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The a-Hgl,/CdTe:G heterostructure have been studiad by cathodoluminescerc(CL) in the
scanniigy electran microscopeThe a-Hgl, expitaxid growth was shown to caug an enhancement
of the CL intensiy in a layer of the substra¢ extendiy up to abou 500 um from the
a-Hgl,/CdTe:G interface CL specta of the layer reved the appearane of a bard relatal to
tellurium vacancis as well as the decreas of the emissim attributel to defe¢ complexe involving
Ge The data obtainal indicak tha Ge-impurily getterirg and V. generatio at the interfae take
place during @-Hgl, epitaxid growth © 1997 American Institute of Physics.
[S0003-695(97)02807-9

The compourd semiconductorsy-Hgl, and CdTe are
raising considerable interest for their
applicationd~® in room temperatue x-ray and y-ray detec-
tors due to the widebard gaps large averag@ atomc masses,
and high resistivity (after suitabk doping with the grougs IV

describe elsewheré! CL measuremestwere carried out on

potential cross sectiors of the cleaveda-Hgl,/CdTe structurs in a

Hitach S-25M scannimy electran microsco at 80 K with
25 keV acceleratig voltage by using a liquid nitrogen
cooled germaniun detector Details of the CL experimental

setyp hawe been previousy described?

Figure 1shows representatie seconday electran (a) and
CL (b) images of a cross sectim of the a-Hgl,/CdTe:Ge
heterostructle nea the interfaec as observe on several

or VIl elemens in the cae of CdTé). Taking into account
the difference of the bard ggp values of both materiaé (2.3
eV for a-Hgl, ard 1.5 eV for CdTe at 300 K), the growth of
a-Hgl,/CdTe heterostructurewould be of intere¢ for the
fabricatian of detectos operatirg in an extende wavelength
range. A

Recently the cathodoluminescerc(CL) techniqe has \
been shown to provide importart dat on the behavio of the
structuré defecs controlling opticd ard electrica properties
of both CdTe and a-Hgl, bulk crystals’~® However very
limited attention has been given to the study of luminescence
properties of high-resistiviy dopel CdTe ard epitaxid struc-
tures mace from it. In the particula cae of CdTe:Gg which
is the substrag use in this work, previows CL studie§ show
an enhancemdrof 810 ard 910 meV emissiors as aresut of
Ge doping Both band shav an increag in intensiy after an
annealilg of the Ge-dopé sampé which is attributed to the
formation of a complex cente involving Ge on Cd sites No
nea band-edg emissio is observe in Ge-dopd samples.
In the presemletter we repott on astudy by CL of the defect
structue of CdTe:Ge substrag affectal by a-Hgl, epitaxial
growth This spatid resolvel technige enables us to study
the natue and extensim of the changs inducel in the sub-
strak by the growth.

Ge-dope (10'° atomscm ) CdTe singke crystals
grown by the verticd Bridgman methal with a room tem-
peratue resistiviy of 10° Q cm were used Some a-Hgl,
layers 20—-30 um thick were grown on thé110) CdTe sur-
face by isothermavapa phag epitayy at 250 °C for 24 has
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FIG. 1. (a) SE image of cleaveda-Hgl,/CdTe:Ge structure (b) CL image
of the sane region Line A-A marks the a-Hgl,/CdTe:& interface.
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(b)

FIG. 2. CL images of a modified layer (a) and the substrag bulk region far
from this layer (b).
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FIG. 3. CL specta recordel with a focusel electrm bean in scan mode
from alarge (300 umx300 um) area in the substrate bulk region far from
the modified layer (a) and inside the modified layer (b).
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FIG. 4. CL specta of the substra¢ recordel with adefocusd electran beam
in scan mode from an area of abou 50 umx50 wm positioned on sub grains
at differert distancs from interface 50 um (a), 400 um (b), 500 um (c).

