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Abstract.  The energy and spectral-temporal characteristics of a 
Fe : ZnSe laser operating in pulsed and repetitively pulsed regimes 
are studied at room temperature of the polycrystalline active ele-
ment. The crystal was pumped by a nonchain electric-discharge HF 
laser. The energy of the Fe : ZnSe laser in a single-pulse regime was 
1.67 J at the slope efficiency with respect to the absorbed and inci-
dent energy of ~43  % and ~27 %, respectively. In a repetitively 
pulsed regime with a pulse repetition rate of 20 Hz and an efficiency 
with respect to the absorbed power of ~40 %, the average laser 
power was ~20 W with an individual pulse energy of ~1 J. The 
possibility of increasing the average power of the repetitively pulsed 
Fe : ZnSe laser at room temperature is discussed.

Keywords: Fe : ZnSe laser, polycrystal, room temperature, repeti-
tively pulsed regime, electric-discharge HF laser, average output 
power.

1. Introduction

The lasers based on zinc selenide crystals doped with diva-
lent iron ions (Fe : ZnSe) have been extensively studied for 
more than fifteen years  [1 – 25]. The efforts of researchers 
are  focused  mainly  on  increasing  the  pulse  and  average 
output powers, which is explained by a wide field of possi-
ble applications of Fe : ZnSe lasers for molecular spectros-
copy, physical experiments at high radiation flux densities, 
environment  monitoring,  medicine,  etc.  [6, 7, 17, 24].  The 
crystals are pumped by three-micron lasers. At present, the 
highest energies and average powers of Fe : ZnSe lasers are 
achieved  at  active  element  temperatures  close  to  liquid 
nitrogen temperature. A pulse energy of 10.6 J was achieved 
in [22], and an average power of a repetitively pulsed laser 
reported  in  [21]  was  35  W  at  a  pulse  repetition  rate  of 
100  Hz. The crystals in [21, 22] were pumped by free-run-
ning Er : YAG lasers. 

Most attractive for practical applications is the possibility 
of laser operation at room temperature or at slight cooling of 
the  laser element. Due to the relatively short  lifetime of  the 
upper  laser  level  in  the Fe : ZnSe  crystal  (~360  ns  at  room 
temperature  [25]),  these  crystals  must  be  pumped  by  short 
pulses [7, 25]. Ideal pump sources in this case, which, in the 
complete set of parameters, have no competitors in the three-
micron wavelength region, are pulsed and repetitively pulsed 
electric discharge HF(DF) lasers [12, 26 – 29]. The excitation 
by HF  lasers made  it possible  to obtain  the highest known 
pulse energies and average powers of Fe : ZnSe lasers at room 
temperature. The laser energy was 1.43 J at an efficiency of 
48 % with respect to the energy absorbed in the crystal  [23]. 
Operation of a Fe : ZnSe laser excited by a repetitively pulsed 
HF  laser was  demonstrated  in  [11,  12]. The  average  power 
achieved  [12] was 2.4 W with an  individual pulse  energy of 
14 mJ.

The pulse repetition rate in [11, 12] reached 200 Hz. For 
some applications, it is also of interest to have Fe : ZnSe lasers 
operating at lower (10 – 20 Hz) pulse repetition rates but with 
an  individual pulse  energy of ~1 J. These pulse  energies at 
room temperature are achieved in single-crystalline and poly-
crystalline  active  elements with  large  transverse  dimensions 
[16, 23], and the needed pump parameters in the repetitively 
pulsed regime can be easily provided by high-power HF lasers 
described in [27, 28]. Therefore, the aim of the present work is 
to  study  the  possibility  of  achieving  a  high  average  output 
power of a Fe : ZnSe laser with a high individual pulse energy 
under  excitation  by  a  repetitively  pulsed HF  laser  at  room 
temperature.

2. Experimental setup

The polycrystalline Fe : ZnSe active element had the form of a 
disk 64 mm in diameter and 4 mm thick. The technology of its 
fabrication did not differ from the technology of fabrication 
of active elements with large transverse dimensions which was 
considered in detail in [23]. From a polycrystalline ZnSe plate 
preliminarily  grown  by  the  chemical  vapour  deposition 
method described in [30], we cut a disk and coated its plane 
polished faces with thin (~1 mm) iron films by electron-beam 
evaporation. Doping  of  the  crystal with  iron  ions was  per-
formed in the process of its high-temperature gas-static treat-
ment in an argon atmosphere at a pressure of 100 MPa and a 
temperature of 1270 °C for 126 h. To decrease pollution with 
the  equipment  material  and  reduce  the  sublimation  mass 
transfer  rate,  the  gas-static  treatment  was  performed  in  a 
high-purity carbon container. The processes occurring upon 
the high-temperature gas-static treatment of zinc chalcogen-
ide crystals were analysed in detail in [31]. After doping, the 
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crystal was polished  so  that  the angle between  the polished 
surfaces did not exceed 30''. According to the results of [23], in 
which two-size doping of samples with a large transverse size 
was also performed  in  the process of hot  isostatic pressing, 
the  concentration of  iron  ions on  the  surface of  the  crystal 
used  in  the  present  paper  can  be  estimated  to  be  (7 – 9)´ 
1018 cm–3 at a doping depth of ~1.5 mm (at a  level of 0.1). 
This estimate takes into account the time for which the sam-
ple was exposed to the gas-static treatment. The diameter of 
the active element allows it to operate with large pump beam 
spots on the surface (i.e., at high pump energies) without risk 
of parasitic generation  [23, 32]. It was found  in preliminary 
experiments that parasitic generation does not develop in the 
above-described sample used as an active element if the pump 
spot size on the surface does not exceed 16 mm.

