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Abstract

Zinc selenide is an excellent matrix material to dope with rare-earth and transition metal to achieve mid-infrared luminescence to develop high power lasers. The luminescence, morphology and refractive index is significantly affected by the doping and defects generated due to size and valency of dopants, concentration, growth process and convection during the growth.  The aim of the study is to investigate effect of point and line defects generated due to low doping of iron and chromium on the emission and morphology of the zinc selenide. Luminescence and morphological properties of large iron and chromium doped zinc selenide single crystals were studied to evaluate the effect of extremely low residual impurities and defects associated with the doping process. The emission properties following both short wavelength (i.e., ultraviolet; 350 – 370 nm) excitation and longer wavelength (i.e., near infrared; 850 – 870 nm) excitation were characterized. Luminescence emission bands were identified in both doped crystals. In addition to the primary emission bands, satellite peaks and intra-center transitions were also observed. Due to local population defects associated with the residual impurities (ppm to ppb) in the Fe-ZnSe and Cr-ZnSe crystals, peak emission wavelengths were observed to shift. Raman studies using 266 and 532 – nm excitation revealed different positions of longitudinal and transverse peaks for Fe-ZnSe and Cr-ZnSe crystals, associated with different levels of defects due to the different ion sizes. The emission bands were found to decrease in intensity due to recombination of residual impurity co-dopants and complex defects generated during growth and fabrication. Cryogenic temperature analyses revealed a very clean emission band due to freezing of some of the point and line defects. An emission band observed at 980 nm for both crystals at room temperature as well as cryogenic temperatures indicates a vibronic peak in ZnSe. The scanning electron microscopy (SEM) images of the local morphology support the conclusion that small crystallites in doped crystals are also present. 
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1. BACKGROUND
There is a strong need to replace the rare-earth elements currently used to dope bulk crystals while still achieving the desired emission characteristics for a variety of applications [1-3]. To this end, significant effort is being devoted to investigating the effect of transition metal dopants as potential replacement materials to rare earth doped crystals. Zinc selenide, an excellent bulk crystalline material for doping due to its wide optical transparency range, low absorption coefficient and its ability to readily generate large bulk crystals via physical vapor transport (PVT) methods, is an ideal test matrix for characterizing the potential of alternative transition metal dopants. However, convective forces generated during doped crystal growth are complex [3-5] and can significantly affect the crystal quality due to the roles of both thermal and solutal convection in the growth process. Furthermore, differences in the density, vapor pressure, expansion coefficients and thermal properties between the dopants and the ZnSe can result in diffusive convection known as thermal or double diffusive convection. The resulting point, line and other growth defects associated with these uncontrolled convection phenomena then govern the stacking of atomic layers and in turn the electrical and optical properties of the material [7-21]. Due to the well characterized electronic energy levels of iron (Fe), chromium (Cr), cobalt (Co), nickel (Ni), copper (Cu), vanadium (V), and manganese (Mn), chromium and other transition metal ions doped in PVT grown ZnSe crystals have been demonstrated [6-21] to be potentially attractive optical materials for lasing and other applications. However, since doping creates structural defects and complexity, the transition metal dopant (activator ion) must be employed in as small of a concentration as possible, which is often in contrast to the higher concentrations required to obtain the optimal optical properties. Furthermore, transition metal ions in materials such as chalcogenides exist in several charge states which tend to neutralize in the host materials, resulting in the presence of absorption bands below the fundamental edge and charge transfer between the valence band (or conduction band) and the transition metal ion impurities at these defect sites. This phenomenon, along with the lifetime of the resulting ions, has been described in detail previously [22-34]. The homogeneity and the defects, which have been studied by a variety of methods including SEM, TEM, X-ray diffraction, as well as optical and electrical characterization techniques, have demonstrated that the photoelectric effects of the resulting material are altered by the intrinsic defects in the crystals. This report describes the preparation and performance of low very level iron (Fe) and chromium (Cr) doped ZnSe crystals and the analysis of their morphology and spectroscopic studies.
  2. EXPERIMENTAL METHODS
 Pure and doped ZnSe crystals were grown in two-zone and three-zone furnaces by PVT methods [4-6]. Detailed optical characteristics of the pure crystals of ZnSe and ZnSe-ZnS have been reported previously [5,6,8]. 
2.1 Morphological analyses: Morphological analysis of the samples was performed using both optical microscopy and scanning electron microscopy (NOVA NANOSEM 450). Thin SEM samples were evaluated using 3-5 KeV energy electrons, whereas thicker samples we employed up to 20 KeV for data collection. 
2.2 Optical emission studies: Details of the optical emission measurement employed have been described in detail previously [5, 8, 15-16]. The emission spectra are strongly related to impurities and defect complexes. Because of this correlation, emission in the range from green to red spectral regions are affected by isolated intrinsic point defects associated with the low concentration dopants, vacancies of zinc, selenium [23-29], complexes formed and centers caused by low residual impurity elements [9, 30-35]. While most previous studies have been performed to understand mid-infrared bands, we used photoluminescence spectra to determine the bandgap and emission in the range of 350 - 400 nm and 850 - 870 nm to investigate the effects of the isolated ion-conduction band interactions and photoemission. An inhouse FS920 spectrofluorometer capable of measuring steady state luminescence spectra in the ultraviolet through the near infrared wavelength region was used for this study. 

