to crystalline structure (state 1) by applying kmgy moderate
laser/electrical pulse.

Nat. Mater.6, 824 (2007).
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Properties of GeShb,Te;

Face centered
cubic (fcc) phase
is achieved by
annealing thin
films above
As-deposited temperature of
thin films are 150 °C.
amorphous in

nature.

Hexagonal close
packed phase is
achieved by
annealing thin
films above
temperature of
250 °C.

20% contrast in
optical
reflectivity with
phase transition
from

amorphous to

fcc.

Three order of
magnitude
contrast in

electrical
resistivity with
phase transition.
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Phase-change materials for non-volatile
photonic applications
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Experimental detalls

(Go,ShTe) 1 A ( Thin films of prepared
€9, 1€5)100,Fx (X 1 Ge,Sh,T JAg, (X
=0, 1, 3,5 and 10) bulk] (= 09,215323%)%56\190) b(ul <
alloys were prepared b alloys were depositec

Melt Quenching on glass substrate usi
technique. Thermal Evaporation
technique.

\. |

» As-deposited thin films were annealed in vacuatnri60°C and 260°C.

Singh et. al ; Appl. Phys. Lett. 111, 261102 (2017) and Semicond. Sci. Texh. 32, 045015 (2017).
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Results and discussions

X-ray diffractometer (X'Pert
PRO PANalytical) with
radiation of CuK_; (A = 1.540
60 A) was used for X-ray
diffraction study.

As-deposited thin films of

(Ge,Sh,Tes)100-,A0 (X =0,
1, 3, 5 and 10) are
amorphous in nature.

03 July, 2018
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X-ray diffraction patterns of as-deposited thin films of {&8Tes);,_Ad (X =0, 1, 3, 5 and 10).
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» Phase transition is achieved with annealing.

> (Ge,Sb,Tes);00-Ad, (X = 0, 1 and 3) thin films have fcc
phase annealed at 160 °C and hcp phase at 260 °C.

> (Ge,Sh,Tes)gsAgs more fcc and minor hep phase, on the =
other hand, (G$Sb,Te))q/Ad;, has more hcp phase but [

minor fcc at 160 °C.

» Amorphous thin films are highly transparent in the NIR
region; transmission sharply decreases with phase
transition and it is negligible in the hcp phase.

» Transmission spectra of (G#h,Te;)s0Ag,, annealed at
160°C and 260°C almost overlaps

XRD patterns and transmission spectra of as-deposited (black), and
annealed at 160C (blue) and 260C (red) (GeSb,Tes)100-,A0, (X =0, 3

and 10) thin films.
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Amaorphous to fece Contrast (a) ~——— Amorphous to fec + hep Contrast (b)
w—= Amorphous to hep Contrast == Amorphous to hcp Contrast

» The transmission contrast can be used
fabricate transmission window in near
infrared (NIR) region.

90

Transmission Contrast (%)
2
Transmission Contrast (%)

o
800 1200 1600 2000 2400 2800 3200 800 1200 1600 2000 2400 2800 3200
A (nm) A (nm)

Schematic of Reversible NIR-Window

-
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(a-b) Transmittance contrast between amorphous-FCC
amorphous HCP phases in (§5&,Tes);00-,A0« (X = 0 and 10)
as-deposited and annealed thin films. (c-d) Schematic
reversible NIR-window.

High transmission contrast
achieved at lower
temperature (160 °C)
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Raman spectroscopy

» Raman scattering spectra were measu

at room temperature by a Micro-Rame
spectrophotometer (LabRAM HR80(
JY).

The Raman band at ~124 cnwith A;
mode is assigned to GeJlgse, (n=1, 2) &
corner sharing tetrahedral and band E
~152 cmt to be associated with Sb-T =
vibrations in SbTgunit or from defective &
octahedral coordination of Sb atoms. ;
o’
With Ag doping upto 3% the intensity o 3,
these bands improves but with 10% A=
the intensity of these bands star :
decreasing, which confirms the structu 3
modification and distortion in the systen E

Mater. Chem. Phys136 935 (2012).

