
I AO AObO 951 CAI.IFORNIA UNIV IRVYNE FIG 2O~ I2
SURFACE P04.ARITONS IN A DEGENERATE SEMICONDUCTOR WITH A SURFACE——fl-c (II)
1918 R F WAL.LIS. 0 CASTILL. 4 4 QUINN N0001II—76.C—O121

UNCLASS IFIED 78—50 fIt.

END

1

I ~1



I f~~
I
~~Lul~I . ’~J L

_ _ _  

L 1112.2
L L ~~~

1.1
IHII 1.8

.25 fflhI~ ~~
MICROCOPY RESOLUTION TEST CHART

NM ONAL BUREAU O~ STANOA ROS-1963-A



SECURITY CLASSI P1CATION OP THIS PAGE ( l~~~ O.Aa £nt.r.d.)

i~~~~T~~~~~MENTATI0N~~~G 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

~At~ OI5T NUMBER GO A N 3. RECIPIEN rs CATALOG NUM~

(.14 SublIll.1 
— 

5. 1’ 03.~fi BOB £M$QG~t0VEREO

~urface ~oiartt n aT~~ e Final ‘~~i.semiconductor with a ~urface Depletion 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

/~~~~~~~~~~~YdrodYnamicar Mode1? __ 3 O R~~NG~~~~~. REPORT NUMBER

~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~ S. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT. PROJ ECT, TASK
AREA & WORK UNIT NUMSERS

University of California , Irv e
Irvine , California 92717 (

~~~7 NB 392—001

~~~~~ II . CONTROLLING OFFICE NAME AND ADORESS $2. REI~~~~ ’ DATE

Off ice of Naval Research , Physics Progr~ m800 N . Quincy St., Arlington VA 22217 IS. N UM BE ~~OFPA GES

14. MONITORING AGENCY NAME & AODRESS(II dlU.rsrd ha. coeuro:thi g Oftlc.) IS. SECURITY CLASS. (.1 ekI. ,.post)

Unclassified

7 ~ ~•~P• J ta.,
SCHEDULE

IS. DISTRIBUTION STATEMENT (o~ thu. Rspoe~)

Approved for public release; distribution unlimited

C)

LU 17. DISTRIBUTION STATEM ENT (of 1k. ab.tjac* alua.d in Block 20, U ~~fI.rsn t ha. Ripoff )

~ID D C
~~~~~~J~1f~?~ )

IS. SUPPLEMENTARY NOTES LI ~~

j1~51flfl ~
II. KEY WORDS (C.nthiu . Oil SVOi • ~ *Il aos..a.y —~~ td.iUSt~. by block m b.e)

Surfaces, Semiconductors, Surface Polaritons, Depletion Layers
Spatial Dispers ion

20. AS$~ PIACT (C..uSMu. ai rsvsrie .id. U nrn..Oiy ,d ld.nUl p’ by block na.b.r) 
- - 

—

Surf ace polariton modes are investigated theoreti—
cal].y for a slab of one semiconductor on a semi-
infinit, substrate of a second semiconductor .
Specific calculations are carried out for a slab of
intrinsic GaAs on degenerate n—Ge . The case of a
slab of degenerate n—Ge on intrinsic GaAs is also
inv stigat.d.~~

r~u~ FORM ir ~s
~~~ ~~~~~ ~~~~~ 

DI fl ON OP NOV I IS OSSOLITE UN IFIED
. .
~~~~ _ 7 ~~~~~~~~~~~~~~~~~I~~~~~~~~ 

AS$ -
~~~~~

~~ 7 3’~~ _ _ _ _ _ _ _ _ _ _ _ _

“ 
.
- 

-
- ~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— —  -. . r .

Reproduction in whole or in part is permitted for any purpose
of the- Uni-ted -St*tes- G vei~~~ent—— - _______________

SURFACE POLARITONS IN A DEGENERATE SEMICONDUCTOR WITL A..
SURFACE DEPLETI ON LAYER : HYDRODYNAMICAL MODEL *

R. F. Wallis , D. Castiel , and J .  J .  Quinn’
~University of California , Irvine , Califo rnia 92717 , USA

Surface polariton modes are investigated theoreti-
cally for a slab of one semiconductor on a semi—
infinite substrate of a second semiconductor .
Specific calculations are carried out for a slab of
intrinsic GaAs on degenerate n—Ge. The case of a
slab of degenerate n—Ge on intrinsic GaAs is also
investigated.

1. Introduction
The development of attenuated total reflection1 (ATE) has
provided a valuable experimental tool for studying the pro-
perties of surface polaritons. Of particular interest are
semiconductors in which one can” have ~~~~ ace polaritons
associated. with both free carriers and optical phonons .

In this paper we present the results of surface polariton
dispersion curve calculations for a slab of intrinsic GaAs
on degenerate n—Ge and for a slab of degenerate n-Ge on in-
trinsic GaAs. A hydrodynamical model including non-local
effects is employed2 .