The scheme of the experimental setup is shown in Fig. 1. 
The Fe : ZnSe laser cavity 120 mm in length was formed by a 
copper concave mirror M1 with a curvature radius of 1 m and 
a plane output mirror M2 with a reflection coefficient of 60 % 
within the wavelength range l = 3.9 – 4.8 mm. The active ele-
ment was excited by a nonchain electric discharge HF laser 
described in [28]. A beam of this laser was attenuated by a set 
of  light  filters, confined by an aperture 80 mm in diameter, 
and focused on the active element surface by a spherical lens 
L with a focal length of 1 m into an elliptical spot with axes 
a ́  b = 14 ́  16 mm (90 % of the energy incident on the surface). 
The angle of incidence of the pump beam on the crystal sur-
face was ~20°. The crystal was placed so that one of its pol-
ished faces was perpendicular to the optical axis of the cavity. 
The energies of the HF laser radiation incident on the sample 

and passed through  it, as well as  the Fe : ZnSe  laser energy, 
were  measured  by  calorimeters  C1 – C3  with  J-50MB-HE 
pyroelectric  sensors  (COHERENT).  The  shapes  of  the 
Fe : ZnSe and HF laser pulses were controlled by photodetec-
tors PD1 and PD2 (Vigo-system Ltd.) with a time resolution 
of ~1 ns. The photodetectors recorded the radiation scattered 
by  the  receiving  plates  of  corresponding  calorimeters.  The 
Fe : ZnSe  laser  spectra  were  measured  using  an  MS  2004 
(SOLAR TII) monochromator . At the exit from the mono-
chromator,  we  placed  an  HPL-256-500  pyroelectric  array 
(Heimann Sensor) consisting of 256 elements at the receiving 
part length of 12.8 mm.

3. Experimental results and discussion

3.1. Single-pulse regime

Figure 2 presents the dependence of the Fe : ZnSe laser energy 
on the pump energy incident on the crystal, which was mea-
sured in the single-pulse regime of the HF laser. The transmis-
sion coefficient of the crystal at pump wavelengths under the 
conditions of the Fe : ZnSe operation at the HF laser energy 
exceeding  1.8  J  (the  energy  density  incident  on  the  crystal 
exceeding 1 J cm–2) was ~19 %. One can see  that  the maxi-
mum laser energy reaches 1.67 J. The efficiencies with respect 
to the incident and absorbed pump energies were 27 and 43 %, 
respectively. The achieved laser energy (1.67 J) is higher than 
the maximum energy  (1.43 J) achieved previously  in  [23] at 
room  temperature  for  active  elements with  large  transverse 
dimensions. However, the experiments reported in the present 
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Figure 1. Experimental scheme: (F) set of light filters; (A) aperture 80 mm in diameter; (L) lens; (BS1 – BS4) CaF2 beam splitting wedges; (C1 – C3) 
calorimeters; (AE) active element (Fe : ZnSe crystal); (M1, M2) mirrors of the Fe : ZnSe laser cavity; (M) monochromator with a pyroelectric array 
at the exit.
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paper showed the appearance of noticeable damages on the 
output  surface  of  the  crystal  after  several  (five  and  more) 
pump  pulses  with  an  energy  exceeding  4.5  J.  The  surface 
breakdown  occurred  only  in  the  presence  of  the  Fe : ZnSe 
laser generation. When the cavity was blocked by a nontrans-
parent  screen,  the  surface  showed  no  damages  even  at  the 
maximum used pump energy of 6.2 J  (pump energy density 
~3.5 J cm–2).

Figure 3 shows the Fe : ZnSe and HF laser pulses recorded 
in the case of single-pulse pumping at an incident energy of 
~4 J. One can see that the FWHM of the HF laser pulse is 
~210 nm. The Fe : ZnSe  laser pulse has a  short high-power 
front  peak  typical  for  the  conditions  of  high  pump  energy 
densities  [18]. The shapes of pulses were well  reproduced  in 
the repetitively pulsed regime.

