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Abstract. CathodoLuminescence studies (CL) have been 
carried out on red mercuric-iodide (~-HgI2) crystals 
and platelets grown by the vapor transport method. 
Panchromatic CL images revealed inhomogeneous distri- 
bution of growth-induced dislocations and terraces. 
The effect of prolonged KI (20%) treatment on the 
evolution of different CL bands has been investigated. 
CL spectra of the platelets at 80 K showed three lumines- 
cence bands at about 546, 567 and 624 nm. The intensity 
of the 567 nm band (band II)decreased after KI treatment, 
thus indicating the role of I vacancies on the evolution 
of this band. An additional band at about 555 nm is 
observed in as-grown crystals, but not revealed in plate- 
lets. Increase of the relative intensity of band IlI 
(624nm) on prolonged KI treatment indicates the 
association of some surface states on this band along 
with the effect of impurities as reported earlier. Hg 
treatment causes an increase of total CL intensity and 
also the relative intensity of band II in platelets and 
crystals. 

PACS: 71.55.Gs; 78.60.Hk 

The red mercuric iodide (~-HgI2) is a high-Z compound 
and a high resistive material, which has attracted con- 
siderable attention for its potential applications in room 
temperature X-ray and gamma-ray detectors and spec- 
trometers [1-4]. However, the performance of HgI2 de- 
tectors varies widely, and material from a particular 
source crystal may produce detectors of different grades 
[57. This is due to native defects and impurities introduced 
during crystal growth. For this reason, the characteriza- 
tion of defects in HgIz and the determination of their 
effects on the electronic properties are of great interest. 
Although a number of workers have employed the Photo- 
Luminescence (PL) technique to correlate the lumines- 
cence features with detector performance [6, 7], impurities 

[6, 8] and stoichiometry [6, 7], the exact interpretation of 
various luminescence bands is still under open discussion. 
Studies of microstructure in HgI2 have previously been 
carrried out using optical microsocpy [9] and Scanning 
Electron Microscopy (SEM) with secondary electron 
imaging techniques [10]. However, there are very few 
reports [9, 11, 12] on the spectroscopic CathodoLumines- 
cence (CL) studies on the HgI2 crystals so far. 

In the present work, CL in SEM is used to study 
defects in HgI2 platelets and crystals. The effect of surface 
treatment with 20% (weight) KI solution and Hg on the 
evolution of different luminescence bands has been 
studied. CL imaging technique has been used to visualize 
the different electrically active defects in HgI2 platelets 
and crystals. 

1 Experiments 

HgI2 platelets of about 6 x 4 x 0.1 mm [13] and crystals 
of about 15x 10x 10ram dimensions were grown by 
the physical vapor transport method. The crystals 
were cut to slices of about 10x 10x 1 mm by a wire 
saw dipped in 20 % KI solution and used for CL studies. 
The crystallographic orientation of crystals and platelets 
was (001). The samples were observed in a Hitachi 
S-2500 scanning electron microscope in emissive and 
CL modes at 80 K with an accelerating voltage of 10 keV. 
The experimental setup for spectral and panchromatic CL 
measurements with a Thorn EMI B2F photomultiplier 
tube has been previously described [14]. Some of the 
samples (both platelets and crystals) were treated by 
20% (weight) KI solution (aquas) for 2 rain and kept 
under atmospheric conditions without cleaning. As the 
samples were not cleaned/washed after etching, the 
reaction of KI with the samples continued for several 
days. The CL spectra and images were taken before 
KI treatment, immediate after KI treatment and after 
several days of KI treatment. Some of the samples were 
treated with Hg by keeping them in a Hg bath for several 
days. 
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Fig. 3. CL image of as-grown crystal showing forest-like disloca- 
tions 

Fig. 1. a Secondary and b CL images of a typical part of as-grown 
platelet. Growth-instability-induced terraces and grooves can be seen 

Fig. 4. CL image of a typical place of as-grown crystals showing 
basal plane dislocation 

Fig. 2. CL image of as-grown platelet showing Hg droplets appear- 
ing black. The brighter tails associated with each of the Hg droplets 
may be due to segregation of impurities at the shadowed part 

