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GaAs

¥4,, *T,, O, and %4 for

Cr**, Cr3*, Cr?*, and Cr'*, respectively. From the EPR data of Tables II1
and IV we observe Cr3* and Cr?™ to be orthorhombically and tetragonally

GaP
distorted centers, respectively. The *A4, ground state of Cr** in I1I-Vs can be

3* charge state in I1-VIs but the Cr**
, we will find Cr?*; in semi-insulating

InP
E, + 1.12¢eV, but below E, + E(—/2—) = E, +

1.85¢eV, etc. These ionization energies take up different positions for

Spectrum of Substitutional Cr
thermal and optical processes (only one is shown in Fig. 7 for lack of space).

in 11-VIs). Note that some of these excited states overlap with the

d state of A°(°T, in [1-VIs, *T, in 11I-Vs), as well as its internally excited

A‘I-I-1
ZnSe

 ZnSe

0/4)

3d TRANSITION-ATOM IMPURITIES IN SEMICONDUCTORS

1+{i‘
.|
|

7.0~
7.5 B~

1
o L
< @

5.0
-5.5 fi=

3.0
ask-
4.0
FiG. 7. A combined energy-level diagram showing d — d* internal transitions and ionization

levels of the substitutional Cr impurity in semiconductors. Data from Tables V and VII except for
the (0/ +) donor level of InP:Cr which is predicted (P). The shaded areas denote the valence and

conduction bands. Thick horizontal lines denote ionization levels; e.g., (0/ +) [or (—/0)] denotes

the position of the Fermi level below which the system is in the A*(or A®) charge state and above
which it is in the A° (or 47) charge state. The energy range between (0/+) and (—/0) is the

existence domain of A% that between (—/0) and (—/2 —) is the existence domain of 4™, etc. Thin
horizontal lines denote internally excited d states of a fixed charge state; e.g., between (0/+) and

anywhere from inside the VB to below (0/+); similarly, the 4T, ground states
of Cr3* in I1-VIs can be anywhere from inside the VB up to below (0/+). In p-

Cr?*) and which are resonant in part (e.g., Cr* in II-VIs) or entirely (Cr* in
GaAs) with the host bands. Using Fig. 4 we can assign the various cubic

This construct shows which oxidation states exist inside the band gap (e.g.,

conduction band (e.g., °E in InP and GaAs).

exists above E, + E(—/0)

ground-state multiplets to each oxidation state:
type samples we expect to have the Cr

charge state in I1I-Vs. In n-type GaAs

(—/0) we have the groun
states (°E, *T, and *T,
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