samplesAn enhancemdrof the CL intensiy is observe in
the substrag as a bright layer of abou 500 um thickness
[Fig. 1(b)] excep in sone subsurfae regiors with dark con-
trag due to a high densiy of interface defects CL images
recordd inside this layer at highe magnification [Fig. 2(a)]
reved the presene of sub-boundarieand othe structue de-
fects as daik features on abright background A typicd CL
image of the substra¢ far from the modified layer is shown
in Fig. 2(b). In this region an inverse defe¢ CL contrast
relative to the modified layer is observe with bright sub-
boundaris ard precipitat lik e defecs on adark background.
It shoutl be noted tha the substrate prior to the growth
show no contras reversdor enhancemdrin ary area but an
appearane similar to the CL mgp of Fig. 2(b). The corre-
spondiry spectrun is shown in Fig. 3(a). As previousy re-
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ported for Ge-dope CdTe® two bands centere at abou 810
ard 900 meV are observe while the nea band-edg emis-
sion is not detected The specta acquirel by scannirg the
bean on asub-boundar and on the backgroun are qualita-
tively similar to sone increag of the CL intensity on the
sub-boundaryThe a-Hgl, epitaxid growth cause marked
spectrd changs in the CdTe substrag as shown by the CL
spectrun recordel inside the modified layer [Fig. 3(b)]. This
spectrun reveas an intene nea band-edg emissim at 1535
meV as well as band at abou 1050 and 780 meV.

In orde to investigae in more detal the effed of the
growth on the natue ard spatid distribution of deep leveksin
the substrateCL spectawererecorde at differert distances
from the interfae (Fig. 4). It has bean previousy observed
tha by defocusig the electron bean the intensiy of the
main deep-leveband is enhancd relative to the nea band-
edge emission For this reasm a defocusd electran beam
was usal when recordirg the specta presentd in Fig. 4. The
series of Fig. 4 shows that the relative intensiy of the three
bands—1070900 and 810 meV—dependon the distane to
the interface.

As statel above the 810 ard 900 meV transitiors are
associaté with defecs involving Ge2%1® The bright CL
contras of sub-boundarigand othea defecs in the unmodi-
fied patt of the substra¢ indicates tha extendd structural
defecs are effective getterirg sites for the Ge-relaté point
defed complexesNea the interface the relative contribution
of the Ge-relaté defect to the luminescene decreasesSub-
boundarie ard othe features appea dak on abright back-
ground Specta of the modified region indicake tha the lu-
minescene increag nea the interfae is due to increag of
intensiy of band at abou 1050 and 1540 meV. The former
has been attributel to the presene of Te vacancie¥ *® and
the latter is not observe in Ge-dope crystals® Its appear-
ane would be aconsequereof the decreas of the active
Ge-cente concentratia in the modified layer. A quenching
of luminescene by the interfacee defect prevente the re-
cording of CL spectain an interface region of abou 50 um.
However the resuls obtainel sugges a getterirg of Ge de-
fects at the a-Hgl,/CdTe interfacee or in the a-Hgl, layer
during the a-Hgl, epitaxid growth It shoul be noted that
the diffusion of Te vacancis createl at the interfae alone
could not induce the observe effect in particula the near
band-edg emissim (the 1540 meV band enhancemdr(Fig.
3). The smal shifts of the deep-levk bard peals as afunc-
tion of the distane to the interface and the excitation condi-
tions (Fig. 3 ard Fig. 4) indicatke tha the defecs contributing
to thee complex band hawe aconcentratia gradien rela-
tive to the interfae or appea in different charg statesDe-
fects involved in the 1050 meV bard pe& shift are Vi,
and/o residud impurities 1t shout be noted tha the known
thermd diffusion coefficiens of iodine and mercuy in
CdTe®? a the time-temperatwe conditiors of a-Hgl,
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growth canna explain the observe point defed effecsin an
extended—p to 500 um—Iayer of the substrate.

In conclusion it has bee found tha the overal CL
emissim of the CdTe:@ substrag increass in a layer of
abou 500 um thickness as a result of epitaxial growth of
a-Hgl, at 250 °C for 24 h. The appearane of band-edge
emissiom ard relative changs in the concentratia of point
defecs relatel to Ge and of tellurium vacancis has been
observed Generatio of the Te vacancis at interface and
getterirg of the Ge defecs responsil# of emissim band at
810 ard 900 meV take place during epitaxid growth The
preseh experimend do not yet permi us to determire the
underlyirg mechanim which leads to the long range point
defed distribution induced by «-Hgl, epitaxid growth Fur-
ther studies hawe to be carried out for a bette understanding
of this phenomenonNeverthelesssut substraé modifica-
tions extendiry a relatively long distane from the surface
during epitaxid growth shoutl be taken into accoun in the
fabrication of a-Hgl,/CdTe detectos and othe CdTe based
optoelectrors devices.
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