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ABSTRACT

Chalcogenide thin films, made by combining group 16 elements (S, Se, Te) with metals, are important materials
for electronics, solar cells, and photonics due to their high IR transparency, adjustable bandgap, and fast phase-
change properties. In this study, nano-chalcogenide SesolnsTesSng thin films have been synthesized by the physical
vapor condensation technique. In this technique, the chamber was initially evacuated to 10 torr, after which inert
ambient argon gas was supplied to the chamber at 5 torr working pressure. To deposit thin films on glass substrates,
SesolnsTesSno glass was placed in a molybdenum boat. Liquid nitrogen (77 K) was used to cool the substrate. The
thickness of the deposited films was 20 nm, measured using a quartz crystal monitor. X-ray diffraction confirmed
the amorphous nature of the samples. High-resolution scanning electron microscope technology has been used to
understand the morphology of thin films. To understand the optical properties of the synthesized nano-
chalcogenide films, their optical absorption coefficient and optical band gap have been measured using
UV/VIS/NIR spectrophotometer. The results of these studies suggest that these films could be an excellent choice

for phase-change memory devices.
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Wqﬂhﬁﬁ ST TRATA T Ty (Master Dissertation) HWW‘{\U?
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ST AT SITAT 81 A T Ao § ST 3 &5 # 3701 TTeh e <1
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Feraforrery, TRETq & STH 1| 386 AN, S K1 e & =1 (B.Ed.) 3
feaft forgref foraferanerar, wfirereg & tfsfa i <. snifeer sfemeaa T ad 2025 §
A AT SUTEAT TR forafererer, TREqt § St (Ph.D. ) hi 3uTfer ST shil
ST M T Wlo IARNE STEHE @M & ATiexM #, wifeht favmr, de dgas
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TTaET i (First Order Phase Transformation in Chalcogenide
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Tt 31':[5@1'?[ (Synthesis and Possible Applications of
Semiconductor Quantum Dots) it 81 59 &1 § 3R Seae
TiTeT feam 81 To @M & @ 100 IY-o il siqwrds wier
afrerTatt § FeRITa &1 9 8| e SAffeh, $e T1H T TR &1 &
3 432 Ufieha 21 3R TS TS ST TR A I e T
Tk STEATA 3 +ff STOAT WUl ATaT faR 21 37 R §HR
foqm we enfiefl we™ (DST) o fafoenee srem s
(UGC) g IS o8 SiTer TRENSITST shT eI 3194k (Principal
Investigator) EXeR ITWTCE‘EF T foRa 31 W €, 3)iH O
ST T o ATk T ol Tl AT ot fora 8, s g
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T T FRISSIAT o TS § 316 qo 5 RNt (Ph.D.) T 15
TRATA (M. Sc.) Ferefofait 3 Siver st 1 AeberaToeish ATieei foha
21 A 7 3 foremfifat ot fRver wer e e vere fmm
(Material Science) o & | 3T 3T Rl FicdTied i o fore it
SRITE &

1. J&dTaAT:

ehIoHTES! 3Tse & Uieh Teal § fircTent o1 R “ITeishia” g9eht
s & 3TTEh/@ S, 'S ol HaeTsl BidT & ST 4T Icdw ST
| SETAT AhISTES ShT HTLTOT HaeTsl BT & WS ST | AT
| 3 T 16 3 Acall T SeehISIHTSS el 1T & | I 7 SHTadier
(O), TTH (S), TATH (Se), ST (Te) 3R WA (Po)
AT &, TG ol TH ATHISHIES TE T o1 L © AT IeH i
9 T B & FOH (S), HART (Se) 3R T (Te) | 8H
AchIoTES A ST THT TS ST Nl +=T T FHieTT
T I RAifeh SATRTSI § &1 T8 i SATHATSS TTd hed & (S
TfererT TetTen) | HTeRISIT 3Tereh fortont =Rt SFarenifd shtaT 8, 3R
ARSI ot 3 o o7 Totre A1 forei = oder S o s et
ST GIATT=IH ol T ST H &I 7 3L ol 0T IE § foh
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78 U fearendt a2, 36 ferer areft fafsmor sga eae ardt
21, [2]

