&

*x 1

(*"

Universitat

Konstanz

H $ %

$& "0+ (-

l$ * /
I$ *O







Inhaltsverzeichnis

" "H# $N% &'( " % " )

+" " % 9%,"% %- % &'("" %
1% ,%( ,%, % "% " "%
1" " 01" % *)
1 ( " 0*
+ R S (R ' 0%, & #

"#' % 2%" " "
3%""%"' %%"

41%$ %, " " "o )

41%S$ %" %5 ' %%%, "% 1 2 ' )6
"% % %7 % 8

9a (™" ('%1 ;' "% 8

I L | "ol 6<

2('$,%,% "3 % 1 " 6

31 2%, ( ("2( "%! 1 " 6)



12 4 # "#" "31 %31
2 "%( "%12 4 & " 31
* 7" % $%12 4 o4 "

#0112 - "%
"L T "% ‘% % " 0%
oo $0% ( "opl= M Opt O,

90" (™S >% %

R G 7 S S S B
* * %I:
*0 7" %!2% I "%

*omor1z2tt %l # %2 9(

**

*6

)



1 Einleitung

.oy
%
#"$ # "
( .
")
& (
0%  *
$ % %
7 20% | % " %,! $% ( O
>000'%, $% %% %" "% ' "
Lo &'(" % 7 I
&(C" " % " $ "1%% C%' %%
3%""% % 3 " 0$' (" |
(" (%", % %% % $ "%, 1,%
"% C%!' D > (""'>" "' "D
% " 1 %% % "Nop  Mop
>1%AD *B "% ! " % '

"t ("% "% 1 <0.% El <. %<2E1l "
E OE<8 AOB 7" Lo "
%! " %l I

LN > 106, Ol "
I C " '1%% 3™ % %! " %

e "%, 2 "y |

%, ,>"%% % " % %! % C! %,

$
&
$
&
@AB (" !
% ," " %
+ ("% "%
% > 10
2( "% !
"% " %
%% I
% .,)"
"% ( !
1% C%!" %% ,"%
1% ! "" %
%5" %, ("- %
" %, , !
" %
c "ol



ll%l n %’

% %" %% $'"
% %% % +9% %
"% " 06! %% %"
S0t 1o gy
" 0006 & (-
" +9% % 1t %% % % %
S@AB 4 I" %>" "%, | % % "

(>(" % %3 %'"% ,% "$
"otop 1 "op 1 ' "0p 0
" %,,1%$% % ' C! %,

F D %' %%

" % "% $
"%% 4 $

"%

%", + %%

<<
> n

(r o

, %!,

> <

71 ( D! 1 "
' Mo "D " I("
" > " "o,
+% % - "0 (
$ 1 (T St o
$ - " /%% "% %"%, -% % 2 (
$ ", % 2(- %%
"%l "t 2% |- 3%% %1
%, | " (% D>! 1" %,
"% "™ 5" %, % % % " %! %
"% 1,% "% "> %%
"(" % ' "% " *1 " K < ASB
L "%, % 2% M "0 1" 205 ", |
% "%, -% > !
( ' %>1D" , %!
> 9% 2H! "%
S 1t &

1 4/

’ ||%’%
> | %! o, !

Il( %

"% /" SDIM >061 00, !
(" "% ! ( R R
+" L= (" (% +
("%, ! " ( $ ™ J""
B A B RS T

™ % , "%"% % %" %% $
"t %2( % !l "5 % %
("7 / C " "A<B$ " |

1 (
IID >l
% A.B

n’ %

$ "G %
;%
% << (" <<< "%
"3
"1 Y%
"% % (" >

%% $"" "

% % ,",>"%% %, "
%

"% """ %

>" "0 " (

"t %l

"% "% 2(

(" $% 1 %

I % % " %' %
AB % (,” ,H
%, (7

% > 81
$'" I %
>'>"% | "%$%
% " " % "%
' %D ! "%
"% 1
1 % A6B %"
"t % $% 1
$ "wD" I
"%
w (", %%

%,,%( 1"
"$% "A<B" $ "
Il %t
" % %! % -

e % ("



1 " % n *
SUTT1%% % (% 2H ! /o % /M
( | (u 0 < u% > n + % %’ ||% |
n %, | ] n %
non I ( u% n ||% C %'I % % ’u $ % ( % | %
u% 1 % " ||% u% 7 n ] " ’ ||’% C " I > %| %,
$% 1 ' % " FC%" %% ,"<)8 G " % "% )" %, %
1l<0% E1 <. %<2E1 "' " " "
C %Il % (n% " % <E 0 E< )8 ||% #n 1 /,Ill " %’
1T 8% * @ (" << %% % % % "% % ! 2 |
7|| ( noon % ' 1 | u% " % n n% ||%
1 <<(y&< E12E|| 1 n (n (n ’lll % C!"%, %’ % n%% #n 1
/’III % " %’ , I $ % * ) @ Fz((ul! %’ F G G 7 nwoam ’ | % "o
! 7 " ] n T ( ’ % ||% > %u’ / 1 (u n
%% 1 (
(3)2.1
=20

1.9

—_—
-

Bandliicke der Oberzelle [e
-

-
»

Bandliicke der Un,t(.arzelle = 1.12 gV (Si)

5
1.2 1.3 14 15 1.6 1.7
Bandlicke der Mittelzelle [eV]

1.8

% + 4, - A
%+. " 01-
3 % 4
- $ /s 17)6 %6

: % 2 3

- 11 11)6 % :
5 -

7=90 1"
>+=? ) ™ 0@

500x1000 W/m?
AM1.5d (ASTM)
T=208K

06 08 10 12 14 16 18
Bandluicke der Unterzelle [eV]

/
% 2
5
2 78901-
$ 4
2 n<9
18 1+)6 88 11+%6
11 I 4" >+7 +;?



O Il%lll %’

"1 % 1 %M /H1 % % '12 %
1<<%< ? & "% "% 1 <<% <E12E"7" ' " "

I "069(,%,"%! 1" % % $% " 12 % >%!", 7" %%
"% "% % %% % % %D I" $ |
I G R (( "1%>"17
4 1 $M %% 2(" ", 1 %> %, %! !  -%I%"

" 9(,%, $% ! " 121" % % "

% % 7(">11 +" "> "$ %

(% % %9(,% " "! % ( %! > 19 I"

"y o1 % W12 4 ox > "%+ ("% "%
"top 1ot "% 1" (% 7 > DI
& "%, 12 "% ' "% %l 1 <<% <E12
2> Mgt (Mt 9 % ° . %!,

A7 S A "G Mo M ol
(" "% 12 (> 1 <<% <E12 ' " (" <<
%% % % % "% % | 2 | #" Co o,
$%*8)@A B(>008@ /" F2(("%, F (GG
7 "mop 12 (> ' "o Mt o
% A B 7% |/ % " %,,! " " "%
2>t 212 %l "t % @ ABB : |/
"%, 1 $% ' "% " ( > 19 "% ( %! !

C "%, "0h M- 106, - 1M "05'-9%, % "% 1%
&'(C" " % "(,% 7 $ %! 2% (%! "% !
"o 2( "M%, ! 12 " % 1 " (% >

" %  A)D 8D .B 7" "%!" 2("$ ', %>"

% >" ' %, "o ! "o (-, "
1,,% "1 >%%, ,%%% %

1% 9( ,%, $% " 12 7 C," (" $%
M N D "% >%'% ! 2 % ( > 1 4D %
( "(" % %! +" ""%C , "% 1" % % "

&" |



% n

1%-" ,(%" (" $%12 ( " % &'("" %
" >" > 0™ & I %, % % %% !
"% ' % >" "% &'(" F Cl1D12¢G "%
%' % "% ", %&(" > " %>% % 2 ("%, $%
% %% % 2% " %! -% % %! 2% " %, % % % 7" /%% %
- %™ %,% " ! +" " "> O %! 1" 7" "% '-%,
! "% "-'1%, -, "% % "$ % ! % ! o
("% - ", %
?2>"% " "1 % % $%1 (> 12 0O @,H '"ml%"
$% " C" I" % %% 12 " % 12
%- $" -%!", "$$ D! ! F2((" %, F GG
9 "% "% """ % """ % % %! "12
1%'- 1" "% %,% %,% %! ! 12+" " "# D

GaAs Solarzelle
oder
Gay s0lng 50P/GaAs Solarzelle

N unverspanntes
gitterangepasstes Wachstum

T i defektfreies &
vollstandig volistandig vollstiandig relaxiertes

verzerrt relaxiert durchstofRende
Fadenversetzung GaAs

0% 100 %
Relaxation Relaxation

METAMORPHER

e PUFFER

- Gitterkonstanteniibergang

&
]
relaxiertes @
||
=
=
m

A= E £ '| | EI T
1 I O I Il

()

% 4= & %
;+9 013 - % %
2 2 0" 1 013 &
5 % # A5 +/9 01' A5
3 " % 2
@ % 4 2 * 01: (

2 5 % $




) Il%lll %’

I %" "% % M 1" % % %F 2(("%, FGG "
( % % " I" %, % 1%C " %! "121 % -
%! M- "%, ,% H% "%" ! %, %! I"12 "

(- "41%$ %, ! F2((" %, FGG 7" /%% % "
" "%!" "$%C " | Lo ("% % > %!

("% "% % % 51%, -, C" | > 06! 96, I"

( "1% 12 " % " ( > %41%$ %, " %
" Cc " M 107 cm™2"% 12 " A<D B 4 " & "%,
"o tnyp Mo I %, 1" % %
$%105cm™2"™, %D ' $ "%A)D B
% "% "% , "% " 'D " %
& ! %% (,,%% 19%% %D "%! "% 9 %, "% |
1" % % , % >"! F2(("M% FIGG 7"
" 2 (D 1" '% %, $ %% ,"

% oIttt 106 C " (,% % 7"
122" " "4 "ol %!, "H#' %D "
% " 1" % % %% % 7! /%% % % ', %!
O " % " 1 1" % % $% 1 2 %% %%
(( "1%>1% 1 " -™ "9y "$ ' "D !

% % ! 5" "%D > C$% "% "

% " (¢ >'% " 7T 9 I Y

"toh "0h 7" %, % > |
(" L o % 1 <+ %) El <& % g2E1l
AR 7 S | i %2 1 ( % @
1" % % %" %, ", A*B
4 1% 9(,%, $% " 12 " % % (3
> %" +% "0l "% | M5%! N | &'("
F+% 2 (" 7 "% 2(("M%, *G " 1% I 2(" " "%
&'(" %!, " C" 9(,% $% " ! %  &'(" % >"I
" " 1" 1" % % $ %! %! % " von 9(, %, $%
"% "% " %D %' % "% >" " %D "% &'("
$" % % "% $" % %2 ("7> 106 1 9( ,%, "% !
1" % % %' ! 9(,% $% "% ' % "% % ' %

&l(lll ’ %% I



%

C"'%+% %2(>C "% % ! 9 ,%,"%! 1" % %
"% "% " o#l s (>! "%!I" 1 " 7"
1" % % ! '# %17?"" " % "% 1 1%",%$%
12 2% "H%!' %% ! 12 I % "% 1 , "
> 1%D >" (" $% )" %, %
Covee 1 (0 (o
" % " 41 % F+% 2G> 1% (" 12
" ' "% " @ " %,,! % 2< C "%, %, %
" AB 1 %E12 72>" ' "% >1% (%" " %
% , "% "% "%% " %,, ! $% *@ (>
6@ % ! 2< (> 2 AOD B Come "
"0 % "%! ""% " "% (- % ", "D!I"
' "% % -™ % "D " %" % "™ %D
" >1% A)B " 41 "J" %7 %3% > <O
,% H! 2( "% $% 5 (D ' " + % "%
7" "l "o (O (" > 106 "
| Aa = 0.36% i I
s lerlle fi Go,n, P e [
220t C]Ga,_InP |
% | aAs I
% 10l Sm._@“* |
a G(;I
0.5} Aa = 41% InAs
54 55 56 57 58 59 60 61
Gitterkonstante [A]
% +7, BC D ( $ %
( 2 ( ) %) %
+5 5 % 5)+5 +5 %0 2
C ! 2
( +5 5 @%$ & $
i+ 9 % ) ’
+5 5 % 5+5 +5 5) @$
) E 2 )F




6 Il%lll %’

7%% 1 " %D >' I " ( "1% >1%
F+% CGD $ % 2(™ ("! 2( "% % ! 5" "ol
1" 1 ""%4 "% ?>" " "+ ("% "%

3" %! & > "%! % A 8B > $% 1
"% " (- % "% $% <* *0h  Opl
7 H$ %,!" % $% < (" AeB 7" > I

% , %!'-" " " H# 3% "%, "% 7"
% %,% > 1% |! "% " " o
" oA %! ! 1 % ( "1 %, "
' $ I, D "% >"1"%"% 'l
N ( (,% ", % % " 2 (" >t mr
2( "1%,%3%1 ""% "% , (%, (" %"!",
70> % < % << ( % "% ? % %, !
> %™ % (%" " % %, % ("% " "%AB "%
"t " 0%"%' 1 " %% > ' D ("
% $T %, $ 1% > 1% 4 > * 1" 1
%t % (" "% U$% < % 7
%" "% 1 ( - "0 1" """ % "

% %,!" % (" 1% 12 " %
7 +% >!1 %" >" $
1 9%!-" o ™ (" 1 ' "o " "o 1

"%, "% % ', %! % "%
> 1 0o %! ! ""% % %7 %, ",D! 1
"%, % "% "%"%12 %!'212 " % $, % D!"
"% "%"" % % ' ! 510%, -, I" "% "-%, A*<B 7" "
"%>" 2, % 1 '" % $ " %

% 1  %!" +% %7 D("!'%% 1 9(,%, $
%' %" ! 1 "%l 7" ( "M% &'(" "% > %"
# " %, D" "% 1" % % %!" % $% % <@ "
"% LI ("1 2( "%, $% 1 ST " %
"% <<% 7" $% -"( 1 " S ES %!

L %", D! C,"%% I" 2(" ( " $% %" % "%

1 " % # "%" % " %
4 %, % (" >1 A*D *B 2% ' % I" 1

"% > 1t % % 121 | % "$ % 2



*opt 0pl2 (1 2("

11 "% "% "0 1 i Y L1 %
"% "% 12 & »  $" ,%
C"1 % F+% G "% ! 1" 9% % %/ L%, $% 1
121 1% "$%2 ! 1 "% 11 %
" <@ %D! 1 <<%<D" I"1" % % $%12 "
"% 12 4 4 F+% 7G $,/H I" 1" % % $%
1 1 1% 2 1 % ! 2 ("
"t % % ,$% 12 " " C" 11" % % $%
12 %, %D %% ! " %, $% 12
7S >1% 7 & ,% ! o2,
% %, " ("% % % 1 % %
12 4 4 % U 1 /"% 1 :' "% " "o
, %!,
"7 % ST, % %2(" % 4 % % " '
% ,"J F G"%! 2("%, " 5 %!
>S1('" $%! | M "N " "% 41 %, ||
C%! "%" " C"l%, %! 4 %, FCC4D A %% " %
< 4<* 2G 7" (%! 1 > 1 "% + "% " 1 %
&' ' ?% C "% F&?CG %! %! ™ %'$ "- (,
F G! "% (% %, ? % ( " %! ("
%>" "%, $% %" % "%1 :' "% "% ot 9%
(%2 M 2(" (" 20" (" I M
N 1 $/ %" >1%AB
72001 2("" > P
% + "SI " 1" & "0 %l "tooh 1%
"%, D I" "% I"  2(" "% % 7 2( %"
G L I R 7 %1 %" #D"
Lo g 2(t & " % "% "%
3&W% D& ' ?2% C "%D 0< .C "%DCC44/! %% " % <*4<*,
" %l + 'D " % " ?% St 0 %D "
%'$ "- (,D*<* (,DCC44l! %% "o <t A<t C



< ll%l n %’

"%l "M 062 Q3 :*<< : o>
, S1% 7 >" 2( %" 3 ! % | "% "
H'% %D "l (" > % L 4"
%(" %L™"$ " 0 >" 0, |
"t (- , ., % >1% 1%% % 7 %-
2( %" * - " 7% %, %! " "0
&'(" % % %'$% " %1  %D!" "1 2(" "% %
NG e, 1 &(" A G 7
oIt 2(" %> 13 $%
1%, %( , %, %, % (" > $ , "D " |
%, -%! | &'(" " % " ( ("
(" > 1% U A B G A
% "™ % " %21%% ""% % $% &'(" %
%! " ' 2( %" 0D "% ! %, 1%
16" "% $% 2%" %, % % "% 1 :° "% " % "
(1, "s>1% 7 >1% I %>" "%, %" % "
1 " % " (%" 7 +"' "H "2( %" (

16 : >" $% % >% % 4!%$ %, %D 1" "%
% "% % % /%% % %! "% 7,1 "%
Nt 0%, %

T G A R R S VS 1) %" % "% 1
ST "% " % R %I)R '"%" % " ( % %
200%" * "% C "(%, ! 1 :' "% %! |

, %D | "tooh 2( "%, %" % " 1

SRLL 7SN "0 " ( "ol -06", %%
(- % | 1:""%%  F2( %" *G % I
4'"%" % " % 1 1 F<<G ( - 1 "% %A B
(% F2( %" **G > 1% % %! $% 2 %, % % ,>" % %
2( %" *0 >"1 1" :>%" " 1 3 %%% $ % 1
% % %l | > &'(" " %
Ct % 2( %t koSt " $%1 " % "
(" 1%, %(,%, # "% "("

e ! 3 >1$ 2 mo2(" "% A®B( " (% %!2

Pl %™ %,"%+ """ * (% %



*opt 0pl2 (1 2("

oM (%! $ % 1 + % %

F+% "% 2(("%, *G " ( % " 1:""% " %

S (% "% "%, | $ >%! % ("%, %, % %!

F2( %" 0G >1% " (% " !
""0h, " " " H'0 Ol 1%, %!" "
( "(% F2(%" 0G 7" > % 7, 1 "oy |
(- % ') % +" " "o | > %% 1 # %
% >"1 % %! $% 1% (%" % ( L7
( "(% % | F2( %" 0*G

FU (%M & "%, 12 - %

F+% 7"%2(("%, *G %" % "%1 L% " %

" % 7" C (%, (,"%% "% 2( %" "% (%" %
"% 0| ("%, %, % | 1 12 -
"] D > % %+ " % %,

2% "H%! >"! "% 2( %" ! '#"%$ "% $% 12 & &
7 > % %! $% M(( % %N

12 4 # % % % 2( %" * > | % 1" (%"

"% " "% $% ( D ( "%, %, % %!
("1 "H $% 12 - % $, "

ol 1"

+ ) " (%" I & "%, $% 12 "%
"% F2( %" )G %1 %EL2 ?>" "%F2( %' )G "

( % %7 ' "%>1% % > 001 %, 1 "% 1"

2(" %> "% %" % "% 1 :' "% % %! 12 4 &

% ’ n






2 Herstellungs- und Charakterisierungsmethoden

# 2 (
5 GA G
A %
3 C 5
A 5 3
H 3 4 2
G #
(
»
% (
$
#
- )F
. $
) $
% ° F
A5 %
A |
0/0 *
( @
: ")
A
7 %' 1 % "#F D %,
“HIG "% | & "% $% &'("
( % "o L %
g % 1% "' %

&C" " " ("I "% "D >t

A$



0 & "%, W " %, 1%
&'(" % % 12 % ,> % >!A®0B 1 R TR
$% Lt %! & %" -, -
% % %! " " ( " 1" %
%% % 7 "ol M %$%5 %D3 %"
5 "% % ' "% "% " C "(%, !
| ("%! " "%A*D *BD % ! %%
2 %% "%" %
& "% ! 1:'"% " %D % " %
% "% (%% 2(" " ?
C%% " 2(" >! " "% *<< SR
> IF G | 4" 2Q3: (%
("%, %, % ! $% "D 1 % &'(" %
%, % 7" N "Rl %
H( ' 2-™ >1%1"1 /" %5( "1 %
T (%% C ", % %F2(("M%, G

J@

GA 4)IA

013
11

01%
( 5



+ n ||> n n , %ll 1 % n #Il
7|| n , %Il 1 % n #II n ll% mn 4 !
1 % "#D("! (%&IN"% ", %" ("%! %, %

ll%
%! %! "

% 7" , n % o u%! ||%
n ’%n (u%!%’%u%

ot &I
b 4

5 >1% "% ,%%% % C(( % ! e, ot 7
A o (M B % ;"% "' %
-t T "%, %, $ 7T %! $% ! 3 " C((
% 17 1" %" % ("% %, (7
"%l J" > ("7 % > % < (%
2 -
7 ( " %™ o 1" 2( %" % % "%
2" 0%, ] >"I , F'%1 "% G "
106 "% ' '% % " 7 "%19% I"
2, %, %! "%! ;"% "' ' %! TN 7"
"op I 0l 1" 0" ' % : "% s % ("%
2, 3 ("' %!"% "% "% 2( (" (%! %
7 Lo 0 %!', %! %P
3% I ;"% "o It (" %
"% " "% % (
Tl % (- (e
Jan %,
21 "oeD (- %" "% ol  "0p | troop
(- DI" "%( ! 2 "%l1%+" '
07 "%! "% I $%! ( -
2(% | "% |
7" = ol 1" =>"1 1M %,
"0 | meeDot o, % (- C" %"!" %
3 % " | "o M &N %% %
(">t % $ "%, 2, %, ! ;" %' 'F G|
", O | (- F *G $ %> " "% C"
I %3 % >"1 | " "%""" DI |
3 % L% ol "0 | Lo
"%, % " ('( ! (" - (%



) & "%, %! "toh, 1%
F %! 0G C" % 3 % %% "%
5T 0, | 3% " 4 % %D C! 7 "%$%
2 %! ' '%$%! &'(" (-
7 $%  &'(" " % " ( " %!
2% 1 %, % % !% 4 " & "%, %" % "
1:""% " % "> 1% "0 %", (- %
%7 ' % o, & "1 "% (%/", D !
3 % ( <<<R ,', " "% " L A7
"%, "% % %% %M J N % " oD > %%
"% "t ol "% - DI" " "%
% ', %! % % "% 1% ,> %% +" " "%( % %!
% >% % -% %% "% "% % % 1" "
$%  &'(" % " " % 1 (', "1
D% "% "% $% ' % %! & , FD1IG " ' % %
| & , % % FIDD2D GD %! ,
Ot S >t 7% "% 12 "% % %% "%
% >% % %&% ,%!" % % C" "0% %! ', %!
$%1 %12 =>("" 1> " 7% "%12$ - =
>10% "% "% "% '% " %, "
% &"% , %I " %, %" 12 108 cm™3 , " A*<B
7" "o 1l (- "0 | " $%
&'(" " %" "op!™ % "%" %, % % ( %! "
"% % "%, %,! 2 a2 %% ( - % >
4 % % % $ % % (" " (' - %%
( %A%B 7" 7 ("% % "% %%, | "
(- % D" 2% "% "% -% "% (- %
1" 06 %" 9% "1 :' "% ' % > %!", >"IA B
2 C,%%, 1" 2% | %, % > | "% *<< Y
> IF G | 4" 2Q3: $ >0 7"
% $ , (" L, %%% > 13 %'" "%
2 ( " "mh 2((M %, " 0l SUL 4 ol 0



+" "> % 1 % " #" 8

crt 1 "> > 196 1" "%
& , % D %I"7" ., %% $%!1%%! & ,
%1% ! T=1%  ,%%% % > ! =, 9 >
<<<B/ "> 1 /% " ("% 7 %>
% (% "% %! ", %% 5 % "% !" 7 %% I
?0,%, % %! ;"% DI" " +" ">
1% (% "7 2 % > % > 1%l (
(- % !H, % D ! 1" > o
> % T "% " "% 1% 2 "1 9%, "
F%( % " " "% "% '% D> C""
% % % G
7" 7 R . 2( "%, %
$ . %% % % " J % ! )" %
(> % 7 Co %
> 1 "L o+% 1 " %% %>-%! % %! !
Ln2 ot > 19! 2 % %! !
% $% % "%, % % "% " " H " %D %!l "]
DI ™ $ "%

in-situ Prozess-
Uberwachun '=

Quarzceiling

Shower-
head
Gruppe V
.................. —1 I_I [
Gruppe 11l & IV RS . =116, S — Reaktor-
Dotierstoffe SAURLIL=2 1) RN RAVL= 4 RS kammer
Y\;ﬁ\bgaskollektor bgas
% == % GA 4) A
LK $ | A
L +, IllC
A ") $
A " % % E
$ ' - +=/ IMG E
( % G 'K C
$ "2 % ! " )
$ or" A 5 $ 1 $ @

A "G Il @ C El



6 & "%, %! "tooh 104
7" %, """ C> %, "%6% %>-%! %W >
%(1"%, $ "1%>1%D "%%! % J oo
"% 2( "%, % "HY%  &" 106 "% |
| " ( + %% % "%, 7
1 "D ' 1" (" >1%D (" o1 2( 0 |
&" %, ! 7 mgh M Mg %I
- LTS 1% > 1 0t D " % $
C> %, % " (" 1("1% > 1" M50 <<<
5 % % D ! I . %, "%l " % ! % I %
1%% % "% 2(, " J(0-% 1 %!
%', "%, " 0% %>-% 1'$ C', %, D
C"™0h, 12(, " /%% % % C! D% (>
> 10 7 LTS M0h "0 Op( > %% ? %! %! "%
! J oot L %
7 $ ., ("% " % "%, " Lyt %
&" % %D !I" 3 % (" <<R - "op 1 (-
(" "7 > Ittt "9 "% % + ' "
<R "D "% $ 9( " %, % 7
4o " % " > " Mo
" $3>"%33 J ! 4" 533 (> 7
"0 " % (""" % (- % D
! % % ( %, > %! , %
F2( %" G
4 | N ey &'(" % % %"
$ "1% ;"% , %, 1,% %! %
2("% >1 " # %1 " % 2 "% F2&G %!
"%F& +G$ " I % %" ' % "$% "% %
"% 3 "-(J "% F3C2G %! 3 "-(J "% F3CG "%
7" 1 "% > 106 " 106 " %" % ;"% "' '%
3" J'"%" F32'GD 3" J,™ F31GD 3" J,"™ F31G
%! 3" J"%" F3 %G (", " 7 " %! 1"
%7 " %! &'(" >1%" "%F "&oG (> ™



+" "> S | 0% " #
c"t 2>"1 > | "0 %l v
,',D ! %"l " "% % % " %
3 %', % "%!" % " ( " "0 7"
%% % > "'>" | " > %! %, 8#0 ? L H#2"

<< << (% "0p1 O % I"

2(" >1 1 4> g << C O %
b, 2(("%, * ", C" I [ % %
1% ("% % "% "H" "% % ! "0,

"M 0y > <<<5/ 9

% %- % &'('" % "% " %>!

