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PREPARATION AND OPTICAL PROPERTIES OF ZnSe:Co FILMS 

ZnSe:Co films were obtained by vacuum deposition. Optical density spectra in the region of 

4-0.38eV are investigated. It is established, that in ZnSe:Co films, as compared to ZnSe films, the 
absorption edge is displaced to the lower energy region. The analogy of ZnSe:Co films and crystals 
optical absorption spectra is established. The investigated lines of ZnSe:Co films absorption are caused 
by electronic optical transitions from Co2+ ion basic condition level 4À2(F) on the excited states 4T1(P), 

4T1(F) and 
4T2(F) levels splitted with spin-orbit interaction.

1. INTRODUCTION

ZnSe is the perspective material for fabrication 
of injection electroluminescent structures and lasers 
which emit in blue spectral region. The possibility of 
this material use for creation of emission structures in 
the infra-red (IR) spectral region is shown last years. 
Doping of ZnSe with transition elements (Fe, Ni, Co, 
Cr) is carried out for this purpose. We suggest also a 
method of Co diffusion doping of ZnSe single crystals 
and their optical properties are investigated [1,2].

However, for fabrication of IR-region emitting 
structures, the film structures are most appropriate. 
The purpose of this study is to develope the technol-
ogy of ZnSe:Co films preparation and to investigate 
their optical properties.

2. EXPERIMENTAL

ZnSe:Co films were obtained by vacuum deposi-
tion on quartz substrates. Crushed ZnSe:Co crys-
tals with known cobalt concentration were used as a 
source. Technology of ZnSe:Co crystals preparation 
is described in [1]. The source temperature was no less 
than 1600°Ñ during evaporation. At lower tempera-
tures there was no evaporation of Co atoms and the 
undoped ZnSe films was obtained. The films thick-
ness was in the range 5-10mkm. Obtained films had a 
dark grey color.

With the purpose of Co impurity activation and 
structure crystallization, obtained films were annealed 
in He and Ar atmosphere. Use of inert atmosphere 
hindered the films sublimation. The optimum anneal-
ing temperature was 650°Ñ and duration of 5 hours 
was chosen. The lower annealing temperature hasn’t 
led to impurity activation and film structure crystal-
lization. Intensive films sublimation at higher tem-
peratures was registered. After annealing the ZnSe:Co 
films became dark-brown. Such color was caused by 
the initial ZnSe:Co crystals. Estimation of the highest 
cobalt concentration was determined by comparison 
of optical absorption spectra with present data [1]. 
The highest concentration of cobalt in the obtained 
films is estimated as 1018cm-3.

For comparison, the undoped ZnSe films were 
obtained by similar method. As a source the undoped 
ZnSe crystals were used in this case. 

The spectra of optical density were measured by 
the SF-46 diffraction spectrophotometer working 
within the range 4.1-1.0 eV, and MDR-6 monochro-
mator with diffraction grating of 600 and 325 grooves/
mm. The first of devices was used to analyze absorp-
tion spectra within energy range 1.2-0.6eV (middle-1 
IR-region), and the second – in an interval 0.6-0.4eV 
(middle-2 IR-region). As the recorder of light inten-
sity in middle IR-region PbS photoresistor was used 
working in the mode of alternating current recording. 
The optical density spectra were measured at 77 and 
293K.

The obtained results of ZnSe:Co films optical den-
sity measurements were compared to the results ob-
tained for the ZnSe:Co crystals, which were used as a 
source for films deposition.

3. DISCUSSION

Optical-density spectra of  ZnSe:Co films

The optical density spectra of ZnSe:Co and 
ZnSe films in the absorption edge region are inves-
tigated. The absorption spectra of undoped ZnSe 
films are characterized by absorption edge on 2.66eV 
at Ò=300Ê. Doping with cobalt results in the shift 
of absorption edge to the lower energy region. This 
shift is enlarged by cobalt concentration increase. A 
similar shift is observed in the ZnSe:Co crystals. The 
reason of absorption edge displacement in the lower 
energy region most, probably caused, by formation of 
Zn1-xCoxSe solid solution.

It is established that at temperature decrease to 
77K the absorption edge of the investigated films is 
displaced to the larger energies region by 0.11eV. The 
magnitude of this shift corresponds to a temperature-
induced variation of the ZnSe band gap.

In the near-IR spectrum of the ZnSe:Co films 
the broad absorption band at 1.65eV appears (Fig. 1,  
curve  1). After annealing in He and Ar atmosphere 
the sharp series of optical absorption lines at 1.64, 
1.71 and 1.78eV (Fig. 1, curve 2) appear. A similar 
lines were observed before in ZnSe:Co crystals (Fig. 
1, curve 3). They are caused by electrons transitions 
from 4À2(F) basic state to splitted levels of 4Ò1(Ð) excit-
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series after annealing could be explained by cobalt 
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diffusion in zinc sublattice that is confirmed by color 
films change. 