ITRISHIES T ek Sher & Iy =re ofit Rasferai e
i A AT BT & ATIROT Hiw wh s 92 fwar @ S A
ATG TG el B, AT AehoIES T8 T T (I
ToRTOTT) T 370 SHaT & TSI ST 21 39 T Shi U Wi 7% &
o Qe O STEET Sed "l 8, A IFHR
(amorphous) Teafa @ frecfia (crystalline) Teufa # ufEfda ar
ST & | SHRT STISIHTR ATV hiel § S5 SAfee BT 21 I8
AT BT ST & Sfeeel SIs! il BTl g2 shi et S Heret
gfrg dchISAEE ™M Arsenic Trisulfide (As,S;) @l
ThISIFTSS TTE T STeT fohe T oI shem o erenfie srafes
1 TE & ST Uk GEgLd dict Teort § & 2ioht 3Tl o G el
T TG ol TR I H $H ol 39 TaT o 9 1 el val =t
ST AT ¥153 T ANk Hacrs foReT TS war om wefa #
SATEF TTZCHIZE T Uit TeeR & &9 3 firetar o i578 U 3K
Ttk o T ST ITFNT TT 1 a9 AfehT aar fereft =t &t ot
ot foF soet et o=t sFm ST whan @ e for g9 %
TS Aot ¥ UEt dehien forenfera s ot o forar forerehl wee
¥ U T off T G 2| TEIEE BT (1950) Fl ATADISAES
TATE T STk HTHT ST 8] 372l ST H SATH (e JHehss
e fope) S o1 ¥ fopa fof o1 otrer stereeh fomeomt bt ot
TE Y ToRA 3T 21 36 @I A e forsi et ot <At v
[3], [4] =T ST 3 ed & & Stfiedhel TS ST
foru ¢ it srfirer gerel ot i og @ B, e 9k g
Hefeft U T TR AT AT T T 2| SHIHR ST §
Topeeciiar stare & Fifir =T wshmor & Tore o SRt &t 3
Siftashel 321 ©RS # 3YANT % foIT A srelt 21 59 e &
foreetartor st forifr e ot e weeaut fafer epfer wifet 21
[5] SRR 1960 o GRTeH H T A fearsd i forem s
fora, o =TreRISiATES TeTelt % IR 3 fsheeediar =ron &
T SrE[d ST ST AT 3SHT| $9 U0 T T4,
JATfeehet BHT o1 T foram T ST 27 W LI R F fag
Siifteshel TIE H 37T T IUFNT Bt 2| STaE qiad S
e T TcrRIoATES U fhert % TN ¥ Iq ST TR
THTHTHT T AT TR oR2T &, ST =1eT ST Wefer sht st /it
T Tl AT B [6]

g U 3 [7] ST giaaq §31d o GeS, I Sb, Te, et
T WO TAT 5 A H g T GERIA FopaT| oo v
3T [8] F T GeTe-Al,Te, AThISHISS TTTH hT TN ST
SATSHERLOT e eh § foram T dcqena forega ReafehT qom st
ftareie Sfer 0Tt =T ot ST foharm | T e deeieh grT
HIMT TGIHF  (SegsTe s)osSn AL, TTHISHES T@E &
HTIATCH, oA ST T 10T 2T FereoT J1Iesl U 317 [9] §T
ST ToRT TR T AT o T 7Tt o forega <o it e
2T 3 =07 i HA fearse STgym & fag Se-Te o #
Al 3R Sn & THET 3 Hecd T == i 18 2| fdl w&f 31 [10]
T Bi-Te faamed firy angei w1 e b =i 861 % forg
T Jehicush IFHIGER o &9 H @IS 3 vgref =wer gftedd s
R T STIHCIT A o WIA-HTY T FRATHE S
TR o Frmtor o fAT STreTSe s Yo e 2 orelt we
I [11] 7 T FAT dehiieh ST T3 GeTe =ROT-aREd=
weTelt ot foreaefieRtT TRl ST STeR f3ham T GeTe W 3194
T Jeah 3 fafte fwm % #nor frea gfg ok
TFATI hT I AT T 1 7T 2| TH TaT HT HEEET BT
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SegInTe Sn, TATE ST AT 21 SN ST areit A, et
(Se), 3T (In), @ (Te) 3R & (Sn) T 37 T
SITORTA o STTER AT T $ STk &9 8 €% oy 1Y
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crushed to fine powder
using mortar and pestle.