%Y L >" 1 % 10 2
+06% %" %l+% "1 " "M% ? %
1%', "% I"( !
+OT0e T M M0 4 [ %, % (%
"%( % $ %! 1 (> 1

11 (7?7 % % > %!

4 ] S"UH# "% " %l 9 %l

( "(%

7/
A

+./llC

>"1

%,
%-

%

II%

01

"% 1%

%Il %’u 1 7||

n II%
%

; ll% 1

% "l %!
&'(" 7"

(1%, %, %

1 II%

%,"%1 %|

Il%(

n ll% %

k



< & "%, %! "M%, 1%

7 "% "% ki "% "% 2 "% "% &'(" 2 #Cy
F+ "%," ' G" ! "%" '; "% ! "% % % "%%2 C
"4 | %l "%! 1 A*OB 7" 7 "%" "%, %',  "%%
&'(" 2 4T # F2%" %" ' G 7" %! ' % % % "% %
"o +" " 0l 1 "ol [>Tt "0 4 1% "% I" 2("
'$% % &'('" 12 goa "1 "% "M% 2 " 2
("% % P
le(sristall xgsasphase
kas = (x{)(ristall>/ <xgasphase> E G
mit xKristall — 1 _ xgsristau und xgasphase =1— xggsphase
" +% % "% $% 2 (> "% ! 1 " (
XSaPhase — TBAs/(TBAs + TBP) %! x5°P"**® = TBP/(TBAs + TBP) ! "%"
3C2 %! 3C % I(" "$ % " ol ("%
;"% ' 'DI" " ! % (%> 1% 7" 2
" $ " 7% %WD ! " +% % "0p xKrsitall gop 2 ¢
4 | 4% "%$ 3C21 " xgasphase myp 11 Do "
P
xj(sristall =k, - (xggsphase_l + ko — 1)_1 F G
"0( $%D " "% " 2(" # "% " 1 #% % 12 4 #
(" >1%D >1% "% !% 2( %" % 0 %! " %!
oo
7 +" "> " > " $3>"%33
J ! 4 533 (> 71 " "0 " %
"% (W %, ! "#'% % !
(- > %!l , % 7 %,
"% ("% "7 %," > N 2.
4 % F2((" %, G % I"  2( S B R

"H#'% %, $ % " C " %, ! %!



% n |#I|% %’ >_ %!! +II Il>

L" "% C( %,! ('-%""$ >0 7" " %
2( %" '$% %1 %', % " % "% " "M%, " %
"% 1%2 %, % "% A*8B
3" 5" I "00'-%, A "% 1% '- > % >" I"%D("!
"l C %, "%'# -% D >"! % % F'1% 4 %' %
1'" %,% ' " % %"" A*6B 7" #O'#' % M|
r% "% 1 %' ' (" % "% " %! 5" P
r=2;22 mit i, =n; +i-k; €C, (G =12) F *G
7" '#% C %, "%!" i, %! A, % ", %! 7 "%D! "
"%! (-%,", $% ! " %'-%, AT " F " %G
C %, "%!" n, %! n, %! " #"% "% ""% % k, %' k, 7"
"#% R (" ! '#% '#'% "IP
R=T'r*=(n1_n2)2+(k1_k2)2 F 0G
(ny +ny)% + (ky + ky)?
c"! "# "% " "% (! LMLl %! %
,(%,F C : G "% J L 1"%
$ F2("%, 0G 7 "% "%! 5" " % %" - ILinfaiiena >"! %!
(- ottt "ot %! %! " "% I"
% " " %% (" " "0l " # % %!
3% ""% %" % ("% 1%'- % 7" 5" "%D !I" |
I "% " %, , (%, >"! $' %>"% "%
%!" % 1% %! (- " 0% 5" "%
% =5
leinfatiend Irefiektiert A 5 E
THEEEE
l'" f"- 3 % C
I
_nwaehsmmsumgemg Y Af * Leinfattena 2 0 1
Nepitaxieschicht ‘, ,‘m‘* === | d
it C Leefiextiert
S 1 T R N "
2 Leefietiert/ leinfatiend




& "%, %! "M%, 1%
7|| man % !Il 3 m ) % 1 n % % % n -
Lecfiextiere 1" "#% R % " ! ;"% % ! % %"-%
Ireflektiert/leinfallend
7|| 7" d ! n #ll n %II >_ %! ! + n Il>
7 ! $ I_%’ n ! n ’D ! % ! 5 n Il% ! n
Y %" % % " " % % ! ("%
5" %D 1" % ! (- %! 1'% ™,%!'%
1 % '- "t >1%D $ -%! % ¢ % "% , % %%
4 ( J o % % Il$ F! ll$ G % % ! ( u! %
5II 1 % #ll 1 F II%Il 1 G 1 # n % 7" % II$
F! "$GO( ", %, "%! D>%%! - !
!II n #II n Il% , ! Ill' % F %’ ! lll' %G mni % !
n %I_%’ ). % n P
NEgpitaxieschicht * 4 = M+ A/2 konstruktiv, R maximal
Nepitaxieschiche * @ = (1/2+m) - A/2  destruktiv, R minimal F G
m €N
% 2(('"! %, F G n ( n mni ! moan 1 #II % $ 1 ! II% n
%, >- %! | "% 2'1 % E1 % E2 1 %
7 12 (LT % (1%
n %I_%’ % )** % %! . < % ? - mn n ! mam 1 !
( I_ % n C n $ % 6<R , , % 7" II% 2(("!
1%, FG, ", 7 ' > 1" %" 2("
$ n ! % % % , mn D !Il 1 ll% % |l% % n -
FP1%2(( " % $,)" %F" 2 ( %" *G
7" C %,"%!" $% 12 %! 12=( "%! " % I"
S%! %, ' C %, "%W# ("( " "#' % >- %! ! 12
% % 7 "7 "% $% C %,"%!'# n %!
# II% n % nn % k %II !ll 1 #ll % ( n )** % %! . < %
% "M %F1'" %, F 0GG
7 ' 21% " "% - 1% - %
%! %, ! C  %,"%!# "%D I "% 4 (J " " 0%
"% 2%, " " (" 1 % 2( ( " D! %



% n l#ll% %' >_ %!! +l| ll> *

(a) 50 . . st 900 (b)
55 % GalnP Absorber % 10 nm
3 =8 g paAs-Cap p<210"cm?
40 < GaAs-Cap—1] 800 05' 30 nm
a.? ------- \ "_‘ [ \J 'g' AIGalnP p = 6‘ 101? Cm_3
sa3f [V / A700 S 600 nm
X - / g GalnP-Absorber
< S : I p=1.4:10" cm?
o c !
s 20— 1600 2 | 30 nm
5 ______________________ - § |AlGalnP p= 6:-10'7 cm®
< B 400 nm
10+ Reflexion bei 633 nm 500 & Banss utier p=1.6-10"® cm™
--------- Reflexion bei 950 nm
—— Oberflachentemperatur
0 L 1 I 400 -
0 500 1000 1500 SafE-Slibatrat
Zeit [s]
% =,01: " A 5 N77
8./ 8./ "E 4 2 " 2
- % )6 )6% )'™ % 01
% )6 )6% )
% ) 1)
7" d mn ! + 11} ll> %ll 7" mn ! ! 4 ( J
mnn " % " ! 2( %! ( % ( ll%ll ( > #II C mn % %
Ry=d/t % " 1" "1%! Tep! 2" tD"%! "%
mn ! 7" d — A/(Zn) , > % " 7" l_ n 11}
!II " ! ( _ %P
A
R, = F )G
2 Ngpitaxieschicht TFP
4 !ll $ m , %! 1 % 2( ( n ( ’ % ( " )** % 1] %I_%’ !II
"1 9 Tep =180 %!! C %,"%!# O ngump(580°C,633 nm) =
3.70 7" JO "% R, =0475%E %' "% 1%

" $%)<%

07 C %,"%l#> 11 "' 9%(% ! 4" 533 %% %



0 & "%, %! "" %, 1%

C"! "% "%% ‘("% " >"I" %3™! 5 "
% -%," % % %"- I, ( (" 7" 5" "% %"- [(2) %" # %%""
" 0! 0%, z %! 2( "% ""% % a() (A*6BP

[(z) =1y-e” D2 mit a(A) = 4k /A F 8G
7 "% I U H " "01 "%, %! 5" $ ™ Lom2( "% "
% % " I" % % %"- 7 C" , "5 %% |
% % %" - Lefioktiere %" (D 1 1" 2™ 11 4(J

"o ("%, 7" Co%!' | 1 <<%<2(( ™,
(" >)0% 5" " )*% "%-%, >"! Lo %
2" 4] "OH 0" (> c" "l
"% 2((" %, FG %"  1,% ! "%l "% 2( "% ("
<% " %'-%, %" 2" 4 J " oh (M
% %
7 #%%'$ D ! 1" 4(J " % "%! D -

' " (- % > %% ( "%
$" -%!", ",%! ( - : # H% % 1"
%, FO0G 2% "% ('-D! % " " > - %! !

%" D >"! "% 3™ 1| "% "%!% 5" %! , !
"H'% "% $ % 7! $ " % %! |
2% ! '#'%%"'$ D ! 1" 4(J "OH  >"0p, D
"% 2% ! (- % ", " (( %A* 8D*B 7" "% "

L# % "% " (- % " "% L /H
<%

7o L "% 1" 2(" $ >%! % ( "0 %l
e , "% H % "% "
7 % 1 ?2"% (%! % C"l +" " % (% "% ("

I_ % % n 1II %! II% > n ll’ C n n I > mni Il% 2



*& T %! 1% ,%(,%, % " # " % "

%, F<D<D<G %! (" FTDTDTG 7" +% %%, ! "% " " % "

11" % % a
"l (" % "% 7" %  D("! ( "m2 1 C"$
St 1 "% "%l T ("%- % &'(" (" % I
2% (%  D"%! I"C" >"% "I %2 % (
4" $% ("% %  &'(" %D>" 1 | 12D" 1 "% 2 "%
1 %W 1 % "% 1 % 2 ("%, ) " I
"% "% $% " % 1 $% 7" % %!
2% (' %! 4" $% % % &' (" %D>" 12 4 & "%
"2 % 2 M1 1" - 2 > % % (" "% %
206 "x (> (1—x)" 1 2 "%67" " %', I 2 "o,
11 1" - "% % %  &'( %> 1 4 %
2 C "%% $% " %% %' : (%% "% " % +" "> 101"
1" % "% "™ % %" $ >0% 7 [uow] " %, % "
"% Feu-d+v-dy+w-ds " '%C"$ %  d, d % dD
ST ottt %% % 7" C"$ %" 4" 1 ("
L% %" %1 $% 1 "% 2(("%, ) F(G "%!d, = aggp - (1,0,0)D
Gy = agap - (0,1,0) %! ds = agep- (0,01) "% : (%  (hkD) % " "%
(%D>" "+ 1"% % % %!% % % (1/h,1/k,1/1) %"
%! oL (" (hkD) (% "% " (%% 7

[hkl] LA %% ' % ! (hkD) (% 2(("

AGap

ADc ! L) sttt L+ > 9" 10" Op ! At "%% % % %!
" (% $ - "l % %! % + "% %



) & "%, %! "M%, 1%

1%, 8 ", (""" " F<GDF <G %! F G(%%"% "% 1

"% " "2 3 ", %%-L"$" % " %,% (> : (%%

>1% " " % + % (uww) (> , >" % + % {hkl}
%, c""'>" ("% U<V I' (' % !

" %+" """ F<<GD F<<GD F<<GD F <<GD F< <G %! F<< GD " "

L% "% %! "%!

?2 2% %,! +" "(%% "% (" % + "t $>% %

- "% % " (" % +% % %! % "% (- %

> 1% "%", %>" ", %+" "(%% , % F2((" %, 6F GG

% I 2(" >1% ( " "% 4 %" %, !

F<<G+" "('- % "% ! (111) " %, % $ >%! 7"

4°""%" %, ! +" "( - " "M% 2(("M %, 6F(G

c""'" "% " % +" " "% ! F <G ( % , ", 7"

4- %% ! ( (- >"! 1% "% 'L $% ! A<<B

4- %% ' ! F<<G+" (- >, " 7" %, !

4" "%" %, >"I | "% (% ( (% "ttt D>

(""ST L FE G (% "% 2((" %, 6F(G

% =<, )! " 3 0++1 0+ +/1
0+++1F g2 " )



*& ' %! % ,%(,%, % " # " % " 8
II% 11} ( mn F<< G ( ( I_ %! # " % n %'D ! %
4 1 11} % " %’D II% $Il - Ill’ J 11} ( ,l " % !Il
A<< B + " mun %, 7I| 4 1 n % 11} %’ ! F< < G ( % II% ll% ! $II
%_ m , %' % (111) " %’ % n _L ||$|% n ! ll% %’ II%
( 1 11} % " %’ %! ! n ! mn n % ll% ( 11} %
(111) " %’ !ll 4 1 II%II %, >|| ! !II J n , (%
(@ i (b) (00114
B
(061 N (001) Ebene _
101 011 B
b k. “Otatope s
111) he
(100) (010)
[100] (110) [010] CUR.
; i (110} [ = Einheitszelle
[1-10]
(c) [010] (d) [010]
[-110 110] G[aPE]B ] G"}P:J}A"
= -11 1
S O/J
XN (011) (7, (011) )
\ 7 7
OF
[~100}¢—— (-101) (101) —»{100]  [-100}¢— (101) —[100]
IF
~ O\ . W)
IS R O kS >
[-1-10 1-10] [-1-10( \[140]
GaP"A" GaP"B"
[0-10] [0-10]
% =0,01# P #
-$ # ! 01
@ 2 @2 2
B >SI+? @ 2 O/l+1# A
>+++2 A 01 o0o1' #
% ) 3 ) 4
@ 04@1 @ 0@1' # A



6 & "%, %! "" %, 1%

% % % % ! ( ('-D! % + % % %

4" "%" %, " 9%, ' % 1" " "ol %/ %! =%, =
H (" B=45° = %" "%" 2 4' "%l ("1 4 ', %, |
4'"%" % C % AB " " %% " R
4 ("% &'(" > 1 F<<G (- % "%
Stomo gt (1 " I A< B+" "" 0, 7"

J "S"I(" "% 4 "% %, (% " , (% 4% "

"% %- ', %% (111) " %, D("! " ,/" U V (%

7| 2 "% "D " %$% "% 4°'"%" %,
"% " %, N2N C" "% 2( ' ! % %%U V(% " "%

1 2 % " 1" "6 4'"0%" 0, "% " 9%, NCN 4 1%
1 +" " "% 2(("M%, 8F(G % " I" 4 """ %, % A B
(>A B"% 4"'"%" %, "% " 9%, N2N (> NCN

7% 2("$5% % " (1 (% "% 4 "%" %, |
F<< G ( *- R(>)R % AB 7" 1 ( >"% "%
4'"%" %, | F<<G ( - R (> )R % A B2 7"
2511 ( >0 " "% 4'"% " %, % A B2

. %Dl "1 (- 1% %! 1 Sy " %

" ( % " F 2( %" **G 7"
4'"%" %, " 9% %' % " 9% %! | "% | 4 |
("%l ", 1% % "% % %! o( " (M
$>%! % ( "10%+" """ 0 %(, " 4 " %2

("%, 6FG %! F!IG

7 1%, %!" "F%,SQ J!I" "% DQ7G ( I C, %,

$% /%,% "% % " "%% % /% ,%(,%, %, %

(% 2 % ( >" ", % % >" 1% 11 !

+" " "D " 4 | "%" "D ", % $% 7 %D
ST %, % %! %, -%!% "% " "% %

&'("" % 7" %' % 2 %, % "%" % " % !'%

7 "%,%"%A0<0B

™ % %,% "% " 2(" >1% " "% 'l %! %
%'J"" QW “# 1%, %!" ! : 7



*& ' %! % ,%(,%, % " # " % "
( n n ||% 2(("[! %’ ! , n 7|| n -
/% , % 1 %’ ! |- ll% % n n n C 1 % n
"#%% %'%F <G (%% "% 1+" " 7 % 1" %
’l n n ||’ 1 + mnn C n n %’ ll% mnai % 1 %( %! 1 n
"%  "%'-%, $% A(CuK,) = 1.54056 X "% "% "' %, $%
C,% %'% !I" %,! " % 1" % >"1 " "%
- mni % 1 2% IJ n mn $ ! 7 n
% =8, %
Monochromator/
Kollimator % A
Que"e 4 - e [ .I'Gbe A
C g (U’% ~ O/+1F
I'$ 3 3
' 0 % E 1
Detektor 3 - 20"
25" % "% "% /%,% ' %! F<<G: (% ! (
R R w C"1 2" %1 ( 1% C ,% , #
L % %% (% W=0—woppsee T "% Woppser "
(" " "% > % F<<G (% %! = % % (%
! ll%ll 7|| ll% 1 nn % ! 7 >|| ! ||% C , !II l_%' %’
I "% "%!'% /%,% ' %,,(% C" "%, ! C ,, C!"%, %,
Fll n %' F *GG % n !II ll% 1 mnmn % ! 7 ! ! 1 %
C, "%' 20
7" nn % % n 2 II% II% n n > ! % n ! 1" $ 1—2) 1
5% ("% "%! C"$ %! 1" @00, %! ds (" (%P
ﬁ = nlc—il + nzaz + n36—i3 mit nq, nz,n3 €EN F 6G
7|| 1|| n n n% n 1u n C n $ % gl w’z %!
gz,,%(, " 71" % " " % > 1% % %!!
Gt " 1% ™ % %" hDk %! 1 ,! P
Grit = Ry + kg + 1gs mit h k[ €N F.G



*< & "%, %! "%, 1'%
4 1%? % % > %!'%C"$ %! ("% - ™MP
€ /ig <h€g I 7, 8L <]v F <G
7 "% "% 1%, % " " %$ }5@ > % 1%
1 %% ||%! 1|| ’ 7 T %' ||%$ '
, % 1%,% "%, >"!" }:{. ("% "%C,% '#"
D>%%!" 7" % ! "%$ % $%, %! "% " %!
/% , % l%’ ||% n % 1" $ .OC % " 7n
(1"%,%," '5 C!"%, %, ( %% %! =
o - }:{. " ¥a F G
? % m %’ I ( !n%’ %’ n'% n !u + % n % '
> |! ’ o n % F2((|u! %’ <F GG 7 noa % '
>|! ’||||’ | %’I ||%$ @DI % n !u
nn % u% 1|| % ||’ 4 nmooon %, n I !n
’}:@' ’}:{. , <h*2 7|| 5 C !u%’ %’ n n D > %% u% "
1|| % I > |! ’ 1 m ’ 7 n 1|| $
.OC }:{. n }:@ n n% !ll 2(("!! %’ !n 5 C !ll%’ %’
% ! (%% " 1% ™ % %" +pq. 7
(%% ( %! ( - De <h QO., 4" "% " %
" Mt Dc  '% 1" % %% igfi, fig( %%
7" >%'%,! 1'" %, %F 6GF <G (P
<h C
Ce t P Ly F G
oL = I g
2| % u$ 5 C !u%' %’ n " % L " !n C .,
C "%, %, " ("%D " (%" ! ? % % "%
C.,%, '# ( "( F2(™%, <FGG 7" "% " %!
1% ,% "%, "H " #0g. (% !%"%"' | "%2!C ,
Lt 9% 1" $ O ...< EgK$| - % " C,
C "%, %,P
2 <'C¢ KY| "2 2 2 <] .



*& T %! 1% ,%(,%, % " # " % " *

(a) (b)

reziproker Raum Ortsraum

Ewaldkugel Aout Ao

***** O “O- -G-0--3
(hkl) N?zebenen dnk|=2ﬂf|_énm|
————— © \a—e— o -o--1
dy'sin®
% =+, $ Cc 3 01 3 3
4 01 3 I'$ $
A 5 A
7 "% "%! /% ,% %, 2>"! % !'% g (%% " "%
C.,%, '# " (" % "$ % % " % 3" '%
D! >%% ! 1%% "! 2Dc sin® >" % ("% % !
"%'-%, % "
2(("! %, % " "%, ! C, ,C1"%, %, (" "%
C,%,! /%,% "% % !% F<<0G %! F 0G (%% "% 1
+" ") 0% " $% ! % F<<0G %! F 0G C , %, "% 7
+" """ C " "% "%! /%, % "%, %'%, ! A <B
"o, "o
7 2( % ! F<<0G: (%% (" F<<0GC , %, # (-
Daa%e | jaa i@ 7 F<<OGC ,%, '#-' 1'% J " % '#%D
>"I"F<<0G: (% "' F<<G: ( % $ - % -'!
" C L% '# % 2 % ( " 1 % % i jaa n
% F<<G (% 4"1'!' J " % F<<0G C ,%, '#
" YA %"y z
7" FOG (% " %' "' F<<G (%D > (% !% F 0G
C,% '#' J " ("% 7"" Yoaa " 3Y.26R $%
"% "19% 7 2( %! > %1% F 0G ( % %Dy "
Dy, HjaaQ ., Hj,Q. I>™ "% 2% "™ % %!
" F<<G (% % 7 FOGC ,% CH %"

)4 1" %', C %, "% "+" " "% ' % 2 1 - %



& "%, %!

mnn %’

%

W=0O-Wqset [110] W=0-Wofrset [110]
% =++,01 01 ) # ) L 0+ +/1!
0/;1 0O==1F 01 01 4 ) # 3
A 2@ $ 3 3 3 - z $
3 0//;1 0==1F Y {AA 2 /M 7.=NM $
0//;1 0==;13 5 # 3
A >++/? A
% "%% ( ! "% %! "% '% 81" % % % ijaan%!
ijanZ%', FOGC ,%, '# - % F OGD F 0G %!
F 0GC ,%, '#% !" "% '% 1" % % % ijanD ija n
%! ija n 7" C %%, ! "% '% %! "% 1" % % %
n 1 n 1II % >ll ! 11} % l’ %! % 2( %II *
b,
II% " 1" F %’I mn 1 D G % n !
2(("%,! % %"-$ "%, ! ,(, % 1%,% "%, "% "%
( 11} % C n ! n % 2(("!! %, ll’ !Il I " %
! 11} % n ! % " % 1Il % % Il% 1 + 11} 1n Il%
' (%D !" $% !% A<<B %! A<B " %,% , %% >"! 7
_ H & I( " n !ll ‘h /2 m H ! % C n D ! #II 1 (ll
87" 211 "$ "% '% (> "% (" % %"+ %% % "% 1/HD C 1" % %
(> % F<<G: (%



*& T %! 1% ,%(,%, % " # " % " b

o %, " B Py %, % T

("% "%% % &'( " "%! % ,-%," D>" " C, Cl"%, %, I"

"% ™ % %1 % %" "> 1% %% 7" 5 C1"%,%," "%

I 2(("M%, '%FO0GC,%, '# " % %" "I

7 "%, "%2(("!%, FIG"

7"2% | 0" %1 % | " >"I" %" %
%, ! % %"-$ "%D I % w28 % ("

$ "1% "% '% oy " 1 9%%D > %% !I" C ,, C "%, %, !

