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ABSTRACT

In this work, the effect of Fe impurity on CuSe nanostructured thin
films during the deposition process has investigated. The Fe impurity
introduced into the CuSe nanostructure with different concentrations
of 0.01, 0.02, and 0.03 mol was made by a simple chemical solution
precipitation method. The introduction of Fe impurity with different
concentrations into CuSe creates new transitions related to FeSe, in
which several band gaps can observed in the sample. FESEM and
EDX methods have used for elemental analysis for absorption
spectrum to determine energy band distance. In many samples, there
are two transitions, due to the role of iron in CuSe, therefore, the
band gap transitions related to FeSe and CuSe. A realistic method to
determine the band gap energy without considering the assumptions
related to the semiconductor structure is necessary, and the Tauc
model is a suitable method for determining the band gap distance.
Also, from the absorption spectrum of the samples, the Urbach
energy can determined without the need to determine the absorption
coefficient, given the thickness of the layersl.

KEYWORDS
Fe Doping, Chemical Solution Deposition, Energy Band Gap, Tauc
Model, Urbach Energy.

© 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://jphys.journals.pnu.ac.ir



mailto:pouyanghiasiph@gmail.com
http://creativecommons.org/licenses/by/4.0/)
https://jphys.journals.pnu.ac.ir

(58-51) 1403 sl o las olocd i o

1403/05/21 : i s 7)o 1403/04/03 3L, > 75
DOI: 10.30473/JPHYS.2024.71638.1197

e olidad
@(95;.0!9:\;!

«&52 JRo»

Dk (gt 730 SBOY (5Ll 9 S ualgéﬁ&T A6 i

B S Glgr A8l Hob S 4kl

S oMo oSy (So3d 09,5 (5S> gl 1

i$ [ sl ; Ak & o Ol Mo

WI» d)‘_\S;’JW) ..\;.3‘)5 L;o )D CUSG )L}L»)’Jl.i tS)lJ Lglbd.}\j » Fe L;&lbl.i )J‘ c)ls L‘)"..I )J ‘)1’_){" ‘)ﬂM" Sl ‘&)‘3 55; ¢)Lf,‘f15b 2

0/03 4 0/02 0/01 Giliseo (slacdale b CuSe Hlislugl )3 onis)ly Fe allbl .cul ond !

b Fe allib 53,8 5yls b ol od aislo odbs pliowd Joloe (6)li8gu)y o) 4 Jse Mo oMo oISl (Sjid 05, ‘)L.au]'d“

- e
G5 &S g o ol )0 FESE & bayjo (shids (sla)l3S sl el CuSe 4 calisw slaclale
P9y iyl Bl Aol el el b dgal sdalie Gl e diged ) (e ()l
s 4 sl 93 adiges 51 (6ol 3 . Canl oad o3liswl (¢ paie LT ¢l EDAX g FESEM
CuSe 5 FeSe 4 bgye ¢)ly BB ¢ (69 (sl sl <oplplo )05 3439 CUSE p3 oyal s
@ bgye Cligyie (8,5 )5 5 (e )l B (G5 e sl (Bly U9y S e
ol (6)lg BB alold i (oly cunlio gy TAUC Jio oS sl (65958 bluydas sl
e b ol copd et 4 e ) lysl G35l Gl baises pde bl (omen
DS asuie baY Cubus
S5 Laojly

gl (5351 TAUC Jae «5551 (o)ly B ¢ gloassd plo> gy ool ] s ot

s J e 0w 9

Sk ol

pouyanghiasiph@gmail.com :aLl,

Wl ol g dliw!
58-51 (4)6 «SigyiSlgnl sale dolilind il o Sib sloas¥ (o)lislo 5 (Sl olos o ol Ll 51 (1403) SLe bg (ool b shows acbld

https://jphys.journals.pnu.ac.ir



mailto:pouyanghiasiph@gmail.com
https://jphys.journals.pnu.ac.ir

53 (58-51) 1403 )lusls <o jla 0)lowd pouind oo «Kig iSUlgial ol dalibind

ol le 2l Sty 3] Casday calp 0gMe 5 00
Vb Cla ozmen @9doe (See )y BB g Jlisl ol
oo e Gl Shy ieee Sl cwle g BB
Sl san Slg o alils S0 L CuSe Kiyg 5 ol
clolKiwy o odlaiwl (gl U osed s 1) o ol
10 1] 55 s Sl

