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directions. Data points are available experimental data from neutron scanering

expeniments (circles from [47,48), and squares from [49]).
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From Rytov;

d, dph a?) day . dn
cos(Qd) = cos (m —"'] cos (m —J -| I+=Bin [m —] sin [m —} (1)
A Vi 2 Va) T Vb

Where d=d1+d7.and Q is the superdattice wavevector and

a & Ipava-Pbvbl / V(PavaPbve)

For the case where the acoustic modulation of the superlattice is small (a=0) (1)

reduces o)
wid,; d
Qd=g[ Ly —b-] @
Va Vb
dw

using VLl:'dTr we find that the average velocity of acoustic waves through the

superlatice vy is;

M

Vs v+ (1K) vy 3

Where x=dyp/d.

2 -(l-
v [xv, (1-x)v4 } @

2= —=si In
a9 © dz s XV, + (I-X)Vz

The gap at the zone cenlre being 2482,



Intensity”

I ! ! 1

(1)
AL 300K
(0 W - 19?9 eV
I B> Z(X.X)Z
! | y |
100 200

Raman Shift(cm™)

COcvhRp. PR.L U
298 ¢ i9D)

L T
, S
— e

T
—

Energy

Ulﬁ"""""— e e ———

4ntn(}A)
A

Wavevector




............... 2¢ —— “1::?_?1_
................... ST

................................. ]
Wiﬁ ........... 7 :___._m _.;:m___.__:i_“_
c , : ! .
=—N=—Ra
———— ) gyl il
I Ik :_:__ _:_
0 mid O mid | | _

wavevector wavevector

- (a) (b) (c)



<, VEN DGOPOUAN
T AL 4% 974

v SANTS ETAL -
Py b 3325 (FB7 Y

1927 .
a-%i:H/a-Ge H Mullilcyers
CdTeJCdl_dnTe ‘m‘
. paricd |4 Wt} Vs
‘; W ul) Wy -
E sl [
. )
£ 2\ 6 J\Jk
: jod
> 1359 (5] )
2 2\ 9%
& ,\I\/ 2 _
: —
- z IIZJ\j\
- z| |
3 =z )
z ) W 2
& l L\J\J @
o e
\ ® 2
60
20 .10 [=3 w0 292 0 20 40

RAMAN SHIFT {em ")

RAMAN SHIFT em™

T T T T T 1

T T |

3 .
e -1
E "2
= /
}: »
g GaAs/AlAs
EJ_ d=11%A
= .
=z
% 0
£ "
':_;5 1 4[5 L 35 25 4 15 5
RAMAN SHIFT (cm™)
P ILSEERANS ET AL —7> »—)ﬂ,
~a Y YO {mﬂ.\\ -

| 1
d— —~
mu qu
i o 2 &
C:)m .
O
w
- o'(L-uJaé
> &
i
¢ - \T>
( SZ a
= 2
Ny
o~
| o %
3
O '
o [ TS ) Tg ®) M
o - —
T
e
_ A
- - ~
. TR
L
- S 4
< g -
] | é & -‘:
3 3 &
{-W2} ADIN3NO3YS
2 -
B-V‘J



\\\\
_ @
ffl ..O.
e j@
el P
T 13
\\ o
.\\
L)
/ N
/III |2
o
] ) ,
o~ p— 1 OO
(Lw2) vz
g B =~ —_
@) 358p I dud A._&ao\ ] W82 %
L TId W LH IwIFOC
@ sois |
(WD) L 4IHS NVIWVY (,-W2)L4IHS AON3N03Y S
¢ 6z Sl S X 0S 5§
T T 1 | T T | 1 1 T .
. - n..‘
L | ¢
(M

(N 'qie) ALISNILNI NVWVY

(n qie)YNDIS NVWVY

H0SZ=L
wuz9G ="