Heated ampoules containing
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el § e o foTe wregew o it 3=at faata s
oIl 38 16, Wefl fohU T Tregedt shi Uk HTSshisTea-faifa
TeATerger TriE | @ TR, S SR SO H Eeierd g o uee
=0T H, ATHI 2T 2 ¥ o T 673 K 0 SHTT TelT TRIT; GHL ROT
o, 38 2 512 % foTw 873 K ek sigram T, e =rwor 1, sﬁwréaa
T 973 K o 9 foram T, 3 ofa |, <) <wor 8, a9 3
& o 1T 1023 K 7 s mam firert gu et ot 3ferd gweewar
gffera o % fofu Treged i TR feetn T gE e,
T 1 A § 3 T H ST TRAT| 31 B <ok AT bl UFR
et fiehTeT T 37T O 32 ok ISt ® i fotam mam|
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Fort 1: oo AHISHTEE T 3 HJT0T B Hee FATHT qebei1eh b ANeTelg, 3T (I8 fort v wear [1] & foram man 2)

s aTT TR dehieh ERT AFI-SeehisiTgS Sl 20 AHHIT
Hers I uacl fhed a8 TS 81 Fies THRE TR soiEe
TEFFEHT  (FESEM) @ Ioa-RSfeo@H ey o
(HRXRD) 3T YT Fleh Eieifard uerel & Tt s # et
i TR 81 sFTeRR iR foreectierd aaett feewi 1 HRXRD
fopsager fomreg tfeeT-1V -t o=t st ST teh foram

T, 5 30 kV W Cu-K ot Trfertor 37 10 mA =t & st SR
Tora | farare TTwTget 10°-80° % 20 I T 20 Ut fime i s
T3 |1 W foR T, ot et fopent & Hisg foreecfiar =t
EAREEIER e
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AT BaT 7, Sfafer TAferT i 1 fhet # whferT o e
% TTY FAE W HhTaA w1 fmier fewts I 7, a7 e
foretar 2 fop wHifelT arowe & afg % FROT SRR sTEwen @
TRt Taee § STareeT ufad i T8 & ST 2

4

TR0 3: SeggIn Te Sn, AT AehioHTES shT ITfiyeh 3R THies udelt fthedt st FESEM 3fa

Tael! fOhem shl STCT-STeRT ATIH UT 2 S ok ST Sl ol
TEEhT "WRTI U T STeRrE foRAT T 21 wehTefter o
7T JASCO UV/VIS/NIR TFIHBIEE T SYFT FHeh
I RIS STIRINOT Skl AT fofhaT T |19 400-900 SHTHIET
T e wimr oT fomg e 9

Frafafas aefieror (1) &1 ST #e, TR AR Ties
SegInsTeSn, THHT o ST U (L) ST TOFT T T8 2
[12]
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B As-prepared
® Annealed at 242 K
A  Annealed at 352 K
¥ Annealed at 362 K
1 L - 1 o
4 5 6 7
BIETd FolT (eV)

I 4: SeqInTe Sn, AT ITHSITES i TR 3R THics el T o ST BIEH St (hV) 3 |1 SFERIST 07Tk (O) H e

Il B Teh YUHICT T SRTAT & ST HshuvT oht THTeHT 0 fef st
2, E, TR S STe H awiidr 8, S verrefa Esheor
i p g et foram simar 1 sreet Sii sTieet s sr=aua
o oI p o AT SHRT: 2 ST 1, I 7T 8| 39 frfer , Wt SRk
p T T 2 UTT AT &, ST SeeT JehTeii TshuvT sht Hehd <al 2
[14]

<hT ATS|

ot 5, TR HT TS SR THTE SegIn, Te,Sn, Taei! Thedl Sl B
Fitt (hV) 3 TTeet (0thv)? 3 sff=r T et awTiaT 81 3T o W
AT BT eIl 31T, I X-37eT W faeaniid s, Tl S
ST Sl AT T T ST Tl B] AR 1 | QIR Y TS
SegIn Te,Sn, daeit fhert & weRefi S Fauet & A A
T femm m R

6.50E+011

W As-propared

6.00E+0114 & Annealed at343 K

5.60E+011 - &  Annealed at 353 K

4 ¥ Annealed at 263 K
5.00E+011
4.50E+011 <
«_ 4.00E+011
- 3.50E+011
E L
L 3.00E+011

% 2.50E+011 -
T 2.00E+011 ~
1.50E+011

1.00E+011
S5.00E+010 :
0.00E+000 -. T
2 3 4 5
Tl FaT (eV)