3305l e 4 ol wle oo alBL 3,8 5 g
cad a1y S sl (Sal ool hol s
2 e il Wl obluydes a2 o I8 50 cow
Co Fe il S8 (o > @ Bl o s lugl el
2lie B 23)8 il oS jlaw slaclale > Ni
o3 S8 o3l b 39 Sl i 3,90 S 1S
2 S gbaY Ol b oS cuwl ssalin LB zgo9
[17-12] 55’ o bl 1y (stsds g Lol Babo

Pl (o,
@ g odd (gl Sy &858 Gl olend Dlse (ool
010V dils e S3b slasY angs sl adgl oole lgie
olatul (plasd plax (3cgw) o9y 4 oal b oud
IREAW

S L il e ST Y 55l S ol
dge plye 4 ol Sl g e St il 135 (oo
Olois 4 Sbigel 4l ;5 a8 4s edlitnl alBL e 5 gl
D9d e 4B)S Hlai )3 jlu uSdeS” Jols

Sl ples 53 puibe )35 5 SlWges mads sl Jsloe
Soloe b s 035 pio el 8 e & 31, Kl 4> 80
o S Jobme (B 5l s 4y (San g Blad
Ok Co5 g bole wa b Jole 93 cpl g A3 aws
olee & opl Gl e SAE 0djed wwbliae
PH 5 ailal Jobeo & dilisee laclile L il
A5 ¢ Sl Jolee

J315 4533 20 apgly b aS” SlaayY a4 Jolxe coles
a) 38 lod b ool g ws adlsl Wy 5 i
Pl SlasaY b es S 18 celo 16 oue 4 o Kale
S5

el 9y ool b ond ouo¥T il e claay¥
Al p onl GABL U eyp slite 4 sladed
b 0oy gy lgl (Sl g (g)ld e

doddo
P ool sl b W3S Sib ey
L 3go5ss slaal] colo (ly dor I cilie (sladise;
@Bl bgidy oadyss 5Pl SHp colu
S U] sn g )y slable, daSus (andy B
P e e ol 1y w55 SiU ey Cuonl
Sl 429 5 ol e olgs 3] la Sl
Cobyl 4 dog bl 00)S Cl> 58 4 ) (pdiisce |
(e Sk o (g ytogsS gl g (6 g8 gl Sl 5
P et lacde oy ol Bale flgie & e Al
g9 3 e ik (2bluj ol oMol o 4857 )las
3 Jlon) bloyaos & e i cplpls el p
A oy el 5 andyes byl il
don sy Ly )ly B oot [5-2] o5 e a8 S
> 4 ghe Cuws s 4 bl )b coeal abls e
oY 3Lyl lablojdes lp «S3b laa js ool
sl &85 )15 g 390 52t 555 S i oS3
BB (wdige )3 oo syl S eyl golaw 5> Sl
St olps 4 dbauly O3l slagg ol & cwl gl
Wb shds She lacdl sbyl cel alll
9 55 9 Ml p U (e)p e gshaw cplpl
[8-6] ot 22l 1y 4l Jol> S Lo

Jle calis 5 Sy il baylil pste 5l S
9 Pl S «Bygel calizo sl > Slasly (S Sl
ol Sats] Gl i duasle g 6805l Lyl Logil
ol bosbbaos clo(Shy 1) ot G185 (Sl HI3S
Bgpme Jro ablojdoss Suo5 4 (5)58 o sl A8 oo
[9:7] 39 00 o 25 ©ygo 4 a5 cowl TaUC

o= C(hv — Eg)n/hv

JGsl) b IS @ g conl HII8 aslan o] s oS

2 OV 5l osel Canday diliste polie 1 oslizul b 1)y (s lgs
ol ghe g SiPl 4 hoan 5 hu(eV) cus
oycwle BB jolie 0, jasuie glp led e
bl ydows Kiaggd dgui oo QL] (yloged I ad Cuond
2 ool 3 ol a5 ) S (B o5 351
woles da alBL 0,8 a)ls b oS (gy0b 4wl dlge
B 0 cod oad 4 blljaes )9 5 (Swigysl
wold 5 2)5e el clale s ol 7] 0,85 0