2 Results 

Microscopic observations of the platelets revealed differ- 
ent features at different places of the samples. Figure la 

and b shows the images of a particular place of platelet in 
secondary mode and CL mode, repectively. Emissive 
mode images show a surface relief in platelets and 
a smooth surface in the case of crystals. CL images show 
an inhomogeneous emission with an array of dark lines in 
some regions of the samples. In Fig. lb the array of wavy 
lines appears sometimes crossed by sets of straight lines. 
In Fig. 2 the magnified CL image of a place of platelets is 
shown which appeared smooth in emissive mode. Along 
with some homogeneous distribution of black dots with 
a bright halo, some black lines were observed. In the case 
of crystals, generally a smooth surface was observed in 
emissive mode. In CL mode some black dots appear 
(Fig. 3), possibly related to the presence of forest disloca- 
tions [ t  1]. 

In Fig. 4 the CL image of a particular place of the 
crystal is shown. An array of dark lines on a brighter 
background appears and sometimes crossed by sets of 
straight lines. Figure 5 shows a typical CL image of HgI2 
crystal immediately after KI treatment. 
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Fig. 7. CL spectra of HgI2 platelets before KI treatment, im- 
mediately after KI treatment, and after 6 days of KI treatment 

Fig. Sa, b. Typical a secondary and b CL image of HgI2 crystal 
immediately after KI treatment 
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Fig. 8. Plots of relative intensity (Ii/I1) of a band 11 and b band III 
emissions with exposure time 
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Fig. 6, CL spectra of as-grown platelet and as-grown crystal 

CL spectra of untreated platelets show three emission 
bands which have been previously reported. Band I, 
centered at about 546 nm, corresponds to near band gap 
emission. Bands II and III are centered at about 567 and 
624 nm, respectively. Spectra of untreated/as-grown crys- 

tals show an additional band at about 555 nm while band 
II is almost absent. Figure 6 shows representative spectra 
of as-grown platelets and crystals. Some of the samples 
were etched and subsequently kept in air without clean- 
ing. This treatment causes in the platelets a complex 
evolution of CL bands (Fig. 7). Immediately after etching, 
the samples show a reduced CL intensity. The relative 
decrease of intensity is more pronounced for band II and 
this effect is enhanced with increasing exposure time. In 
Fig. 8 a plot of relative intensity (I2/I1) for band II with 
exposure time is plotted. Although the relative intensity of 
band II was found to decrease even after several days of 
etching, it increased again after about 10 days. However, 
the plot of relative intensity (I3/I~) of band III shows just 
opposite behavior to band II. 

Figure 9 shows the CL spectrum of a crystal immedi- 
ately after KI treatment, in which only the luminescence in 
the fundamental region is pronounced. 

Treatment with Hg also affects luminescence effi- 
ciency. However, the exact behavior depends on the kind 
of sample and on the sample region. Clear changes 
have been observed in platelets, which show increased 
luminescence with relative increase of band II after Hg 
treatment. 
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Fig. 9. CL spectrum of HgI2 crystal immediately after KI treatment 

3 Discussion 

Figures 1 and 2 show characteristic emissive mode and 
CL images of the platelets. Although the observations at 
different places of the platelets revealed different structure, 
a general surface relief with cellular structure is observed 
in emissive mode almost all over the places of the platelets. 
The boundaries of the subgrains appeared brighter in 
emissive mode and dark in CL mode. From the images it 
appears that the sub-boundaries are decorated by fine Hg 
droplets. The appearance of terraces like steps well visual- 
ized in Fig. lb is related to growth process along a direc- 
tion in the (001) plane, leading to the formation of 
grooves. 

Some superficial decomposition of HgI2 occurs, lead- 
ing to the formation of small Hg droplets (Fig. 2). The Hg 
droplets show a bright contrast in SE, but appear dark in 
CL. A similar observation has also been made by Nicolau 
and Dupuy [9] for HgI2 crystals. A possible explanation 
for the asymmetry of the bright contrast besides the dark 
points of Fig. 2 is an asymmetric distribution of radiative 
centers during the growth process. The regular dark lines 
in CL images of platelets and in some places of crystals 
(Figs. 2 and 4) are interpreted as dislocations lying in the 
basal plane. 