" C,%, % "% : (%% " +" " L > BRI

% %"- # %l > 10 " "% % ( %% %

C,%, '#! ( % % +" " " " 0 "o

" % 1 "1 "o ( "% " "D C "%

% %1" % %D ,(%"% % %"- # %1 (%, !

C,%, # | 1" %( " " F<<0G %!

FOGC ,%, '# ! 1 +" " "% "% 2( "%, $,/H

[001]

Ak, = . (4Ti/A)




*0 & "%, %! "0y, 1%
2((I|I! %’ * ll’ (ll ni D !Il $|I $ n ! %
C , %’ #ll ll% " ( n ll% 1 2 4
% % > 1% 7" "%, $" > 10 " F<<0G %!
FOG "# %'%,! A<B" %, %! !" F< <0G %' F 0G '#
%"'%,! A <B" %,! |, K1 "%, % % " %!
" 1 ’ n% % u’ % % % % LI 2 " 5 ’ 1 % n
% %! A % % D I" " % %,D !
%, %! %!l  "# "0, Il |> "% " # " %
(a) a(004) a(224)
[(004) g Si- '
GaP’ff :
g 13
<o <o
(b)
GaAs
[ M L GaAs 39Py.11
(004'1) 'Si___ F 1 GaAs77Po.2;
GaP gt - GaAsg¢5Po.35
. gl I GaAs 52Po.48
= :ﬁ“’ ' l= GaAs; 41Poso
S| X 8, GaAs ;5P 7,
! v o
710 GaAs 1,Pg g5
' 4 GaP
; As| | .
0.01 rli ) Si (001)
— o
e 6° nach [111]
% =+7, 01 0//;1 0==;1A % 5)+5)
@ NM  >+++? 01 03/.87 "7NM1 '
$ 0//;1 0==; 5
>+ +/? A 0 , 0/:1 0==1A #
<1 >++/? A 0 , 0/l 1
0==;1A # =]



*& %! 1%, %( ,%, % " # " % .
7|| nn % % | C , %’ #u $ % ( %' n #n n % ] %
"% %!+ %% %! /"% 3 % ( "(% 7"
%% %t < % 1%, %% "% % y %! <3P
F <h*2/42)4y. " oZ)4<e "y .. F 0G
<h*2 /744y . | VTdi<e "y ..
"0 | (-%,", $% ! $>% % "% %, 2 "
F % % %(-%" $% ! 59,%"% " % (%D > 1% "
% 4 +2h. %" s 7T " (W% " %
+ !n% % +.|: .g. (% !u ||% n M 1 ND (’ n $% n 1 on %n P
g F<HZ)dy .t eZ)d<e My F G
g *<IATHY. | )Tdi<e "y,
7|| n % + !n% % u% ’ % 1 % u% n n n ||% ] %
1" % % 0. ie i % %1 % % iy (%
" F<<0G %'F 0GC ,%, '# " F1'" %, F GGP
4+ 1 "o +taa%. o +aa%.. 2c</_+D _D . + _<2| i
: Iio/ . 20/ aaa - “aa%" 2 F )G
"|'<<‘,“ n.Foo.:.g oo - o 2c</+Da :Daaou- ”_<2i‘ <2|‘ .
7|| + !u% % n% n #n n n n % _%’ % $ %
! %, %! %!" "%, "% C A (
2((u|! %’ OF G ||’ n u% non ||$ $ n 5
u% ( n ||% n $ n %’ I% ||% 1 _ 7u
2((" %, % - " "% "% %! "% 1" % % % $%
(% " 2((™M%, OFG " " F<<0G %! F 0G
"% %! " % "% "% (%D!" $%!% A<<B
%! A<B+" "" %, % %% "%%0! 7" , 9%

n !n% % n n % ’ ( % n n% + (u% n % $ %
3%' "% %! "% %'3$ %S %% % %' %" $ " %
? %' " T7T3% "% ( (! ? %!-%! %,! "%

||$ %’ | n% n " 7|| n % | %
+ !n% % %’ n ' ||% ] _ T ||% n %’ I
n u% C ’ I (
67" " " " %,"%! 2%',% %", " %! $™,%! % /%, %!"



*) & "%, %! """ O, 1%
7 ( mi >|l ! 1 II! 1 + n " %! ! 11} 1 %ll $
%, % % 7II ( !ll% % !II % % ! 1 % mn % n
" % 7" "% " "% % " % % F<<0G %! F 0G
1 %l%% ~  + %o . ""T:A/oo.u ""r%o. "7 ,b %' p ’2
(a) (b)
[001] (001 [phl]
S(004) gle24)
My
(224) 13C!§:224)
Ag ~lr
a, =a; | _
T D ;
fa;s=as Y V\
S v I". £
. e 4/(000) _ (000} R
Ixs=As « [110] « *[110]
Aq)((CICM) Aq5{224)
% =+;,01 C
- - 3 0°'1 451
01
A ! >/[+? >++[? # $ 0//;1
0==:1A o//;1 0==;1 A
0//;1 0==;13 50 L ')
01 # o -
O TM)i I’l $ 2 0" "1
0 1< A
# " - —001 @ #
n 2 )
A C olf;1 C o==1 001
Qe ;aa%o' Ge ; %o . Qe éraa%o G';— %o .
7" n $ n %’ F 11} 2(("[! %’ OF G G - H n ll% Il%
""$% " %,! F<<G (%% ! " #" %! (
! % Il% 1 I 7" % mn !III " % n %’ ! ( II! % + n II’II
>ll n !Il mn % " F<<OG C . %’ l# n n %



*& ' %! 1%,%(,%, % "#' " % " *8

ll% 1 >ll % ! % (II! %

2 1 F<0G - "I | " 9 >
F<<G (%% # " % F" 2(("'%, OF(GG 4 11 "% %
Ot — % " %7 % %, AO*BP
+aa%.
INg» </2T'F — F 8G
T .G‘g
"Y%o+ 1% % % "% " "% 1% "% — 1%
+ % % 9%, "% 1" " 0, | "9t (% !
"% %D 1" "% 1% %, %1 "9t M
(% % 7" " 0, >t " %
% % 11 "% %% " $% > ' F<<0 GD ' FOG
%, > %! P
+ %o . . " + %o .
T:ET; ;2‘_ .%;4_ T:ET; #p <. F 6G
or T 9" zc
77 "$ " %% "% D! %'% %' s t" %%
% % >19%D "% %! ,'$ 1% 20 " > 1% |
MHT 10 % O, $ > %!
7 " 4Tt %, >" % F<<G+" " ( - %!
( (- "% "% ! s t" %% % "% 2J "
(- F2( %' *G 4" "% 4 'Ot 0p, |
"F<<G (-~ "% " %, ! AB" % $ "% 1" A <B %!
A<B" %% "' % I"A<B %! A <B" % % %
196 " (%' % % % % F2(("1 %, 6G " ( %%D! I"
( ""%" %, "% %' % '# "gp 1 Mg
% %%A00D 0B 7" ' " ( %4 ) " %
"ot M 0 I O 0% 'O 1" % % % "' %!
% 1% % % %
2 C "%, " %' % #"% L1t % %,
>1% 1" F<<0G %! F 0G I>" %'%, $ % >" "0 %l
%'% s t" %%, % C" %" # %

! I F<<0G %! F 0G et ' %

l(%



*6 & "%, %! "M%, 1%

1" % % % % " %% 1" % % %D >' I"
1 " " % "% % % ? 1" oo,
>1%+ 1'% % %! %'%,! A <B %A <B" %, "
‘% 7 F <G(> %'%! A<B %A <B" %, " "% %,
FEG, %% " % + "% % %! % 2 % ,' % ("
£ %, % 2((M%, " " "% " %
"%t "% "t 'S S % S
%t (

ot "% % 1% F<<0G %! F 0G >1% C %%,
"% % 1" % % % i %'%A<B % "%
1" % %% iw % '%A<<B % ,% F2( %' *G 7"
1" ‘% %, "% " "%C , ! ( "1 % %

i, > "% % 1M % % Y %! " "%

1" % % Y % H%!"%" P

Y —, y ———— F .G
I r I r
% - %’ >Il ' ll% ’ % 1 n% n " %’ % % " 1| n
%, F )G 1% ?2 % %, >" % !'% 1" % % % $%
( %! n n ! % 11} % + !ll% % _l % !ll |l% 1 % %!
"% 1" % % % i %lim ! " P
¢ +% . ¥ +aa%.
e (0 4
i 01— o i i 11" s5—2——8§ F <G
’ : _ 2 + %, . a ’ 2_2 Qe +aa%o.
| , G g £ Ly’ g
A, =8) L % =+ 4
ayfau.ﬁ L !
— C 3




*& ' %! 1%,%(,%, % "#' " % " *,

1 %!III %% !Il l#ll 1" % % i TM:© ll% (II %
||% n mn D !Il ! (ll $ % 11} % 11} 11} 11} ! %
+% %'-%, % T wBw: %! iw, % " D " >1% & > 10
%- 1" 7?7 %-%, > % !'% ' " % %, %D >'

!II 7 n % ! II% " 11} ( 'l " %D % 7" 1 n %
%,% "% 1" $ "1%% " %, % 8« DA %l 2, "Opl | "0p"
( A*BP
a‘ i TI:@ " .I"TI:‘ : a‘ I TI:@ " iETI:‘ : a‘ I TI:@I I TI:’ F G
[ e [ WS I mc
7|| 1 mnin - " |l% , % 7 " % >|| ! ! ! %
%, % "% "% "% % %% %" % %! H%
(" (%A0)B
B¢ —ljt " @M@ £ 11 :°:b. F G
"l % "0 ®RD! Y %, ! -D! %% %, %
e W % T Ec 4 "% %' D ,% % ' "
7 n % ll% (II % ||% (Il % Il% " " % 1 %'
I # %! J2 % F% " 1% "% "% " %, %G " "%
7 "% 9% '%, ! 2 Fo% " | "% " %G %
" 4" "%l % " + %% % e %! _"” $%:"$ "1% 7"
%% $% " S "1%% + %% % aeD 2 0l A
F % %! A3~ %! & G %, % " % ' %! C" 9%, P
a, n ® 42, a, F *G
n @ 1 "
"0 " " O %, % F1'" %, %F GG %' 2% % |
|#l| % 1|| % % i TM:© ’ll( n P
" @ @

[in

' "I"me . Enee F 0G
| ne & , @/ ne, IEn.



0< & "%, %! "" 0 1%
" i TM:©I_ n 'll mi % %’ $ % %_ % & I(l " %
( !II , ! , 1 ( n % A* B %% ( n mi > 11} ! 2 1 1
"%12% #( % > !1%P
| c
L. F G
[ [
7" C  "(%, ! %, %! "% " #o" %% % (%
" % %, "% ! F<<G (% (" % '# "%, !
"% 7" " % %, % A&« %! @ 1'" %, F G "% %
! !II II% |l% 11} % 1ll ! I> min ’% " ( mn
1 , % ! ! Il%ll n ! l# n % : 1 ; n % !
7" % % $% "% '% %! " 1" % % "%
%, % % i A %% bl %" "% M
1" % % %" %N "% M"1" % % %!" %N$ % %
> 100 %! " 1 "%" | AO<BP
e ™1
= — & F )G
I TI:@ I A
7II $ 11} _%!ll’ 1 # n % ! n rn > , % i TM: i TM:© - 7Il
"$ %, "% " #' " " Fwet i mg! 1T mgimodl A
,"( +t=4= 2% , ,"I => "% %™ %, i ™ > [ ™© %!
iwmglmti o, C"' % " "% "% '#"%F =f: G4 "%
% $ " _%!u’ $ n D !n 1 | ( n % >Il 'D
o 14 %D =
%! ' >"I A" () % % i, ,>" %! "
I# 11} % ! n ( ’I ! ( 11} 1 7" I# 11} % £
%! 2 05" %, ! ,% ' % s t" %,% ,(%P
Fne ™0 Ene "0,
2 . —: 2 : F 8G
g™ 1y I ng ™ 1y
? - m 11} II% |l% n J >II 1 2 # # % 11}
!ll II% %’ II% 1 # n % ( ’I ! $ , %! % 11} Il%%$ 11
'S , %% " >1%" "% 2 " FZG$ w



*& 1 %! % ,%(,%, % "#' " % " 0
2' %, % % % >!'% " "% '% 1" % % % ?.,.
T, > T H "% 2> 00l 22 (% %' ,P

TR i5n. " iBn
2 = 2 F 6G
I TI’@ I -|-|’| I TI’@ |5|'|’l

"0 "% %, a %! "#H"%% = % ="(, ( %!
$ , %! mn II%! II% 2(("'! %’ ) ll% ?> " n J
Il% ( ! , 11 7" 2(('"! %’ |I’ $ " ! %

pseudomorph » vollstandig
() relaxiert
(b)
(d)
L
1 L Ly L
a1
R1 R1*
=
S S S S S
—> —P
as aS
€17€ 1, max 0<€1<€imaxy &= =0 e =
£27E2 max €27E2 max E27Ep max 0<Ezc£2,max & HEQ-O
o 0<R,<1 R,=1 R=1 s
RiER=0 0<Ryel  0<Ry< 0<R,<1 Ri=Ra~1
G T i 0<R1*<1 R1*=R1=1 R1‘=R1=1 e
R‘l _RZ B R2*=0 R2t= 0‘R2<1 R1 —R1—1
% =+N, & $ 2 E
"5 C + C = ' " a
a 2 " L
5 0 a JF a [= 1 " | ™
* ''A 5 " = = => =>
L 01cC + C -
" " 01cC + C- " 5 C = " " C + 01
C " " C + 2 5 o1cC + 2 5 C =
$ C + 5 01 2 A5 5



0 & "%, %! "" 0%, 1%
%, -%' ! ("% " %5 %' 5 $% ! ("
$ n _%!u’ 1 #u %| ’u( I s> m !n a, D: %I => | ( u! %
n #u n % %
4 !u nn %’ n% n #u n n $ % mo_ % n $ %
>" % %'%,! A<B (> A <B" %, =% "%% "
[T u% |% %’ a, %I !n l# u% - %I =>
(% " "% !'% %, %!! " 1% ( (%
2 !u 1 %' > | n% !u 2 ( n !n 7 ||%|| n % ||% M ||$ %N
%, "%,
||% n% n n n | 4 ||% (n % ’ |
% n !m ||% 1 % %’ % ag %| a_, 7|| ’ | "~ n ||%
u% _L u$ 1 % ||% n noon ’ % ] 1 " %| n% N ||$ %[
n% ] % %’ a, n% ( u! ||% ] % " %’ % ( % 7 ( n (l u( !n
1 % %’ a, ( ||! u% n n % !u |( D | " ' 1
% % %’ % % n &III $ % 1| n %’ F *G " n !n N ||$ [
%’ n % " non oo u% 1 % %’ a, P
® ®
a, " a, a, " a, a, a, a, a, F G
n @ + ’ ) n @ M ’ " p‘ C< + ’ )
2 !n 7 n%n " % " " ||% (u%! %’ n I % 1| n %’ % F G
"0t 06 % 1" % % e € FimeB owa ("%
"% ", %D ! " "H# 1" % % imeg $% !"
3 % n % %( (l u( ] %!Ill n ||% 7 u%u n % I "o %
1 # n % — %| :> /’lll P
i i " | 1 C< " i T iETI:‘ o | q "2 3
= <= =e
i g | i g i =, F *<G
—> 3>



*& ' %! 1% ,%(,%, % " # " % " 0*
$ , %% 2( %' >!1% 1" D t %,
%! 1 # n % ||% n #ll n ! % + !|| % % n C , %’ ) #
n n % n 1 7" + !ll% % ( n % n | ! D
Mmoo , % >1% % 1% %
%’ %! ! n #|| n (ll ( ||( % ?
C " %, ! %, %! (" % I"
"% 2!1%%, ""% % $ ( %! ! "
( n Il’ > | %
7 (-%,", 1" % % i+&. %! ! "
21 %%, ""% ct& "%! ("7 "%""% ct& i & [,i+& &
""% % $ % A*B 7 ? % %, >" % 1" % % i & .
( n & %! i %. ( n & ’ll( n P
Yy, 4n0 24001
4 . P48, [d% Y F*G
7 "% 2! %%, ""% % $% "%’ -% %! ("%- %
&'(" %>" "D12D1 %' % "% ' 4% "% ! 3 ( %%
F*  3(" %! 2((" %, 8G 1,% "% 7 %
%- % "M >" 12 a2 V1 2% =>%% ( = %
( , % $ ’( 7" 1" % % Il% %- % & |(| n |- n
n 1 ! . ! % , 1 ( n ( m ('l’ 3 ( n % 7"
mi % %’ ! %- % mi n ! ( n ||%$ n %
’ ’%( ||% 3 _%! %’ %! >n! (n noa
7|| 1|| % % D (II Ill>ll $% 12 4 # (ll &)&aD %% n
%! H%( % > !%P
I AnAk & I anat& , " T i t&e F*G
? C %%, ! # % 1" % % i wme "% " F1'"
%,F 0GG (%/", % % !"; % "% et (T
Y% +% % % e %le ! "%" A*BP
* F *»*G



00 & "%, %! "" 0%, 1%
4 1 %12 "%!!" e D % ®(" %! I"
3 (_%’n’ n $% ° %! ° ||% 3(|| %’ 7"
% "% "% 3$%I1 W12 % "l % " " <*) %!
<*< 213 (-%,", " $% ®Q& "<MY/ A
12 ', "% S%! %, ® " N <\ (" "% 3 % ", $%
I =+, i 4&. % c ) %
) A " 0 & | #1 @ I " 0 ] A+&+& - 1 @%
><? ) E . $ ct& %" 5" ' @ $
C+&. % >;07? ) >;8? %" 5" ‘ $
@$ ) @ C+&. >:8? $ I
$ CH&.
i 4&,. C4&,. ct& (4, (&, (&, ( &, (&%, (&
AXB j A r j A r
(a (1 (1 R (%! (al % &
0* A<B )*A08B *<0 * 8< 8.6 \. 86* 6.. 0)0 <<< +
12 )* A<B )<*A06B 66) 6< ) *<<6 <. ) .8 8<. <<+
1 0< A<B 08<A0.B YW " <AwWw/ & L x
% 6)68 A<B 0*<A0.B 8)<8 * < *6 * 88 800 0)8 <<+
9
o 1
s
o 6 -
N
&=
3
% 5f i
2
_g [ 1
L]
B4t -
2 ! GaAs
5 | ! GaP |]
§ 3L InP |-
T | Si
E 300 500 700 900 1100
Temperatur T [K]
% =+<, & $ % ) % )
% 2 " Y




*& ' %! 1%,%(,%, % " #" % " 0
JO<R 4 1 "%!'! 2 "% $-" %
(-%,",% 7 % . %! ¢ ( %% > 1$%
,,%,%D ! I" 3 (-%,", " $% ® 1 "%! )" %
1 /H % !% %’ >|| 1 2 m ’ 7" 3 ( _%’II’ n $ % ®|| ! n
$ % L Il’( F n !II 4 1 ( %’ n G
| == # . . K € % )
A B 2 . . $ %
« 4 A o 4 A .G] A e C& v C& v C&
Al B Al B Al E+B Al E+B A E+B
1 0 <A<B ) <A<B <X %E$ %E$ %ES$
12 .<A<B *0OA<B <*< <<<A<B <<< A<B < /<)
7 2('%,%,%% $ -%! , %!!
% """ % " %2!%%, ""% % $% 12 # »# %' "
! % %’ %! II% 1 2 # # n Il% >Il II’ 4 , n %’ II%
" ? % %" D>'" % % ! % "# "% =
Il% 1 2 # # n n (ll & > D > %% !ll n
( n II% 3 & (’ n ! % %! ! ( n $ n _%!II’ 1 #II >
mni J 1 2 # # n Il%! > 1 ! n
2 ! % %’ mn % D 1 !II 1" % % ! n #Il n , /H
1 !II ! ( % 2%I % %' % !Il 7 II%II n % ! 1 n % II% 1 %
%’ ll% n 1I n %’ F G I_ n !ll %’ II%
" A& " "H#" 1" % % ime () !
( ’ll % % i r ! II%II % 7" n ( _%’ll’ %! 1 P
a 48, i r+&.. " net& F *0G
I 1&.
at& " %', a, 1'" %, F G "$ %,
A r + i TM:G % , "$ %! % " %, F i r 2 [ TM:G " ”$



0) & "%, %! "%, 1%
C n ( _’ !Il Il$ %’ aTM_F&. 1 #ll
12 # # " % "F iTl\’n | ™O- >" % <*)@ 1 %! 0<@
1 2 7 n 2 ! % %’ mian % $ % 1 2 # # n 1 > n 1
,H> 1 $% "F3(" G 7" 1" % % %" % > %
12 4 & %! "" (" ' JH % P "
"$ %, ai& C")O<R F.*+G (- " I" %, !
" ( <08B@ 1 %' 08 @ 12
7 2( "%, $% I
> % 12 4 # " % "F iw i ,D4&. D2("M%, )FGG
u% ! n %’ ! ||$ % " $ %’ 4 |, 7"
12 # # " %("(%!(" ! D! I %, ! 1%
2( |$ ’ %’ 1 !II’III $ ||%’ >|| ! F2((n|! %’ 6F GG
C n $ n _%!II’ l#ll 1 2 # 4 n % F =_|_& . 1D
2(("%, FGG "% %" $ D! a4+ . 20 "% >"!
"oNgn O™ %! " % $, % F2(("! %, 6F(GG
(a) (©) i . . .
—140 4 Abkuhlvorgang von E |
= ' Wachstumstemperatur T :
pseudo- pseudo- ° ! =— 800 °C I
morph — morph @ 1304 —e—600°C Vo
o —o—400 °C '
2 : ——200 °C !
2120-
(b) c_% 110
i
vollstandig 100+ :
relaxiert ; | . . . :
GaP 20 40 60 80 @GaAs
xin GaAs P, [%]
% = +O, @$ E % 5) +5
% % 5)+5 * $
y P> i r Cm>C ¢ 01! I &
" 5 % $ A & " "01!
2 5 % $ 01
3 A5 23/4‘&. % 5)+5 A '
01 =/IMG O/IMG 2
5 % 5)+5 %



*& ' %! [%,%(,%, % " # " % " 08
C" "% 2( '$ ,%, $% )O<R F.*+G R
% " %, >" %\< @ 1 %l \< 6@ 12 C"
% ™ '#" 12 + # " WF =+ .+ . |
% & " $ %, "% !'" 0, ! "$ % %,
! ’ n% % m %’
4 " >" %9 "',%,%>"! %, % %D! (" 2( '$, %,
% ||% 1 n %, ! n % n 4 " $
" WwD! % %,! 1% 2( '$ , %, R S D
2%% "% %! C" %"!", % 3 % >'r 0
%, ("%, %!! 1'" % $% %, % R
2 %' G
2' 4 l’ !|| 2%% m % !l' ||% 1 % 1” % % % ! n %
"L %21 0%, "0 C . %I H 1"
% % ! n #|| n i TM:© mn mn 'l’ % % n %
21 %%, ""% cot&. T (" % % i
% ,-H"  c +&
K "0 %e0/0 1
[ ‘:Tl"’& . [ ‘:T|'|'& . /dll/;é;e'q v F*G
) . 17C o 270 70001 *
| ent& . i ent& . [dESET F "G
. . 1%C 70 %g0/0 1 *
|48 048 A F "8G
7 v 1% "% 1" % % % %! %, % !
n #|| n % , (% n ! 1 " % %’ ! 1 2 # #

"% " " F1'" % %F *G %' F 0GG



06 & "%, %! "M%, 1%
1 %9%%!$% D! I" "# " % ("
$" -%!", #' "WF =& GD % %!" "% "% 1" % % %
F'# % 1" % %D ' & . 1 wmd& . 7 , %
"# "% (" D! " % ( %' %4" "
=Yg, (" % >"IP
:l/'*&a' :+&a'1@+°3/4|§ .
|t [ g o
i e & AN (& T AL F *6G
RN G T
RN
2(("%, 6FG ", 1'% '# "% ="4€. $% 12 4 !
( D! ("$ "1%% % $" ", '#"
> 7 12 4 4" ! "% %, % %"$ 7"
%, %" (" " "% 21 ' (D >" L ?-" "%
1'" %, F*G " "% 21"'$ "% D> %!'! :%%
% % ("( 4 J° % )<<R ™, |
"# "% (" >" 0 * <@ 1 % <0@
12
"% (% 4"$!I"% " % >-%%,P %% ! ( "%
% %, ! "# " % " D C12 4+ &+ 1
" D 1%% " ="%&. % (%", $% ! "' % %,
& (" wl " %l () % % ( " %!
(¢ m™m ! , %% $ % 4
12 44 1 (" " )<<R "% $% !
? % %, % (-%,", '# "% ="&. ™ E 4
>" 3 % ," P
- ey "0 evii +ORLIPY L,
=g, . : & /d _/25 I & F *G

i & " 1&,.



