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SOFIA ELECTROCHEMICAL DAYS 2012
December 10-13, 2012 | Sofia, Bulgaria
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UHCTUTYT IO EJEKTPOXUMMUSA U EHEPTUVHU CUCTEMU “AKAJIl. EBTEHU BYJIEBCKHU*

45 200unu om cvzoaeanemo na HEEC
90 200unu om posrcoenuemo Ha ochosamens Ha OvizapcKkama

enekmpoxumuyna wikona Axao. Eezenu byoeecku.

v/ OO Opoii ysacrauum: Haa 90 Chopranu3aTopmu:
v YyknecTpanno yuactue: 16 yuenu ot 12 crpanu >XTMY - Coq)n;l
v U3necenu nokiaana: 36 >U®DX - BAH

vIlocrepu: 47
v Muaje:xkKa cecusi: 6 moxJaaa

ITPOEKT BGOS1PO001-3.3.06-0014
»IEHTHBP 10 MATEMATWYHO MOJEJTWPAHE I KOMIIIOTBPHA CUMYJIALIUAA
3A IOAT'OTOBKA U PASBBUTHE HA MJIA/IX U3CJIEJOBATEJIN” B. Huesa
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CODPUNCKHU EJEKTPOXUMHUYHU JTHHU 2012

N

d)upmu, paﬁomemu 6 obnacmma Ha RpUIOHCHAmMA e1eEKMpPOoOXumusi U eJleKmpoxumudna anapamypa.

Mooen Ha uzoopemenue ¢ odracmma

Ha 6000pPOOHUmME MEXHOI02UU,

6 cvaemopcmeo c unc. bopucnae bopucos
u 0-p Koncmanmun Tpenueg

demoncmpayus Ha
asmoomoounu,
pabomewiu na bamepuu
U Ha 86000P00

» Fundamental Electrochemistry

» Fuel cells and Electrolyzers

» Batteries

» High-Temperature Electrochemical Processes and Technologies
» Galvanic Coatings

»Bioelectrochemistry

» Industrial Electrocheimcal Processes

» Electrochemical Corrosion and Protection

» Testing Methods and Electrochemical Instrumentation

IMPOEKT BG051P0O001-3.3.06-0014
»IEHTHP IIO MATEMATHUYHO MOJEJIMPAHE U KOMIIIOTHbPHA CUMYJIAIIUA
3A IOAT'OTOBKA U PASBBUTHE HA MJIA/IX U3CJIEJOBATEJIN” B. Huesa




B. Hnuesa, I1I. Ilemkoe, E.
U. Kanazupcku, T. [lemkoé
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Pogor
g MyamukomnoneHmHu XA 1KO2eHUOHU CIMBKIA

HOBH, l'lO-e(l)eKTI/IBHI/I 1111 MaTepuaJIi ¢ HIHPOK THAIIa30H HA UBSMECHCHHUE HA CJICKTPUIHUTE,

ONTHUYHUTE U IPYTU CBOMCTBA.
XaJIKOreHUuAHU CThKIA - (S, Se, Te) + Ge, As, Sb, Ga (esiemenTn ot IVth, Vth or VIth group )

CBolicTBa < HenoJpeaeHa CTPYKTYpPAa, 3aBUCHUMOCT HA CBOMCTBATA OT ChCTABA

>0HTI/I‘-IHI/I, CJACKTPHUYHHA \L

> ()OTOTYBCTBUTETHOCT
Chb3JaBaHC HA MaTECPHUAJIA C KCJIAaHU XaPAKTCPUCTHKH

(oTonoTEMHSABaHE, POTOKPUCTATTUIAIIMS,
(hOTOTIPOBOAUMOCT

OcHoBHU XAPAKTECPUCTHKHU U IIPEANMCTBA HaA XC:

1) Ilpomsina Ha cbeTaBa -> I'bBKaBa cTpyKTypa-> Moanduuupane Ha cBoiicTBaTa B ONpeAeseHO HaNlPpaBJIeHHe

2) Bb3MOKHOCT 32 BHACSIHE HA Pa3JIMYHH KOMIIOHEHTH B CbCTAaBa

3) OrcbeTBHE HA MEKIY3bPHOBH IPDAHUIIU

4) U30TponHm CBONCTBA

S) loOpa XMMHM4YHA YCTOHYMBOCT

6 )3HauuTeTHA HOHHA MPOBOAUMOCT

7) JlecHo nmoy4yaBaHe B 00eMHA M ThHKOCJIOWHA (popma
8) Bucok nmoka3zareJ Ha npeuynsase (2.2 — 3.5) u BUcoka npo3pa4yHocT BbB BuaAnMara u MY obsact Ha cneKkTbpa.