2., Theory
First, we consider the elements of the non—local dielectric
tensor. We start from the hydrodynamical equations of
motion

* ~~~~.m n(v + v vv) — —net - VP (1)
and the equation of continuity

+ V . (n) — 0 (2)
where the electron density n and velocity ~ are funct ions

* .

of position and t ime, m is the effective mass , E is the
electric field, P is the electron pressure, and a dot over
a symbol indicates a time derivative. Let the deviations
of n and P f rom their uniform equilibrium value5 no and P0
be n1 and P1, respectiveiy., For a.degenerate_electron gas
we can take

VP1 .m ~~
2Vn1 
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and ~~~~~~~~~~~~~~~~~~~~~~~~ . (4) _
where v~, is the Fermi velocity . Eeeping only terms linear
in the perturbed quantities and setting

—~~~ - — iwt-i •r(n 1 v ,E) ( n1,v ,!)e (5)
we obtain the following expressions for the current density
j and perturbed electron density n1:

.1 (n 0e2/im* w )E - (ea 2/ w)q n1 (6)

—( 1/ ew .)q . (7)

By eliminating. n1, we can calculate the conductivity tensor
and thence the dielectric tensor. We shall not present the
detailed resultà for the latter, but merely state that cer-
tain elements are functions of the wave vector as a re-
sult of the non—locality introduced by the pressure grad~.—
cut term in Eq. (I ) .

Let us now consider the solution of Maxwell ’s equations for
an intrinsic GaAs slab of thickness d sandwiched between
vacuum ( z c ’-d) and n—Ge ( z > O )  having plasma frequency w~ .
We take the surface polaritons to propagate in the y—direc—
tion . We assume specular reflection of the electrons in
the Ge at the boundary z=O . This is equivalent to evalua-
ting the field in the semi—infinite Ge substrate by assum-
ing mirror image boundary conditions , E~

(O
~

) — _E
~ ( O )  and

E ( 0 4’) — _E;(o— ),  for an infinite Ge sample. Application
of the boundary conditions leads to the dispersion relation
for surface polaritons

, øya E ‘i ~cE ~~~~~~
~ a(i+ -~-—.~—i)(i+ —

o 1).. 1 
• o (8)a1 2

where the subscripts 0,1,2 refer to vacuum , GaAs , and n—Ge ,
respectively, the E are the dielectric constants, the
a4—Cq.— (u, /c )E1)~ are the decay constants of the surface
& 7 A 2 2  2• polariton in the respective media, ~ 1— (q

7 w~/ w
and ~ — ~44.~ ’~2 cw 2...uI 2)]~ . The quantitiós E~ are given
by ~~~~~~~~~~~~~~~~~~~~~~~~~ and E2(w)’42(.)[1—’(w~/u~

2)]
‘ ‘ t u e  and aT ar. the long wavelength longitudinal and

• tranavsrse optical phonon frequ.nciu , rssp ctiv•ly of GaAs.
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For the case of a slab of n—Ge sandwiched between vacuum
and intrinsic GaAs, the field in the slab is evaluated by

using mirror image boundary conditions at both boundaries,
z—O and z——d . This means, however , that mirror images of
the boundaries at z—O and z——d must also be placed at z— t2d,
t4d, ... , and at z~ +d , t3d , ..., respectively . The dis-

persion relation is found to be
ica ic~ 2

(g2— 
~ 
0)(g~ — WE1

)” g1 
- (9)

where 
-

g
a— 

~~ 
da

2)
2

T (~~~~~da
2) (d)

2
B T (~~l dx) _AS~(_ff1)), (10)

T~(x,y) — (~
2—x2)~~CS~(x) — S~ (yfl , (11)

S1(x) — (1T/x)cosechrrx, 82(x) — (rr/x)cothffx . (12)

3. Results /

1 . 
Numerical calculations have been carried out for a slab of
intrinsic GaAs sandwiched between vacuum and n-Ge for
several slab thicknesses and carrier concentrations in the
Ge. The values of the parameters used were w — 29O .5ca~~ ,
w — 268.2 cm , E (.)— lO.89, E ()—15.13 , and (m /m)—O.2.
The results for d—0.1 i.im and 100 ~m and w~~— 4OO cm~~ are
presented in Pig. 1. Three surface polariton modes are
found in each case, the upper and lower modes correspond-
ing to interface modes localized at the GaAs—Ge boundary
and the middle node corresponding to the surface mode at
the GaAs—vacuum boundary. From the figur e, ’ we see that
the non—local effects appear only at large wave vectors.
Note the termination of two of the modes ‘at small wave
vectors. In Pig. 2 we present results for a Ge slab be-
tween vacuum and intrinsic GaAs with the same value and
slab thicknesses as in Fig. 1. Again, we have three sur-
face polariton nodes in each case. The upper mode termi-
nates at a min imum wave vector . In contrast to the GaAs
slab, we now have two modes whose frequency— increases — “
strongly at larg. wave vector. .
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Fig. 1. Surface polariton dispersion curves for an
intrinsic GaAs slab between vacuum and n-Ge
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• Fig. 2. Surface po1ar~.ton dispersion curves for an n—Ge
• slab between vacuum and intr insic GaAs .
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