*& ' %! [%,%(,%, % " # " % " 0
7C %% ! " % "% % %, %!
I# n % (ll I’ % C n II’ %,
13 (%" %! 1" % % % i et &0 2 A&D md& %!
I & F1'" %,%F *GF *8GG " > 1% "% !" |> "% 7 "%""%%$%
A +&.OH& . %! =& . F1'" %, %F GDF 8G %!'F 6GG "%, P
i net ! i et .
248 | @& I e t&
I mg& .
ety [ SETIT [ R F0<G
| ™ 68(3 /dl/ 46E-'0» %
i TI:‘+& " ir'l'& .
=& . - -
lmgd& . " 1,1& .
ITM+8%1 /dl//Ae/Eo Ye00% | r+8b /dll//ae/Eo ¥q0/40% F OG
| . 68‘3 /d 1/ EE"D»% n H r+8h. /d 1/2& e/E'D».%O»
. it " T34
=718 . - .
| TM-@& N I TM +&
. 0»00 . 0»000» F OG
|TM+&a/dl/ : TM+&a/dv i
iTM@_gh /dl/ eE-IO»% T>M‘-|-8h /d1/264e/E|o»_%o»
7" 3 >||! %- n !% ’% 1 % ||% l%
1" % % % inet&. %! 58, ! DI" %'%,! A <B %!
A<B (> A<B % A <B" %, (" > 1% "' "% '%
%’ %! |# ||% -l % > $ n 1 ! 1' n
%,% F .G %!'F *<G
L% ! 2> %, , % F<<0G %! FOG !
12 4 & " 2((M%, *% # "% %
%! " " "% ' % %, "%! "% 2(("" %, . %,
2(("%, FG ", " # "% "% $ % 24&. %'%, A <BD
348, %'%, A<BD | "' % #"% =+&. ("



< & "%, %! "%, 1%
%!l 3 "M% # "% =+&.
?2-" % "% " 1 ( % H "% ("
$%12 # # "DI (" & \'YzO
$" %", # > T, 9 "% " %, $% ( % % %!
# "% "% '#"% % ( -", "% $" %", "# "%
! "% (" F =48 . EG %
3 "% % 1" "% rooms % "
$ 7127ttt %% S >" " L ]1<@ !
("%  $" -%!", # %, % % >1%D ( >
"0k.@% "'# " S%" (%"
S % =748, %! =748 .
2% ', "# "% 2((" %, FG " (%" !
"% ' % %, %D>' I" '" % Y %, % -
c" "% # "% "% ,( %" At &. Bk &. %!
“ 140 ﬁ("l'o).‘exp‘erir;"lenltell = T R

-

(%]

o
I

-

[a*]

o
T

Relaxationsparameter R [%)]

I?R(TO), experimentell

o R(T,), experimentell

= R(T,), korrigiert |
— R(T,) fur R(645°C) = 100%|

A
110+ | .
100 - ,IIEIIIE%—
90| + -
GaP 20 40 60 80 GaAs
xin GaAs P, [%]
% =+8, 01 A 5 =
15" A5
&
A 5 " =& . % 5)+5
- 0 =48 .
0 =+& .+ E1l
! % 5) +5
. > 1 - 2 5
" 0 a4 .+ 1 ' @
* 2

SR E

Elastische in-plane Verzerrung g, [x1 0° ppm]5

IEERTTREEIE
i v £ (T,), experimentell |
a £ (T,), experimentell .
| o &(T,), experimentell .
2[ | = (1), korrigiert ¥ 1
GaP 20 40 60 80 Gahs
xin GaAs P, [%]
% s5)+5) 3
" A &
O=48.>  E1°
2 2 AS
E1F % 5
01" " a
A
G +& . 1F %
A5 "
0) ,3/.87 "7NM1



*& ' %! 1%,%(,%, % "#' " % "

a+&. "% %" %, ! 12 s " %F 34> G 7 I
3 SOt "% $t %! H % ("
" 12 g o# " % F A4g. . 1" 12
AR 7 S "'$$  F a+8.+ G
74 (%% 2(("M %, . =48, . D=+& DM +&. %! 2. 4& . > 1% "%
"% 4" %I " "1H ' % %, ( - 7"C %%,
" 1/H % " " "o + "% %
cmEe g LR sl wl % o ®
% 2(¢ " %+ "% % > 1% "
G A LP# "t % %l O
O™ Y LP# ! ( %,% % ? "% %, !
C %% % >1! I" ; % "% ' ® MW "
"% %, % $% 12 4 &+ $>% 7 1, /"
4 $% ® O A< ("% % IS 9% ® N\
%! ® A "% # %4 $%U< @ ( 1 %
H "% $% 12 gow "% LM CH "%, 7
%" " "21" (""% 1H"'(-% ,! %
' F1I'" %,F GG ™, % '($% <8@ ( 12 4o
"% %% " "% 21 " (
7O"%" % % "L H# "% %! | %,
>" % %! "0 $% -"% 7
"Dl 1" S%! %, I" 1% 2('$,%, " "
"%, % 3 ( " " o> 1% D 1 %
%, %! (" ' "% /%% %
7" 3 > 1 %', "2 > %, !
H "% %l 1 "% '% %, | "% I 2("
, "% % " (
7 S, g % (" "% " %! ! %% %
"% Y% %, "% T % %
Lo 1% . > % ( %! " "
%- ! (" % % % 7" " >
("% " % % " 1" % I %, | "

"9 "% "% """ % " M !



& "%, % "" % 1%

"J % ," %" 1" "% %, $ %, % (" %D
rPeeroon I "% 1'>" % " 0% I" %, %
%'%,! 1%'- 3$% ( %! " #" "F" 2(("

1%, G %! (% !(" "%% 3" ! " $ %, ( 7" "

$>% % !'" C %%,!" " % " I" "%!I"$%
> %IC' " A 0B % ' %C % A D )B
> %I C ', % 5% " (" ( $ %' %%

41 %$ %, DM " (" "% -

F2((" %, <G - %! ! > % > %, , %,

" + - " %, "% " , TS %,

"0 + OD " "% 1'" % ! %, '/ 2%! oSt "0
"( %! ?, Q. " %, "'%" !

1" "% %, , % ! %, "% "% """ %
o pge - " 1" % %" D "+ "
%, "%"  ( >"%!%D ! I %, (" (" "

9 "% ! t"top o o>t %, (,(,%D
(%% " % %! (" "% 1" % %, , % = - ", %!
1% $% ( AL & L% - 2(( !

"$ %, %! " Hp 1 (" 2 1
7 ® % @~ "oy Pgo
(" %P

+H" R- X .

Pao Wf\?' :1, i@ -JEKG' -unt‘J%C—.OU, 1 e
7" C %% $% pgo ("&'(C" % " 2'%( %! %! F<<G

(- >"rag" > " % %% % )<R %, %
$,% %A*B 7" "%'> %C, $ B %! %, "%"

% ==/,01 *
() (b) (c) 4 2 0 p 1 01
- @

Epitaxieschicht » ; R ;ZG # 0 ptpgol 01 F

7777777777777 74 J : &

Substrat / / )

h=0 h<hgm h>hem qO>p?'ol
2 A" >7. +7?



*& ' %! [%,%(,%, % " # " % " *
x % >" %C,$ %1% %% B( ,% (" )<R
7C ,!l C,$ ® i*</j n 6 blir —<e" 1
% "% %! Yy o1 "% %, ! #' %
"' % % F1'" % F .GG
™ C "(%,! """ % " 1" | ' %' C %A D )B
(" % % ," % C % 7" %, $%
1" % %, 9% %, % "D >%% !" %, % ," !
ot 1" "% % ) "% %, ( " P
Peo el F 00G
7 % " 5/ %, " ("M% % %'% % 1'" %, % !
"y 12 4+ 1 )O0R™ "%2(("M%, "% 2(-%," " $%
o "% %, 2 L B 2("
% % 1 " % " F Y Ne@G (L, % " " %
% pes <% (> pes L\ % % "% 12 4 &
(- " 1" "% % 12 < e 1Y~ @ 7
% 1 % (% Pers < % (> Pos Y<W%
2" % 1% ("M% U % "I % Pes (> DPog ™%
(>", %! "'"% 1/H% '% %, 7" " ' 1% , %!" "
# "% " (" " $% 1 "F2( %" * G
"t 066<% %! <% %! " > % 196 (" %3 "%  poo
% - " DI % It C>,%, ("
10" ey g ooy g Pe
b GaAs P, auf GaP @ 645 °C |]
Matthews & Blakeslee |]
wenee People & Bean 3 >+? )" 3 >..N?
o = GaP auf Si
10 o GaAs, P, . aufGaP i 02
$ N/M % 5+5 )
N;.MG

—_—
<

kritische Schichtdicke, h_[nm]

100 FENPINE PRI INTEN PPIN EPIP EPE BTN TP
00 05 10 15 20 25 3.0 35 40
Gitterfehlanpassung, f [%]



0 & "%, %! "" %, 1%

$ %! % %% %! % " "% % %, %
("> Pe:o %" 9( - %! " % " "
>19% " " % %% % %! " - % %
, % %, ("%, % 7 %D !" "% L%, !
" "% % ," '(%A*D OD 8B %' %, % " %
T % %
7VC % T %t % $% 1 "%l 12 4 os
1 "% 1% 2( % % * % # o % " "
%, %" oty (" % %!
("% 2% ! T %% % %, %! "% ?% !
H % (o (%D I
H % T1CM%, "% > % %, % %, %
% >"( " "% 2(- % "D! 1 " "% 5%, $%
"% 2%" > 1" "% %, , % $%)<R %, %
% % %D!" @ '#"% " T % "% (%"
>19%"%2( %" * 1 " ( > " 2( %" 12
"%l (%S, "

2%" %, % % "%l +" "l D I" (" 9 %, $% "%
"% % &'(C" > T % > "% &'(" > 1
% I%%% 7" 7 3" I %  $%12
(%% AB 7 1 +" " % > "% CT %
U3t (" % "% A< B+" " 7

"%, (% "% $ - (LT %,
M2 T L %ttt "W > "% %!
% % "% %% "% %" T %P % %' %,
A<B(>A <B % >"% % %A <B(> A<B % % %%
L1 L " ("M%
"% %, % %% %

2((™M%, Mt 1 1% - "% 9(, %, $%
1 ""% "% | "%! F <G+" "( % 7 1 +" " %!

7 "%, >" C" " % v %" %D I"

2%" %! -%% ("% >!% %' %,,%, "



02%" %, % %"%1 " % "

>"% "% 7-% "H 1 ' F 'GD > %% " A B (%%

"%% (! 7-% " 12 % F2 %G "% "%! 7"

1% "- % > % !'% ("% 7 -%% >!% ' 2% " %, % %

("% 5 "% "%% % >% % + "o 'D % !

% "1 1 C"% %, %=>""1 "% 1 +" "=11 (>

C"%!%,%$ ", %

7" C"%,! 2%" %! -%%" (" $ C V%% ! 1

(- % N ¢ ( R A

1" 4""%" %,"%A B" %, % F2( %" *GD!I" "

" " % 4" ' "% % FG %! 7 " % F7G ' """ %

" %A.D 6B 2% !'% "% % ("% " = " 1,% 1 %

7" % =(""! " "% 2%" %, % % D >%% !"

%", (% " % ( " /%% % "o "ttt

%! % 2% " %, % % =>" "% 2((" %, " =%%"" % "%

2%%" " " % | %" "% %! (-%, "% %
(1"%, %, % /%% % " " 2% " %, % % %

Ga-polar Antiphasengrenze P-polar
OSi @Ga @°P

I A A A A A x gt W
[(3 Piririi > rqu\ﬁi
'S S ¢
10000000 ¢

P

OO0
_ D

% = ==, 2 & ) ) L 0+ +/1
# '3 % (
% 0! 1 "% "
A
% ( % o " "1 3
% " 2 >+ ++7? )% 0 % 1



) & "%, % " %, 1%
F<<G ( - %A*B 1'%, % " "0 | " "$% " %
I|% 1 mn ( ll% - |l’ % " ! !ll mnmi ll’ % % (III D
ll%! n 1 (ll% mn % % % % 5 >ll % %! ! mn
!II 7" mn % |_%’ ! I|% mn _ 1 ! %’ _' ! " % ll% Clll! %' $ %
2% " %’ % % n ! l( ( n ' % >|| 1 %’ $ % 1 n % "
( %(1"%, $ "1%> 1%
|l% ! > % m % 2 , (% !ll 2 (ll > ! % mn % mn 1
: 1 n % % mn ( n % 7" % %’ ! l n %
2% n %' % % > ! ! ( " mn ! n % mn !Ill % ! %
M, DI""4"%!%( "(%>!%
7|| 1 #II % 2%" " mn F 2 G " ll% n $ %
2% ') | % "00 ( - A*8D .D )<B 5%
1 man 5" >|| ! ( n % |l% n !ll ( % ( |-
1 1] 2 mn !ll %ll 1 #Il % ll% > mn |l% %! % %
" %’ % u% 2( _%’u’ " $ % ' % % % ,II 7 1 # 2 Il’% 1
n !Il 7" % ! |# % I#ll % m ! %& %! % ll% ! % (ll! %
n %’ % n ll% : n %’ n % n I> P
3 F 0 gy e Oy
at ! <3t FOG
¥ 3
7 L} m (> ,Il%_ m ! 2 Il,%l % n !
2 M % (> %" % | + % % % 3 % 3 C"
&'C" % " 2% ( %! %! F<<G (' S0 1 (M9%
" 0% % %'%, | A<B % A <B+" " % % > ' 7
I# 2 II’% T mn ! ll%ll 1 A) B . P
~_3 <,‘?] ar. ‘?]ar 1<\
3t 3 ar> 3 ar .
7 # mn % n 2 ( n n ll% 2(('”! %’ * ! , mn 7
> |IH D l||% 1 min 5" >|| ! $ % II% Q C , %I II% + (ll% mn %
-C" 2 ( "% 2, ™7 % F A< A<gG"%! 2 "% "' "%



02%" %, % %"%1 " % " 8

"My ot (", "7 5" % % "
(%('- 7 " 5 " | %l % % H#'%

("t "% % 4" e " "

' F G! 1% '" "% ! 5" " "% 4L %

$% <& 7 ! % 2% "% OR ,!
"%" %, %! >0%!' I" % 1' "0 | "% "%
% %"- 1'"% 7 "% % 71 "op |
% %"- "%' | "% + ("% "% 1" % D "
"l %I5 % - M 1% 'M12 "0h' A*8D

)B

7" %" HY% 1TSS %™ %D I" " "2 "0
(', % & "o L L&

"% "o (- % % "% Tt 1%

2 % 'l "% 9% C'% % % %! +""( - D

L (- % "% %- % : (% > L
(% "% 2%" " " &'(" $' %D C I "% 9( " "%

19% ABD %!'1 % - % > %$ "1%% &'(" % % (!
(- ™ % (%" "%%C" , % % #' %D >%% " "

C " ! "%6l"%" I 5" ™ %

2 "% % 1 % %, ! "%, $%

2%" %! %% %1 (- % > %A0) B "% % , "%

[-110] [110]

\ 3 /"I
—__“Fenster

% ==7, ' 5" %
A5 % " " " >N=7? : $ >7<?



6 & "%, %! "M%, 1%

( "% " %, >- %! ! -

> "4% " rol > |

%" % >1 2 %1 ( - % "% "% #"

(% 533 "2 << "% "% """ % (%(- "

"% % 2 ' $%5 : %

? % %, "% 1F<<G (- >"11I" "% "%

, (%, " -, =" A)OB 2((" %, 0 ",
R Y A S "% "% %" %!2 " "%
"% 1 F<<G (- 2% ! ( - "M% I>" >"

% (%"%%! ™,%! 2 " "% "% % %%

Ga-polare Antiphasendoméne

P-polare Antiphasendomaéne

SN oy S Y.

% ==, ) # ) )2
o/+14 2 4 )’ 4 2 2 4
) # '
) L # O+ +/1!
% " 2 " )" % %
C % '
"2 ) 0=5=14 2
o2 % " 0;5=1
4 2 >N<? )’ )"
% 2 % " 2
% )’



02%" %, % %"%1 " % "

7" ABD )B 7" 7"

I % ™, %% 2%" %! -%
T T ("M%
% "% %! "%" %

$%"% %! , %%

"%l (-%,", $% !
%'%, ! A <
206" %
>1% $% "%

7" &2 >
L% (M, % 2

(% ( 7" "0
(%% 7" % (% "% %!
("% ,%%% 7" " %D!" % 7
Yl 1" &2 ST T 00
2(("%, O0GD ™, "% F#G ( - % %
"tep 1 ("M% 7" "% ,,% ", F
1%, 0OGD " % $% "% FO#G ( -
C" % "%%$ '% " ("! %
L"$' %

$D "% "
II%II

5", "% %! -%",
("M% " %% ," C" "%
L% "%1% 5T Tl %
"% 7 2% %
2%" " > %1% CH'% " 1% "% A
$U,#2% ("L, %
S % "% (% %! T "% %,

| "% "9%! 5" "% A <B %! A <B "
SRR A L o

Ce H% 2%
1 (- "% "% 2%
("M% 7" "%" %, "% !" A<B %! A <B

2% (T %! !
4T % %

1 (-

4 "%

K,H ! 2%™ "% ! ("%7-%% "D
%" "#'%D ! " 1 2

1 (- %% 7 111 "%! -%" "

ST ? %%, ! ("% (- % % "% %

St >t 2" "% M, "%t %, (" (

I>ll

- % %

"%" %, !

A <B" %,
0% "%! I>™

2% " %, %

B !

7
"%l % 7"
"ot %, % %
F1 ' 7 % "%
"% $ " &
7 % "% 2(("
% % "% <A)SB
%, "' 2

7 "% % "% |
%, ! " "% (%
7 "% %, (Y
%% "% :"D >" "%
<B %! A <B " %,
(" "% "% '$%O0R
7 "%l T
%" % "I"D!
SO "% #Y

%! -%% % !"
n %’ u% ’I n %’
2 % n u%

! - >II ! !Il
! ll% II%! _%II’ %
Il% 1 ( I_

% " % 7 -% "
"% % $



)< & "%, % "o, 1%
m o2 Mo
! "% "0l -%". %1 % ( - "H %
2((""! %, N "% 1
Lronop o % - "1 "2
"% 06l -%" % " " % 1 " "% 1

% ( C" (' %>10%" S o
L™ "¢ H I" "ol 06" " 1 1 ( L2 - 0,
Lot (" %L # (%) K - " -
"% (> 1 ,/H " 9( "% " %, " ! 1 % "D
Lt topl 9, 1 (- A)OB
770% " 1 " 1 R '"0" %" (%M1

% >"% I" ' 2 - % $% "% %! #"
7% ", ("1 1 " "Non "0l %', 1 (- $
7V > " U3 %24 % % (-1 7 % "

T (M% % > % %" %! oo
2> % " "% - %1 "1%'- ( I "

%D " (%" 2 "% (" - A)B 2, %! !

"% J " "%l +" " " " ("M% Mo
NS %" %l % %" 2 " %" ("

10+

@

o 5 B

X,

y

Yo 0Op

3

D

4

w S

<

E I/
-10—— GaP Referenz

94 nm GaP/Si(001) 2° nach [111]

156 20 25 30 35 40 45 50 55

Energie [eV]
% ==,A 5 %
=M @ >++47
A 2 =M S+++7?
)
5 7N )A

GaP Nukleation

Si Substrat

)

o/l+1
)0//+1
A%

% "2



02%" %, % %"%1 " % " )
7" N LA " D 24G " "%
Snon , % % ! (- % ( %" !
"o "% (%" "% &% V%, "
%% (" >"11"C %" (%( - "%! 4
"% & % "™ " (, DI " g
%%( " 7" 2( %,! ( - V(" "% "% %
SIDI Mot (1 (% ( - %% %C " $%
"% % 1% % (" "% % " % +% %'-%, %'J"
S1% 4 " % % %"  %I" 2 " vh 24 |
4" F; | #17%<<G "% 7" 24 %, % > 1% $ %
2#% "M 4 % L, % 1$ 2 " 2("
, >
771 (- % "% ;' "% " " ( 1%%% "
24 2%" %, % % "% % > %D I" %" 1 (-
I H% 7" 1 1"% % %! % %, " ' 2
"MUoh 1 "opl -04" " "0 1 (-
V1 (- "t % o, L
| ST (%t >t "% "%
(™" %, " 3C ( I %" 1
(- % 3C (™" %, (" >)<R % << (  )"% %
, % % "H%! % (™" ( 7 > %11
(> C"%!%, % %!%2%" %, % % ( %I (""" e
1 C'% %, %! 1 +" " 2% 1% 2%" % L% % % % !
> 0l 3 % " 9% 0% "% ! 1 (° D" 24
1-(%, %>!%A*D8B C""' 24 %, % "%! "%
2((" %, * %! 2((" %, **" 2( %" * "% %
7"3%""%"' %%" " F3G "% "%, %
"% % % $% &'(" " % & %, "
%% > 1% "% % <<% !%% ( "ol 0 "
LT (%>1% ' %1 | "2 "
ST % % "% % % "% " 2 %, %"



) & "%, %! "M%, 1%

©%% (" %! "% 2(("!%,$% % % "%+t T %

"%

%%D " % " %,-% %, " (! L %D ("% ! %
7" D Im&T ("M%, (! " &" "1 %
N CRERE %, %(( % " %
%%, "+ " %l (% %% +% "% ! 3
2% "%4 $%!%'%5"%" % ' % %D!" (,>1%D %
U C ,%, (" C"2>"' "0 | # I C,%, (" -

% "% 7% ' " ((" %,

? % % $% 1 :'"% " % "%
2%" %! -% %D CU% %l 7™M, % " %% "
L% (%! ' % F<G ! F <G - "% (%%
7% "1 " 1% F<<G %! F<< GC , %, H% ' 9% "I
2%" %! -% %! "%%&"7T% '+% " (  9%A8<D8B
7%' 5"%"% %'%,! U V (%%"' %I % G

%! 2>""0%, %% % 7 C" "' "% 3 2 % " 1"
"N206" 0l % %D "% ' ' %! " % " >
2((" %, )

"3 >10%"1,% 2 %! 24 2%" %! -% %
(DM % ‘('1 (- ", % %% $ ! " %
Lo %%"™ % 7 ("% /%% % >" 0% >%

Antiphasendomanen Zwillin{‘ Stapelfehler

: SN St S
- GaP

% ==N, I K ) 2" 0++/1!
" +// )F 03/=.. "NM1 '
) % " 2 % * :
>+++72 | ' >+++72 | @
NM  >+++? A 0.;<N/1IM 2

"M%, 2 ' 0/[FLA 5



41%$ %, % "% % % )*
7 S" >"™M0p 0l 't 05 106 1 "% % ,>" %
>10 2 I" 1% " I" 0% 0 " '3 g >
% %, 1% % %, % " 2 % 24 7" 32% % %
16"% 1" 2(" , "%1 " % (%> 1% %!
%'$ "- (, "% ! 2(", $% Lol '
P,
7 $% Lot ("1 1 % % $% 12 "
C ("%, "% 1" % % %" % $% >0@ " " 7
9(,%, "% ! 1" % % >'I " & "% %
$,% %F2( %" G 7(" % "% %, !
%, % " %D "1 C"%, $% %, %
T % %, % % (( >"! ? S %% % ("
41%$ %, % %D " " "% M 9%, | TN
% %! "% !" "$% " 0 ! Cr 06, 0% 7
41%$ %, % IS " 5(%! $ %
" - 1%, - %! %  "O(H% " %! %%%, %! !
"% ' " 1-HA)B "%l 7 I % "% "%
12 ' "% % >%I"D! " 1" "o - ') %, -, '"(%! %"
I 41%$ %, % ! %" >"1 4 1" 9 >" 106 $%
7 %, I" " LM% 0, !
2(-%,", " | %, I" $% 1% %!
%! S
"% 2(-%,", " 1 41%S$ %, I" by $% 1% $ >%! %
%! % >1 $% 4", ! Lo 10
"y %" #1s %1 +% %  A8B 7 %, I"
Bog "H ™" 1(" % H%( "(%P
L o=pl= A
by Cl—rTm/dG" F 08G
AA
5 1" 1" o, " bog "' = %
1" "% %, "% = | F1"  '% %,
O,> % D% ,"% G7 1 "0l 41%S$ %, %



)0 & "%, %! "o, 1%
"%, %,! 1" ‘% %, , % | %, % %!
"2 ! %, 7" %, , top St "o
2 "$" %, % " a ol I &( " T
%, 1" "1 ( "% "%'$%!  "$%
%,  2aa "% ! (%", 7 # %% Ho>"1(e
ST "% %! > %, % % 7" "% "% % O % -
STl 0 0 Ol 1% C, $ !
%, %
7"3%""%' %%" " F3D" 2( %" 0*G"
"% %", | 7 "0, "% &'(" % % "% "
"Of " C" % | 41%$ 9%,!I" 7" 3
C% % "% % ' ("% % C"
"7 $ "%, % "% 2( - %, ! 4% $ %, !I" "% !
( %12 ?"" " | "o 3 % % "
(">t 2((M%, 8 0 "% % 12 - L, % !
2% " "%: > %, % % %%D! " -
(" "% (" 8 71 % - % > % 1%
"% '% % "% > 10 | "% 2% '%, $ %
1" "% %$ %% "( 7" $ "% "% "% '%
(%% % "%, % % + % "% |
1" % % %" % | #"% (" 1 momet g
41%$ %, % %% %D " ! 1" 1 i+ %2 9( " ol
R 2 L 7 S U | 2 (-
7 H$ % %
7" /" "D "% , | %, I" $ % "3
% >" % %% %D " >t 7 37 "o 3
(% " ™, " C" $% > <<% 4 "% C " |
%" % <O % " 1" ( (% ( "

e S C"1l C( % "% "% '%% ! H% %
%, %! (- 1 127" " "2 %, % |
41%$ %, !" (" %! 1" > 1/H% 1% %, %
(1 2% %" 4" $ ", %1% 3 5 " "% 2(("
1%, 8' % " $" |  H% 41%$ %, % 0 OC"
(-' % 7" % - "% 7 H$ %, "

$%< " Y/



41%% %, % "% % % )

/’(’_’/}@hstollende Verse@gen \

[001]
]

(1101~ [-110]

2# (2% ()2 0++/1!
7 ( (% %" " > % "% , "%, % 2( %, % %
("%, -% "$ I" % ( 7 I
L %" "$ " | %, " % $ "1 % %
% % ! 3 ; %' % % ' >"" 4 "% %
C" %, ! %, " % = % " "% ( %
O = > % 3 % % % %
% "1™ % (% "% % >%!" 7" - "% %! %, "%
"% (%D " " % "™ % %  "%% "
L ">1%D" I H 1" " >-061", %! "% %" " %"
b
"% 32" % "% (% "D (-
STt opl0e 1M 12N 0 - D>!1"C %, "%
JH % (%('- ' %C" ! % "
% % "% ! % "% e "$ %, %
40" "%, % I % %, %! 1%
2('$ ,%, $% F 2( %" ** %l
2(("™%, BF(GG C"! (% - "% "% ' 3 2 " >
Lo % % 7 " % (™" %, | "%

! ! ( $ om12 Tt 7 C,%, !