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA
3A IIOATI'OTOBKA U PASBBUTHUE HA MJIAJIU U3CJIEJOBATEJIN” B. Huesa
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PUJI0KCHHUC
> BbaHoBOIH > Cpean 3a ONTHYECH 3AIMUC > TBBLPAN eJIeKTPOJIUTH
(a) ChGlass /Anode Cathode
ﬁ/ Al W
metal st
5i0; ~10004 $i0, ~10004

Active region
IA:;SB B N+ Diffused Phosphorus Layer
( cladding S0 ( N surface~1¢21
N-type 5i sub

>CCH3ODI/I 34 TCHHOCTH 1 I'a30B€

Fiber Optlc sensing Gas sensors based on optical detection
Classical sensors - the detection is related to the variation

OnTu4yHMu BJIaKHA
e of the sensor material’s electrical properties.
Gas sensors based on optical detection - based on the

reversible alterations of sensor material’s optical properties
upon exposure to the gas environment.

Optical sensor chip

Optical fiber

Light source

> EJileMeHTH 0T YCTPOMCTBA

32 IAMET, ocHOBaHU HA 00paTUMU
(¢a3oBu npexoau B Te3n MeTEPHAJIN.

> EJlemenTu
3a Y onTuka

Chalcogenide glass
photonic chip

100 times faster
than electronic
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AS r Se — > €JeKTPUYHHU U OIITHYHH CBO

e

Bucoka npospaunoct B MY obs1act Ha ciekrbpa Bucok mokasare k

|
<~ Craduanuu xoMoreHHu AS Se g
As,Se;, AsSe

' g:_ _ As-Se-M ™M=cuags
T M
— 2

BIUSIHUE 8bPX) OCHOBHU cvuyecmeetu n
DX ceoucmesa 6 ONMUYHUM

ITPOEKT BG051P0001-3.3.06-0014
[HO MOJEJIMPAHE U KOMIIIO]
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» llonyuasane na cmvkooopasnu obemuu oopazuu om cucmemama As-
Se-Ag, onpeoenane na npoeooumMocmma UM U U3ACHABAHE HA HeUHaAMA

3aeucumocm om cocmaed.

» U3cnedeane Ha HAKOU ONMUUHU XAPAKMEPUCMUKU HA MBHHKU
(AsSe) ;pp Ag,. cnoese, nonyuenu upes Bakyymno — mepmuyuno usnapenue
U U3ACHABAHE HA MAXHAMA 3A8UCUMOCH O CHCHAGA.

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA
3A IIOATI'OTOBKA U PASBBUTHUE HA MJIAJIU U3CJIEJOBATEJIN” B. Huesa
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Cvcmaeu

AsSe

0,5,10, 15, 20, 25 mol.% Ag

CuHTE3 Ha CTHKJI000pa3HU 00pa3uy (AsSe); oy AL,

AMPEKTEH eJHOTEeMIIePATYPEH CHHTE3 B 3aTBOPEH 00eM
Bbp30 oxaaxaane Ha cromuika (1.102 K/s) —» cTbKJI000pa3Hu 00pa3nu

»>IIbpBu etan: CuHTE3 HAa AsSe B KBAPIOBH AMITYJIH, BaKyymupauu 10 ~103 Pa ——

Harpsiane 10 Tt Seu TtAs —— oxuiaxaaHe BbB BO/IA U JIe;
>Bropu eran: Cunre3 Ha (AsSe), ., Ag,: HarpsiBaHe 10 TT (AsSe) u Tt (Ag) —*

OXJIAKIaHE BbB BOJ1Aa M JICA.

ITPOEKT BG051P0001-3.3.06-0014
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—" (AsSe)Ag
- (a0, he,
s,

T 1
6,0x10° 8,0x10°
7,0

spectra of the of (AsSe),(,Ag, glasses
at T=20°C

Conductivity
20°C)
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Impedance spectra of the of (AsSe)g,Agyg

at different temperatures

Ag Ao,
MOpajav MPOMSIHA B CTPYKTypara, B p
Ha AgSe cTpyKTypHH (hparMeHTH,

HIPOBOAKUMO




SO

AR
* * o
Q o * * of, 3
E . x o+ o '
! - :

QO
'?'09303@

Group .
* SJISI(l{A

(3

IlosiyuyaBaHe HA TBHKHM AMOP(HHU XAJIKOTEHHUIHU CJI0EBE

»BakyyMHO-TepMUYHO H3MapeHHe

Pesyiararn:

Cuexktpu nHa nponyckane — A =400 — 2500 nm
IHoka3zaren Ha npeyynBane (n) - Swanepoel method

Onpenensine Ha Eg ype3 npouenypara Ha Tauc
Bausinue Ha 1o0aBKkara oT Ag BbPXy ONITHYHATA INIMPUHA HA 3a0paHeHaTa 30HA

CunexTpaJjiHo pa3npeaejeHue HA N K 3aBUCUMOCT OT ChAbP:KAHUETO HA Ag B
THHKHTE CJIOEBE

YVVVY

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA
3A IIOATI'OTOBKA U PASBBUTHUE HA MJIAJIU U3CJIEJOBATEJIN” B. Hnesa




AHE HA ThbHKHU As-Se-Ag ciioeBe: BakyyMHO-TepMUYHO M3MA

Ycnoeua na npoueca:

>Pa3CTOAHUE U3TOYHUK - MOAJIOKKH - 0.12 1
>TeMmieparypa Ha nmoajioxkkute - 300 K
»BaKkyyM - 10 Torr

N

THHKH CJIOeB€ 32 ONITUYHHU U3CJIeABA

/

CTBKJIeHH MOMJI0XKKHA

ITPOEKT BG051P0001-3.3.06-0014
HOEHTHP IO MATEMATUYHO MOJEJIUPAHE 1 KOMIIIOTBhPHA CUMYJIALIAS
3A IIOJAT'OTOBKA U PABBUTUE HA MJIAJITU U3CJIEJOBATEJIN”
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KoeduunueHT Ha adbcopOoOuus o:

o =1/d [In (I-R)Z/ T]
d - thickness of the film
R — reflectivity of the film

Amopduu I1II:
(chv) = B{hv -Eg}™

Determination of the Eg values — Tauc procedure: plotting a graph of (ahv)"? versus hy
—» extrapolation of the straight line part to the energy axis of zero absorption coefficient

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA

3A IIOATI'OTOBKA U PASBBUTHUE HA MJIAJIU U3CJIEJOBATEJIN” B. Huesa




Bansinve Ha chabpkaHueTo HA Ag BbpXY E
(AsSe);qo.Ag, THHKH CJIOEBE

Eg| mpu tAg — npomsna B cTp
U peopraHu3aius Ha BPb3KUTE B
BnacsiHero Ha Ag B CThKJIaTa IIp
/ yBEJIMYaBaHE Ha 6631’[0135[}1’51(21 ]
Ha e(eKTuTe B aMop(HATA CT
KOETO BOJIY 10 HaMaJIsiBaHe

10 15

> content, mol.%

HPOEKT BG051P0O001-3.3.06- 0014
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A Iloxasares Ha npeuynBaHe (n) HA (ASSe); 0. ALy Rk pE .
g\ 8 TBLHKH cJIoeBe - Swanepoel mero L : '
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3,2
n(1)=2.58+194504/1” YciaoBus 3a npujiarene Ha Swanepoel meroaa:
(=
x »MeToza € IPHUIOKUM CaMoO 3a ¢JIa00 MOIIBHIIAIIN BHB
© 3,0- N(1)=2.33+196878/)> g e e
'g BUIMMHS THAMTA30H QUIMHU;
[ | o
— »k?<<n?; k=oalM4n; k —koed. Ha ekcTHHKIHUS; (N = n — 1K)
g » [Ipo3padHocT Ha TIOII0KKaTa BbB BUANMAra u Onuskara MY
'-.3 284 = e o0iacr;
[ |
E a 20 mol.% Ag >dcnoﬁ === dnonnomxa
T .
(14 2,64 10 mol.% Ag
0 mol.% _Ag
2,4 . . ' ' E——

600 800 1000 1200 1400 1600
Wavelength, nm

VTE films: n=2.5 to 3.0
The increase of n is related to higher polarizability of larger Ag atoms, compared
to Se atoms.