R OUSSERAND M CBROANA



A@ \ = _ ' ' ! T - ©
U | .M © ! .
r~ | & —— /
= O S - QU . L
it n m —— — - \\ N 8
W m S x * R - / o~
. O & - 0 - / .
J m - & o= 9 e * IS
- ! - /
_ml\ ~ [ ] O k v”djr.. _ - \\ 6 -
| n.m - ./ o A
- - PRe Ve v
E e | - - v < =
- f“.u D-l T-Inllnvll.. n -~ ” n
m pAi fn.v ﬂ\\ i S 2
d - 3 e
n r—e -
.m 2 / »” o
.Y - -.'IlflLll \\
(J s\ \\ 1 2
ﬂ._r_ﬁ.”u _vIIIArIDhll. +® ©
oy B A —_— ‘ J
' vy o - — ] ) i
K‘ AVI — Y el P v )
o ”ré Qo = w (- o
o~ N & y? 3
T r:.d_:
‘7'814 Ul umoys ae j-v sapouws Joj J je
4 4 4 4 sapmyndwe juawade[dsip Sutpuodssiiod syy (eg=p)
20¢CesDc0r 00 BAARAR AR L aajepaadns E(syv)t{syen) ays 105 uorisaip (100} oys
Suote uolszadsip A>uanbaij asiaasuesy pue jeurpnytduo] 1 81g
| (P/,} 40108A @Aem (100)
_ _ ﬁ _ _ ! _ .J _ — h ~ h _ m _‘ L s J L O F 1 1 1 A o o
L L N / ,
* T _ [ T 1— _ Q /
- T
A 1 @
T T 0 T~ ] ¢
=
'\\\\I 8
-
L 1 -002 o
— _ _ T _ T P I =<
e et
| \ e
L. T 3 q ° q m
| _ 5 00€ 3,
P Ny
A __ - L_ ‘ _ | , J w ‘
P
I T 5 00F
1 i

@86 ‘Les T
SUAI N 4+ T Ay

Y 13 vud oo 3



B[

AK. 9200

O
a
T 1 ] H N
— O
5 15
O
hkﬂ___
o
O
}.—
T
3 12
O
’..—.
[ S
R e |
2 | S
o
D Jun
DN Tg) o~
m —— O
-— )(_ —
[} >
S
3 N
]
1 ~TI
L A 1 o~

(SHUM 'GIV) ALISNILNI

RAMAN SHIFT (cm-1)

T oA Sise- ETA

PR B (19%)

06— T ™ :
(GaAsly : a G
04} {AlAsl ——e ‘5 o A
e /.,’ o= : o A
S 02} '
OEJ . AR
2 00 a~o—ao—g.—% “\,:___. .t
@ e /ca’ ;
f: -0.2 : - :
: ~ - 9
GO
-0.4 |- (0=07] & <l
v=8.71THz T~ |
-0.6 - A = % [ \
- s
0.6 [ =
(GaAs)y 5 8 9C
0.4+ {AlASJ'] . PP . I (degl
= : o - .
g 02 s g s
5 i, RN
S 00 H—(}o—a—.-ﬂ{ :"Jﬂ—tﬂ*ﬂ—'
& i |
0O g2} : : .
. ’O.\\@ o~ -- Presen
-0.4 - (0=0°) T=e-T Continuut
v=8.03THz . Model
O T s GaAs AlAs



o) Folded LA Modes,

1

Kl [oo1—0
[_ 82 Symmelry
| |

12
A

“ﬁ%
Jf:: U ':‘\uj

-——

b) Conlined LO Modes, k, =0 k ;0

L Bz Symmetry, AIAs like
Lo, |

| |

o
iyt

g\\ : Ry

' “amoa o

{

|

{

!
|
i
|

oy
LOg LOsy

Al Go Go Go Ga Go Al Al Al Al Al Ga

RICHTER AND

STRIPOCH S s eu

W7 ( FET)

=29

§ 2 2 28 %3 8 % ° 3 3 2 238732336
= T AV
t, Z \\f Bl
: g w--, o
- L ' i
4] g Ve
1 '_‘J ,’5
| <|
| z
<=
| “\\ K
i /i(
ALY, NVIN [ ) NN y
§ % 8 § £ £ 8 F ¢ F g% ii:Eoc
1/'\‘/ i /\i/ N
4§11 — ! ~ -
4 2 - v
=S Z
< E
(o] =]
S| | 1 81,
Q L -
M NS NND
e85 F f 8 £ 58 & FfEbEEo

JaqunuaAem

FAP LT AN

P

TACS iN AePLIED FPATSICS
e T S

y

FOCH

R’CMEE ’éﬁ'f"-_af



T=15K

|
300

(cm™)

260 280
Raman shift

|
240
FASOL

(SHUN"quD)

Qgi1gdy 2SS

pg W W W ¥ ¥ DD DO Dg DG DO 1Y

XWXy g -
uUExxm\NnKY_l_

_ XDWXy g 2%y |-|_
| XowWHy g7 — |
f !