) & "%, %! "o, 1%
%% ' ("! 3 %" 19%% %" % (I
% % (%( - 7" St oh ()
2% $%3 2" %("1l2 " % "
" o> %™ 2 ,( 1" 2(" ( %! ! "% 1 % %,
' % "$ 1 9% C" % $% 4!%$ %, " % "%
% % 7" $ >% % 106 > 1% "% 1%
Ll% 2( %' % $, " 206> %! %,  ( neoo
$ "19% 12 - % >"1"0%62( %" * - %"
"% ™ "D 41%$ %, ! "l 12 7" "]
% % (" %D (" ("1 2> %,
$% 24 %, % % '% 12 (- % 2 I % > 1% 5/
%! DI" " % I" (- | H% % 41%S$ %, % "%
(%1%, ,( > 1% /%% % %! 5" >1" 2 9% 0,
& "0, " #ls  $% "% C " %, !
41%$  %,!" % %! $%5/ % "% 24 2 % %! ( -
(" A8B %! $",% % 2(" >1%! " (% - % %
I ool 1 12 ("OR (" << ( ! >
*<R % 3C2 (™" %, ! 12 ( - G ' 7
2( '$ , %, > 1 % "H %! % 3C2 "
. S%" - "%$%1 (' S % " 2% %, % %
F2( %" 0G /%% % ! I" 'o%! 3C2 (" %, >-
C'% %, % % 7 % >" %, % %! L gp
( % %!'! 4' "%D5 | 1-(% % %
7" 24 %,% >1%" 3 "% ! | | 7(" s
24 " MOop>" 9l % (1" ( %( - , % %
(" "% %4 L% % 2" "% >0, % $ 3" I"24
" "% % (> ("% 4% "% "% (> (% %!
7- %, ! Mo 1 D I" "% | %, (>
"%, %,! 2 "I % % (% 1 J" %& % ™
I (%( - "% 2" 1%"%D ! | 2>" %, $% !
ML 24 " % " 0l S 0" L 2(" %,
& % " ("



41%3$ %, % "% % % )8
2(("%, 6 ", ("""t "24 | % % & % " %!
2" 1%"%"'! 12 (- "% 12 4 # "

( (%! J" % + "%! " & /| % ™5 %!
1-(% %%(D " " " 2™10%"%k' >"I "%!% 7
2" 1%"%" (" %" % & %-%! %, % >"!'D | I
5 %' 1-(%!™ " (>1% 7" ,/H %, "% "
1-(% ",D! " $% >"5 % "%,, % >"L 7 (-" "

3 D! (" 1% 5/ % %! 1-(% %, % %!

Y %!I'D " %, % (, % > 1% t
$'" % '%U V(%%! +" "" %! %'% " % "%
+" " %'%, "% ! s110t " 9%,% 7 o
1(% "' A<B" %, " ! (% " " %
"o/, C o
1%""" % !" 5/ % ! 12 ( - "o H %! %
41%% %, %D ' % " I" -'% %! "% %, !"

(" % 7" 2 -"%,! 5/ Yo" It 2(" % " ("
/" 2 'l %, %! C"l % 7 "4 %! 1/H !
5/ Fo%! 1-(%G > (" '% 12 ( - $ "1%
%% ," ( %W 1" (
(a) Héhenprofl [001] (b) Amplitudensignal -
[110]  [-110]

Stapelfehler

Versetzungen

% = =0, %@ [
% 01 % 4 2

03/N++ "NM1 ' %"
%" %@ " ' 4 2

NM >+4+47?
>++?7A 1 % % 4
0 * %" 1
%@ ,% 5 0@

( 01
% 5) +5)
%
E # "
0
2 C 2
11



)6 & "%, %! ""oh 104

4 1" (- "% 2(("! %, 6 ,(" ")
, - %5 % "% 4- $% a "% 41%$ %, !"
$% "/ ™" % % % (%' $, " !
2> %, ! 5" %%%, "% 12 ' ' > N {
%, >%! " " "% $ " %,!" $%

<N 4 >" 12 4 # %D " "% 2( %" *
$, ">1%WD %% (%" "% : 9( "% " %, !'%
("% 1'% , ">1%
7 o ' 2%'J " "% "$ %" 2> %, "%
" S% % %( % ' % 12 " % M>"
,> %N % % 1,% ! >1%( "1 C " %,!
41%$ %, !" % %! ! 5 ' %% %, "% o
F2( %" G!' (" ""% % %, %7 ' %
F2( %" *GI" "M% %! ] 2> % - "

%$ -%!
™%, " >0 L 122" " %
%, > %! o c( ! C %, $ % M(G( % %N
12 4 # %F2( %' G " "% 12 wow (- +
"% ( (% (%" 3 oy % 9( "% " %, !
7 H$ %, !" %D !" " I" %! %! 1% "
>1%D " "% %!,'", : >"D! " ("'%5 % -"
7 H$ % % %' 'D"% % ", % % %, % % (
> 10
"% >" /" "D !" 41%% %, !" "% 12 " %

% % ( - %D " !
5" %% %, $% 12 ' "%D !" ! ,
> 10 7" 2%> % " $%4!%$ %, % " "% 7" 4oy (>"
"% "%, %, ! 7" "%'-%, %! !" I" " %, |
5" %% %, a7 V%! 7T "%, "% " %A)D BD "%
1% %! ? % %, > % dog %! 83,0 % > 7" "%
C %%,% %% % ! 2%% "% 12 " % ' " "

41%$  %,D %, "%, """ %D >"| " 37



41%$ %, % "% % % ).
" 1] %' % | " C " 7u LR LI 1 "
> | ! % !" 2(" 1% 12 4 # %
7 "% "-"1%, -, "(%! ¢ ! 5 "%! %C" |
1 n ,u( 1] I ||%$ % | 5 (%| % g "
$ "1%% ("% "% %-' A8SOB 2 ! ? % %, >" %
7™ "%'-%, eD5(%! M%7 "% % % 7F e él¢c G
1] !u 7n 1] % |_%’ ' ||% "o | %’ -, é ||% ' % 1 2 C n P
- T 3 F 06G
e e, éeg
7|| 7|| " % |_%’ éa >u ' ’ > 1 D ' n (n% " % %_I $ %
u% LI " I n_ | %’ - % (’ % $ % | (u% n % %
41%% %, % ( " ", >1% &% % 4!1%$ %, %D
> 1 !u 7" " % |_%’ 1] n% > 1] % C 1] , $ % éoB | n % C 1]
,l n 'H", $ m % 4 ' %$ %’ % na n %’ "
7" 4og ( -, " A)BP
Q
h /4.
&g % F 0.G
! 7 % 1 n % m % I !u (n% 1] % ||% |
"1%, % (" D , I"5 ' %% %, 85, A )BP
) < o& En . e l4 i €
. = I F <G
& L - L/P Léa , L & <7
n | + ' !ll Q% %| | (II% n % !II %
% A)B i1 " "2 %%,! ‘1%, %D 4 <~ "
"% "%" 5!%, -, % % "% $% 12 A <BD, " W/ ix
" C'" %%+% % %! o N/ f " "% '1%, 7"
|!%’ % 1] >’%| J" >u ’u%’ %7u %’I Cn
1 H m ||% | C " Toomn > l( !u 5 ( % ' é %|
7" "% % % 6 I "%"-'1%, -, "% | %C"



8< & "%, %! "M%, 1%

"C %%, ,>"'>1% %% 7" 7" " % % % é ("
17" % % "% 4"%! %12 C " A)BP
€ T 1 INAALL A 4G <Ki F G
2 1% 1" % %F 06GDF 0.G % F <G (" "5 "' %%%,
Bae "% 2(-%,", " $%! 41%$ %, I" Aoy %! , P
< &&. </¢&
ooy . 220/ P "t F G
. /4 /1 e [ce ,, th [4eg.* T
. </ 5
Qo g 10 ST — F +G
«/4 [ [&dCa" ¢ T2
? C " %, I Il% "o ||% -, !Il n% |_%’ éa > ' II%
S %, 12 % ' " 12 ( %, ,%D ("
! !Il 4!%$ %’ !u $ % l_ n’( > 7|| n !
1 n 11} n |I% 2((!"! %' . , II’ 7II !Il C % %'
$ >%! % ! % 1 n Il%! mn %3(" * ’Ill 7II
21 %%, | 1%, % i % " 1 %
7" % % "%% $% C" % " <)% A8B 7"
7|| ll%l_%’ éa ’( O*O 7|| % 1] n éa é /ga u%
"0 - 1%, -, (%! Ca $%*0 %
7 "%l A1%$ %, ! Aog 1" (M%T" "%"-%, % &
%l &g % %! 1% 1'" % %F 06G %! F 0.G " ,2((™
106, *<FG 4 1% C " , "%, 4!%$ %, 1" % "'
%%, | %, % r  ,,%( % % %
(Il% n % %_I % " 7II 11} % I_%’ éa ll% % . !% n
R Ge, "N OG "! 9 "% "% %, I" $% >
1 "%" 0% 1" 41%$ %, % !" 7" "% '-% . e %l (

ST "% -0, €. 3% -"(F & uéegG

7" %, 1" "% %12 ( ", & " % ($% o i<



41%% %, % "% % % 8

pt+ Al saGaga0As Vorderseitenfeld 30 nm % ==8
p GaAs Emitter 170 nm [ %
p=18510"cm? ") $
Basis 1500 nm 3 @
p=3.1-10" cm? c
n* GagsslngsoP  Rickseitenfeld 40 nm
=7,) # " % A %
0+/1 -6 R 3INON 7 @2 + R1
% = =8 t 3 !
! IG @$ - 00 812E
0 231E " , 4 0@ 11
# ! 2 0@ 1
4q Ug i Gree A3z € a Ca
*< < 8 6 < 6 <)% 80 2E <*6 0*O0O *0%
7" 12 ' "% 2((" %, . > I % (% !
I 12 % ( % %
( "1% 7" @ &" %%"%' ! " >1 " "o
%% % " ' , %D ! " "% " % """
<<< E_ "%, " >1 C" "% %% % % % "% ( ,!"
+ Mmoo )2E _ %" 5" %% %, 808 7 "
, ( " 1'" %, F *G " 41 %$ %, "
Ay 2. -10 m 7" " vt [ %l 4% " Y
1" % F G " "% 2(("™ %, *<F(G , % T
41%%  %,!" $% 1.7-10 m D " 12 (- !
24 (" >R %" G" (%" "%, " %
7 (% "% "%, 9( "% " % , 1 C "% $%
by 24 %, % %! ( "5 ' %% %, B! "
c" S ("M% 1% " ( " %D ! I"
41%$ %, !" I 24 %, %! 1 272" (-
12 4 # (" >V 7,,%>11"C " O,
v Qe "% "1 D" M 12 o

(, n ! % > ! 7" $ m , %! > ll% ! 1 2 ?Il 1 n



8 & "%, %! "" %, 1%

"= AWM @ $" -%!", "#" %% ! '$ % ,, %, %
> 10D 1 It %,!" "% ! " " I'19%", % %! !
" %
(a) [ T rr| MMM AL B "”": (b) 1.1 [ rnn?ﬁ""""“f‘f‘:‘;fﬁ-'
10° !
: — 1.0 -
— = |
E t -
% 10" SN :
510 g §° 0.9} 1
® 2 : ]
c c L 4
o © L - |
2 208 Theorie .
£ 10° : 3 | o Experiment: 1
S 3 I| Ve=7477mv
- 0.7}
_ T : Jg = 19.6 mA/cm’
10"k P  -pdominie ; | n,=1.7E8cm? (AFM) _
PRI EEPEITTITY BT BT BT PRI 06 T T T T T BRI
10° 10* 10° 10® 10" 10° 10° 10° 10* 10° 10° 10" 10° 10’
Fadenversetzungsdichte, n. [cm?)] Fadenversetzungsdichte, n_ [cm?)]
% =7/,01! ' 2 e % 2 @
4oy % @
' 2 01F 0= .= c Bae % 2
@ 4o $ % ! ) 03/N++
"NM1 $ %@ % 4 2
L $ Az
7II 1 Il% % F SG II% & l(l mn T ! 1 %! %
("% "% $% 5!%, -, %D " $ ! ! "2 "% $%
%% "% 5" %, (%!'! &'(" %, |, > 1% " %% " %-

1 ! " , I/ , % > ! % 7" (II% " % !
51%, -, ( %" ' 0p! ("% "% %-'D >" C
41%$ %,%D " (o ' "0 % "% %" - %! I"
5(%! ! 51%, -, " 2( ( A I %%

! ll%!ll !ll 7 !ll II% ll% & I(I n , 1 % > ! %
4 5% %, % ", %% " , % %% 7 ' % %
Il% mn 1 >II ! ! % %! ma F2( ( G $ % ( II! %

n % n ll% mni n , /H C %!I FC n %G ll%’ 1 %



41%$ %, % "% % % g*
77"C "% ,% "% ' " 4D | " 510%, -, 1%
20( (,% D> " (% %

% " 2(" > 1% " 0p- "5 %, %
21 %E1l %E2'1 % 7 %$ >% I C
"0 2((M %, F(G ! 12 (., " 7 )<<%
" 1 <<%<2( (F U <</ G> 1 1("$%*<% I" %
F2- 1 <6G<%<C " % +i G "%, ' % 7" 2% ,%,
I 510, -, " 50 % "6 2, % % %
5 (" 0% "%-%, 7" %, %> !% $% 2'#% "
F4 % G %G 2 I 2(" >
77 %>1% >' 12 % ( D'

% % , " 7" % 12

(" (""" %$"" 5% %"- 7 H%! 41%$ %, % "%
112" % " (" !
7 %l 1" %" 5 % %"- " 2 (!
%" %! ("% "% " I | N

R A L % % "% %! %! "%
c, " % % "%

2(("%, *FG ", (""" 1% " > 15

% % % %7 % "% 12 % (

% "% 12 4 & (7 5% %"- % !
7 % (% " # (") % 1 12

% (% (" )6% ! 7 (! "%
$ " ( "% "% ! ("% 1 % 2( (7" #°
50 %"- | ( . % > 8@! % 7" |
"% [ %' %l ("% "%" 1 % 20 ( ("

! "0
77 1 12 g o "0 MO IM 2("

% Sttt % % "7" 5 %%
S1% 1(" % $ ' << ( %! | 2((" %, *F(G
I MOe 1 #0506 %" ( " 2
1%, *FG 7" 2> %, ! 5 %, % % "% % %" -
% "%-%, >! % 2 ' 1 9% ("%
11 "% > 5'%" " 0C " | LT % %"-
17 ! O] @ ! 12



80 & "%, %! "" 0, 1%
( "1%% % %l "t "1 % (% % %
% %, ( "%
(a) — BOESE-gip -1, BOGS5-db-giphul-BISES-gaasp-6" (b) NEBE.4be s ED AR 36"
t| AlGalnP/GalnP/AlGalnP auf 5
— H[—— GaAs
& - - -- GaAs/GaAs P, /Si
g 100 4 normierte
S | © Intensitat
% = 6 [%]D
S > 10
= € 8 20
- o 30
_‘% 50 a 10 40
= i 2 50
2 60
3 '12 70
o 80
i 90
0 14 100
620 640 660 680 100 200 300 400 500
Wellenlange A [nm] Messpunkt Spalte
% =7+ 01" )C) % )6 )6% )
% A 03/N Lo+ % 5) +5)
03/N.. " ; 3/8. "NM 1' 5 )C 2
) e +<9 2
A ) 2" N./ 1 01 )C
2 $ +//
% 5)+5) 3 )C
2 % A C 3 )C
, % 5 - 0@ 11



3 GaP-Nukleation auf Si
)F
- $ ") +5 &)
% 5)+5 ! )
% " 4 2 "5
% )F " / +M
) " 2
( 3 ) %
@ GA A
$ ' # %
$ - 4" "
P : )
=M NM @ !
A5 % oo
@ ) F
>+++?2D%D % * !
- F " 5"
3 ) (
A
"% ol % "% % 2 (% 1% ! (s
" %, "% %" % "% 1 :' "% O %
2( %" 0%, "D "%!2%" %, % % % >% 7 DI""
"% % ', %! % &'("" " % % /%% % 7" 1
SN M 0 1"06 9% ' 1 %), !
1 #% %'12 & # %
2 2("% %! "™ %'$ - (, % 1 & 2%
C "% > C ,"%% I" 2(" " & "%, %" % " 1
St % <R %" % " ( % ( %% A*D 8)6<B 7



8) *1 vt nop "
1:' "% "ol 1(" "% "% (%, "%
- 2 (" %,! " >"1 C %%
! I % "$ H#M % 1 (- "% "% "% "
& ( ( $% .<<R $" -%!" NG
206 "H%! >"1 "o " A %D 1" 1 201 %,
I % "%", %, % "% 7" % "%" % % %% % "%
1%9%, 1 "('-% " % ' % % 3
("% % %! :' "% " 7 1 " % 7 3 %! "
(- ' 19%% ("3 % <<<R %! 1"0% 1 2 (1%,
$% 7 ' % "% %" % " 1 "% F"
2( %" 0G 7 11 "% " 0pl "0 MO
> "o % "% "
O0<R >"! "% 1%% 1 o |
NI F%,'D '> KR JD4 G ( "'%
7(">1%" 1" (> % I" "oy ' $% 1 %!
%, ( %D " "% >"" %" %' % I %l "%
519%,% "- | ( - % "%
& "t (" )8R "Il 1 T )
%"%" " % >t 7
29%%"" "% $% 2% " %! % %D !" 3 %! "(- %
4 1'% %!l 1 "1% - $("( % "]
7 1:' "% Lo g g > %" "
% " %P
% " #U "%$%! " ( -
vy ;
x & % | (- - "%  $%
7 %
04 1M ! % 12 ', % ("
3
+9%"%" " 1 (" 3
U I 2(" > 1M & "0 1 1 ttop Mo
( %" 1%4""%" % %$% R %! )R L onopl M %
4> " "#IF4 G "% ! ", %" % 1 % "# F G" |

%'% ", "% % %! "H#HIF G"%! Y ""H# FCG



*2%" % "1 :'" "% " 88
4" "%" ( (% "% [ 7" "% %!
>" % ' # "% " ( (- %D I
$,)" >" >%", % % % %!'! %, 3 % >"% C"
& "# % "I &'(" "Op! 1" , %
"% % T %1% % % % 7 " "% | %
+" " "% "M%t % ( % | "% %
>"I" %" %' % ' A*B 4 | $ %
" "%D " "% A 1 %
&'(" " %( %WD" '(" "% + "% %

% "l %! "% " 0 @ "%,,! >1%
(" Lo 4 % R "%" % 1 ( %
, "A*B "% 9( ,%,'! " % " % " 1%

( %% % ("%, %,% (" ," 4" "% " %, > |
(% >
C"3% ! :" "% $% 1% 4 %, % 1%
%! " "D ! "% "% 9( , %, |
" >, "$"'> 7 ( %% 1% < R
"M%t % " ( % %% %' % > " " R %!)R
""" % ( (% %>1% "% % > "
2 ("%, % "I" % %", "% %D N G
"% I " ( - (" % 3 % ,(A6B *?
& "%, %" % " 1 :'"% " % " % ( %
Lo "% L' "% It 2 ( " %-
>" 0p>" ' > 10
7 "% >"1 " "' ' 4 % >" C!%
% ! ! %! ("%’ 3("* ("%
o " ( "% D" "% " 1% V"% %t % "%
1 :" "% " "% /%% % 7" $ ,% %% % % "
>1%1(""%( % $% %D >" 7 D3 !
2%, ( ! ;"% " " ("%’ ? - "0l 1M (M)
3 (% %, $ "3 % 1 " %! !
3 %", $% 1 " 1 '$ % !
"H" % (% ! S A ! % (" %,
% "l%! 2H! %% ! ? %!! D> CI"



86 *1 0" "% "
| 7+ & ! )F "
A "5 $) )F
' ! ) 0S1 15 2
- &
" 21 "F<<G< RERE)R % A B
2 "%", %, | E% "%
% %%,! "
"M "% " 1E% "%
Py %! 2 "%acC', %, | E% "%
D "%, , "%, | E% "%
% | E% "%
2 %! 2(, 21 C', %,
%! $ ", |E% "%D 2 ! %!
' - &
"7 #' "% , F& D2&D "&GD
F'% " G 3 D7 D
7
LS 2%> %! %, | E% "%
3 D7 D
% & o
o
* " 20600 "%, 7 D3 D ,
2J' % IE%"%D7 D3
;
9( , %, "2%% "%, 1 " Z 2( V4
01 " "% Z 31E317ZD3C
3 D7
2%, (! 31 Z %! 3C 2%, (
N "% ' Z
~ ' "% 'D ! 'D
"(,"%% " Il D
' "E %
9( ,%, 1 R | 2 " D -" 2%% "%,
1 "% Z 31E317ZD3C
3 D7 D D

E - %"




*2%" % "1 :' "% " 8.

%, %! 2 - 2( "M%, % ! ""%,D !