Figure 4 shows the Fe : ZnSe laser spectrum averaged over 
10 pulses.  It  is  seen  that  the  laser  emits  at wavelengths l > 
4300 nm. At wavelengths l < 4200 nm, lasing is almost indis-
tinguishable (on the figure scale). To study the spectral-tem-
poral characteristics of the laser in this region, we had to use 
a  highly  sensitive  photodetector  behind  the  exit  slit  of  the 

monochromator. The same situation was observed previously 
in [11], in which the Fe : ZnSe laser spectra were recorded by a 
pyroelectric array. The oscillograms of laser pulses recorded 
using a photodetector at different wavelengths (by a photode-
tector PD2 placed behind the exit slit of the monochromator) 
also confirmed the wavelength dependence of the pulse shape 
revealed  previously  in  [11].  The  pulse  in  the  region  of  l  < 
4200 nm has a shape of a sharp peak with an FWHM of ~7 ns 
and  a  low  total  energy,  because  of  which  it  is  difficult  to 
observe  by  pyroelectric  detectors.  At  wavelengths  l  H 
4350 nm, the peak is accompanied by a tail, whose duration 
and  amplitude  increase  with  increasing  wavelength  with 
respect to the peak.

Figure  5  presents  a  photograph  of  the  Fe : ZnSe  laser 
beam spot obtained on thermal paper placed at a distance of 
30 cm from the output cavity mirror. Like the pump beam, 
the  laser beam has an elliptical cross section. One can see a 
noticeable inhomogeneity in the laser energy density distribu-
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Figure 2. Dependence of the Fe : ZnSe laser energy on the pump energy 
incident on the crystal.
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dent on the crystal is 4 J.

4100 4200 4300 4400 4500 4600
0

5

10

15

E
n

er
gy

 d
en

si
ty

 (
ar

b
. u

n
it

s)

Wavelength/nm

Figure 4. Spectrum of the Fe : ZnSe laser (averaged over 10 pulses). The 
pump energy incident on the crystal is 4 J.
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tion over the spot. It is obvious that, to achieve beams with a 
higher quality at large pump spots (disk laser geometry), one 
should develop special unstable cavities.

3.2. Repetitively pulsed regime of the Fe : ZnSe laser

The  characteristics  of  the  Fe : ZnSe  laser  in  the  repetitively 
pulsed regime were studied at a pulse pump energy no higher 
than 4.2 J in order to prevent breakdown of the active element 
surface. The HF  laser  operated  in  short  series  (1 – 2  s)  at  a 
pulse  repetition  rate of 10 – 20 Hz. Figure 6  shows  the  time 
dependences of  the HF laser energy  incident on the crystal, 
the energy passed through the crystal, and the Fe : ZnSe laser 
energy at a pulse repetition rate of 20 Hz (series duration 1 s). 
Figure 7 presents  the  time dependence of  the Fe : ZnSe  lase 
efficiency with respect  to the energy absorbed  in the crystal 
under the same conditions. As is seen from Figs 6 and 7, the 
Fe : ZnSe  laser pulse energy  is  close  to 1 J during  the entire 
series, the average Fe : ZnSe laser power in a series is ~20 W 
at efficiencies with respect to the incident and absorbed power 
of ~25 % and ~40 %, respectively.

The average laser power at a pulse repetition rate of 10 Hz 
was ~10 W with the same efficiencies. Further increase in the 
average  power  of  the  Fe : ZnSe  laser  can  be  achieved  by 
increasing  the  pulse  repetition  rate.  The  large  transverse 
dimensions of  the polycrystals  doped with  iron  ions by  the 
technology described in [23] allow one to use the method of 
rotating active disk element (see, for example, [21] and refer-
ences therein) in order to decrease the influence of the crystal 
overheating  on  the  laser  characteristics  in  the  case  of  an 
increased pulse repetition rate. Using this method, the authors 
of [21] achieved a record average power of a Cr : ZnSe laser at 
room temperature. The same method can obviously be used 
in the case of a Fe : ZnSe laser based on polycrystals with large 
diameters.

4. Conclusions

Thus, we have demonstrated the possibility of achieving a high 
average power of a Fe : ZnSe laser with a high individual pulse 
energy at room temperature of the active element. As far as we 
know,  the  obtained  average  power  of  20  W  is  the  highest 
achieved to date for lasers operating in the spectral range l = 
4 – 5 mm at room temperature. Further increase in the average 
power can be achieved by increasing the pulse repetition rate 
and using the method of rotating active disk element.
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crystal, (▲) the Fe : ZnSe laser energy, and (●) the pump energy passed 
through the crystal at a pulse repetition rate of 20 Hz.
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to  the absorbed energy  in a pulse  series with a duration of 1  s; pulse 
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