54 sl e 6 sloaY k5L 5 (Sl Lolss g ol ol 11 5 g

[T
Faroped | ke

£
£
44
.=|: 1:I|:| :'II::I !-ll:li '||I:
waeler zHmr g
ool 4 oao Y CuSe o alls CuSe Sl joue b .2 JSWS

sl s Gipl Gily S gly sl Clllas

o3 o 1) (59 sl el )y

ITME (g 4 (55551 B dpwlome

Ll g A e il SHU claaY (550 g B
d9bse i)l ST ey il ookl b ol 4y oa VT e
[18]

(ahv) = A(hv — Eg)m
Hlg GG By ol culi (g)lde A 598 dbaly > oS
@ o Cwl gpellb Moy 9398 (9858 551 v o655
0/5 yislie (clls wlgs oo M yzalyl 3)ls  Sinw JW5l g5
g it )l SIS il Sl sy 4 oS 081 2
i, 5l v caes p (@hv)? Ol ol pabiane
JU! )L oS A (o g pm YU o adhate > (las
SIS Hlade 395 0 otnlive 3 JSb 45 oS cowl pakians
P e (bt 4l pbogy I S5U sy 5yl
P oopl 0,8 wlsl b0, e sdaline Ghs Cls
FeSe 4 by suis sb)lis CuSe S50 slaasY
o ool oS cdale oS conl e ol 4 g 295 0 sanlie
BIS Jold cigad 5 L5 o dlou] CUSE 3 (shas IS
56 33y > 4 ool clle Gl b el (St 555
Odges Bl b pluls b o il (65,50 BIS il
095N 318 51 o550 BB e Yoo 0/03 clale L (pal
b e ialS ey 9,SIN1/5 @ el

1 Ineffective Thickness Method

oSSl gy wcads Gl oolaiwl U ayY ol oSy
ooly Sl ais s 5 4500 (EDX) (555! suiSy,
o odp Y] il o S3U slaayY (XRD) (uS5) axsl
o S lbaY maw (¢5elgdpe b (6 puSojlul al L
gy G350 osSsySan by oal allsl L
» UV-Visible ol ..i ssalie (FESEM) Sl
plos b b yegl 1100 b 200 4l odguse
ol o ploul 31 sled (o ba 680 ;lu]

Sl Qi
Sk o ol BB UV-Vis Cla b 1 S
obis 1y o1, Sle 4033 38 (slod ,5 ool @ eVl ¢ Lalls
AR o

5 Sidsre p oml alBl 1B ()8 Il
Sl e ol ik il g (6l Glsgas
(50050 by cilien gl b ool 4 045 010 YT 5 Lalls
Blsl &S e o s UV-VIS cabs oy y o505 dulie
0/02 4 0/01 (slacdsle b alsb glic 4 conl 5,8
ol pals ailes e 4 G oY Gl e Y50
o 0003 & ppnl sl il b Ll cosl 03,8 Iy
odind (iS5 oS el 4Bl Wl Bl (6 ySede Glie 4 >
Ulojes Cople frizmen sl G5l BB alS
WSS oo dn b ) aile e SHU slaayY

Tl 0,000 duped Cuad0?)
Tl 0,020 k] Ladhad T
i ki Lidhcinng)

Abervbancer !

‘i’¢'..;'-la';_;U|[;||u:l )
ol 4 oanYI CuSe 5 alls CuSe s cid 1 JSS

CuSe S53b slaaY Sl joue sla goie 2SS
9 Ol a3 o i |y el 4 eau YT CuSe 5 alls
ol 6 whn GialS oal Lallil pas a8l L Sl
Ol 1) e dils S3U sy el 2B 5Tl
RSy



55 (58-51) 1403 (- )lusls p )l 05lods i Jlor «SKig yiSUlgial ol dalibind

§ "
£
A l
ExY [
- T 1
A | 1
iy !
| M Jo| o
) | I'\/L"" . _F,..-' & ]
|I 3
|
W .