  3. RESULTS AND DISCUSSION
Two crystal slabs were fabricated from the large Fe+2 and Cr+2 doped crystals grown by the by physical vapor transport (PVT) method in multi-zone furnace in earth- gravity conditions where the thermal and solutal (due to inherent low-level impurities) convections played an important role in controlling the crystal quality. The composition of the ZnSe doped crystals could be given as Zn1-xFexSe (shown in Fig. 1(a)), where x was 1.8 x 10-5 atomic % and Zn1-xCrxSe (shown in Fig. 2(a)) where x was 4.2 x 10-5 atomic %. The mass of both grown crystals was in the range of 20 – 22 g. The SIMS analysis showed copper (>1.7 ppm) and silicon (>2.1 ppm) impurities in the grown crystals. From these two crystals, cross-sectional slabs approximately 3 mm thick were cut and polished in each side for luminescence and reflection characterization. These Fe- and Cr-doped ZnSe slabs can seen in Fig. 1(b) and Fig 2(b) respectively. From these images, it can be seen that crystals are free from visible gross defects such as voids, bubbles and precipitates. X-ray diffraction patterns have been discussed in detail and published [3-5] previously. 
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Fig. 1
Fig, 1 - (a) Fe-ZnSe crystals grown by physical vapor transport method and (b) a slab fabricated in for the study.
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Fig. 2
Fig. 2 - (a) Cr-ZnSe crystals grown by physical vapor transport method and (b) crystal slab fabricated for the study.
Fe-ZnSe crystals: Using these polished crystal slabs, the luminescence properties of the Fe- and Cr-doped ZnSe crystals were characterized. In ZnSe crystals, it is well known that the luminescent bands are associated with transition metal dopants and results from transition metal electrons going into unfilled “d” shell of ZnSe and later returning to the transition metal ion. The 3dn and 4p electron wavefunctions are mixed [17] at asymmetric (non-centro symmetric) sites. This electron transition between crystal field energy levels generally results into IR emission.. The ionic radii of dopant Fe+2 and Fe+3 are 0.078nm and 0.063nm, respectively. The radius of dopant Fe+2+ is larger than that of Zn in ZnSe, which is 0.074nm, causing point defects and distortion affecting the lattices and overall quality of the crystals.  The case of chromium is slightly different since the radius of  Cr+2  is 0.087nm in coordinate octahedral and 0.094nm for high spin,  and 0.076nm for Cr+3 and 0.068nm for Cr+4 ions. To achieve high intensity luminescence higher concentration is desirable, however, higher concentration does cause defects and significant deterioration in crystal quality. To characterize the luminescent emission in this study with low dopant concentrations, emission measurements in each samples were obtained in both visible and near-infrared regions following excitations at several UV and near-IR wavelengths. A large number of studies have been performed [17-35] explaining the appearance of transitions in the II-VI materials using UV radiation. Lifetime and other characteristics have been published extensively [19-35], thus we will focus on emission peaks due to different excitation wavelengths. 
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Fig. 3 - (a) Luminescence spectra of Fe-ZnSe using 350, 360 and 370nm excitation  wavelength and a 380 nm filter, (b) luminescence spectra of the Fe-ZnSe slab using 850, 860 and 870 nm wavelength excitation and a 645nm filter, (small intensity peaks in the range of 1250 to 1350 are due to local defect populations), and (c) luminescence spectra of a different positions of the same Fe-doped ZnSe slab 850, 860 and 870nm wavelength excitation and a 645nm filter wavelength. It shows peaks at similar positions to that shown in Figure 3(b)