% ! 2, " D I "% ! " - $-%! %
F2( %" *0G

5 M 2" >0 1 "% "% " "0 3(M

, %4 % ("! % >" ' %, 1 :""% " %

! % %1% ', %!'% "2 %" % > 1'%
" "%’ %%- $, " " "%!" %! 3(" " "% 2 "
FZG, %% " % %'% %" 5 !" 2(" "% ' "% "% ("

' %>" "%, %" % " 1 :' "% "% "%
7™ '1'1;"% "' 'D31 (> 31D 2( "%, !
1 %! 11
7 3 (,%, $ "3 % (" b <<<R 1
" ("c <R " I2( '
7 2%,( ' 1;"%" ‘' 31 (" ' "™ %
""" %1 "
7" %" % " 1 :'" "% " % R %! )R

""%" % " ( % >!1% !(" ! "

L %! % C1"%,%,% , "

4 P ("%,%,% >! $ I ! 1
"% %2 " % C', %, o, D *<
"% ", 2 " %! (" <( % <R = ( '(!

#' "% 3 "% 1 " "% =>10%; "0,
%! "> <% "(> %
™" (- > "% % " % 2 "%",%, % ,% 0D
, %" %! % , %" % "%", %, % % % % ("( "%
"% % "$ #'1 " (- D!I" "% N {

2 ,%, ("%, %,! "
7 (M%"$ #1>1$ C"%%B! "# """ ("3 %

<R "% ! - $" %! ! (" A86D8.B C"!
" %3 %" 2( "%, "% *<< % " % " "

% >%!%,$% "& o "3 %! " ( - 2 ("%
07" 2 "% %, " "% %! ! %", %, ! "%, "%
%Dl % %, ("! M "% 2 A6 D 6*B



6< *1 ' "%
$%7 ' %>! % "H® (" ( <<<R A6<B ! |, 7"
2(' $ 3 %! (- 3 "1

" (" > 0<R )R ', "% "% C " > %< 8RE
%! <RE 4 ! 1T " %> 1% !" ;"% ' '
31D 31 %' 3C $>% 7" 1 > I "% 2%' % %,
% A88B " ' I™ . 7 %"%" ™ 1

>1("6<R (" "% 7" 11 " 0 *< O

%! <<%
4 1 $%1 %' %!" ("%1;'" "'%31 %31 >"
"o " 3C , %, 7" 3C "' %, % >" % 0<<R %!
O<R % " ', % A*0B %! "%! (" > <R $" -%!", ', 7"
3 "%l % O<R ( ,%D "% "%! %, %

" 20 "M%, I 1 e "% 31 -%,
( ($% O<R % " "% > %l 31 (" (" *<R
$" -%!", ', " A*OB 4 "% " %! 2%,( % ', %
"% "% %! "% "%", %' %

%! > 111 " "31(")<R %! " 31 ("0<R
" < '"%3CE31 (> 3CE31 , " 7 "4 %, ! 1

%!'"% ("% 4-"% (" 6<R " ! | >"" 01 ;"

2(("%,* ", 1'% " 1 Q7 "%, + $%$% >" " 31
% 31 ,> %%l " % " ( C" (%> 1%
"F<<G (% " )R4'"%" % % A B ., " 7
s>t 1% (% HE N L % %"- #" e
31 (>31,> % 1:' "% *B% ( > 0)% ("
7"&'C> ("%! 1 ( ,%8) (> %) 31
(> 31 " 31 > I" &( (" ! "%, % 1
o ¢ ,mH 1" "t mH " 2 %! 1

"# " #1109 " "t (%D
P " "31"1,% ! 31 '# > ?
# %" M2 ("%, $% %, % % > %!", 7" %, %
$,H®%!" &' ("1 1 '# % 1 "31,> %%
1 " "% "/ 7 " $ D" "% 1" 0,
o+ "% "% "' "% ! "31.,> %%1



* 2% 11} % " 1 : 1 11} % mn 6
" ’ ( Il% ( % & |(> ( n $ % * * 7|| ,
9( II% n %’ n ! , % % & I(> ( " m H ll% ,
" IIII% ; mo_ ' 1 " — % ll% C " ||’ %’ $ %
2%" %, % %= "H%
Il% H’ (Ill 1 %! !Il , Il%, 1 + n 11} n % 11} 3 1 1 , ll%
! % ' "% $% )<R "% %" "3
O <R " ( 11} ! ll%ll mi % 1 n % > %!II’D Il%
! ||!|| % n % 1 % |> $ u! %D > 1 !ll % %’ $ %
+" " % $ A88B 2 , %! ! % ? ', %, $%
31 - " "3 ( % ("%, % % &"% "%
> 11} m $ % 3 1 . % ( 3 1 3 1 1 . % d m II% n % (II
"$% 1"% Fl1& +G A60B 7" !
( l_ %D II% 7" 11} % I_%’ %! ( 11} Il%
%" (% (%, "% !% +" " "%A6B 31 ', 1, %
(@ A 3 (b) A S e s ———
TMGa Si| |TEGa
10°} Sj —— Messung 10°} —— Messung
Simulation Simulation
— 10°¢ — 10°¢
8 107 38 10 GaP
f‘.@E 103: Relaxation % 103:_ s o
2 I Si Substrat 2 I Si Substrat
= 0% = 10°}
10§ 10'

-3000 -2000 -1000

/20
% 7+,
I 001 3/++7 "1
N (
<N. *
P
A #
I
2 5 2
5
A S5

0 1000 2000 3000
[arcs]

TA' A
)

-3000 -2000 -1000 O 1000 2000 3000
/20 [arcs]

# | 001 3//<8 "1
1 7<
)
) 7NN
* |
)
) )



6 *1 0" "% "

% 2(($% JI"'% % Jm F1 & -GA6)BD!
Lo "% 1M H 7" "% '-%, >" A6B 7"
7" "%'-%, | 31 | %% - X2
>"I" 06" 05 % L /1% 7" %> "%, %" % "
1:""% " %>11 "31
77" 31 > %% 1%%% 1 " % " %' Q7 "%
# "% % "% %, % K! " 1" 1%, %( , %, %" %""$
2%" %, % %" 1D > '( % %! %, % " 24 %
3 % >%"> % 7" %% " %"%!% "31,> %%
"% "% "' ' $% 2% %! -% % F2((" %, * G % ! 24
2% "%l I" 2%" 9% % % ' 1-(% % ! 1 (™
(% 9( "% " % !" " 1" 3; %" %
29%" %, % %D!" (" %" ( - ! H% 7" 1 " >
! 2,%, % "t 0>t 0, %l "o, |
"1 %% M (

a f\,- :

;."E 15
e

b
=i

% 7=, )F 03/++7 "1
% " ' * )4 2 %@
| % - " 2
01 & Il K 01
% " ) 2
)4 2 %@, %5 - 0 @ 1o,y ™ 2
0/[F1A 5
"% % "% "%’ "o % "1 :' "%
"> 1 2('8,%, >" % ! "3 % (" %
3 % %! | 11 " "% 1" %

3 % 7 3 % ! " (" - "0 "%



*2%" % "1 " "% " 6*

L, % " (- % ("b <<<R 2% "H%! > 1 1"
3 LTT% % % 1 " c<<R, % 7"
7 1V 2('%,%, >!'$m™ T(" o D! "%
"%, 2( '$,%, " "% 7 $% *)<< Fe< SREG "% ! ™
, "%, 2 ("M%, $% 2%" %, % % 4 "% %"
2( '$ ,%,"%8<< FeEREG

> 1 "0 !" S>>t ot % %, "D
"M "% 7 1 2(' ,%, % 1% 71 " %
>10 > RD R " "%" % " ( %
G "'"% 7™ 1 (- % >!'% % ™H %! " 24
2% " %, % % %! " 2 " "%l -%", " "% % F"

2( %" 0 %! 0G

C" ! 1 :""% " %" 2('$,%, FEREG %! "%
" 2% $% 2%" % % % (" (" 1% (
"0 %,% D> % % %! $% 24 %, % F2(("! %, * *G
% 1% 1 (- % % %% 7" %, ! | H %! %
2%" %, % % % ! 1 (- %% ! "% ' b,
2(' Fe<8REG ("% ( '" %" %, % ( - "

1" > 10 F2("1%,*0G 3 ; %" % % I" 1

"o M (S % 2 % $% 20" % -%% "

GaP auf Si(001) 6° nach [111]

(b)!; R [
T B
e a.

% 77, %@ % ) =M NM
@ >+++? A 3 )F 03/=== "1 U+MG6
% ) $ 3 )
Y4 2 * % ) 2
[ - "2" 0% =;=1

%@,% 5 - 0@ 1



60 *1 0" "% "

%, % ! "1 1%"' 7" ' 2%" %, % %
%%"™ %$ ! " %! 1 (- %" >%", H% (
"0 =>""01 3 29% I 1 " R ""%" %
s %M (-1 7" H% 1062%" %, % %' %
"1%C( %% '%242% % 1% %
% %% %!%.," % (% "' 2 % 1 )" %
(%" F2((M%,* G 2 YEEE "0p, |
2%" %! -% %" 1,% 24 %!'3 ( "%%C " $% "%
S0l 1 (- T2 L%, 1 "% %!
"% 1% 2 % > 1 (" ("M% ( """ %%, % "
I "%, % 2( '$,%, - ' "1 % 2('$ , %, 7"

GaP auf Si(001) 2° nach [111] GaP auf Si(001) 6° nach [111]

'-

[001]

1101~ [-110] . (-110]~" [-1-10]
Si
% 7:,01 01 %@ % ) =M NM
@ >+++7 A 3 )F 03/=. "1
% $ 0U/ +<MG6 1 | " )
"% 4 2 * % "
% $ ") 2
P - 2 0% =;=1
Il K 01 01 % " 2 )
* ! 4 2 4 2
* )% " ! %@ %
%@, % 5 - 0@ ! rn) ™ 2

0/F=1A 5



*2%" % "1 ' "% " 6
"% 1 %,! 2% "™ "% ! ("%2 %" %! -%% !

1 (- ;"

7" "%, %,! 2%" %, % % %! 1 (- - "

"% $ ( "opl (- 7 % - % %!

(%, " "
% "%" AG8B K>" >"(% ( "2 "H%

L % T % AB6B (' ($% 8<<R >"! I"

"$ %, 1 " (-1 " -

, (%A6<D 66B C" 3 % $% 8<<R (" <<<R %" I"
C>" "1 "("- % %! % " 0,
(- (%! C>,%,%$% "4 "% "%! """ "%
2(,$% "2 % A)B 7" 1 >"0%I" " L(" % "

P (-%,", 3% ' % $ %! % C "%, %, % !

Sl >"%!IM, " %It " "0 %l 3 >- 0ol !

2( '$,%, % (" M " %! % %", "% ! "

(- AB 7" " % - "%(!"%, %, % /%%% !("
% "M ( """ %, % F>" "% mo2(" " R %!)RG

$ "1%% % %", "%% % A))D 6B %! %

"> " % %' 4""%" %, %, > 1%

(a) (b)

10}
r’% o r’%
g - GaP auf Si 2° nach [111] ] % - GaP auf Si 6° nach [111]

-5 i mit Abkihlrate i -5 i » mit Abkuhlrate

~1.0°Cls - ~1.0°C/s
i ——~0.17°C/s [ ——~0.17°C/s
_1QI.5 2I.0 2I.5 3I.O 3i5 4i0 4i5 5j0 5.5 _1QI.5 2I.0 2I.5 3I.O 3i5 4i0 4i5 5j0 5.5
Energie [eV] Energie [eV]

% 7., A% " +// )
=M NM @ >+++7? 01 0 1 03/=== 3=. "1
% $ (I ) OU+ /MG6 1

% $ 0OU/+<MG6 1 $ % $ $

2 "2 A% " @

I 2 )4 2



6) *1 vt nop "
7" L (%" " %D! "1 1" 20 % L2 %
3 % 1 "> 0 [ Mo 20", " 11
(- "o "H 72 "o "% Mgl
"& "%,$% %" % "% 1 " %
7" %"t 2( "%, "% 1 " Lot %! ("
O0<R "% "% ' "™ % $ % A8SB 3C %! 31
>1% (> '% "% 1% ool IOESU R
I>™ "6 % 5, o1 1 " ( ( "'%F2(
("%, *)FGG 7", "% 2( "% "% + ("% "% %1
%', St o>t g vy "% T %I
3 (" 2( "M% ! 1 "o ™D "
(o131 s 1" % % " "%
> 05" 0! >t 0 " (-
70 % -t ol ML (M 2( Mo ! % %',
$" %" " 2 % (! D /[%%%" ! "N0H 2% 9%, % %
9(,% $% " 1 % % EF" "o, G 7"
2( "%, ! 106% "% % % "% -%", %
1 "D 11 %ttt 1 (" | %
3 % %" % " > 1% %%
% % (% % ! 1 (> "% ' %
% " (" % 1 (> D!" (" "% (-
( "1% >"I C" "% 3C (> 31 % % (>
$ %" >" "% $U %" %', ( >1 ( "1% 7"
>0,>" "% %" , ' %% 1 "ol (I
% >% C"% $% 7 % "% 9( %, ( % 3C " "o
% (" ! 771 $% (- ( "O<R ( 0( A6.B
7" %l (" % %) 2%, (% "%
C% %, ! (- 1¢"",, % ("1 $ ™, % %
| $% << ( (" ( 6<<R ' ".F 17 1 $%1 ("
O<R " I ™ % ($%< ( A<BG " % 9( %,( %31
! 2% '%, $% 1 ! (" - D> ("
% % +% % "% 3/ 9%(" %, % %% 7 I

2( "%, s - "M 2%-

%, $% 1 % !



x 20" 05 "1 ;' "0 " 68
(= % %>t g 1M %"%'% D!
("1 4 % 1 %"%""™ %1 "# e 12 ("M%, $%
2%" %! -%% '" C" " %! 3C 2%, ( "1 "
"1 2%, (! 31;"% "' " "% "0

73 % % 11 "% " noh 2((™ %, * OFIG
"206" %l %% %! "1 1 % - 71 ">
" 1" 4" " < "0 %1 "% 31 2%, ( $% 6 80 E
"2 % %, 11 s ¢
STty % L& "o, 1 1 "G % T
% %, ! L Y S > "%
LM %%t (- " (- % " $% 0% F2(("
106, *)F(GG 2% ! ( - ( %% " 13 /| %DI" " " "%
&'C %'%, % %% "H% F2("%*)FGGD > " "% "%
$ "%, % (- % " " $%<8 % > A LN L |

" mn9( %, ( %31 $
2 H " "p "0, | 31 2%, ( "% , ' %D
> %" 0" 1 UK SN L & 1, "%l

S AL G IS L% T "%

(a)
Monolage
Monolage

Monolage
Monolage

$ 03/=N8 "NM1 '

%@ ,% 5

o@




66 *1 vt nop "
%', "o %', 1™ 7" ( "% %', %
% (%" 7" "% (%11 % % $% i *<
<A WYY Tt v 1 "o % % "
I % 9% 1" tttitog 1 i *< "y 31
% %, ( F(>9 %, (G '" "% "% "%, % F(> ,/H %G
T 2" %, $ - Mt 2% "1 ' 7" 1
"noh 2((M %, *)F(G H "% 7" $% )% % " $% 6%D
" % < ' > D% %' " | "Moo "% 31
9( %, (
> 1% "0h " MO 1 3C 2%, ( " <DO* %!
B)O'E' % % % 312%( $% *00 ' !
L (% "% (%! 1 0% >
0)DO6 %! 0 % 7 3C 2%, (  "%!" C " => > %
> = "% "% 1M1 " %> " <O 'E"
(" "% I"C"% "% %',
C" %! %! "%, $% " "ommon 0 31
2%, ( $% <MO ' C( LR A | "
%$ %! 7" 1 "L (" % %l 2% %, !
314 (%" "% % , 1% "
77T " %> 1" 2(-%,", "$%! 2% 'l
%$ 314 % >10%1>" < D< %l* 1 ' "
OD *0* %! 080 ' 31 o, "% &" %
"% $% <% (" 6 %D " " %,% ' "
(" >1% 7" (%" "%l "% 2((™! %,*8FG , "
o
7" 1 N G 7Y %, "% #'1 " D
N - A 7S
%>", " (M 2 "% 1 (" L C T
% (" >1%7", %1 " o
I 7" % $%1 % #1 " 2 H o $0
<1 "%MTH "L It 9% % $% < <
(> < * ' %" g7 " " " % % " "% 2(
7" %l "% > 1% 4 % 24 " " /% ,% '
F%'Q J ' "$"JDQ G( "



* 2% n % n 1 : 1 n % n 6.

@ oo mongegen i) Gep | ® S B
z 8t /é - E [ 20 Monolagen GaP ’
= & S 1 (278145 nm) a
o r "[fp(\ ¢ g s /

i F x yd <
X 6 40 ML / & g 2t g
O b ' rLQ ----------------- N
2 S _# S
£ i/”\'e“m £ }
2 e -l
@ 0}
N TEGa Fluss 1 o
& —=— 64 umol/min L
© —e— 103 pmol/min | =
—a— 128 pmol/min 0
0 5 10 15 20 25 30 35 06 50 100 150
Anzahl Pulse [-] TEGa-Angebot [umol/min]

% 7<,01 ) 0 TAAL % 2 !

% % ) ) 01: 3 )

+) + =l =l 1)

! 45 ) 4 2 $ TAA
,C # 0@ %@1
(III! %’ * 8F(G , |l’ n % >II > III% n ! 3 1 2%’ (
%! ", D! 1314 "% % %,( %31 %', C"
# ""%! "% % ? % %, "% 31 2%, ( $%
O 6* O IE 1 D n ! !ll ll! ) n !ll $ % 86 % < 1 1
n > |
? % %' ! ( I_ %( % n > II!II % n % 1
> 106 24 %,% % 1 " % r, DIMm"
oD *0* %! 080 "' 31 ' " > 10% 7" 2(("

1%, *6FGFG "% I" (- % !" "% % ( %!

!II ( l_ ! n 0 O 1 3 1 1 , " % ( >II !

I % %, ( %31 5/ "% %! 31 2%, ( > !

!II ( I_ %! , 1 % %! !Il ( |_ % ll’ n
$ II%’ n 7|| ( U % Il’ n ' " " $ % < O* % ( "

O O IE 1 < <8 % ( n O 8 O IE 1 1 , ! n Il% % n l(

:_ ! ( l_ % II' n ! n n < < 0 % %! > %

> II!II % n % 1
71 " %D " " % 1 "% (G "!'% > 1%D

"% 1" 1 %!, ' % ', %! > "% , "%,

( l_ % II’ n !II 1 n % > $ mni ! !



< *1 ] ||% n

(a) (b) (c)
TEGa: 2.14 ymol/Puls  TEGa: 3.43 ymol/Puls  TEGa: 4.27 pmol/Puls

o

AFM-RMS: 0.143 nm AFM-RMS: 0.084 nm RMS ~ AFM-RMS: 0.072 nm RMS

»

:‘ >, | -"-'I ’ -
< 250 nm > St

~ B0532-gap-6°

B0439-gap-6° BO0455-gap-6°
% 70, %@ 4 2 ) +1)
% =+ ; 757 =<V 6)
4 2 I %
- )4 2 $ 3% %@
,% 5 - 0@ 11
% % %! "% "% ,
( *- "% - % 1% - % >" % 1%
"% % (,% ", > %"%' ? % %,
(- % "t > 10% 10 % )<% I" 1
"% , "7t " % %!'! 1 " % "%
2(%,", " $ 31 2%, ( " "% 2(("! %, * . %, " %
> ! 1% )<% 1 " %D ' ! % " % "
% % 312%,( (% " ("08 OE"' "%%
$% <)% 7" % " % "% 7" '! (- % " " ("
00O E'
M%< " 3 % % % % ) <% 1" % 1
LUt 0% M (% 7 L %,! 31 2%, ( "
S 1:" "% "%  2((" %, * 0
%" % "% 1 (- % 2 " " R4 ""%" %, % A B
F2((" %,* <FGG > % % ! "1 1% - "%
2%" %, % % % 2 " " )R4A'""% "%, % A B %
%(-%,", $ 312% ( $% OD *0* %! 0 8 0E" F2(("
1%, * <F(G FIGG % > %", 2% " %, % % %! "1 1% -
" %%"" % " 1"%, %% >%", %:% %=>"1"3
2% % "% = %',"%, % %' %!" 1 (-D I "%

$ mn % % n % n 1 ( l_ $ 1 ,



* 2% 11} % " 1 : 1 Il% mn

18 — . st oyt s, e, e s % 78 4 2
'E‘ 1.6} \\ E
S 14} AN _ 1 ) )
E 12l \\in nm GaP Schicht 1 9%
i— 1.0 AN 4 2
= .
ﬁ) 0.8+ \:H“‘ i N/ )
3 0,6:- "~ . )
2 % 4
20.15 . ,
% %Saatscmcht 2
£0.10 A )
o .
L OO T %@ % 5
E 0.05 FRMS Si Puffer 0.056 nm ’

0@ 11
000 .................
2 3 4 5
TEGa Fluss [umol/Puls]

"1 %! 1" S ("(%! % 2%" %! -% % %! "1 1% "'

)R 4 T n % n %’ > /’lll > n ||% % %' % , %! n %
! 11} ( l_ mn 7 1 % 7" " % ! ( ll! % 11} ( l_ %
"R % )R4""%" %, >! " 1% " % ("%, %, %
! , " Il% A6 B ’ ||’ > | D %% !ll ’ T _ " % ll% n
( l_ % mn !III % % % Il’ " % % (ll ! % (ll! %
4 T % " %’ % % /’lll > 1] " ! 2 ( l$ , %’ $ n
3 % 2( "%, ! 1 " F2( % R € "%
> " , %| l I’ ( r_ R 1 " % " % ( %
Il%’ 1] %! /%% )R 4 1 11} % n %’ Il% % mn % "
1% % $( >'%
o % %, %! &' ' ? % C "% ( %% A))BD
! !II 11} % ! 11} ( l_ 7 ] % D !II II% 11} m n

ST %( % 7" " % % (%I! "%

%'-%,D ! " " 1" % "% %! , % % 1% 2% " %, % % "
1 "%% '(>%", :% %%" """ % /%% % 7 M/ 2% '
% % % % (")R ,,%( R4"'""%" %, " 1I'" "% 2 %
!II 2% mn %’ % %> ll%lll
n n !II % I’ %! n #Il > I ! D ! !Il rn %! % 1
(- % "3$% 2%" %, % % , " > 1% %% % 7"
2 % " $% 2%" %, % % % ! ( - ( -" % 24

%,% % !'% "" - " %1 ( - % F2( %" 0 G >"
2(("%,* % %! ! 1 ;' "9% " 2(("™ %, * <FIG

WFG ",



T 32% % "% $ "% % 1% 1
" "% " %D C "% 2(("%,* <FG 7" Lo
" % % - 7L T, 9%, D ! 12 "%

(a) B0435-gap-2°

2.14 pmol/Puls
TEGa

[001]

[110] [-110]

(b) B0435-gap-6°

2.14 pmol/Puls
TEGa

GaP
[001] i

[1-10]  [110]

(c) B0535-gap-6°

3.43 pmol/Puls
TEGa

[001]

[1-10]  [110]

B0561-gap-6°

(d)
4.27 ymol/Puls

TEGa W ie e
S 3

(e) B0561-gap-6
4.27 pmol/Puls

TEGa

[ooﬂg
SROEERLN 100 nm Si 6°

[001}3
Fr10 L1-10) AL Si 6°

GaP

% 7+, 'K N/ ) 03/;7. "=M
347. "NM 3/.7. "NM 3/N+ "NM1 01" )F =M
0101% NM 2
Il % % " ) 2
F ')4 2
% " 01
) i,y ™ 2 ' 0/ =1



* P "r1:""% X

| D "% C',%, ! " S "% 1

% %! | "% T4

> %1 "3 % (" % 3 % Lo
("(% %! " C"M%,! $ %> " > %

%, %! "% 2% %! "%, %, % I" & "%,

%" % " 1 (- % (% " R % )R

4°"%" %, "% A B" % 7" "% % 1%, !

% ', %! | % % %!

L%

(@) (b)

% 7+ %@ % A 4 2 NI )
F NM @ ') 03.N+ "NM1
% 7+/01 01 $ 01=5=V = 01

+/5+/V = * % 4 2 % "
" 1" (1 (- % 2%" % L% % " "
AN % 1 % %12 4 4 %
"o(1"%, 1™ 4| | 12 - > 1% "%

% % 1E"; " ( ")<% " % 1
"gp " M2 >0 "%l %", " "%
% 2((" %,* ", "7 % " %! 2 % %!%
1 ("% 1>" %"%" %1 : 'y 0
"R % JR4'"%" % % A B > % 1% 1
L7 T 72 S B I, D "%!

!ll ( n % 3 % , n %! n > << % n



O * 1 [T % n

( > % > | D ’l n (I II( %! C !Il%’ %’ % !" "

( " % _ n % ’ S_ ' %

7|| % n !lll 2 -, %’ l 2 % " % ' % l
% "~ n !"