Cnexrpanno pasnpenenenue Ha n B (AsSe), . Ag,
THhHKH CJIOEBE C PA3JIMYHO ChAbPKAHUE HA AZ

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA

3A IOAT'OTOBKA U PASBBUTHE HA MJIA/IX U3CJIEJOBATEJIN” B. Hnuesa




e —— [REETRTReTS e "

C=[EE] [T @ [s] [z[Te] E[5] [E]

b4 & [ I |restart:lfd:=f|:||:|en[‘d:"x"-.Nesheva_DRHtabI_il.t:-:t‘,HE.-i‘-.D]:Ia:=readdata[fd,4]:llg1:=map[u->u[‘|],a]:lgE:=map[u->u[2],a]:lg3:=map[u->u[3],a]:lg4:=map[u->u[4],a]:In:=nnps[a];llfd5:=h:|pen[‘n

ITPOI'PAMA 3a 'PA®ITYUYHO OIIPEJEJIAHE KOEDIIIIEHTA ua IIPEYVIIBAHE-
JNJEBEJIITHATA sa THBHRKIT AMOP®HIT CJIOEBE nmo METO/IA #aa Swanepoel (reference
Swanepoel, J. Phvs. E: Sci. Instrum., 16 (1983) 1214)Y

l

= 1. BB CRTAHES H BHI VA AIHA HA- E‘R{‘I[EIIHIHEHTIIJ]I{HTE',I[HI[E[Hﬂ

o1 1 TlpounTade Ha HAXOIHHTE TAaHHH H HIBEEIAHE Ha eEpada cTofHocTHTe Ha Tmaxpritn, Tminpeim, Ts ulanda, waeTo 0 bpoaT Ha cToHHOCTHTE
IIpounTade Ha HeXoMHHTE TaHHH M HIBEETAHE Ha EXpaHa HA EKCIEpHMEHTANHATA 2 aRHCH Moo T 1=t landa) Y

> restart N
fd:=fopen( d:\\Nesheva D\\tabl il.txt  READ): ,
a:=readdata(fd,k 4) A
|
gl:=map(u->ul[l], a)
g2:=map{u->ul2], a}
g3:=map(u->ul[3], a)
gd:=map{u->uld], a}
n:=nops(a); 4
|
fd5:=fopen( d:\\Hesheva D\\landa Tan.txt ,READ) J
e:=readdata(fd5, 2} ,

[ O T 1S

#mr-i-frﬂm-l-tm-n-by-l-dm.-Tmaxpriml[i] =aevalf(g2[i],3) od N
for i from -1l to n-by 1 .do; Tminpriml[i]:=evalf{g3[i],3) od N
for i from 1 to n - by -1 .do; Tsl[i]:=evalf{gd4[i],3) od N

for i from- -1l to n-by 1 do; landalfi]:=evalfi{gl[i], 4} od N

|

Tmaxprim:=[seq{Tmaxpriml[i] ,h6 i=1 n}].J
Fminprim =[seq{Tminpriml[i] 6 i=1 n}].J
Ts:=[seq(Tsl[i],i=1..n}]: ,
landa:=[seq{(landal[i] ,i=1. .n)].T
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b4 ﬁ Al f |restart:lfd:=f|:||:|en[‘|:|:'\"-.Nesheva_D'x'\tal:ul_il.t:-:t‘,FlE.-’-'-.D]:Ia:=reau:ldata[fd,4]:||g|'|:=map[u->u[1],a]:|g2:=ma|:|[u-:>u[2],a]:|g3:=map[u->u[3],a]:Igd:=map[u->u[4],a]:ln:=n|:||:|s[a];||fu:|5:=f|:u|:|en[“|:|:"

o1 2 [lpegcTaeane Ha maduauTe B Thahuuen Bugl

F-TmaxprimGR:=zip({x,v)->[x,v],landa, Tmaxprim) i
e gt ik oo 2L
TminprimGR:=zip((x,v)—->[x,v],landa, Tminprim)} 5
M EY Pyt g
TsGR:=zip((x,y)->[x,v],landa,Ts): ,
x:="x":y="vy" :
<l
with(plots): N
TmaxprimPLT: =plot (TmaxprimGR,x=0. . landa[l] ,v=0. .1, style=point , symbol=circle, -labels=[Landa, -
TminprimPLT: =plot (TminprimGR, 0. .landa[l],y=0..1,style=point, symkol=box}:
TsPLT:=plot (TsGR,x=0..landa[l],y=0. .1, style=point, symbol=diamond, .colour=blue): ,
DataPLT:=plot(e): ,
display(TmaxprimPLT, - TminprimPLT, TsPLT, -DataPLT)}

0e4

0.5+

0.4

02+
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Al f |f|:|r ifram 1 tan by 1 dogls1 [ =01/T =i+ T[] ™2-1170.5] od:1far i fram 1 to n by 1 dogle2[i=evalfz1[i]. 3) od:ls: =[zeq(=2[i.i=1..n)];

o2 1 Tlpecwarane woedHIHEHTA Ha IpedvIEaHe Ha ToNNcKEATa Hsa Boakalanda M sanHcEaHeTo HM B EQHOMEPEH MAaCHE © HME "5

l

>-for-i-from-1-to-n by -1-.do;

s1[i]:=(1/Ts[i]l+(1/Ts[11"2-1)"0.5) ‘od: ,
for i from-1l to n by 1-do;
s2[i]:=evalf{sl1[i], 3} od o
s:=[seq(s2[i],i=1. .n)]1.q
s 82105, 156 58 £.59, 160, L6062 L6353 - 1:64 T8 1065, 066 167, T6F ]