Fig. 3 (a-b) show the results for the Fe-doped ZnSe slab. As can be seen from Figure 3a (360 nm excited spectrum), the emission for this Fe doped ZnSe crystal was 428 nm (2.89 eV) indicating that the bandgap was higher than pure ZnSe (2.54 eV). In addition, the 420 – 430 nm emission band observed following excitation, has been described as the emission associated with an electronic transition from an exciton to native defects present in the crystal [35].  However, unlike previous studies of highly doped ZnSe crystals, the low dopant levels associated with this crystal result in a narrow band that is easily resolved from the other photoluminescent emission sites of different energies, thereby providing distinct identification of these transitions without the need for spectral deconvolution. Confirmation of the presence of isolated energy selected centers being associated with these luminescent transitions is revealed from the energy shifting of the 420-430nm and 675nm-690nm emission band after excitation with 360 and 370nm light. Since emissions all occur between energy selected states, they shift according to the excitation energy. In addition to probing the photoluminescent emission in the visible region of the electromagnetic spectrum, the near-infrared photoluminescence was also measured (Fig. 3b) following excitation at 850, 860 and 870nm.  In these studies, a 645 nm long pass filter was used to filter the excitation light prior to being absorbed by the sample to prevent any second order excitation of the sample via UV/visible light. Since the band observed around 990 nm not reported earlier, we had performed measurements for a doped crystal at cryogenic temperature were performed to ensure its presence.
  The band at 990 nm has been assigned to a d – d transition in Fe+2.  The shifting bands between 1200 – 1300nm are again characteristics of intra-center transitions and complex defects composed of zinc vacancy ions with the shifts in the peak maxima attributed to the excitation wavelengths employed and the different defect sites formed in the crystal. The weak emission bands are usually attributed to the emission of bound excitons, while the other transitions are related to the emission of Fe+2 and impurity-defect complexes [28] in MBE grown samples. Low intensity bands have been observed [5, 12, 28, 35] in pure and doped ZnSe at room temperature due to extremely low impurities and high temperature growth in quartz containers by physical vapor transport method, and some point defects due to convective transports. 
As the size of crystals increases, it is very important to understand how the segregation both radially and longitudinally, affects optical behavior. To investigate effect of segregation and surface variations in large single crystals, we characterized the near-infrared photoluminescence properties at several locations across the polished slab as well as obtained scanning electron microscope (SEM) images of the crystals. In the emission studies, 870nm excitation was employed along with the 645nm long-pass filter to reject any potential second order excitation. As before, the broadband emission between 925nm – 1000 nm as well as the two primary bands at 1280nm and 1310nm are present for each of the four different locations probed, with only the absolute intensity changing from location-to-location, suggesting that the defect and Fe ion replacement sites are at very low concentrations and non-homogenously dispersed across the crystal.  
[image: A close-up of a greyscale image