1 |
| |
| |
" "d..n..ur.
| |

SapPOlN 3%1]-8AD7]
{0011 11 }"S9POIN 1D211SN0JY Paping (g

A}isSusiul UDWDY

oS 4 AIHIIE

D9 W W I¥ ¥ IV 99 09 0O DY oo ¥

Tatal 1-THEI EEEN |
| XOWER /T = — | }
: [

xUEIJm\m unxlll IFI
xOEIiw\N uni P

_ _

N ,

T |

| !
_

(ool i A
sapoln 1D21d0 39D4183U] 3%I1-SVIV (D

GTEL

.
i)

PRES.

BT AL

Set DI5'ST [BASZITEfasel [ 5 4D



u o
8D
O
| — O
™
[ ~
N
Q£
QL
=
| == Bi=xi
v | NE
5 g
— O
- 2 AR
o <l x N
NS =
O X N
— < u <
= 0O n O —8
Z O+ Q
(Spun ‘quD) AjISUSiUl UDWDY

)
c| 2
3J
0
| -
o
St
=
i
C
S
S
C
51 4
&
o
o
3

l [

240 260 280 300
Raman shift (cm™)

PO BT, R ByRiry UM,

Sept BISEE [BRS3778/ Fasol /Y /Y0



250 260 270 280 290 300 k (2w/a)
Raman shift cm™)

FRASOL ¢l AL PRB iBOWLM

PR ET A

LAk RICRE IROSSTIB Fosol [ T 1 YO

I | I l I —
T-15K 2 - (IG) 1 1 1 | |
EL:1.7605eV B |

- Ak<O ]

~ N=7 i

f) 80.05- N=1Q .
~= E -

0 z L[ 2 !

s} D O :

z <~ L _

@ < - -.:17 g

g —005:_ N=10 ]

= — —

: - N—=N-T N=7 i

& 01— Ak>0 _

o R A N N N N T

| l | | 1 | 0 02 04 06 08

—
“r—



T 7
300/—
_(I) I N R A e B
L (b ] o
10 N—=N.1 N =7 - 290“"\.’\"'\;*\.+_.__
L AE>0Q B i
N N=10 ] T 280
—~ 5:_ na LE)
PR N=17 >
§ N s ) = 290
S ~~ i} <
a [ N=17 ] 5 0
_.5_ ] a8
" N=—N-1 N=10 E 5 250~
o= AE<0 N=7 N
B i 240}
N S R
0 02 04 06 08 10 0 02 04 06 08 10
k(2nla) k(2w/a)
FASDL g1 A FAWDL ET A

Sept BIVS8 [BA53778/ fasol /b )2 - Sept DIV DRTTID) fasol 1 6 190



Raman Intensity (arb. units)
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Unit Cells for [001] Si/Ge _and
GaAs/AlAs superlattices

4k monlayers:

all[1,1,00  bll[1,1,0] <!l [0,0,1]

4k+2 monlayers:

all[1,1,00  bll[1,1,0] clla0,2,N]
Where N = n,+n,
Unit cells for D4h_superlattices

(S1)1/(Ge) = {(SD/(Ge), : (Si)i/(Ge), )

Symmetry in_GaAs/AlAs and Si/Ge

superlattices

(GaAs)p/(AlAs),g Space Group

ny +ng; cven Dyl

nj +ny; odd Doy?

Table 1: The possible symmctrics of [001) GaAs/AlAs

superlattices.
(SiHn1AGedny Space Group
n]=n2 =1 sz

nj; odd n2; odd
n] +n2 =4x Doy
nj + n2 = 4x+2 Dog?

n[; cven, N2; even

ni +nj] =4x Dop3
np+ny=4c+2 Dy, 28
n], n2; evenfodd or odd/even Dy), 19

Table 2: The possible symmetrics of the Si/Ge [001]

superlattices.
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Valence force Method
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Backscattering in practice
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(1) Double Subtractive Mode
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