.22 'HpECII.IIHTB.HE 'HpHEJ’IHEHTEJ’IHHTE 'ETOﬁHOCTH'HB.'KOEIIIJHL[HEHTB.'HR'HPET-IFHBB.HE'HB.'EJIOH'EB.'BEHI{B.'IandEl'H BAHCEAHETO HME EOHOMEDEH MACHE (

nl"q

> -for i from:1.to.n by:1-do; |

Hpl[i]:=(2*s2[i]*(Tmaxprim[i]-Tminprim[i])/(Tmaxprim[i]*Tminprim[i])+((s2[i]"2+1))}/2) od: |
for i from:1l to.n by 1.do;/
H[i]:=evalf(Hp[i], ‘3) od K
for i from:1 .to.n by 1.do;
nlappr[i] :=sqrt ((W[i] "2-s2[i]"2)"0.5+H[i]) -od:
for i from:-1 .to:n by 1-do;/
n2t[i] :=evalfi{nlappr[i], 3) od A
nl:=[seq(n2t[i],i=1..n)];7
B S B 0 TR B AR P ) S o et SR 1 VL T L T R e ER e e

~2.3 TloctpoAasane Ha TpabuuHara sapHcHMocT U2 or 2% nfanda) -, waTo ce wszona oT yoloBHeTo sa HTephepernna 2n*d={m1+12)*anda, 1

""e-yane woH nonymAte gHeae (1=0,-1,-2,-3. ). -JanucEade Ha ODoaydeHuTe cTofiHocTH sa " 2¥(nflanda)" w-"2" e eguomepun - macuen Xpl u-Tpl

“ratio" Ha-abuHcartae obosHageHo 0THOIMEHHeTS U2" T

for i -from-1-to n by -1 .do; nmb[i]:=i-od: |

Humber:=[segq{nmb[i], -i=1. .n}] ‘1

|

for i from 1 to n by 1 do; Xplpl[il:=(2*nl[i])/landalil] -Dd_J
for i -from-1-to n by -1-do; Xpl[i]:=evalf(Xplpl[i], 2} od:
¥pl:=[seq(Xpl[i],K i=1 11}].J

|

for i from 0 to n by -1-do; 1[i]:=i/2 . od iy
Ypl:=[seq(l[i-1],i=1 11}].J
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ﬁ Al f |f|:|r i fram 1 tok by 1 do; =[] =(R abotna=1[0]] ad:1for i from 1 ok by 1 dao; 5[ =[R abotna 1 [[]]od: bith(ztats]): 12 =fitleaztzquare[[<. )[R abotna=1 B abotnay™ [IdaszignE]: Iwith{plots) )

l

o 2 6 Jluneapusanuay

> -for-i from-1 to -k -by 1-do; X[i]:=(RabotnaXl[i]) -od: ,
for i from 1 to k by 1 .-do; ¥[i]:=(Rabotna¥l[i])od i)
with{stats) N

|
Z:=fit [leastsquare[[X,¥]]]( [RabotnaXl Rabotna¥l]) S

m

with(plots}):
pictl:=plot (PLTRabk,x=0.. ((2*nl[n])/landa[n]),y=-n..n, style=point, K symbol=circle):
pict2:=plot (Y, ¥=0..scaleXX) g
display( [pictl,pict?]) 5
T
£=F=—2 0252801194988 7489552 1

15+

D./_/_/’U.DDE 0.004 0.006 0.002
] 4

o4
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o2 7 - OOpelendade oT NoNVIeHOTO VRAaEHEHHE Ha OpakaTa cpofigocTHe Ha gebenugata "d1" M ObpEHA TopATLE Ha HHTepdepeHTHATA "nlne
IpecMATAHE Ha OCTAHANHTE EIeMEHTH 0T MacHEa 'minew" 1
> -mb[1l] :=abs{coeff (¥ X, 0}) ‘]
dl:=evalfi{coeff{¥Y X}, 6 3). N
f:=proc(rtr) 2
global bC numbC: |
bi:=floor{xrtr) J
numbC: =rtr-hbi 4
if nuambC>=0. 451 - and cnumbC<0 . 551 - then -BETUEH(bC+0.5) - elif numbC>0. 551 then -BEETUEH{(bC+1) £
elif numbC<0.451 then BEETUBMN{kLC) fi i
end N
rtr:={(m0[1]) A
firtr) N
m[llnew_First. =f{xrtr) ‘L
for i - from-1 to - n by -1.do; mnew[i]:=m0new First+0.5*%(i-1) od 2l
minew: =[seq(mew[i] ,i=1. .n}]. T