(- % R %' )R ""%" % " (

% n !Ill 4 1 n % n %’ % Il% - %III % n !
> | (" 1 % ( % " 1'% (" % 4"'"%" %, %
( ( " H! ( %%D ! " ( “%( % "D
ll% ( %! ( n ! Il!ll % n % 1 % ( l_ %D ll% % C n , 2%" n
(- " % %% %' ! 2 "%' (" %' A.D .B 7"
Il%! _%II’ n ! 1 ( l_ % > ! ! ( n % ( ll!
4""%" %, %" "'24 %3 ( -", F2 ( %" *G
7 n ,l n 1 ! 2 % n % ! , % Il’ n m H
II% ! n ( n ! 1 : 1 n % m H %
7II 1 n % >ll % ! n !ll ’> % ’I n ( n III
% %, ! % %
. T - IBME? BDI[C 555‘02 Eﬂav)ﬂ.EIPH.!IU:I-J.EU'SZ‘J.I!CSZZ;ECGJJI.EC'EJ?“DZ' b - IBM‘? Ir 5‘02 I)ﬂ ‘5I4.!I5I-5. ;;;;; BO! IEC 5
(a) 10l ﬂ (b) 1ol
«g ol «g ol
= | = |
¥ - ¥ -
: | : |
& 0 ,J‘ & 0 " iV VIS PPPPRRRPEPRISPRFPR PRRPR
%) %)
< r < r
[n'l | L] [n'l | Vi
. 60 nm GaP auf Si 2° . 60 nm GaP auf Si 6°
-5r Einzelmessungen -5r Einzelmessungen
I . . . —.Mitltelwelrt . I . . . —.Mi?telwe.rt .
15 20 25 3.0 35 40 45 50 55 15 20 25 3.0 35 40 45 50 55
Energie [eV] Energie [eV]
% 7 +=, A% " L N/ )F
@ =MO0 1 NMO 1 >+++7? A
A" )F 3 I 2
1 > 10 % ( " % >" ' %, |
% % $ > %! n !Il % % ’I n '

+ " ||> " ( % n l f

ll% 2 !II n %%



**C " %, 4""%" % $%1

I "' 11 ' "% "$ ! %
" >1% C"lotH 11 ( "' %% "% (%!
L "D "% - "
%, | 1" 1" % % %" 9% >" % 1 %! " %! I"
21 09% 1 " ("% " >'l 1 D"
Lo "% " 1% ("% 4 "%" %, % R %! )R
$
7Ottt 00 0lIM 4 M0t % %! F<<G (- "% !"
$ % "% % s t" %% "% -L"$'% "%% 1 "
1% "% ' &'(" T4 "%" % 1 F<<G (- !
1+ " (-%" $% ! ' | s t" % "%
20" L1 /"% U V(% "1 (> 2 % 4 "% %
20" ' FG(% "1 (> 2 % " % $%1 N2N (>
1INCN %! ! 1 +" ">"1 "1 (> ° ("% F"
2( %" * % 0G 7" % "l > % 1% ("%
4'"%" %, " % % %% " I % ' % !
% % > % 7" > | (" "ST "05 AB
% %! | 1 s Yo 12N2N %! NCN
L > 1 ( "
119%" % " ( "1 :'"o%" I > "D I
(M1 (- %", e, 7 (> "% > "
2.,( M 2(m o %1 " % "
("% & >! "% | (" DY LM 9%,
L1 (- % "2 F2( %' 0G "%
% 2(("1 %, * * "% 1" +" "" 05 0D I" "l 4 "%" O,
%Wl %% %! $>% % " % 1 (
LT M %] > | % %! 1 ""0!
"% "%4' FA4G %! 1%"" "%4' F4 G "% ", ', 7" #
4% % " % 1 ("% C , |+ "% %]
> %, %(,%, (" 4 I"1" $ "1%% (
"D1 N2N %!1 NCN ,(% " I" ', %! %4 ' 06" 0, %P
"( P F<<G ( - "%A B" %,
1N2N ( P F<<G ( - "%A BN2N " %,
1NCN ( P F<<G ( - "%A BNCN " %,



) *1 0" "% "

(a) Fehlorientierung (p) (c)
nach [111]

Fehlorientierung Fehlorientierung
nach [-1-11]"A" nach [1-11]"B"
% 7+7," # @ %
) 3 ) 4 @ 04@1
@ 0o0@E1 ' @
A )
7?7 %%, > % 4"'""%" %, " %, F(> '
% % %G %! 7" "%" %, " (" !'% 1 N2N %! 1 NCN
( % "% ", ', %l >"1 "0 2((™ %, * 0 "
$% "7 T "% % %! 1 (- % "%
"% - "% (" % %! ! I % ",%!'% 1
+" 7 7" ™% 1 N2N(> 1N CN % (> ™
4" "%" %, " % F ""(> % % % % %G
% % 1'% ' ! 2 1% 4"
"%" %, " %, %N2N %!'NCN % ? "™ % "% " %, !
1 % ( D R Y A %" %, %
(- %! 1 " % " ("% F((" Mo, * G 7" "1
4", %! % %- -
? % "%, ! 2 % "% 1 N2N % '"% 1 NCN ( -
> " 4" "%" %, " %, " "% OR "% '
"% (% ! "% " %! %D "% t " % 5" "2
%, ""%" F2(("%,* FG %! F(GG 7 roromor
1 N2N % %! 1 NCN ™' 4 ""%" %, " 9%,
%D ,(% " % """ 2 % "% 1 N2N ( ™
"% "%t (” %! #' (" *y 4
"% 1 NCN ( R (" %! "%" ("
*) " , % 7?7 % %, %% "% "  2("

"% (- > 1% F2(("M %, * )G



**C " %,! 4""%" % $%l !

"I 40" % " %, "% 1 "
% " 1 4'"%" % " % | " (
"' " "% (% ! "% "%l % 5"
2 "7 %t %

L %> 1% & %% %" '( ("
"1 " ( "% 1N2N ! 1N

¢l % 2 %% %1 "
2(" (%!%," % ' | 2

GaP"A"

° H
® Ga
e P
[1-10] %_{ » /l:?.z._ =R /:
: [ ;
[-1-10]
001]
Dimere Shren
LI (1111 ®- Fenlorentierung

nach [-1-11]"A"

-1-10
001] £1-10]

-
=%%" " %
"%" D %% !
%1 1 ( -
>10%D (1" 1
CN('- % " 2
% " % I"
" g (o

GaP"B"

[-1-10] . P-Dimere

WA - f’/*?
)

110] ;ﬁ

»
N N
—e e
PR S (R S
[1-10]
001]
110]
Fehlorientierung
nach [1-11]"B"
[1-10
001]

P-Dimere_|_Fehlorientierung

P-Dimere || Fehlorientierung

|| Stufenkanten 1 Stufenkanten

% 7+, ( 4 ) 3
@ ) : ) #
0+ +/1 0+ +/1! "L "4 )

# ' : ) L
0=5=14 2 O/f+1# '@ 0//+1
4 2 >+++?  >+++? $ )D%D )D3D

)’ " @




* 1 : 1 n % n
%! #ll ( n * ) n > !|| 7" n % n %’ %
4"'""%" %, " %, F% "' 1% % % %G %! !" 1
"% % " % % "% 1 N2N (' - F2(("%,* G 7"
> | ! "% % (-%,", 3 %, " %$ , %
"% %(,% FC7GAOB %! " %"$ - (L, (-,
%’ ’( n ll% 4 ' ll%ll %’ ' 1 F <<G ( T % n
( % A B2 7 % % >1% # " % "
% >|| 1 %’ $ % n % %! 1 1 1 % > 1 ||D 1
1 ( %" "% 4'"%" %% A B21 |
(@) . (b) L (c) _
GaP"A Fehlorientierung GaP"B Fehiofiptionang GaP auf Si Fehlorientierung
nach [-1-11]"A" nach [1-11]'B | nach [111]

=l
|
m
(14]
=

=l
|
i+
B
[001]
2
, ()

Dimere Dimere
£ ] 10}
Fehlorientierung Fehlorientierung Al
T T T 1 w _'l'\; :
5f |'h'“'\ & ol L
]SS SR ¥ 5l
g ] 1.',‘U "#ﬂ‘
5 \ | ' 15 25 35 45 55
\ [ Energie [eV]
, ) ) -10- , ,II.J ) 1 “0\
15 25 35 45 55 15 25 35 45 55 ' & Dimere
Energie [eV] Energie [eV] \\\\ _L Fehlorientierung
|| Stufenkanten
—’ GaP"A" auf Si
% T+, ) ) 2 C
A% M - @
01@$ )D%D 4 ) @
A% " = 5 7N 01@$ )D3D
)’ @
013 4 @ )
C $ % )F A%
)D%D )’ @
A% " % 7+N $



*03 %% %,$%1 ' "% %! "oH
% 7 +N, A% "
o, sy =M )
[—— GaP(001) 2° nach[111]A I A >He2% =M
150...... oo sur S(00n 2o nach(111] ] ) A >33

— | : A%

S 10F % @

R " C

g o 0%  7+1 A% *

2 .

: ] )
10} ‘ 1 A% )F
15 20 25 30 35 40 45 50 55 =M@ >HE?
Energie [eV] #
A% )4 2
@ >+++7?%
7 "%' ! " C"l %, $ % 2%" %, % %" 1
>0 " 7?2 % %, " ! $% 1 # Yo %
% "% 1 %% ' "%>1% C ,"%% !

Tt >t 24 %, "$% 2% " %, % % %' ",
0% 3t 2 "% %l %" % 1 ( N
1%, * 8G " % ' % D "% ! %% I>" 1" 1
"% " Op! | $% 1 4 Yo % " O
(N R > 1% 7" > | % | >™ | "% %
"%", %, 2 "%F( <<RG %!'C "% F<<% "G!

$ % "% %! %% ? ' % rr 2 "%, "%
1 +% "% "' "% ™1 (- +% "% "' "%

" "% ! 24 %, " 1,% % % ' "%
2% " %, % % 1" % 2 > F( "% "%
$ "%, 2 -% ! # %%(  F2((" 19, * 8G 7"
(%" (Y, "% I "O%! -%", " ! 1 :""%! |

>" O "™ 2 "% %! C',%, !



*1 : 1 ll% n

<<
- " C"l'%,! 2%" %, % % > % /" >" 1" 9%
'y "%,D 1% >-%! % %! ! G "1%%
&'(" DI" " o> %l >" 0O, "% "%", %,
%" $" -%!", % %% (> (! % "H% " 1%% % " > %!
I o (" 3 % ! (- "o
3 %,/ % 1 (- (% 4 2 "
(""'>" ( %%D! (- %! ! "% & ( %,!
(- %%, $ AYBD >' I 1% %, | "
(- % ( "%! % - %" " %% % " %! %
&C" "% % ! " (- ™™ 2™ %, !' 7 ' %
$ "% % %!!" ,%,$%2% " %, % % $" %
%% , ", >1%D! % "% 2 %! "% "%", %, "
%% % >"! 1 :" "% " % %" % "%
1 (-% , " >1% %% % 2H! %% "%
rCc"r1:""% % 2%" %, % % % ,>" %
>1%D >%% % " % >" "
F2( %" *G 7" ', $ ™ %! I ™ , "%, % " I" 1
1 " " % <<% " 1,% 196 (" o " %
%D (" 1% % neonog
( "1%> !
% 7 +<, )
4 2 %@ A%
o — +// )F "
10] Puffem;aghstum |
P : - +5 5))
S 5 2 4 2 03==5 "1
E [
L op : 9
g | ) 0
@ S A 1 $ 03=7
o " %
10p % " )4 2
L. . ! ) : ' %@ %
15 20 25 3.0 3:5 40 45 50 5.5 % "2 A%
Energie [eV] o %@
% 2 =0/ 1



kogmmoom gop] <
4 ">t % 0%, A B
3%%%, ! 1 :' "% %! | "2
1%I>10 " 1 :' "% " % " !
12 & # % " #" %% , ", > 16D | I"
SRLL 7SN % % % % 5, %, "%
% , - % ' % "% > %
771y noo . % ", "
% ', %! % % " " " 1("D AL
% $ %, "% " % 2, %! 11" % %,
> %1 % "$%<0)@ (" 6<R >
" 0 1 $ %! (,"% % % 9 "%
"% "togs " " F2( %" *0G % 7"
1" "% %,$%1 %" "1 2('$ , %,
<@ D> ! "%%,H % " % 21 %%, ""%
$% 1 ,,%( " (,% " F2( %" ** G "% ("
! I ! ("
! c" ( S
"% ' % %, ! ! % 1 " xor " >
L %! L7 "% % "$ $ " % %, "$ F1'"
%F GG " 9 "% ! "' % (%% "%
# "% 1 () " Ccml %, $%
1" "% %,$ % %D> "% 2% LT 050 0
%, ,,%:"
2 H#"%"%C " %! " 0% " " $% 1 "
>1 1 2%, 1 %, $% 1 L% %
% (" <<% "' QT (" % 2(("
1 %, * 6F G " (%" 1 " % R %! )R
"%t % " (% % 4 1 "% % '($%
<< ', 1" Mop ' 0h %, (" " "0t >
x 0% 7>" 0 <<% %l <<% > ! "% 2% R 7
%, , % % "H " 1% C,"%% ! H %
"H% 2 +% L% >!%1 ;' "% "% T % ("



< * 1 : 1 11} % "
<<% $>% D" 1" $ % "> % ($ !
> I, > |

: (% ! %’ I_ !ll n 1 n % n %’ ! l 11} ll%
C , ! 11} ( 1 !II n 11} !Il 7Il

" $ 1] %’ ! , > % n % n Il% A. B ( n ( %
7 "%% '#"% > 1% %, % ("D IM %t
Il% 11} %’ % % ( " % %! Il% - m n %’ !

" , %
||% 2(> n %’ $ % ! n $ n %’ n % l_

" 1% C,"%% ! '#"% "H% C" I % 1

n % 11} n 4 1 n % 11} %’ b ,Ill n $ n %' Nq)
% A.BP

i .
T NLINSG— T/ INgwU F* G
r
% 7+0,01! A48, . 01
o) )F o/+1 =M NM @
>++4+? % 2 ) +/ !
ozh
!

@$ =/l ) A5



* + mn n !Il $ % 1 n

<*

7" % 1" % % i . $%
% 1%1" %, %F G %'F G4 "%

1 11} _l
RF(>)RG '"%"

O "% (% " S "%, "dP$%06 F(>
0 GC" ""$ " %, “h> Wi, i . % "M "%
" " %,>,%%! (- %% '%! (
7S %, ¢ ! 1 :'"%% "% C !
I % ™, % ""H" (%" "'Q7 (" % %!" "% 2(("
1%, * 6F(G "% 2(-%,", " $%! 1 " I" L, % 1 %

% % % ("(!" " $ " % (" <<% % % "

"% ("% %, $% RF(>
0<0 G7" % " " "% %%
1'" %F*G$ ,,% % !
( ($% <<% 1 % " " %, (D>
%, % " " %, %% %
1% % % % > " ( '"%" %
o "% " %, " 1" %FG "% "
L (S

>t 06 o %,D

11 (" "%l % <<%
%IR ""%" % " ( % "% 7" #
Lt S % 1% (% %

(> Pco _\3$ % >EC" " (>

(")OR 2 1% ,(%" %
o % '( $% << 0p ’>-' > 10%
W% T $ C %%

1] % $ n! %

"EC % F2( %"

JRG (" > **8  F(>
Cr$% > < 1%

1 ;
" CM%, $%
" A)D .8B "
e %, "%
"%, $% 1
S "% ¢! %

- R
Wop o om o ww
% $% pgo <_9$
*G
A (R O T B e |
"D "% %
% ', %!'%






4 Epitaxie von Ga;_xIn,P-Pufferstrukturen

+5 5) E 2
% "
( $
%
% e
%
1) ' #"
" ve
71 % % $%1 +% "H!1%C "
("%, *G 7" "J /"]
"% % 1" % % %(,%, $%
"% "G 12 7M1 # Yo
" 2(" " ( % " )R4A'"%"
?$ > 1 | "% 1 " '
("%, %, % "% "% %", 1 ( -
(= >" 1(" "% 4°'"%" %, | 1
A B2 F"  2( % **G

&

19

5) )

$%1 (" 12 "% F2(

"% "% %
R 1
%>1%" %
%, % A B , "
' 1%
L, 7"
F<<G (% "% " %,



<) 0 " #" $% 1fgh%h %
? "% % ! (1"%, %, % ! 1 4 Yo
"'J %! 1%"" "%, "% " & "%,
"% % 1 4 Yo > 1% ("% "% %
$>% 7> %" % ""%%( % %" %!  -%!' %,
i! P 6<RD)<R %!)<R
i! P<*%E %!'<6 %E
i7" %7" %,! P %! 3
it 1;"P31 %!31
i! " P %"%""™ "% 1" % % % ( , %,
%! "% 1" % % %(,%, " $ "1% % 7" % %!
2% ' % " %
3("0 )"( "%%9( (™ (™! % "% "$ !
$>% % % "%", % % %! ( "> Ol |
"% 2% ! "% " "#'% "% (" )*%
7 " H % WS (2 ' ( N
%A*B >1 (" $% "' " % " , "%
2'<<1l <<2E22 ) 12 ( % "% 2% ! "% " ' #' %
%l (- % " %t C" *<% "%'-%, > !
"% ?% | (- % ", " $% > < % %
"% "3 2% ! "H#" % %'$ > *@ s ((
" ( %D! "% "#' % (% P %, %
"% % (- ("*<% !I'™ %""$ (" %
"%'-%, 7" )" 2% (" )% % " ! "% %
- % ?7% ! (" <% 4 " & "%, !
"% " "% % &'("" " +"0" "% " "%
>"I" %" %" I "% >" " %, "%
(- % "," %! 1" $ (% % !" "%"%"
"%! % > % " %!, "%
>1% ! $ """ (( % "% 4 % , | >
>, %! " % (- % ') %" "0%0%$ " 7" 3 ("
% - 1K " % "% "% >' | "% "%
G( %>

) %" %P2 <1 <<2E22!" "(!1C,, ' FICG



0 I" 1fgh%h " #" <8
| +, & $ ) - +5 5)
) ) F % )
| o 13) 6 2 <

) %
A 5 N77 " %
A 5 A 5 1) 0 +// 91
3 7" 1 "#' %
% ; (« 1%
"% A@B
AR B A% E B

C< < 6< <<% < * " 31 6%%. 6 @
C<) 6< <<% < * " 31 *$%. 8< @
C<* )< <<% < * " 31 %"% 8<@
C<*0 ) < ] <<% <6 " 31 % "% 88@
C<*) )< ] <<% <6 3 31 8%%. 68@
C<O0 )< 60 "% <6 " 31 % "% 8*6 @
C<0* )< ] <<% < * " 31 0$%. @
C<0 ) < <) <<% <6 " 31 % "% 6 @
C<08 )< j <<% <6 " 31 % "% 0<.@
C<0. )< <<% < * " 31 6%%. 8* @
C< ) < <j <<% < * " 31 %"% 0@

? 1 n$ % ,l " ! $ " ! % % 1 # O/Qt % >|| ! ||% 3

(II O - m %”(%D >II , H !II 7’ ! II%! I#Il% Il’%l
(")*% "%-%, %!'! 1 # Yo > 22C , %

> 1" "#% $% 1 <<% < $>% D > | %" %

"' % %' % & >1! "% 1 <<% < % "
$>% D!" (" 6<R " %, "% 12 ( ( "'%

>1 FC).,"IG 7 "#%%'$ $%1
' "% " '"#'% %, *0 @( " c "

1% 7

<<0/G:< > I (")**%

%



<6 0 " #' $% 1fgh %h %
%!, "% "% 3("0 " o D ! "% 1 4+ %
%l (- %, ;> 1% %%

? "0, ! 1 4 Yo % %(% ! "% "
‘#% %, !" 'l %! 1%, %( , %, F2( %" *G %! !"
3% ""%"' %%" ! "% 7" " % %! !
1 ¢ % ! C<08$ L > 1%
">1(")<XRD " "% $% < 6 %ED! 7" !
% " 1%;"%31D3 % % 3C , " A !

"% % "% <<% T " "% 2(("%,0 FG
P
7 %1 '! "% '%%1 ¢ Yo %> % ?M %
$ % % 1%, %( , %, " (" 2((" %, 0 F(G
" F<<0G " 1 ¢ Yo (" "%
1% ,%( ,%, %, "' '% % % % 7 %! %!" D
" (% " 2> %, %, ,% >1%F2 ( %" *GD "%! !
% ;+,01 +5 5)) NM  >+++7?

03/=<1 010/;2A " +5 5)
) "% "2 2 5 +5 5)

' +5 5)) 8



0 "0, 1f _«Iny P Pufferstrukturen <,

ot " ™ " '( %' o, ", Aus den Positionen der Intensititsmaxima,
die sich den einzelnen Pufferschichten zuordnen lassen, kann der In1 "' |!
Pufferschicht ermittelt werden. Fiir die Bestimmung des Inl1 ' "%
gewissen Pufferschicht muss das zugehorige Intensititsmaximum auf allen vier
2% % %%( "% : !" Intensitaitsmaxima der Pufferschichten

(" 0> ren aufallen vier RSMs scharf genug, um ihre Positionen festzulegen.

21 Q7 %, ,(" " "%2(("%,0 , " "% %

In in den Ga #IngP Kristall bei den verwendeten Prozessbedingungen. Die
Einbaukurve gibt an, welcherIn1 " " 1 glngP+" " (" "% (" %
TMIn+% % "% "% ! 1 $", F" 2( %" *G 7"
TMIn+% % "% "% ! 1 ¢™ "o 1 %, (

1 [ "' TMIn und TMGa, da sich In und Ga den 1 [11
1" o1 #IngP Kristall teilen. Aus der In "%( $ " '% %

$ " %™H sich der In Gehalt der iibrigen Pufferschichten (* . " !
TMIn+% % "% "% ! 1 # " % ,("D1! I
oberste Pufferschicht . "% % Inl '$% @ ( H %'!" % (

12" %, % "' % %,$% 1<<In<<P",

2% %!'! Q7 %, %™H " "% (% %! +" " "% "%
den oberen Pufferschichten schliefien. Die Intensitatsmaxima der Pufferschichten
" *>% "% '% P %% % 7" 2 -, %, !
Pufferschicht 0 > " '" | (" >%", 7" # 0
"% " 8% % %" 2 -% % > (%! I"
Pufferschichten 6 %!.> % % % > "l1%""" % 7 " 2%

% e +5 5)
K $ I |

13) N=/MG

/0. 6 03/=<1
+ : 5"

A



< 0 " #" $% 1 fgh %h %

"%l 2 -,%,! % %"- # "%! /% ,%( , %, F(",'"
G " "% 2(% ! + "t "0p "% 1%
( % " % "%
7 % %, " "3%""%"' %%" (%
"%% , "%, % 1! %+" " "%! ( % 1 4 % " %
% 2(("%,0*FG" "% 3 7% "' % "y %" !
% " ", % % %!'! " ( %! ! ( %"
1:" "% " "1% "%, %% "% 7",
> $% %,% %' '% % 7 % ! D I
(""" "%!  ,/H %, "% 2((" %, 0 *F( G, %% " % "% 7"
% % "% 'H# % , % "% % 1"  '% %,
Pt (,> %% " %D ! ! %, %, (" > 1%
™7 % % " % " I! %" ""% 1% "'- %> %
l % "% "7 (%% " "%!% "% '%% " %
% 7, 1'& 01 K w5 9))  3=<
* 3 o1 )
' 4 2
$ )
# F ) + .
2 ) % ) . 8
$ 2 $ ' %
& %" I ) 2



0 ""0p, I 1f _«In,P Pufferstrukturen

%' "H% , ! I" oberste Pufferschicht an die Probenoberflache
"0%p! Cc" "0 "H"™ vierten Pufferschicht war "% 2% '%, !
Versetzungen an den Puffergrenzflichen %%( C" 9( , %, $% !
$" en zur finften Pufferschicht war I" 1 % - , | % | 1"
5™ "%! %, % " ( 2( Pufferschicht (" . % " "
Defekte liber die Grenzflichen der Pu "0 "%>, % > % "%
1% '- % %% %
7 "% " H#% "% (" )% >- %! ! "
Pufferstruktur ist in 2((""' %,00F G, ", "% =>""$ , %! %
2( %" %!'2( %" ( "(%= als Indikator fiir die Entwicklung der
(- % ", " > %!! In der ersten Puffers " >
re "% %NS % % In den Schichten (* *> ( " "%
"t 2(% "k > %" "#'% "% 43 Perot

" "%% )" & (M(%D "' "H' % %' ! #
bereits etwas ab. Ab der vierten Pufferschicht %! "% ' 2(% !