AL Ly palls sl o 2yl 55 b 5 JSW
ool

ol 15 3529 Flygl Alos pb 4y Sled Cond S s
2P 0¥ c.A.;)l.) uﬁ.uuo )9LJ c.)l’o &S AR (o é) LS"‘A) )N
NR S5 ad (VoS il Jlg g cd)b g (S5
ool A opiomen g 2yl g3g (gloanis” cdb o)l
[19] cows

LN(A) o905 muy b glygl (551 & JSs 4 409 L
5 ke lipe cusd (9398 05 551 o
oo 4 Cams oal 0/03 LaBL L o dsle gl
1 Jgss o ol polie &S conl aidl ialS Lalb sl
o Bl 39580 b gy opluly ccusl 0s b)lE
dgeke Y CoaS doed )3 g NS e 395 ) (s
d Jotn ) Wgid o T35 sk sl jlisle 4 g adly
Sy o9 061 Lol e ailo lp IS ol polie
052 Yoo 0/03 clale L ool 4 oVl e ile
polie aS) @ dasgi by Cuwl ol )15 <y g,
S plple wies 065 sae 4 Sodp ond )8

.)9.«%59 4».9; )JGJ 3 LDAJW LSI)“ Wu

ool 40Vl g pals il o gyl 5551 a1 Jgaa

GiP w556 6

(V) gLyl (m) 135 (ev) hea
ogss O 318 s il
(waditans)
i .
s s 4ol oo il
(sitane) (,¥560/03) oy

(XRD) (5,5 b crlalllas

r r\ 1B ey II \L
1‘I x v | !
5 [ e [
_,——'—_'-r/ll e -';II
s e ] il ™ n H
__ AV
I E |
/
o A

JM.L» ume dl)f hv o> (ahV)2 ul)‘.uu )l.}}oj 3 ‘JSM
dilio (gl dalé | yal 4 010 Y] 5 Lalls

ool Gl g s conl (lago balps clls ages oyl

5 wmd e il ey oSl 1S @ ) g)le B

Ly e byldle (LAl oS 85 ans g
35100

5 oAl e il (5 BBl 4 JSS

e s 1, 0/03 5 0/02 001 st b oo sl

20  CuSei0d7) ]
—— Fa.01) doped CuSel0L07) I.l\-"‘l,‘.
1084 Fe(0.02) doped CuSel0.07) f
= P03 ) doped Cusa 00T) |

o

1 N
'

CA®ELVY

EleV
il o NV G (@NV) 2 i dunlie 4 JSUS

ool & oa ¥l 5 Lalls

L oS oS o otalin 4 9 3 o S5 & a5 L

OialS e il (6551 BB oal alBL cdale ol
oS Ay palBl clale b (g5 B calply b o
23yl

Ebgl 831 s

Cawd 4 ok )3 ()9 ol adlhe Bk 5l Elygl 6551
ad sl jd gl g BKs A Sop s &S Wl



56 sl e 6 sloaY k5L 5 (Sl Lolss g ol ol 11 5 g

5 oA Al o (Gl o I FESEM gl . 7 S5
glite sla g8 )30 50 ol 4 oaw YT wiles s (0

9 CU yolic 34 00 odnlin 8 S5 5 a8 jgb lon
2939 & Cuond j FE 5 Se LCU yolie 5l S5, Se
) e dihor S36 oY 5 ol paie jeas a5 15l

p )
4 WIN w
b iw
- =
i
] B M
) v
- Fed
-J_._P‘I-.o-il.'_l L = ':_u
LI L L L LR B L
3 F] q L L] il
- R om
T :;
Fa
B
- B
= |_'_'] H
ENCEW R BE 6B E
v 3 i [ " [

paie LTl onel candt clasuie g cal .8 JSWS
CuSe (o ¢ alls CuSe (wll 3L laayY (ol EDX
ol 4 oag Yl