After etching of the crystals the lens-shaped clusters of 
HgI2 rich in impurities and/or Hg are revealed. Similar 
impurity and/or Hg-related clusters have often been re- 
ported [15-20] and systematically analyzed [21, 22]. Such 
clusters are seen (Fig. 5a and 5b) as round hillocks or as 
round pits. They often detach from the matrix, retaining 
their shape. They have different diameters, ranging from 
0.2 to 5.0 gin. The cluster density and their mean dia- 
meters are not homogeneous in the crystals. Similar ob- 
servations have also been made by Nicolau and Dupuy 
[9] in space-grown c~-HgIz crystals by optical microscopic 
technique. 

The appearance of three luminescence bands in Hg[  2 
at about the same wavelengths as the bands I, II and III of 
this work was first reported by Bube [23] from PL studies. 
The structure of the high-energy band has been found in 
low-temperature measurements to be very complex in- 
cluding exciton emissions and phonon replicas [24, 25]. 

Merz et al. [26] found that bands II and III are related to 
iodine deficiency and impurities, respectively. These three 
bands in our case have been observed all over the un- 
treated samples. The total CL intensity decrease after KI 
treatment, can be partly due to light absorption in the 
residual etchant remaining on the surface and partly due 
to increase of surface roughness of the samples on etching. 
On the other hand the relative intensity changes of the 
bands show the effect of etching on the crystal defect 
structure. In particular, the sharp relative decrease of 
band II intensity can be explained by correlating this band 
with iodine deficiency in the samples. The sharp decrease 
of relative intensity of band II on KI treatment justifies the 
role of I vacancies on the emission of this band. As the 
samples were not washed after KI treatment, the reaction 
of KI continues for several days. 

However, as the evaporation of I from the sample 
surfaces on keeping them in air [27] continues and with 
time the reaction of KI on the samples slows down, the 
increase of 12/11 after about 10 days justifies our explana- 
tion. 

Although the absolute intensity of band III decreased 
immediately after KI treatment, the relative intensity 
(13/11) increases with prolonged etching (Fig. 8). As stated 
above, the decrease of absolute intensity can be due to an 
absorption effect but the subsequent increase of relative 
intensity is an etching effect of the reacting KI on the 
sample. This band has been previously attributed to impu- 
rities [-25] since it decreased when the starting HgI2 pow- 
ders were purified. The present results show that band III 
is not only due to extrinsic impurities but also to surface 
defects created by post-etching exposure. The increase of 
the relative intensity of band III even after several days of 
KI treatment supports the association of surface states on 
this band. As after some days of KI treatment, by keeping 
the samples in air, the surface becomes saturated with 
defect states, the relative intensity curve becomes flat. 

In crystals an additional band appears at about 
555 nm. Petroff et al. [12] have reported a CL band close 
to this wavelength in indented HgI2 crystals and related it 
to the presence of dislocations generated during plastic 
deformation but not to grown-in dislocations. The CL 
images (Figs. 2 and 4) of the present work enable us to rule 
out the possibility that the 555 nm band is dislocation 
related. The dislocations lying in the basal plane appear in 
CL images of both platelets and crystals and do not show 
any correlation with the 555 nm luminescence. Although 
in crystals, immediately after etching, bands II and III 
almost vanish, the behavior of band III after prolonged 
etching is similar to the platelet case. 

4 Conclusions 

Growth instabilities in c~-HgI2 platelets cause the forma- 
tion of terraces like steps and grooves on the surfaces. The 
basal plane dislocations are the common feature of HgI2 
platelets grown by the vapor transport method. In Hg]2 
crystals grown by the vapor transport method, the basal 
plane dislocations can be observed only in some places. 
CL spectra show differences between platelets and crys- 
tals. KI etching suppresses deep level CL emissions in 
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crystals. The effect of prolonged KI treatment on HgIz 
platelets causes the reduction of luminous intensity of 
band II and creates some defect states on the surface 
attributed to band III. 
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