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4. Optische Prozesse in QWs
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Reflexions- und Absorptionsmessung
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Kramers-Kronig Relation
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4.2 Interband Absorption (allgem. Betrachtung)

o S \_\ . 'J\\»( -"g(_',l,\.(,. eA h\&_‘g
N

::.l;; VMGl c _gg\d‘ (b clhowcdsis \;\\ Oluc\s \;‘:\,:\\_-. \'W‘wkk,v-\\tx’\

7 \ N (™ P e S e L
/\ S ‘kk’\Li Q:‘{.\M \.\-‘ \\&\";)\ n A "."J" \‘\\ \4‘ A ‘1\\ b\.\_.{.\ \ \’.‘kﬁ*« - ')(-k\'\-‘. S~ (_‘ )

gflﬁ-(‘.\‘ ML\’ 3';\\-& C 1{\*-\—5'4 \3&&-& \‘W“i} k\.\_ kc\ \;\\)V(-}SLM“%’) -
(C2 P Ve Ty\_\'\-\.w o\ \L«’t \_

N I:)%l I W) i'MA\ “‘C o e -hL‘ J
L \; ’f—i (Ku - \{ ) k" Z'—‘\_

Whs 9’»3&4»8"‘ wokay scbeca gl v AQuk wwxﬁ ;'\'A'\L\-m*x;:ﬁ-

$';‘\(_j ‘-M.“’B Yoo (i Tes \»..~: e ‘-‘X&,\L.*‘x ot /\);&-,3\ )

‘S
N a«."_\ > " (] { P o 5. * Al l:\t‘:-“t‘\“ >
W == - L AKRIMA OV §(6,- € thas) ol
,\1 ‘.— k E s> \ At
e ;‘\‘, )
DIk DA [0 | Vb haxcah b

‘ W 1"‘“"‘*“"'» \:‘;, b \'\'\'.\: '\("v LAY l\“&\%‘\




'L(‘ UNIVERSITAT PADERBORN

Die Universitdt der Informationsgesellschaft

AQ-')‘:/V ‘(L\
w = A &_2 t‘“‘\\lh U ‘\_\_‘ - ® -.\QP‘-V 2 c,l3 ot .
e i3 Vg (lmé ) L £ (onpole e \’\-S(\;\--E(‘,,n\.,
1 €

fandsiwen: Cwdnaarlr wad ngc,u\(,\_n.k)
SO

wdut % LAl

IN) = ‘.2_'?. &Z < k(f“'\""/\\ 5 £ p - Lh[‘\“( T Ty
MK Srvr Ak A SN Tl N CERT
t

;)z. \Q.E'..

Dx Woew %Q.mc\n wobw Seleou welWrid  kov. Sunc Qs :;.‘) <l

Vi VX .'.,Q&,-.-»L\.\i

¢ : 7 3 0, .{ .
‘b‘i = -~k S (i\ A RSN s Resdvvut bw ol
1 Lhtf
wask iy - e E (
12" v I ( ¢ € %C»«L‘\ vadliresy
l‘) > e Ay ""b(.‘l

oz Aca e bvume Abia g Qu\‘;u\

n = =2 ’\,_’:__ ,\5 = k y _‘ , ~0 ‘_‘ _)
P\\ ® t\‘\\ X \\\\)LX{ hj\.\gtl“ (v Kh'\lel R ‘J(Y
—
z20

wal ©g ‘& , %th\]u‘c M»\

e DJAs s,



'L(‘ UNIVERSITAT PADERBORN

Die Universitdt der Informationsgesellschaft

O /-\)\M:;\Q\..g-\ u‘.g\()\,u'\x o %@. — («.ﬁ.{su_. Mows Sk Wishold k}aﬂ).\'\a

O WO \*\I) ::V_i \u\.‘-‘d‘-""

\Q :%. :."\Q

T \* ( FEL‘)O\ Mﬁ)\&n vuw»:.))
/ L ls
/
R G PR T I v g e
$ d < SCAR . - 3
*w »{-L ™ Vel 9\(’ xQQLKN-&-v\
)
// \ Sl((

¢
(1(*4(\4\( l(\“\w WLl -

ju. GQ'AN s-(k.&.\.k.u.’ vr\,;d( L.a.s..g\g E? ey (‘\.,..Q' ,.,.\-L\a\-\my
gt‘x'\‘\\"z;;bw«;é (&.L. /\Q—g{,g{:&“"* T IV SEr S oF