m0y=2.025280119

di-=9891
mnew First- =29
milnew =12 0. 25.30. 355 40,45 5055 60,65 7015 80,85 5901
o2 3 Ilpecuarade Ha Oo-ToYHHTE CTOHHOCTH Ha'KoedHIHeHTa Ha NIpedyIEaHe sa EcAalanda HeanHcBaHeTo HME eIHOMEDEH MACHE © HME
» for.-i -from .1 to n-by -1 .do; n2cGR[i] :=minew[i]*landal[i]/(2*d1l)} -od J

for-i from-1 to -n by 1 -do; n2tt[i]:=evalf(n2cGR[i], 4) od: ,
n?:=[seq{n2tt[i],i=1. .n}1.Y

Il ad =plUys, 2060 2 0 22 M0 T2 T, 2 Fana 1, 200620 2 Tal, 22 1990 D, 2 5 2RE 1Y
[= 3. -Busyamrzainia 3aBHCHMOCTTa Ha Koe(IIIIeHTa Ha T edyIBaHe 0T b LEIIHATA Ha BbJIHATA 1 HelTHoTO (prrripane ¢ "Caucl
approxunation".y

o3 1 - Busyanusanua HasaBHCHMoCoTTa Ha 'n2' o7 'landa"n wefinata Cauchy apprommation. [lps nonygasane Ha ¥pHEa, HEOTTOBapAIA HA SaKC

IpolpaMaTa gaEa ERSMoEHOCT Ja bele BEEeNeHa OpyTa cToRHOCT S8 TEPEHA TopAntE Ha HuTepbeprnuata- "mi[1]" TopacTapa gpes OpHCE:



1 1 | W B N 1 i | 1 L 1 il ] L 1 1 J L 1 1 1 =

ﬁ Al f |with[stats]:IZZ:=fit[leastsquare[[L.ﬂ.ND.-'-‘-.,YE],Y2=aa+bba"Li'-.ND.&AE]][[Ianda,nE]]:N2:=rhsl_22]:ln:u:ueff'| :=coeff[N 2, LANDA O) lcoeff 2 =coeff(N2,1/LANDA™2): If n2[11:n2[n] or coeff2<0 th

if-nE[l]mnz[n]-and-tﬂeffE-D-then-H2.=rhs{EZ}-fi,J

with{plots) A

if n?2[1]<n?[n] then -

pict3:=plot ({(nGR1l) 6 x=0 landa[l] ,v=n2[1]-0.1. . nZ2[n]+0.1,style=point , symbol=circle, -
labels=[Wavelength, Index])  -fi 1

if n2[1l]l<n2[n] and coeff2>0 then pictd:=plot (W2, LANDA=0. . landa[l]1+h00)  £fi N

if n2[1l]l1<n2?[n]  and coeff2>0. then display([pict3,pictd]) £iq

) e B
N2 =2 043405667 + >
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A Iloxasares Ha npeuynBaHe (n) HA (ASSe); 0. ALy Rk pE .
g\ 8 TBLHKH cJIoeBe - Swanepoel mero L : '
J N * 5 o

(]

QO
'?%303@

3,2
n(1)=2.58+194504/1” YciaoBus 3a npujiarene Ha Swanepoel meroaa:
(=
x »MeToza € IPHUIOKUM CaMoO 3a ¢JIa00 MOIIBHIIAIIN BHB
© 3,0- N(1)=2.33+196878/)> g e e
'g BUIMMHS THAMTA30H QUIMHU;
[ | o
— »k?<<n?; k=oalM4n; k —koed. Ha ekcTHHKIHUS; (N = n — 1K)
g » [Ipo3padHocT Ha TIOII0KKaTa BbB BUANMAra u Onuskara MY
'-.3 284 = e o0iacr;
[ |
E a 20 mol.% Ag >dcnoﬁ === dnonnomxa
T .
(14 2,64 10 mol.% Ag
0 mol.% _Ag
2,4 . . ' ' E——

600 800 1000 1200 1400 1600
Wavelength, nm

VTE films: n=2.5 to 3.0
The increase of n is related to higher polarizability of larger Ag atoms, compared
to Se atoms.