Description automatically generated]
Fig. 4 - (a) Morphology of Fe-ZnSe crystal using 10 KV and (b) morphology of crystal shows local concentration of line defects between the grains

The uniformity was evaluated by determining morphology using SEM images (Fig. 4a and 4b) The images shown are taken at 5kV at low and high magnification, respectively.  Fig. 4a shown at lower magnification line and point defects and formation of faceted shapes, in the 40 m x 60 m section imaged in Fig. 4a, multiple line defects in the single crystal can be seen and when magnified further (Fig. 4b), it is possible to see the multiple nucleation sites on a single grain of the crystal surface. Large grains of several micrometers are stacked up and show line defects. Small nuclei of extremely small size are visible on large grains.   These nuclei were faceted and filled the gap by a layered growth mechanism.

Cr-ZnSe Crystals;  Similar to the case of Fe-ZnSe, the Cr-ZnSe sample was also characterized for morphology and photoluminescent properties to understand the effect that isolated ion-induced defect sites have on its optical characteristics as compared to doped crystals with large dopant concentration. The photoluminescence emission characteristics of the Cr-ZnSe crystal slab was analyzed in both the ultraviolet/visible spectral region as well as the near-infrared, with specific  excitation wavelengths employed to determine the energy isolated transitions and the non-ion related emission transitions. The Cr-ZnSe crystal slab revealed excitation wavelength shifted emission bands and non-shifted bands with varying magnitudes depending on the excitation wavelength employed. Similar to that of Fe-ZnSe shown in Fig. 3, the most prominent bands and greatest photoluminescence intensity was observed following 370nm excitation.  From this 370nm excited spectrum, it can be seen that the Cr-ZnSe crystal also exhibits 420nm cutoff (2.95 eV), again indicating a higher bandgap than the pure crystal.  As in the Fe-doped sample, the observed transitions are due to native crystal defect sites. Similar to the previous Fe doped ZnSe measurements, the low concentration of Cr doped into the ZnSe crystal in this study (as compared to previous work [12-13, 19-21] with high dopant concentrations), the luminescent emission bands in this work are significantly narrower, making each band easy resolved from the others without the need for computational deconvolution of the contributing bands.  
In addition to probing the emission in the visible region of the electromagnetic spectrum, the near-infrared photoluminescence was also measured. When the Cr-ZnSe slab is excited with 850 nm light and the near-infrared photoluminescence spectrum is measured (Fig. 5a), a similar set of emissions are observed between 1200 – 1300nm. The broadband emission for Fe-ZnSe between 925-1125nm is present in Cr-ZnSe suggesting that Cr ions resulting in a radiative relaxation of the transition. Some investigators have observed double peaks (Fig. 5b and C) in copper zinc selenide. They attributed this to Se-2 (mono selenide) with double separation of 0.11 eV for the Cu2Se with Cu/Se molar ratio. This is very important since in both cases (Fe and Cr-doped ZnSe) we observed similar emission peaks approximately at 1.26 and 1.29 m emission energies. In the SIMS studies we observed >1.5 ppm copper in our both crystals. The slight difference in positions may be attributed to the point or line defects and combinations of all type of defects in crystals caused by impurities.



[image: ]
(a)


(b)


(c )
Fig. 5 - (a) Luminescence spectra of different positions in the Cr-ZnSe using 850, 860, 870 and 880 nm excitation wavelength and 380 nm emission filter, (b) luminescence for Cr-ZnSe crystal with 850 nm excitation wavelength and a 645 nm filter showing peak splitting between 1225 and 1295 nm, and (c) luminescence spectra at different positions in the Cr-ZnSe excited using 880 nm and a 645 nm wavelength filter. 
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We observed very high intensity emission in both Fe-ZnSe and Cr-ZnSe crystals near 980 nm attributed to the residual impurities and unintentional residual impurities related co-dopants. This peak requires further attention since it is not clear what causes this peak in both crystals. Using coolants it is possible to freeze some defects and trapped impurities, so we studied this region at cryogenic temperature.  The results of emission study at cryogenic temperature are shown in Figure 6(a) and (b). As we have indicated earlier that SIMS and EDX data both showed the presence of some residual (less than ppm) impurities in Fe-ZnSe and Cr-ZnSe samples, possibly coming from quartz containers during growth at high temperatures. Behnaz et al [18] explained that this emission may be due to very small concentration of co-dopants which may cause single excited states with energy difference to the ground state. 
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Fig. 6 - (a) Luminescence spectra for Fe-ZnSe crystal and (b) Cr-ZnSe crystal at cryogenic temperature using three different excitation sources of 500, 525 and 550 nm wavelength. We used these wavelengths to evaluate if there were any other emissions in range of 600 to 900nm range.