2 5 s ‘Er, = 25.9 av
E <A \‘éx\Ax|S>‘ a7 T, - N av
? wo ST i Tl | € > 322
¥ v \“, j\.(‘.rvc-aié; f
-y

c’.(, » “_;o = A\ cﬁ (CS /
Cgir 4

6
R DJAs I,




'L(‘ UNIVERSITAT PADERBORN

Die Universitdt der Informationsgesellschaft

Vack Stucvobow Gbe dilk &&d%ﬂfa\;\»«-d—‘ IS PP L ROy

ac\lLa ;.>uc\~ oo 3D Ralblater vt M()c-\f.w( sy Loc\d ( o, 9 "‘;1)

k\'cv U&w‘)

—

3 1 .
w2 (b Eg) rackiatar R rShedith e\l
LR ( &QL\A\ vlaou.““:\ u{ S*&RE

3
Z
~
<
f\
;o
c -
S

i
-
~

| : R A: L A Wl 4
SR M A
Wag h‘k Y

£

‘{‘(.dfu.f& Ray c,(,uh sclaae Alsow p\«c\ o e Nche duy Do Waded

Wabs i ~
X | = Bl Qe ) =P x ~ Vo -E

Sy

Wy fk
\
r]:nc.‘g
% f , |
Varbglew e Wiy CX!L\.WQ‘\
> Dav waichov 27w Wy e

R

[y &Ls. \1,'.*,\&:2 \‘_—L\,.,K "W 'K& (A.\S

' b2 p— oeustool Babo clae) R LT




'L(‘ UNIVERSITAT PADERBORN

Die Universitdt der Informationsgesellschaft

Auswahlregeln fur linear polarisiertes Licht

From symmetry we see that only the matrix elementa of the form

(P:lpsla) = {Pylpyis) = {(pslpsls) = Pov

are nontgerc. Thus, for band-to-band transition, the only allowsed transitions have the
following matrix elements

(BElpcls) = (BElpy o) = 7z (pulpals)

(LHlp.|s) = (LBlp, |s) = %(p,lp;l:)
2 9

(LH|p.ls) = 7&(?:‘?:") = 76'Pn

It is important to note that (BB|p,|s) = 0

It is very useful to examine the matrix element squaze for light polarized along
various orientations. This polarization dependence is accentuated in quantum wells be
cause the HH and LH states are no longer degenerate in that case.

z-polarized light: HH = c-band: No coupling
LH — cband:  |py|” = § |{pslpels))’
z-polarized light:  HE — c-band:  [pyl® = } (pelpe o)
LH - c-band:  pyel” = } {(p.lpels))’
y-polarized light: HH — c-band:  Ipyf* = L {{palpals))’
LH — e-band:  Ipul® = § Wpelpels)?
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Auswahlregeln
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Auswahlregeln
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4.3 Interbandubergange in QWs
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Elektrooptische Eigenschaften von QWSs

Der Quantum Confined Stark-Effekt (QCSE):
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Fig. 46, Schematics of the action of an clectne fickd on a balk sermconductor (Frane

Keldwsh effect, Jeft) and on a quantum well (quantum-confned Start cftect, nght. afrer
Ref 281)
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Exziton Energie vs. elektr.
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Figure 13.9. Comparison of experimental and theoretically calculated exciton energies vs. the
electric field, (After Ref, 43))
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Absorptionsspektra von GaAs/AlGaAs QWSs

~&n (TRANSMISSION)
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Figure 13.7. Experimental absorption spectra of a GaAs /Al Ga,,As quantum-well wave-
guide modulator as a function of field: (a) TE polarization for (i) 0 kV/cm, (i) 60 kV/cm.
Gid 100 kv/em, Gv) 150 kV/em. (b) TM polanization for () 0 kV/cm, (i) 60 kV/cm
(i) 110 kV/cm, (iv) 150 kV/cm, and (v) 200 kV/cm. (After Ref. 48.) [13, 17)
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Anwendung des QCSE:

Optische Modulatoren auf Wellenleiterbasis

(a) Waveguide modulator (c)
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(b) Transverse transmission modulator (d)
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Figure 13.10. (2) A waveguide clectroabsorption modulator. (b) A transverse transmission
electroabsarption modulator. (c) The absorption coefficient a(he) of a quantum-well modulator
at two different bias voltages, V and 0, for example. (d) With a bias voltage V() across the
modulator, the transmitted optical power (solid square wave) is modulated. Dashed line is the
input power P,
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