| AD=-A060 952 CALIFORNIA UNIV IRVINE F/6 20/12
THEORY OF IMPURITY=SHIFTED INTERSUBBAND TRANSITIONS IN N=TYPE I=-=ETC(U)

i 1978 G M KRAMER: R F WALLIS N0O0014=T6=C=0121
UNCLASSIFIED 78=51 NL

END
DATE
FILMED
2-79
DOC




O [ TN
e vy l\) P
[
P 20
B —

(o 2]

()
(&

e e

MICROCOPY  RESOLUTION 1151 CHARI

TPV = =



ADAOQ 609

E COPY

e

DDC P

S ,,;;«,»'9:,&.*:'5-.47 i

e =

REPORT DOCUMENTATION,P AR

e TITLE (and Subtitte)

4(%7Efxramer - R. r/ Wanisf @) rwlﬂi-m-c—p?zﬂ

_Eeory of Impurity-Shifted Intersubband v
ansitions in n-Type Inversion Layers /1
(1¢8) Silicon., ~ = = 2

GRANT NUMBER(s)

,,,,,, i -

9. PERFORMING ORGANIZATION € BRE 0. PROGRAM ELEMENT, PROJECT, TASK
PERFORMING ORGANIZATION NAME AND ADDRESS R A L EMEN T RO

University of California, Irvine/ B
Irvine, CA 92717 | J/592) WR 392-001

o MR

1", TROLLI FFICE NAME AND ADDRESS 12. REPORT DATE
ce o aval Rssearch, Physics Program
800 N. Quincy St. Arlington, VA 22217 13. NUMBER OF PAGES
: 4
I TE WONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) | 15. SECURITY CLASS. (of this report)

: Unclassified

[1Sa. DECLASSIFICATION/ DOWNGRADING |

Se DECL ASSIFICATION/ DOWNGRADING

[76. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)
QEEERIa

18. SUPPLEMENTARY NOTES

M et

Gl
E -

19. KEY WORDS (Continue on reverse aide if necessary and {dentify by block number) v

Inversion layers, Silicon, Impurities, Optical Transition

'i.gfncr(cmm-mnuan o S TSoniity By SIeeR wabeD

Binding energies and variational wave functions are
calculated as functions of electric field for elec-
tron impurity states split off from electric subbands
of (100) silicon and silicon dioxide. The impurity-
shifted intersubband transition energies are pre-

unted.TR
DD "™, 1473 coimon oF 1 NOV 68 IS OBSOLRTE
VIAN TS Unclassified
s e e e e SRCUMTY CLABHFICATION OF THTS P AGE (When Date Entered)

RIS ¥ SR 3 NS 8 i 8 | G TR -
N, S THIRAN o RIS SNV N LR / :
~, gy P ; s N ) € : -

%

e




e P = AR R A A W




Reproduction in whole or in part is permitted for any
-purpose of the United -States-Government - - -

THEORY OF IMPURITY-SHIFTED INTERSUBBAND IRANSITIONS.IN.« -
N-TYPE INVERSION LAYERS ON (100) SILICON

G. M. Kramer and R. F. Wallis
University of California, Irvine, California 92717, USA

Binding energies and variational wave functions are
calculated as functions of electric field for elec-
tron impurity states split off from electric subbands
of (100) silicon and silicon dioxide. The impurity-
shifted intersubband transition energies are pre-
sented.
1. Introduction
The development of MOS devices has stimulated a great deal
of interest in the basic properties of inversion layers at
semiconductor boundaries. Of some importance are impuri-
ties and their associated electronic bound states. We
have made a theoretical investigation of several bound
states split off from the lowest three electric subbands

of an n-type inversion layer on (100) silicon bounded by
silicon dioxide.