To further elucidate the defects, detailed SEM studies were performed for Cr-ZnSe crystal. Fig. 7 shows the morphology and nucleation sites of faceted crystals on the top of large grains, causing a difference in defect distribution in the crystal. The nucleus sizes varied in the range of 50 to 100 nm. This was observed after cooling, and we expect that during growth the size may be much smaller.  Defect population variation and the presence of smaller nuclei on the top of large grains and line defects can generate weak emission peaks. The difference in the intensity is attributed to the point and line defects, grains, broken facets and other factors governing crystal quality. 
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Fig. 7 - Morphology showed nucleation of faceted crystals on the top of large grains causing difference in defect variation in the crystal and showing nucleation of small crystallites and line defects.
The absorption in both doped crystals, values observed were similar to that of with published data. The absorbance were observed at 2.76 eV (450 nm) for the Fe-ZnSe crystals and at 2.88V (430 nm) for the Cr-ZnSe crystals which were slightly higher than for known bandgap of 2.70eV for the pure ZnSe. The difference for these very low doped crystals may be attributed to crystal quality of pure and doped zinc crystals. 



5. SUMMARY
[bookmark: _Hlk78991651]Iron and chromium doped zinc selenide bulk crystals were studied to evaluate the effect of defects generated due to doping and to observe emission peaks due to defects and recombination’s of defects. Emission studies were done using 350, 360 and 370 nm excitation in and 850, 860 and 870 nm excitation wavelengths. Emission studies showed very good crystal quality of the large PVT grown crystal.  In addition to main peaks, satellite peaks and vibronic characteristic of intra-center transfer transitions were observed indicating the presence of emitting complex defects composed of zinc vacancies in doped crystals. An emission peak around 980 nm was studied for the first time at cryogenic temperature and was attributed to an extremely low concentration of impurities coming from the growth ampoule or from solvents during cleaning of the growth ampoules 
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Intensity (A.U.)