In middle-IR region the characteristic absorption 
in two ranges was observed. In higher energy region 
ZnSå:Co films spectra were characterized by two rela-
tively broad lines at 0.83 and 0.76 eV (Fig. 1, curve 1). 
The position of these absorption lines did not change 
with film temperature. After annealing in He and Ar 
atmosphere these lines as absorption lines in near-
IR region become sharper (Fig. 1, curve 2). Similar 
absorption lines were observed in ZnSe:Co crystals 
(Fig. 1, curve 3). In accordance with [3], the absorp-

tion line at 0.76eV corresponds to intracenter transi-
tion from the basic state 4À2(F) to the excited 4T1(F) 

state splitted by spin-orbital interaction. The presence 
of line at 0.83eV is caused by splitting of excited state 
level due to spin-orbital interaction. 

In the lower energy range of middle-IR region in 
the optical absorption spectra of ZnSå:Co films, like 
the absorption spectra of ZnSe:Co crystals there is the 
resonance absorption line at 0.43eV (Fig. 1). In ac-
cordance with [3], this line is caused by the transitions 
4À2(F)!4T2(F) between basic 4À2(F) and the nearest 
excited state 4T1(F).

Fig. 1. Absorption spectra of ZnSå:Co films (1), (2) and crystals (3). Ò=77Ê. (Explanation in the text)

It should be noted that in undoped ZnSe films nei-
ther before nor after annealing in He and Ar atmo-
sphere the analogous features of the absorption spec-
tra in IR-region was not observed.

4. CONCLUSION

The studies carried out allow us to conclude the 
following:

1. The method of ZnSe:Co films preparation has 
been developed. The highest cobalt concentration in 
the obtained films is estimated as 1018ñm-3.

2. It is established that films annealing in He and 
Ar atmosphere results in the arrangement of films 
crystalline structure and effective embuilding of co-
balt atoms in to zinc sublattice. 

3. It is shown that observed ZnSe:Co films absorp-
tion lines are caused by electrons optical transitions 

from Co2+ ion basic state 4À2(F) level to the excited 
states 4T1(P), 4T1(F) and 4T2(F) levels splitted by spin-
orbital interaction. 

4. The present work showed indicate the absence 
substantial distinctions in the optical absorption spec-
tra of films and crystals ZnSe:Co, what allows to use 
these films for IR spectral region structures creation.
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ÏÎËÓ×ÅÍÈÅ È ÎÏÒÈ×ÅÑÊÈÅ ÑÂÎÉÑÒÂÀ ÏËÅÍÎÊ ZnSe:Co

Ïëåíêè ZnSe:Co áûëè ïîëó÷åíû ïóòåì òåðìè÷åñêîãî íàïûëåíèÿ â âàêóóìå. Èññëåäîâàíû ñïåêòðû îïòè÷åñêîé ïëîòíîñ-
òè â îáëàñòè 4-0.38ýÂ. Óñòàíîâëåíî, ÷òî â ïëåíêàõ ZnSe:Co, ïî ñðàâíåíèþ ñ ïëåíêàìè ZnSe, êðàé ïîãëîùåíèÿ ñìåùàåòñÿ 
â íèçêîýíåðãåòè÷åñêóþ îáëàñòü. Óñòàíîâëåíà àíàëîãèÿ ñïåêòðîâ îïòè÷åñêîãî ïîãëîùåíèÿ ïëåíîê è êðèñòàëëîâ ZnSe:Co. 
Èññëåäóåìûå ëèíèè ïîãëîùåíèÿ â ïëåíêàõ ZnSe:Co îáúÿñíÿþòñÿ îïòè÷åñêèìè ïåðåõîäàìè ýëåêòðîíîâ ñ óðîâíÿ îñíîâíîãî 
ñîñòîÿíèÿ 4À2(F) èîíà Co2+ íà ðàñùåïëåííûå ñïèí-îðáèòàëüíûì âçàèìîäåéñòâèåì óðîâíè âîçáóæäåííûõ ñîñòîÿíèé 4T1(P), 
4T1(F) è 4T2(F).
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ÎÒÐÈÌÀÍÍß ² ÎÏÒÈ×Í² ÂËÀÑÒÈÂÎÑÒ² ÏË²ÂÎÊ ZnSe:Co

Ïë³âêè ZnSe:Co áóëè îòðèìàí³ øëÿõîì òåðì³÷íîãî íàïèëåííÿ â âàêóóì³. Äîñë³äæåí³ ñïåêòðè îïòè÷íî¿ ãóñòèíè â îáëàñò³ 4-
0.38åÂ. Âñòàíîâëåíî, ùî â ïë³âêàõ ZnSe:Co, â ïîð³âíÿíí³ ç ïë³âêàìè ZnSe, êðàé ïîãëèíàííÿ çì³ùóºòüñÿ â íèçüêîåíåðãåòè÷íó 
îáëàñòü. Âñòàíîâëåíà àíàëîã³ÿ ñïåêòð³â îïòè÷íîãî ïîãëèíàííÿ ïë³âîê ³ êðèñòàë³â ZnSe:Co. Äîñë³äæåí³ ë³í³¿ ïîãëèíàííÿ 
ïë³âîê ZnSå:Co ïîÿñíþþòüñÿ îïòè÷íèìè ïåðåõîäàìè åëåêòðîí³â ç ð³âíÿ îñíîâíîãî ñòàíó 4À2(F) ³îíà Co2+ íà ðîçùåïëåí³ 
ñï³í-îðá³òàëüíîþ âçàºìîä³ºþ ð³âí³ çáóäæåíèõ ñòàí³â 4T1(P), 4T1(F) è 4T2(F).