2. Theoretical Development :

We consider two contiguous, semi-infinite half-spaces, one
of p-type silicon and the other of silicon dioxide, with

& common boundary parallel to a (100) plane of the silicon.
We assume that the potential energy of an electron under-
goes an infinite discontinuous jump as the electron passes
from the silicon into the silicon dioxide. In the region
_of the inversion layer, there is an electric field which,

to a good first approximation} can be taken to be constant.

We assume that' an impurity ion of charge +Ze is located at
the boundary between the silicon and the oxide. For this
situationz. the lowest lying bound states associated with

& (100) interface on silicon are derived from the constant
energy ellipsoids whose major axes are perpendicular to the
interface.

The Hamiltonian is taken to-be — g g e e
H=H +H (1)
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the electric field in esu, m, and m, are the transverse and
longitudinal effective masses, and 61 and 62 are the diel-
ectric constants of 8102 and silicon, respectively. In
Eq. (1), onorzy is measured in units of the effective
Rydberg, Ry = 2m,e z’/h (E +£ ) , and length in units of
B ebisosive osk radius, a; - nz(evez)/zzn e2. For the
silicon-S10, system, Ry = 42.3 meV and A} = 21.8 A. The
impurity ion is taken to be at the silicon-Sio2 interface
and screening is neglected, so U(r) has the Coulomb form
UE)a-—2- . (4)
H
The term involving & in Eq. (2) represents the interaction
of the electron with its own image.

In the limit of high electric fields, an adiabatic theorem
applies and the impurity wave function has the form

V@ = 3 x, 1, (2) (5)

where tn(z) is an eigenfunction of Ho given by Eq. (2) and
corresponds to the electric subband of interest. We con-

sider three subbands and choose the fn(z) to be variation-
al functions of the rtng-novtrda type

£,(2) = Az oxp(-}boz) (6a)
£,(2) = A;z(1 - z)exp(~§b,2) ~ (6b)
£5(2) = AgZ(l+agz +8,20)exp(-3byz) . (6¢)

The quantities bn are variational parunefore, the An are
normalization constants, and a3 @9 and 32 are chosen so
that the functions f (z) are orthogonal on the interval
Oszse, We take x.n) (x,y) to have either of two forms

xé")(x.y) - B, oxp[-hé")(x +yd Y (7a)
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2 x,y) = B, dipyempl-§ 3P @ yhh (7b)
where the Bi are normalization constants and the ain) are
variational parameters. The parameters ‘{n) and b are
varied independently to minimize the expectation value of
the Hamiltonian, (H). The expectation value of H,, (Ho),
is also minimized separately with respect to the bn to give
the continuum energy. The impurity binding energy, EB’ is
then given by

Eg = (H,) - (B) . (8)

3. Results and Discussion
The impurity binding energies have been calculated for
electric fields between 10° and 10° esu for the three low-

est subbands and m=0, 1., The results are plotted in Fig. l.
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Fig. 1. Impurity state binding energies versus field

The impurity bind;nc energy decreases as one goes from the
lowest subband to successively higher subbands for both
the m=0 and m=t]l bound states., For a given bound state _
associated with a given subband, the binding energy in- :
creases with increasing electric field and approaches the
' two~dimensional value in the limit of infinite field. i

Electric dipole transitions between.subbands are-allowed- .-
tranaitionl? In Fig. 2 are given our calculated impurity
shifted transition energies for the 0-1 and 0-2 inter-
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subband transitions when
m=0. The transition ener-
gles are shifted to higher
energies when the electron
becomes localized at the
impurity. At a field of
102 esu, the impurity
shifted 0~ 1 transition is
70 percent higher than the
unshifted transition and
is only 15 percent lower
than the 0~ 2 unshifted
transition. The latter re-
sult is in qualitative
agreement with recent ex-
perimental datt.4 As the
electric field increases,
the impurity shifted 0-1
transition drops back

toward the 0~ 1 free elec-
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Fig. 2. Intersubband transi-
tion energies for bound (m=0)
and free states

tron transition and away from the 0= 2 free electron tran-

sition.
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