100
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x=10
x=3
x=10
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X-ray photoelectron spectroscopy

Omicron Multiprobe Surface Analysis (Scienta Omicron, iBany). A Mg K, radiation source (1253.6
eV) along with a seven channel detector was employed for XRBf @cquisition. The surface
contaminants were removed by means of the mild sputterirnthodeusing 500 eV Arions for 10 min.

Valance band and core level spectra was measured

Ag3d spectrumof . - 3d Ag (3d
: Ag3d.,, — X3 512 g (3d)
Core level of Ag (3d): | =verme I| bt =

—

wn

Ag3dy, =

(metal) | §

£

=

~

e

‘| | >

R

| Z

| =

-t

Loss =

Loss -_—

PSS | ]feamre \
F!a.lJl‘I 2] ||I ||
X AL 4 f0
o’ % A i
A | 1

.-‘__ 1 " 1 I 1 \{ 1 1 1 1 1 " 1 1 1 1 ¥ WP

382 it 74 3T 366 362 380 378 376 374 372 370 368 366 364 362 360
Binding Enangy [e¥) B.E. (eV)

Silver metal (3¢,) = 368.2 eV
Ag (3d) region has well separated spin-orbit congma QA ...~ 6.0eV)
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Core level of Sb (3d):

Sb3d spectrum of n
native oxide on
Sb metal

—o - Sb 3d

52

Sb3dsy,
[} (sb.0)

Sb3d,,
(Sb,05)

O1sstates

Intensity (arb. units)

Binding Enargy {&V)

Sb metal (3g,) = 528.3 eV
Sb (3d) region has well separated spin-orbit cormpt\,, ... 9.3 V)
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Core level of Te (3d):

Te3d spectrum of
native oxide on Te3dsy,
Te metal (TeO,)
Te3d3,,
(TeO,)
Te3d3,, Teddy,
Te3d,;, (sub-oxide) 7
590 586 582 574 570

Binding Energy (eV)

Te metal (3¢,) = 573 eV
Te (3d) region has well separated spin-orbit coept® ...~ 10.4 eV)
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Valance band spectra:

» The Valence band spectra (VBS) can be divided into two maitspRegion A contains thg-bands of Ge g, Sb
5p, and Te P, while region B is due to the Ges4dSb 5, and Te 5.

» The VBS of GST and GST:3Ag has same shape but an additionalréearound 2 eV was appeared with Ag
addition because of increase in metallic character.

» The drastic change in density of valence state is observitd@P6 Ag content. This may be due to the distortion
in the host lattice

() () e GST
.,. v )M".‘ i _” / GST'3A
7l Ry e Gy LIJAL
¥ l’ i ’\))"ﬂ f N s
ffé}%u A‘ff "&"ﬂ ===GST:10Ag
N ‘}',w A,’ WA W
0 < hA 74" 0
.E W) j_rl"'}_;’ i 'E
8 g
g 3
& £
va W
s 5
E 7 =
15 - -315 12 9 6 3 0 -3
B.E. (eV) B.E. (eV) B.E. (eV)

Valence band spectra of (G&h,Tes);00,Ad, (X = 0, 3 and 10) thin films: (a) as-deposited, (b) annealed a0aénd (c) annealed at 26C.
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> (Ge,Sb,Tes) 100,A0, (X =0, 1, 3, 5, 10) bulk alloys are prepared using melt quenching techoe.

(Ge,Sb,Tes) 100,A0, (X =0, 1, 3, 5, 10) thin films are deposited on glass substrate using
thermal evaporation method.

> Deposited thin films are amorphous in nature.

(Ge,Sb,Tes) 100,A0, (x =0, 1 and 3) thin films annealed at 160 °C and 260 °C have face
centered cubic (fcc) and hexagonal closed packed (hcp) sttures, respectively.

> (Ge,Sb,Ter)40Ag, o has more hcp phase but minor fcc annealed at 160 °C.

> Transmission spectra of (GeSb,Tes)40Ad,, films annealed at 160 °C and 260 °C almost
overlap.

temperature.

> This is a significant result in phase change technology that hghase is achieved at lower
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(Ge,Sb,Ter)sAd, IS the potential candidate for

reversible near infrared window.
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