oao¥] 5 palls tilo s S sl (o lile olys
S 48] il dlowg 4 Y0 0/03 clale L ol o
a4 bgyye XRD! o801 B S5 505 (6,501
1y 3¥ge 0103 clale U ol @ 0uu¥T 5 palls e aiko
2 e ool A8 S5 XRD ol s s e (LS
Sibo o sy (gly 26/934 cisdge 1> (111) amiw
oo 250 (6ol Hlnle @ a5 05d 0 odmlin Abdslllas
53 s ceb ol cdale gl el o5l ik
(26/750 & 26/934 ) cusl oas 26/934 cusdse
S S 3,03 dgng 5 (022) amin > Al S uimen
a 4705 jl ab cusBge o i cel ol clile

ol o 441600

Te0s) daped Cutc
Fare s

WO -
0 - ‘
10y -

:r.:-"i 'ﬂ i .,'_’"__""‘_""II'W e

Tnlensilyia 1]

T T T
I = Ly 1 B Y By Hh

oYl 5 LAl sl e SiU oY XRD 45516 S5
Voo 0/03 clals | 4]

Ly (oo (owlidcdy ) (ow)
sbayY JJEDX® § FESEM? _sxhaw 5JUT Lise ol o
33,5 g0 gyt 2] 4 02l g (Al s ails SSU
5 oAl ety () o 5| FESEM pyolas 7 S5
Iy Sglate (sla oledSy3 )3 ol @ 0an YT s ails (0
v LaBL lge 4 opl ond WLl b a8 wad o LS
SiPPre CuisS (IS psb 4ty a5 4 SOlo 4Y
ol 4Bl 2500 oalBU lgis 4 ol s | s
oAl e 3l S oY (g pate Libw 5 Ul
Sl latd g G & gl LalBb L
5 oy dilise Ll 5 EDX bs, 5l edlizel b wloss

! 0l d,&)lxl

1 X-Ray Diffraction
2 Field Emission Scanning Electron Microscopy
3 Energy Dispersive X-Ray Spectroscopy



57 (58-51) 1403 )lusls <o jla 0)lowd pouind oo «Kig iSUlgial ol dalibind

3 ol 50,5 lal s 4 el ol &S 0b e sanlie
el BS  b gy YDl plply ‘el CuSe

B 4 425 9500 by 8l IS L e
o ey w45l g |y Elysl (65l ool Camrey
938 b a8 ey e LS lawyp Dged astie gl
adly Rl gpRada b & oY Cla e LQIBL
5 sl il BB il sums olis el ol o cul
JH.L» e J)L\ dl.mdu\f u.sbL»)AM pu.mLa UJ] » 09)'1.&

&bo

[1] R. Mane and C. Lokhande, "Chemical
deposition method for metal chalcogenide thin
films," Materials Chemistry and physics, vol. 65,
no. 1, pp. 1-31, 2000.S. H. Tan, B. I. Erkmen, V.
Giovannetti, S. Guha, S. Lloyd, L. Maccone, S.
Pirandola, J. H. Shapiro, Quantum illumination
with Gaussian states, Phys. Rev. Lett. 101, 253601
(2008).

[2] L. Sun et al., "Ultrahigh discharge
efficiency and improved energy density in
rationally designed bilayer polyetherimide-BaTiO
3/P (VDF-HFP) composites," Journal of Materials
Chemistry A, vol. 8, no. 11, pp. 5750-5757, 2020S.

[3] X.-T. Yin, J. Li, D. Dastan, W.-D. Zhou,
H. Garmestani, and F. M. Alamgir, "Ultra-high
selectivity of H2 over CO with a pn nanojunction
based gas sensors and its mechanism," Sensors and
Actuators B: Chemical, vol. 319, p. 128330, 2020

[4] L. Tao et al., "CO2 capture and separation
on charge-modulated calcite,” Applied Surface
Science, vol. 530, p. 147265, 2020.