Excitation 850 nm

920	922	924	926	928	930	932	934	936	938	940	942	944	946	948	950	952	954	956	958	960	962	964	966	968	970	972	974	976	978	980	982	984	986	988	990	992	994	996	998	1000	1002	1004	1006	1008	1010	1012	1014	1016	1018	1020	1022	1024	1026	1028	1030	1032	1034	1036	1038	1040	1042	1044	1046	1048	1050	1052	1054	1056	1058	1060	1062	1064	1066	1068	1070	1072	1074	1076	1078	1080	1082	1084	1086	1088	1090	1092	1094	1096	1098	1100	1102	1104	1106	1108	1110	1112	1114	1116	1118	1120	1122	1124	1126	1128	1130	1132	1134	1136	1138	1140	1142	1144	1146	1148	1150	1152	1154	1156	1158	1160	1162	1164	1166	1168	1170	1172	1174	1176	1178	1180	1182	1184	1186	1188	1190	1192	1194	1196	1198	1200	1202	1204	1206	1208	1210	1212	1214	1216	1218	1220	1222	1224	1226	1228	1230	1232	1234	1236	1238	1240	1242	1244	1246	1248	1250	1252	1254	1256	1258	1260	1262	1264	1266	1268	1270	1272	1274	1276	1278	1280	1282	1284	1286	1288	1290	1292	1294	1296	1298	1300	1302	1304	1306	1308	1310	1312	1314	1316	1318	1320	1322	1324	1326	1328	1330	1332	1334	1336	1338	1340	1342	1344	1346	1348	1350	1352	1354	1356	1358	1360	1362	1364	1366	1368	1370	1372	1374	1376	1378	1380	1382	1384	1386	1388	1390	1392	1394	1396	1398	1400	2392	2237	2314	2246	2300	2162	2131	2008	2004	2020	1987	1996	2044	2053	1940	2006	1866	1851	1987	1882	1920	1933	1949	1989	2069	2208	2306	2338	2320	2492	2455	2405	2409	2526	2504	2465	2268	2312	2102	2092	2010	2072	1972	1845	1672	1589	1569	1449	1451	1433	1484	1355	1337	1331	1279	1188	1182	1305	1279	1232	1242	1263	1206	1243	1236	1256	1212	1251	1268	1280	1262	1300	1354	1335	1399	1402	1429	1298	1336	1386	1438	1411	1354	1404	1395	1401	1453	1469	1451	1489	1408	1423	1363	1318	1295	1342	1312	1362	1338	1297	1367	1207	1205	1225	1208	1178	1234	1202	1410	1367	1366	1456	1455	1404	1436	1308	1241	1243	1209	1261	1289	1346	1335	1320	1331	1381	1459	1447	1384	1437	1467	1330	1416	1398	1323	1275	1247	1206	1106	1106	1127	1209	1099	1174	1141	1060	1138	1112	1134	1077	1101	1204	1491	1693	1955	2674	3369	4208	4841	5884	6525	7011	7414	7830	7882	7932	7838	7839	7864	7558	7531	7380	7488	7370	7593	7637	7987	8295	8343	8242	8098	7317	6549	5702	4617	3449	2645	1981	1596	1268	1115	970	1070	1089	1090	1133	1061	952	997	1042	1025	981	1085	1007	1061	1039	938	981	1009	942	982	936	954	963	952	934	912	909	879	954	893	831	878	823	826	832	815	798	804	728	718	675	640	729	670	674	659	647	643	635	732	Wavelength (nm)