Sa_In_Te Sn

L Ha R

T
6 7

TR 5: SegIn;Te,Sn, AHT AoshATES it TR 3R THice Yol fhent & fora St (hv) o |19 (athv)? 3T M)
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I 1T 7T TR Ste AT Ao sredr 2, @ S s st
forepe ST 21 SR SR Rt staens & e 8 A
IO ESHAU] TSI SIS SqUrel § hHY o ShITT SdTd 8] STHThIT
veref s ATt G shier HehHOT qToHT | 9T feRam ST B,
e 39 et 30! ¢ ST © To6 98 %o s el )l ae
Tl & ST e ol 5 TMiat TeiierdT SaT & el 2|
siqa:, iR frmior 3t afs & freecfioror g 8, s eife
AT o et st B1 AT areTe sig o wrer-Erer arig w9
T uiafdd fereeeia steeen off st 31 70 == freed e aad
& o 3 3o fopeecita st €1 e &9 & Y oS st
et 3 foTw SeeerEt 81 [15]

%o SH1 T 14

3. SUHUR:

THN TN HF T SegoIn;Te Sn, AAI-SeshiSHISEH Sl 20 et
T el feenr fmior foram mn oii fofire qromet @ whfe
e T el A foreeefir sreern # ftadd ot 3temae
foaT TR HRXRD 3R FESEM ATHT & 9f¥ 8reft o6 5ot am
1 TS fihed! =T SRR W Tortaetier e # uiterfdd grar & 3K
TTIHT e T I8 Ui ST TIE BT 8, S HSH1-He e
STIEAT N o T BT 8] T STEINET 0T & Hehd
firetar 2 fop wehTeir STEIRINOT Yeger AT 3 RO el B AT
IR, IS Sil | JfG % |1 STV TUTieh ST &) IHIh
ST I I R 9T Brar ® R S8 Seg,In Te,Sn, -
TTRISHTEEH Tact fhed sTereer aited S Ifwar § Swntt
forg & Tkt 21

ATfeteRT-1: SegInsTeSn, H1-SoshiaTES T TR 3R Tiee vael fhedt 3 Ferreiia Treret

TeRTIT fRertien RIS AaeadT | 343 KW oAt | 353 KW oAiferm | 363 K @ oifei
&I yactt fhew | 1718 gdelt fhew | &1 718 gaell fhew | &1 718 udeit fheq

o (104) ('a-q'-]-l) A =480 nm W 2.32 3.13 3.94 5.11

TR T ST (E,)(eV) 3.90 3.72 3.42 3.15

waet T weht (Bibliography/References)

(1]
(2]

(3]
(4]

(3]

(6]

(7]

(8]

(9]

Hussain, 1. H. (2025). Kinetics of Non Isothermal Crystallization and Optical Studies of Chalcogenide
Glasses. Deen Dayal Upadhyay Gorakhpur University.http://hdl.handle.net/10603/689353

Srivastava, A., Khan, Z. H., & Khan, S. A. (2024). Effect of ambient argon pressure on the structural,
optical and electrical properties of non-crystalline SessTe3;Bii» nano-thin films. Journal of Physics D:
Applied Physics, 57(9), 95303. https://doi.org/10.1088/1361-6463/ad0ef8

Smith, B. A., Cowlam, N., & Shamah, A. M. (1979). The crystal growth and atomic structure of As»(Se,
S); compounds. Philosophical Magazine B, 39(2), 111-132. https://doi.org/10.1080/13642817908246342
Choi, D.-Y., Madden, S., Bulla, D., Wang, R., Rode, A., & Luther-Davies, B. (2010). Thermal annealing
of arsenic tri-sulphide thin film and its influence on device performance. Journal of Applied Physics,
107(5), 53106. https://doi.org/10.1063/1.3310803

Khan, I. H., Srivastava, A., Tripathi, R. P., Shaheer Akhtar, M., Khan, Z. M. S. H., & Khan, S. A. (2026).
Exploring the amorphous-to-crystalline phase transition in SegolnsTe;sxBix chalcogenide thin films.
Surface Review and Letters, 2650039. https://doi.org/10.1142/S0218625X26500393

Khan, I. H., Srivastava, A., Tripathi, R. P., Zulfequar, M., & Khan, S. A. (2025). Impact of antimony
blending on various thermal stability parameters and crystallization dynamics in amorphous SegolnsTe;s.
Sby quaternary chalcogenide glasses. Phase Transitions, 98(4-5), 290-306.
https://doi.org/10.1080/01411594.2025.2487995