[5] A. Hermann and L. Fabick, "Research on
polycrystalline thin-film photovoltaic devices,"
Journal of Crystal Growth, vol. 61, no. 3, pp. 658-
664, 1983.

[6] Capper, Peter, Arthur Willoughby, and
Safa O. Kasap. Optical properties of materials and
their applications. John Wiley & Sons, 2020.

[7] Burda, Clemens, et al. "Chemistry and
properties  of  nanocrystals  of  different
shapes." Chemical reviews 105.4 (2005): 1025-
1102.

[8] Tauc, J., and A. Menth. "States in the
gap." Journal of non-crystalline solids 8 (1972):
569-585.

[9] N. Ghobadi, S. Chobin, S. Rezaee, and R.
Shakoury, "Tuning the optical and photocatalytic
features of copper selenide prepared by chemical
solution deposition method," Surfaces and
Interfaces, vol. 21, p. 100706, 2020.

S 5 Aol
5 002 0/01 glacdale b ool 4 ois 01,¥i CuSe

ks 590 Claal Sl IS wubais (gly Wlgi o Joe 0/03
BIogwy ey 4 opl )8 alsl S S8 b o

by 5l e 4 ggyhe g o3k sl (oot Joloxo
&S amd o L okl Cundd @l cwl Koy cole
O ()35 gy uld (o p 00d Singd ool sl oyse
) JUsl JyuS > A ool o A8 o0 Wl ) ere
T35y 4 (FeSe) w56 bl 5 S5, judd (5 yiopeS s
ladiges 5 Syl > (oSt IS 93 canl otliio Ll5

[10] A. Haufe, R. Schwabe, H. Feiseler, and M.
Illegems, "The luminescence lineshape of highly
doped direct-gap Il1-V compounds,” Journal of
Physics C: Solid State Physics, vol. 21, no. 15, p.
2951, 1988.

[11] B. Poornaprakash, U. Chalapathi, and S. P.
Vattikuti, "Compositional, morphological,
structural, microstructural, optical, and magnetic
properties of Fe, Co, and Ni doped ZnS
nanoparticles,” Applied Physics A, vol. 123, pp. 1-
10, 2017.

[12] Montes-Monsalve, J. I., R. Bernal Correa,
and A. Pulzara Mora. "Optical and structural study
of CuSe and CuSe/in thin films." Journal of
Physics: Conference Series. Vol. 480. No. 1. IOP
Publishing, 2014.

[13] Dutta, Amit Kumar, et al. "Synthesis of
FeS and FeSe nanoparticles from a single source
precursor: a study of their photocatalytic activity,
peroxidase-like behavior, and electrochemical
sensing of H202." ACS applied materials &
interfaces 4.4 (2012): 1919-1927.

[14] Mohamed, S. H. "Photocatalytic, optical
and electrical properties of copper-doped zinc
sulfide thin films." Journal of physics D: applied
physics 43.3 (2010): 035406.

[15] Poongodi, G., et al. "Studies on visible
light photocatalytic and antibacterial activities of
nanostructured cobalt doped ZnO thin films
prepared by sol—gel spin coating
method." Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy 148 (2015): 237-
243.

[16] Chen, A. J., et al. "Structure and
photoluminescence properties of Fe-doped ZnO
thin  films." Journal of Physics D: Applied
Physics 39.22 (2006): 4762.

[17] Dutta, Amit Kumar, et al. "Synthesis of
FeS and FeSe nanoparticles from a single source
precursor: a study of their photocatalytic activity,



58 sl e 6 sloaY k5L 5 (Sl Lolss g ol ol 11 5 g

peroxidase-like behavior, and electrochemical electrical properties of CdSe thin films." Journal of
sensing of H202." ACS applied materials & Alloys and Compounds 622 (2015): 953-959.
interfaces 4.4 (2012): 1919-1927. [19] Kranjc¢ec, Mladen, I. P. Studenyak, and M.
[18] Kaur, Jagdish, and S. K. Tripathi. "Pb V. Kurik. "On the Urbach rule in non-crystalline
dopant induced changes in structural, optical and solids." Journal of Non-Crystalline Solids 355.1

(2009): 54-57.