Intensity




Excitation 880 nm

920	922	924	926	928	930	932	934	936	938	940	942	944	946	948	950	952	954	956	958	960	962	964	966	968	970	972	974	976	978	980	982	984	986	988	990	992	994	996	998	1000	1002	1004	1006	1008	1010	1012	1014	1016	1018	1020	1022	1024	1026	1028	1030	1032	1034	1036	1038	1040	1042	1044	1046	1048	1050	1052	1054	1056	1058	1060	1062	1064	1066	1068	1070	1072	1074	1076	1078	1080	1082	1084	1086	1088	1090	1092	1094	1096	1098	1100	1102	1104	1106	1108	1110	1112	1114	1116	1118	1120	1122	1124	1126	1128	1130	1132	1134	1136	1138	1140	1142	1144	1146	1148	1150	1152	1154	1156	1158	1160	1162	1164	1166	1168	1170	1172	1174	1176	1178	1180	1182	1184	1186	1188	1190	1192	1194	1196	1198	1200	1202	1204	1206	1208	1210	1212	1214	1216	1218	1220	1222	1224	1226	1228	1230	1232	1234	1236	1238	1240	1242	1244	1246	1248	1250	1252	1254	1256	1258	1260	1262	1264	1266	1268	1270	1272	1274	1276	1278	1280	1282	1284	1286	1288	1290	1292	1294	1296	1298	1300	1302	1304	1306	1308	1310	1312	1314	1316	1318	1320	1322	1324	1326	1328	1330	1332	1334	1336	1338	1340	1342	1344	1346	1348	1350	1352	1354	1356	1358	1360	1362	1364	1366	1368	1370	1372	1374	1376	1378	1380	1382	1384	1386	1388	1390	1392	1394	1396	1398	1400	15070	14270	13380	12860	12320	12090	11450	11150	10600	10230	10170	9888	9333	9131	9132	9108	8646	8351	8181	7974	7795	7559	7311	7098	6930	6695	6579	6163	6038	5589	5368	4925	4648	4441	4481	4315	4262	4154	4154	4134	3863	3961	3786	3635	3465	3259	3225	3198	3119	3151	3005	3041	2894	2811	2721	2720	2568	2557	2579	2598	2629	2601	2540	2500	2508	2505	2426	2405	2363	2446	2306	2347	2359	2356	2259	2307	2201	2410	2274	2245	2183	2239	2276	2197	2246	2270	2267	2295	2189	2112	2132	2125	2066	2091	2105	2107	2077	2007	2052	2088	2060	2203	2121	2177	2208	2118	2109	2130	2189	2248	2193	2077	2200	2183	2046	1923	1942	1976	1933	2060	2039	2085	2263	2215	2327	2478	2635	2757	3136	3224	3768	3896	3885	3616	3248	2730	2352	2251	2160	2059	2060	2202	2178	2256	2357	2383	2406	2391	2419	2369	2292	2301	2172	2248	2282	2210	2287	2238	2246	2129	2226	2269	2320	2437	2427	2505	2530	2325	2041	1967	1931	2029	1936	2068	2488	3615	6159	11070	18210	27180	36070	45470	55130	64560	71160	74890	75760	72950	68860	63150	57490	51380	44800	38820	32680	26430	20360	15210	11020	9089	10440	16100	24180	30760	31120	25730	17380	9998	5105	2723	2109	1774	1653	1570	1447	1516	1471	1452	1405	1350	1337	1297	1283	1265	1313	1292	1221	1184	1195	1197	1245	1154	1111	1151	1137	1153	1055	1055	1139	1025	1059	Wavlength (nm)


Intensity
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Relative Intensity
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A


bstract


 


 


Zinc selenide is an excellent matrix material to dope with rare


-


earth and transition metal to 


achieve 


mid


-


infrared luminescence to develop high power lasers. The


 


l


uminescence, morphology and 


refractive index 


is significantly affected by the doping and defects generated due to 


size and 


valency of dopants, 


concentration, 


growth process and convection


 


during the growth.


  


The aim of 


the study 


is


 


to investigate effect of 


point and line defects generated due to 


low doping of iron and 


chromium on the 


emission and morphology of the


 


zinc selenide.


 


Luminescence and morphological 


properties of large iron and c


hromium doped zinc selenide single crystals were studied to evaluate 


the effect of extremely low residual impurities and defects associated with the doping process. The 


emission properties following both short wavelength (i.e., ultraviolet; 350 


–


 


370 nm) e


xcitation 


and longer wavelength (i.e., near infrared; 850 


–


 


870 nm) excitation were characterized. 


L


uminescence emission bands were identified in both doped crystals. In addition to the primary 


emission bands, satellite peaks and intra


-


center transitions w


ere also observed. Due to local 


population defects associated with the residual impurities (ppm to ppb) in the Fe


-


ZnSe and Cr


-


ZnSe crystals, peak emission wavelengths were observed to shift. Raman studies using 266 and 


532 


–


 


nm excitation revealed differen


t positions of longitudinal and transverse peaks for Fe


-


ZnSe 


and Cr


-


ZnSe crystals, associated with different levels of defects due to the different ion sizes. The 


emission bands were found to decrease in intensity due to recombination of 


residual impurity 


co


-


dopants and complex defects generated during growth and fabrication. Cryogenic temperature 


analyses revealed a very clean emission band due to freezing of some of the point and line defects. 


An emission band observed at 980 nm for both crystals at room 


temperature as well as cryogenic 


temperatures indicates a vibronic peak in ZnSe. 


The 


scanning electron microscopy (SEM) images 


of the local morphology support the conclusion that small crystallites in doped crystals are also 


present. 
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