Bhatt, N., Parveen, S., Whab, A., Sulania, 1., & Pumlianmunga. (2025). Enhancement in the thermal
stability of Sb,Te; film by co-doping of Ge and S for power-efficient phase change memory. Journal of
Alloys and Compounds, 1048, 185212. https://doi.org/https://doi.org/10.1016/j.jallcom.2025.185212
Kemparaju, R., Rohit, Prabhudesai, A., Prasanth, S. C., Kumar, M. M., & Ramesh, K. (2025). Electrical
switching and phase change properties of GeTe-Al,Tes chalcogenide alloys. Ceramics International,
51(19, Part B), 29046—29054. https://doi.org/https://doi.org/10.1016/j.ceramint.2025.04.110

Shoab, M., Aslam, Z., Khatoon, N. F., Saifi, S., Ali, J., Khan, F., Alomairy, S., & Zulfequar, M. (2024).
Investigation of thermal and electrical properties of Sn and Al incorporated Se—Te chalcogenide glasses
for phase change memory applications. Journal of Materials Science: Materials in Electronics, 35(36),
2269. https://doi.org/10.1007/s10854-024-14005-1

21


http://hdl.handle.net/10603/689353
https://doi.org/10.1088/1361-6463/ad0ef8
https://doi.org/10.1080/13642817908246342
https://doi.org/10.1063/1.3310803
https://doi.org/10.1142/S0218625X26500393
https://doi.org/10.1080/01411594.2025.2487995
https://doi.org/https:/doi.org/10.1016/j.jallcom.2025.185212
https://doi.org/https:/doi.org/10.1016/j.ceramint.2025.04.110
https://doi.org/10.1007/s10854-024-14005-1

$-fomm wE 3, 37 ¢, AT R0R% Fo ST T

[10] Saito, Y., Mitrofanov, K. V, Makino, K., Fons, P., Kolobov, A. V, Tominaga, J., Uesugi, F., & Takeguchi,
M. (2021). Chalcogenide Materials Engineering for Phase-Change Memory and Future Electronics
Applications: From Sb—Te to Bi—Te. Physica Status Solidi (RRL) — Rapid Research Letters, 15(3),
20004 14. https://doi.org/https://doi.org/10.1002/pssr.2020004 14

[11]  Chen, Y., Chen, S., Lin, Z., Song, L., Gu, C., Liu, Z., Xu, T., Wang, J.-Q., & Shen, X. (2025). Revealing
the crystallization kinetics of melt-quenched GeTe for realistic phase-change memory applications.
Journal of Alloys and Compounds, 1010, 178067.
https://doi.org/https://doi.org/10.1016/j.jallcom.2024.178067

[12] Srivastava, A., Khan, Z. M. S. H., Khan, Z. H., & Khan, S. A. (2024). Studies of SessTei,Bi3 and
SessTeoBis Nanochalcogenide Thin Films at Different Working Pressures. In Z. H. Khan, M. Jackson, &
N. A. Salah (Eds.), Recent Advances in Nanomaterials (pp. 133—140). Springer Nature Singapore.

[13] Srivastava, A., Akhtar, M. S., Umar, A., Hashem, M., Alsarani, M. M., Fouad, H., & Khan, S. A. (2023).
Comparative Study on Structural and Optical Properties of SessTes Bio Nano-Thin Films Synthesized at
Disparate Ambient Argon Pressures. Science of Advanced Materials, 15(1), 10—-16.
https://doi.org/10.1166/sam.2023.4397

[14] Srivastava, A., Khan, S. A., & Srivastava, A. (2024). Fabrication and Characterization of Silicon
Quantum Dots Thin Films for Optoelectronic Applications. SciEngg Advances, 1(4), 124—133.
https://doi.org/https://doi.org/10.69626/sea.2024.0124

[15] Khan, S. A, Lal, J. K., & Al-Ghamdi, A. A. (2010). Thermal annealing effect of on optical constants of
vacuum evaporated Se7sS»s—xCdx chalcogenide thin films. Optics & Laser Technology, 42(5), 839—-844.
https://doi.org/https://doi.org/10.1016/j.optlastec.2009.12.013

22


https://doi.org/https:/doi.org/10.1002/pssr.202000414
https://doi.org/https:/doi.org/10.1016/j.jallcom.2024.178067
https://doi.org/10.1166/sam.2023.4397
https://doi.org/https:/doi.org/10.69626/sea.2024.0124