Cnexrpanno pasnpenenenue Ha n B (AsSe), . Ag,
THhHKH CJIOEBE C PA3JIMYHO ChAbPKAHUE HA AZ

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA

3A IOAT'OTOBKA U PASBBUTHE HA MJIA/IX U3CJIEJOBATEJIN” B. Hnuesa
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»> CHHTe3MpaHM €A XOMOTeHHH CTHKJI000pa3Hu 00eMHHU 00pa3uu oT cucTemMara (AsSe); AL, 1 OT TAX ca
MOJIy4eHH ThHKH CJI0eBe Ype3 BAKYYMHO-TEPMUYHO M3NapeHue.

»OchllleCTBEHN Ca HMIETAHCHN H3cJIeABaHus B YecToTHHA Auana3oH 1 Hz no 1 MHz npu paznnyna
TeMmieparypa. OnpeneJjieHa e 00eMHaTa MPOBOAMMOCT (G) HA U3CJIeABAHUTE 00pa3ly, a OT TeMIlepaTypHaTa
3aBHCHMOCT HA C € H3YNCJIeHA AKTUBHPANIATA €HEePrus. YCTAHOBEHO €, Ye BbBEKIaHETO HA Cpedpo B
XAJIKOTEHUTHATA MAaTPHIIA BOAHU 10 320€/Ie:KUTETHO HAPACTBAHE HA €JIEeKTPUYHATA MPOBOAUMOCT HA
U3CJIeIBAHUTE MaTepHaJIn.

» CnieKTpuTe HA NMPONMyCKaHe HA THHKHUTE CJI0eBe, CHETH BbB BUANMAaTa u 0u3kara MY odiact moka3Bar
OTMECTBaHe HA A0COPOIMOHHUAT Pb0 KbM MO-AbJTOBHJIHOBATA 00J1aCT B PE3yJITAT HA BHACSHETO HA
Ccpedpo B CTHKJIATA.

»OT ceKTpUTe HA OTPaKeHHe W NMPONmycKaHe Oe ompenesieH NMOKa3aTeJ AT Ha MpevYynBaHe U JedeIMHATA HA
cJioeBeTe, U3MOoJI3Baliku MeTona Ha Swanepoel. U3unciieH e koepuuMeHTa HA MONTbIAHE U € IOMOLITA HA
npoueaypara Ha Tauc e onpenesieHa ONTHYHATA IMPUHA HA 3a0paHeHATa 30HA. YCTAHOBEHA € 3aBHMCUMOCT
HA ONITHYHUTE CBOHCTBA OT CbCTABA HA THHKUTE CJI0€Be, KOATO BEPOSITHO Ce IbJIKH HA MPOMSHA B
CTPYKTYpPaTa M yBeJIMYaABaHE KOJIUYECTBOTO HA Je()eKTHTE B U3CJIeIBAHUS MaTepHuaJl.

>HOJ'ly'—leHI/lTe Pe3YJATAaTH IEMOHCTPUPAT BB3MOKHOCTTA 324 KOHTPO/JIHPAHEC HA CJICKTPUYHUTEC U OITHYHHA
XAPAKTCPUCTHKH HaA cn;wmoﬁpzwnml MaTe€pHuaJ Ype€3 BHACAHEC HA TPETHU KOMIIOHCHT B CT'LKJIOOﬁpa?.HaTa

MaTpHIa.

ITPOEKT BG051P0001-3.3.06-0014
»IEHTHBP IO MATEMATHYHO MO/JIEJIMPAHE 1 KOMITIOTbPHA CUMYJIAIIUA
3A IIOATI'OTOBKA U PASBBUTHUE HA MJIAJIU U3CJIEJOBATEJIN” B. Huesa
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Amorphous chalcogenide films

transparent in the infra-red region

Unique properties \ of the spectrum

' photo induced structural changes under

Opportunity for application action of light with photon energy
greater than band gaps of the materials.

optical waveguides with different geometry, ‘

applicable in mid-IR fiber-optic sensing. changes in the optical constants (An, AK)

and physical-chemical properties
(microhardness, density, solubility).

Planar waveguide

N, core layer ;é N, cladding layer ~ obtained

by direct writing with light on the surface of the material.

Seventh National Conference on Chemistry, 26—29 May 2011, Sofia, Bulgaria V. Ilcheva




1.IlpecmsiTane Ha Koed. HA peYyNBaHe HA MOAJIOKKATA S 32 BCSKO A:

S = 1/Ts+(1/Ts2-1)12

2. [IpecMsATaHe HA PUOJIU3UTETHUTE CTOMHOCTH HA Koed. HA pevyynBaHe HA cjod (nl):

n,=2s(T,,-T )/ TVT™+(s>+1)/2
2nd = mA\ - ycioBue 3a unTepdepeHumsi B ThHLK CJIOM

m — SJ10 YMCJI0 32 MAX; M — MOJYISUIO YHCIIO 32 maX.
wm 2n,d = (m,+1/2) A,

KbAeTo 1 e ns10 nin MmoJayusijio YucJio.

OobJiacTTa HA ONTUYHO NMPOIMYCKAHE, T.HAP. “ONTHYEH MPO30peN”, kaTo GYHKIMSs HA TbJGKHHATA HA BHJIHATA € OrpaHHYeHa
OT INOIIBbINAHETO, CBBP3aHO C KOMGI/IHI/IpaHH H CJI0KHH KoJIe0aHus (MHOFO(l)OHOHHO nor.m)maﬂe) Ha rpynurte,

U3TrpaKAAIIN OJIN3KHUSA NOPHAIBbK.

HpI/I YBEIANYaBaAHE HA TB/HKUHATA HA BbJAHATA 3alI0YBA HENMPEKBbCHAT CICEKTHP CaMO OT (l)OHOHHO NnorJIbIIaHe,

00ycJ10BeH 0T 0e3mopAIbYHATA CTPYKTYPA HA CTHKJIATA (OTCHCTBHE HA JaJIeYeH NMOPAAbK).

B 00J1acTi Ipu N0-KBbCH IBJKMHA HA BbJIHATA “ONTHYHHUSAT Npo3open” e OrpaHUYeH OT NOIIbIIAHETO

IPHU IPEX01a HA CJICKTPOHU OT BAJICHTHATA KbM IIPOBOAXMATA 30HA.

Ta3u KbCOBbLJIHOBA rpaHuiia Ha NMPOIMyCKaHE C€ Hapu4ia CbII0 TaKka Kpaﬁ Ha IMOIrjIbIIaHEeTO
N OTroBaps HA ONITUYHATA HIMPUHA HA 3a6paHeHaTa 30HAa.
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The absorption coefficient a for all investigated films was determined in the region of
strong absorption (o > 10* cm™!), which involves optical transitions between the valence and
conduction bands [5]. For that purpose, the obtained values of n were extrapolated in the
high absorption region and o was estimated using an equation given in Ref.4.

The high absorption region (a > 104 cm!) corresponds to transitions between extended
states in both valence and conduction bands where the Tauc law [9] is valid. Thus, above
exponential tail, the absorption coefficient of amorphous semiconductors can be described
by the relation ahv = B(hv — Eg)”, where hv is the photon energy; Eg - the optical band gap;
B - constant that depends on the transition probability; m- index, depending on the nature of
electronic transitions. For amorphous materials non-direct optical transitions (m = 2) are
observed.

Optical band gap Eg opt was determined from intercept on the energy axis of linear fit of
high absorbing region (0. > 10* cm™) in plot (ahv)!? versus hv (where a is absorption
coefficient and hv is energy of incident photons) known as Tauc extrapolation [9].




Chalcogenides as optical fibers:

These can be essentially divided into two groups, namely “passive” and “active” applications:

(a) Passive Applications: The fibers are used as a light conduit from one location to another without

interacting with the light, other than that due to scattering, absorption and end face reflection losses
associated with the fiber.

(b) Active Applications: The light propagating through the fiber is modified by a process other than that due to
scattering,

absorption and end face reflection losses associated with the fiber. Examples of these include

fiber lasers, amplifiers, bright sources, gratings and non-linear effects.

Gas sensors based on optical detection have focused significant attention

because in contrast with the classical sensors where the detection is related to the variation of the sensor material’s
electrical properties, the new class of miniaturized gas sensors is based on the reversible alterations of sensor
material’s optical properties upon exposure to the gas environment.

The main advantages of optical detection over the classical methods a re very high accuracy, fast response time,
advanced sensitivity, and possibility to operate at room temperature [9].

Phase change materials

This material changes phases, reversibly and quickly, between an amorphous state that is

electrically high in resistance, and a polycrystalline state that is highly reflective and low in resistance.
The two phases of the chalcogenide alloy have important differences in electrical properties due to
the change in free electron density. The resistivity of the polycrystalline state has been shown to be up
to four orders of magnitude lower than that of the amorphous state.

The storage of each memory bit information is a result of discrete transition

between low and high resistance state (as a result of phase change transition of the materials,

due to the change in the free electron density).