"% "#" % %'"$ D > sich bis in die letzte Pufferschicht
% ;5 01 A 5 2 - % ;+01

+5 5)) 03/=<1
A 5 ' 4 2 * 2
5" A 5 ) .O/MG
7, =9 03/N+8 "101! "

4 2 +5 5))



0 " # $% 1 fgh %h %

7" 2% 1" % H# % %'$ S

1%, 1 (- %" " $ "% " % |
(- % %! ! > F2((" %, 00F(GG ", % (%
"% % "% 2 %, ! (- J "% "7 7
2% 1 (- % "o 7 > "%,

" vgh 2% I 4+t M "0p=, % " Q7 %3 =
"%

"% % %, > % %, ("%, % ( g M

L %, % "% $ " %% "'J %
>' " 41y "AGB1l #%2 %1 #% 12A.B! 1 i Yo
1 A<<B! %" 7 o, " %

"2 ("M% $% %% $D! % 4'% %, , %

" H"% " (" % 7" %, "%" % % "
Lo (>, % /%% % 7" C>,%, % %Il | 7

FC %! %, %GD %% %, 'l I % (%
(- % FC+ I 4% %,$ %, % A<D <BG
"> 1% %(>," %, % 1%% % 1 96% %,

%D 1" "% C>,%, >" %, % (' "% %l M I
HUO 1" 0 % " 9% (" %! % 7" %, % "%
" % L % %" 2(( ! %, ("D ! >"

%, % "% '# "%, (" > 1% % 7" %, I"
"% %l " %, % " " L% S Mo

%% %, D! "% >" % - %, Lo %

D % >" 2 | $% " 41 & % "

( %" ( %% A6D <*BD ! %, " &
"% I 7 S AR G % "ot ("
& ,% " % % $% %, %D!" 1% %,

2 " oCol %, (> %, " "% I

"I+ D! I 11" "% %, , %

! %, % %

7","% C O %! (%" Q 7D"% " H#' % %!
3 (o ( "% 7 %! "%
(- % " " " 1"0%"%'% (- % % 7"
7 (M%, %! (- %, "% %I "o " ol

1 # % > , "% 7" $ "% > |



0* " "%l *
(" 1% % % 1 i Y % (( D I" "
$ "1%% %! % "> %D %! >"!
"%l % 2( %" % %! "% " "0 |
1 % > " " ' 1 % %0k >t
" " & "%, "%
1" % % %(,% $% 1 12 7" % %" %
% (-%,", $% !% $ >%! % ("%, %, % %! "
" "% 2% 1+t v % %! "% %
2% 1 (- % " " "% 1% ( % "o M
(""" %!l "0 Lt > 19 7
>1 " 6<RD )<R %! )<R "% "% C "
,>'D! J" I"& "% $% et 2(, % $%
! > 106 1" F< *%HEGD I" 1
 "F31G %!!' 7" F"G % %, Yop Tt >
%', 1 "$ "%2 % " " % "%, %1 4%
F2(("%,0 FGG " % % " % j << % 7" # "% "%
%" T "% TH % %, % "%! "% 2(("1 %, 0 6<R D ) <R
% )<R % " "% " % | I>"™ 0% (-
% %! %! 1% F<<0G  (, ("
V% %l 1 % (- % (" 6<R %!)<R ( "
(1 $ % " D! | % $
"%l 1 f % " (( %>! C")<R
(%! T H %% $ - %" -H", (" %! "
"% %" M 7,1"% "% 10" %1"1l #% " % 7"
1% (% , /"% Q7 %% " % >" ( NN
$ , %%2 % "% (% % 2 - %, | % %"- #"
L% (" %, "% ok %!l e " % "% 1% ( % "%
7( "% "H" I"2% "%! +" ' S B
2" % 1 H%I, 1% Moo 7 " % %
"% "% (" "% " % 1" % "I



0 0 " #" $% 1 fgh %h %

% e A 5 N77

" 4 2
0//;1 A A +5 5)) 3
- /.7 6 K I '
- " .O/MG00101011%$ N= /MG00101011 N/MGO00101011
+5 5) ) 0 % c+0 11 + 8
! )
\ 5" A 5 /] /] ) 4 2 03/N+8
"1 % 2 7,=9" " A 5



O* n II%!

(- % %" %"H% "% " " %% %D I" "9 1"
(- % "4 9%, | "o
%> 7" (- %t nn g |

(- % '"#%! ' %1 4% " %> "> "6 @D

8<@ % )8*@ '"$ 2(% ! #'% 6<RD)<R %!)<R

L% (L # "% "% H % "%

"%I%1 <<% <= " "*0 @ oo % M ("%

7L H% %1% [/ % 111 +" "oty Q7

> 106 (" "“y<R " 2 " >

"% (% " %"T7 %! D>"1"3 2% "%

2((" %, 0)FG ", - % I" (" % I" (- ! H%%
%, % "% " C" %" " < > O 5%, %!

<<% 7" ! 35" (D O % 7 H

$ %" "%! 1/H% %%, $% Y"10-100 m 7" 7" "

>" $% 1% , | % 10 m % %D !" Lo

% > %!", "%!

% N, Il K vs ) 3/=7= 01 )
" # 2
* 01 F2 ) 2
) 2 +5 5))
% ) 2 )
$ # " +5 5)) I,



) 0 " # $% 1 fgh %h %

77 S, H 2%  F2(("%0)FGG "D I
2%" %' -%% %! "1 1% "'- $°', %D !™" " (% "%
1 " %%""™ % 7" 1 (- D L 4 Yo
%D> " %" % "7 $ JH 2 % "
H!D! % % %! "1 1%'- % %! %D
%! % "1 # Yo ( %% ! 1$% ,,%,%
> 10D | ! " ol 1:'" "% %" 1"
T, "0 1 4 Yo $ %> " >
7" ?2% 7 mo- M L TH "0
1 #% " % "% ("%'%, ("%, % 2(("'%,08 R
"% "% %, (" @ " % (> $ %
oo ¢ % % (" 6<RD)<R %! )<R
- %! "™ 1 :" "% " %! I" "%
$" 0, # > %F  A+&.0G GD%' " 'S %,
m" % ("0 F a+.x G 7" "$ %, ! 1
©(" 6<R "M > AR , 3
% (>' "% % >" 6<<% 1 s % % 11" %
", "1%>1%D "%!!I" " % (" 0%" $" -%!",
#T" %3 %!, #H "% - " ! "% 2% ' %,
$% %,% "% !" % " % '- %D I" " 0" (>,%
1%% % %! "% %, $ % "l 7 "% 2% ' $%
%, % oM & "% +" " , % %%
%, - % >" I CcC " | " ( %% " A<OB "%
St % %% %% (S, "% ! % ! (", %% " %
% <, !
a,4& . )F
+5 5)
) - &
' )
.O/MG N=/MG N./MG



o* ""%! 8
"%! % %! " % %,!" % " % '% (%
"% % 7" #"%!" | % " % "H " I!
%" "D >"!" ""%%" % %" - # %" "% "%
(> %

% , "% ! 1 4 Yo > %""$ "%

-%! %, ! ("%, %, % % 7" >"1"% (%!
%! % "I" % %>"'%,! "% " "#' %! M 2, %!
$%)<R %l < *%E F 2w, 0 FIGG
%, (" "% % %, (> [ %, !
6<R F2((w,0 FGG (> )<R R0 FGGD!" "% 2(%
(- % ", " %'+" " "%>- %! ! ,

7 ;" "% |/ %, ! <6 %E F "

" 2(("™ %, 0 OF GG
+" " % % ! $%1 +% 1 ( %A<<B "
"1%""" % "% I" "t "% 7 '

%, D!I" " "M(% ! N¢( "% % 8 " , %
%% %, ' %! % C' ! %, (>,%,D!" I"
%, $ % "MH" "% ( ",
"% ?% ! (- % ", " % %% %, !
7 C"0%, I M( % I N > "M $%
%! %1 (-%,", 7" %" ", %
%,!" % " ,"%, (- % " " > 1% (" 1 4 Yo
% " D("!'%%!" % I" | >""
%+% % "% %, >1 C" % % =>"
"4t " "(%% % = %% "%
$ "% ", "% %D > %% "% !
! " % %" (" % % + % % "% %! %
("%, %,% (, "!'%>"! /"™ > TR ("
" "% %7 "%!%3 2% %! 1 4 Yo F2(("
1%,0*G "% -%"™ " >" I" M( % ! ND>' "% A<<B, %!'%
>1% 7" , %' A<<B 2 (M %, $% "%
"% D> " "%! 3 2% "% 2(("%,0 ) % "%! % A<<B
87"C "(%, 'M(% ! ND ! M ?2>"1 ND  $% ! "% %, |
"% %7 DI!I""%!%3 2" % % >" ?>" 9% A8B



6 0 " # $% 1 fgh %h %

S106 11 $> .0 32" % % | (-
1%"" "% I" 7 $>% D I" " I" 2(" ' %"
, %, % %' " "%% )" %" 1" %

2' >" ", "%, 1 # % +" "L "- %%!" " O,
L Tt %, "0 M "0p 4 "%, ' AB % %
1 ‘% % 12 ¢ "

4"'""%" %,% "% " %,A B2 %' A BC 7 % "I >" %
1% " %, %N2N %! NCN (" I>"" % 2( Sl 0% % %
1 %! 1 "% 7" %% "% "™ "
, % %,% ' "% % !" % % % % %! ' 1'" %
! %,% >" %A00B 7 1 # Yo 12 N2N
"% AB st o (- % " "% ' 12NCN
- %" (- % 12NCN ! > + A<D <B
" %D > % I" (- % 12N2N $% % ,-H",
""" %"%' Y A "% 4" "%" %,
% A BC ", " (""'>" "0 A. D <B> 7 >1%
% 12 NCN ( N YSCRYYS 1+ %
% $>%' D " 1'%% 1 +% (- %, % "
, "%, % %, !" % > 1% 7" $>% % 1
T S VS G VAN D% 4ot 9%,
% A B2F2( %" **G 7" ( - [%% | (%!
m7T,"% (- % )t %! +" 0" "% ("
: 1 4 Yo > > % "%
?2 % % ", " "% ! "%
% % +" " "0 %l "% % (' S0
1 #+ % IN2N:" "% " % 7 $%
"0 1 %!, M % > %" % %!D
P 7" % %, % "% !" " $% ' "% " %
% >! 2H! > $% "% >" % 7 , "% |
P o ol % (- % “on 0 2
">" 0 $""%% F3("0G % % "%
"M% """ > 10D | ! $% % 1 # Yo
% ,"% ,> % >- 7 4 ! % >" ' %,

% !ll & n %’ ! 1 n % n



0* n Il%!

( % >
12 4 &

!
"tJ

(" %






5 Epitaxie von GaAs P -Pufferstrukturen

#" 2 !
% 5)+5) $ $ )
% ' & ) %
- E % ) %
2 2 ! !
) $ % 5) +5- GA
A ' % 2
- % 5) +5
K $ -
! $ - %
11)116 % H 2
2 5 % 4 2
@ @$ 2
A 5 )
% 5)+5)
% A5
) - )
E ' % 5)+5)
$ ! A 5
4 2 @ )
)
)
$ @
31 %'31 "%!'!"™ ("M%1;"%" 'D! gt "
"H S% 1 "% +" "% " $>% >1%
%" 2(" > 1% (" ;"% "%, D> (" "%

20 %" * ("' 1'% " L, >



"H $%12 4 # %

%% , ", >1%D! " 31 "% / + noemop 1 1
L7 N %! >"" 0" %' %
| "06 1 "p""'%6 1 1 "%D 1" >, 9% |
"%, % ? ', %, $% 31 %! ! "%, % 7" "% '-%,
"% 2 ', %, | ! ( - "> 19
%% 2,% ! % "I" % , %" (" !
>01%, $% 31 ,,%( 31 >! "% " ("M% 1
"0 " ! ! 12 # # "
$.% %7 "% 2 % > % 1("3C2 %! 3C
4 1 "% 12 gor " " (%% + "% %!
7 % % ! "%($ ‘%! 1 2 ol I
% "% 2(-%,", " $% !% $ >% % %
FC3 DE -“%D G % >1% 7(" "' "%
% "I ' 0 | % | ("% % 7"
" 31 " "% 2(-%,", "$% ! 12 4 4
+ ""oD 1" " 31 %" (( % > 0%
J%" > 1% "% 2( %' $, " ol 1"
2% " | FWEG>"1" 4", %! % " "o
FOE'G$>% " "( %D>" $"' " s (e
2%, ( $% "% ! I>" %1 ;" C %% ("
1 $% FEG " | 1 " F 'E"%G
% M% " N I "% "M%
E %" % (> % 7" "mop > 1 9%
""0hl 3C2+% % "% "% ! 1 &()*+&'()
&-. D ! D! o1 o1 7S
E % ("
" "o (" %D >1 I
#U% " 1% 4(] " Oh 0 | "t TH % %,
(" )% "' F2( %" G % " | 411
$ % 4 ! 1 12 o % " 31 %!
31 >10% 1 :'"% " 9% "F<< G ( " R
4'"%" % % A BS$>% oI C" %, ! 12
% " 31 > 12F<<G ( % " )R
4'"%" %% A B2! |



("%, %, % " 12hfgh " #"

7" ""% $% 12 " " 31 "% 2(-%,", "
$% ! " "% 2(("M %, FG " "%t >
" ""% (" "% % % % E - %" $% "
31 """ D< %8 E"%(" 2%! " > 11
31 ' " 'E"% % %, ' % %! I E - %" "
D<% <$™ 4 (" ""%%% " %! 3
" "M% $% 12 e %% #' '% %!
% % % " ("% "% % D I (" > )OR
"o
7" 12 "M% S"! (-%,", $% ! 3 "% "% !
% ! e F"
2( %" DA*OBG 31 " "% & 3-,, (0O<R (" $" -%!",
", "A<)BD ! "3 % ! e "%
> 0 >- Ol | I T ?7% |
""0% " ", %! 3 ! I! "% % "% "
0 "% 7 - " o>
% .+, 01 - % I % 0//+1 NM
@ >+++?2% % 2 " ! I
@ 6 2 . 6 2
| =. 6 01- % 5+5 |
NM @ >+++7? % 2 13% %
- I = 6



0 "H $%12 4 # %

(A “% 7 2( %! >" 0! "0 |
, "% 1'% %! ( (- (-, %

7" , = %!t moo>" 1 31 I $
%! ( (- =" "1™ "% # " % %
C " %, ! (-%,",% ? ', %, ! ;"%

9" > > 1% "% % "%,

2 % ' 1 ;"% " $ >%! A*OB 7" $

2 % "1 " % "% %! "% %$" -%!", %

?',%,! 31 %!" "% 1" % "" %

3 % % '($% )<<R

2(("%, FG ", H!D! I "M% % '($%

)<<R - ™ "% %! % 3 " %! 31 "'

(%" 7 "% - T "% "t 0p, |

"D ("! ! % % "% " " %!
"% 1 1 1M T" "0 " %l (- m
"% (, % 7" 5""" %, ! 12

(" (" >)0R % !I" % % > % % (-%,"

$$>% %31 "

™ ""% "% 2(("!%, FGD %-" ! E %" ("

% % 31 '"D ", ("3 % % '($% 8R "% %

, "%, ", % 2% ", ! ""0p " I E - %" 7"

2% ", - " "% ?% ! 3C2 +% % "% "% ! 1

%D " "% |/ % 317?"',%, 7" >

4'"%'% (" ! C "(%, ! 12 B # ""% "%

2(-%,", " $%! 3C2+% % "%" Mo

2((" %, FG ", " ""% $% 1 2 5 #"%2(-%,", " $%

1 3C2+% % "% "% ! 1 &0)*+&() , &-.

" % ORD O*R %' 60R S %" 2(("

1%, FG % !" """ " "% I3 "

?2-" " 2(M%, FG "% ! ™ ?2% !
""" " %! 7" "M 12
> (""" % % 3 (" >" % 0% . ',/H
1 7% > ! 31 ("1 % %" $" -%!",

' ’ F u% n 5Il nn %,G %l !u 7 , ( $ % 3C2 u%



(1"%, %, % " 12hfgh " #"
[ %,! 312", %D ! 12 Lo+ >

%, %'% 7" C( %, >"!!! % D! I"

"% $%1 ("O*R "! |/ % I E %"

$% < <= %!l " "% 1'% | 3C2 2%, ( ("""
312%,( = % % ("(%! 12 w2 1,,% % ",
2 -% " (%" " % "D "2, %, "%%
$% 31D 3C %! 3C2 % % 7" ?',%, %! L% "
> %, $% ;"% ' "% "% $ "!% % 3-,, % "
# % "% ! 5" %, " ( "( % "%
?2 % %, ! >" % ™ % 5" (" C A*0OBD !
% % > %" 2%, "%% % ? % -9,
%% %> 1%
7 1 P "% ' ' 3" J,"™  F31 G ',
‘g "%, F G "% "% JI"'F &IG %! 7" J,"™
F71GD ! "% "% >" JMm % % J," F1G
. " %>"15 >"1"% "% "% "1%? "', %, ! %
L1 ;"% "' ""%!%+" " "%,( C"! ?2',%, $%
e N "% "' F&IG !

e >t ot D (ML 1 ,>"IF G

AN+[ 1.7 [ 17, AN+ 1.<
JJP KR AN+[].<A [ ]A,AN[ 1 kG
UN% INPN!IN “JAN+H[ 7 [ LAN[ LT F G



) n #ll$%12 4 # %

7?0, % $%3 "-(J "%WF3CG ( "% J"
‘00, F *G %! "% " %! + %, "%F 0G &4 I"'%
(%" % %% %% "% "' %, $% 3C
(U T%% "% > M O %l 1

$% o&I| FC "% & JG | o FG" "%

> %™ ?2',%, !$%3C
JIP K ++ aA < [- £,A < F *G

UR%#RLR$% A ‘ A~ E 0G
x#  P#SKLRNIG TLOAA < [ LA

UN% INPN!IN [« £+ 2A < [+ 4+ aA F G
7o ("l %, $%3C2 (%" F.GD "' (
"% , "%, " ' 3C 3c2 ', "1 , % 3c ! "
- (% "% % ?  'J" % ' %, F)G %!
I 1" %+ '%, "%F8G " L% %% d ""% "%
F6G " " | 1"%" % ?2' %, ! $% 3C2 "% !

(%, %! "' ("3C "% " 7 "d "M% "% " "%
"% ' "% ", "%, 2 "$" %, % ) ("1 " 4"

3C2 7', %,2& %

JIP KI +- aAAK < [ &, AK O F)G
UR%#RLIF < < an
\ - F 8G
i PHSKLRNIID L MK< [ L AK
bi P $N!J$ [+ BAK < [+ v, AK F 6G
UN% INPN!IN [« £+ 2AK <« [+ 4] aAK " F .G
7"+ ("% "%S$ "1% ;"% ' "% " %
"l Lt "0 %! %, ? ', %, "% %F"% $ "%
9 " M(3(" G C""rst oSt 2%, $% 2& .
Lo 2%> % " $%31! " /[ C" 3 % (
8<R "%! 1" "% $% 31 (>",%! "J" 1

7 &I 131 "%, " %! 2& = "% %! ("M %



("%, %, % " 12hfgh " #" 8

28 1 %! & o 7" ("% ?"',%, "%%' %, %% $ % "% %! "%
11 (%" 1 D 1 % 28& D " % % !
(- 12 C" %"!", % 3 % I
"%% -" 1 1" C"%, "% 3 1P2&-21 7"
S0, 1 (M% "% 11 % % |
(- $ "% I"1& . %l 2 &C"%! %, % "% %!
N % $ % 2 & %!31
1,% 2& .« > 3C2 "% %! %, !
2, %, LM 2%> % " $% 31 (( ,
STt 317, %, % 3C2 I 2, %, $%
31 "%2%> % " $%3C2 >8R ! ' s g
2> % "1 2, %, | 1 31 & J F G ((
7L (% %! "H %D ! "2 %,
$%31 (" $ ( "(% 21 ("%, "28& + (, % >"I
7"+ ("% "% $% 31 %! 3C " $ - "ot gl
I 4+ ("% "% $% 31 " 3C2 31 % ! o
+ "%, "% $% 3C F 0G %! $ "%, !! " 3C ? ', %,
[ & I $ : $
% K $ 4) A
?.( ?2',%,%% ?2',%,%% ?',%,%% ?2',%,%%
$ %i 31 >") 2&+->"1i 3C2 >" i 3C >"|j
i31 i/ F& «| i%" i$ "%, A*OB
" D $ -%! A*OB

211 (" %,D A*OBG

i2& « i/ F2U
(" %,D A*0OB G

i3C2 i / F2u i /| F &
("1 %,D A*OBG "' D
2( %" G
i3C i/ F& i

""" DA*OBG




6 "H $%12 4 # %

3C!',,% [/ " ?",% $%31D! " 1% & 4 " "%
F*G % FOG )" "% 211 ("™ %, & « %! 31 "
? % %,"! 317?7",%,>"1"%! 5" %" ( "(%
7 1%% " "% d ™"% "% (" 3C % "%D!" ("
1 3C27?'",%, 2& « C"'l %,
7" - ?2,%, ! $% 3C2 (MM d""% "% %%
'% "% ! $",% % 3 ! " /| 12 #o#
""% " ", %! 3C2 +% % " % "%! 1 , %
7" %% (" ! I", "%, 2", %, $% 3C2
L% ( 3C % $ - >1% - %! 3C (" <R $" -%!",
LD M2 %,$3%3C2 ("O0<R ( G %
% , o112 4 # 31 "% ! % %
3 (" "% %" $% -",% 2 (-%,", " !
""% $% D31 "' DE -' %"
%!, > % 2+% % "%" 4 [ 7" "% !
$% 12 4 # % " % "I % + ""%%
e %( %' (" $% 12 4 # "% "
% % (-%,", $% ! , >% %+ ""%
12 4 ¢+" "1 31 ' %, > 1%
12 ", (")OR "% ""%D!" % (-%,",$ 31 4
%' ! E %" " F2(("™%, FGG " % 5/ %, % !
12 # « "% % "% ( %! I "0p !
Yo" %l 3 %D (% " " C " $%)OR 5"
" “D | (" 12 #o# 31 (" "%
Mmoot 12 g o# (- % 7"
-H " "% "% ! " % 2% ! "%" "#' % >- %! |
12 # « > 7 ! "% %!
(""" ,"%, %2 +% % "%% " 12 4 #
G(C %>1% 7" >"! % %! (% %!% 2% ' $%
7 % % % F% %! 2% ',> % 1 2 # 4 " %G "%
2((" %, F(G ", %! 3 % ! ™ 7 "%
12 » & ("3 % ( '($% O*R "H "% (M !

$>%! % (1%, %, % %" ! %



(1"%,%,% !"12hfgh " #"

2(("%, FG ", (""' I" "%" H % | "%
12 4 # 1 %' " ( "1 :'" % (" 0*R "
" %j8% 7" 7" 1F<<G (' S %l ("M% (
>" 0% "% IYR4A'"%" % % A B2 7 ALV

™~

% .=, 01 A5 0 2 \] 4H. - % &) +5)
| 03/70; " IMG  +/ 6 W+ O) Q+<. 1
- /=<6 /70 6 |
=. 6 'A 5 - )
)

4 2 v 01"

2 A %4 2 0 1' 1K

% 5)+5) % #



*< "H $%12 # # %

"H#'% % "%!1%' % "% ( "% ( %! ™ (D
> 1" 4" "% 7,1"% ! (- % P>
12 (- (- " % % rr o %
% ! "> %% F2(("1 %, F( GG 7 (! D! I
2% ! (- % " " %" 1o ( 1M
D "% %>D % % | 112 ¥ #
(
7" 3 2% "%2(("M%, FG ", "%% ; %" 1"
Lo 7 >" ) ™ %
%, % %! ' ' % "%% ‘(! DI, o
122" % " (- ! "H% 7" 7
("% "l % (- % ""!1 27" "% "
%" "% % ', %! 12 (" "% 2
"1 %! %! ! % 2(-%,", " ! "M% $% !%
$ >%! % %>1$%! > %! %, $% 31
Io> $%12 e s (L %
7 2(-%,", "1 12 ¥ o# ""% " 31 $% ! 3C2
+% % "% " "U"% (%! % "% %$" -%!", %
2',%,$%31 ("'%$>% % ("% ,%,% - %! 31
(>, % ( " & JF G, '% >ID "% %
2%, "% $% 31 ( % %" ! d
"0 "%F <GA<B 7 I" , "% 2"$ "%, %, ("! d
"% "% 1 2( %! C'% %% " 31 "% & ' A<)B ("
<R O$M %I, ', "% %! " (" *<R , "%, 3 '
31
bi P $N!J$ AN+< v, AN+< v.& [ < 7 F <G
712 4 o« "t % " 31 "% 2(-%,", " $% 3 D
%I E %" %! "% 2((M %, * FG % F(G %,
7 12 4 4 %! " % "1 "% %! )R
4'"%" %, | F<<G (- % A B2 2. > 101"
"t % " %1 ( % 3 D31

Yo%l E %t F2((M %, *FGG C" (I %



("%, %, % " 12hfgh " #"

"% (" " "% 4 "% %, | F<<G ( ' R %! )R
% A B2$
7o Lo .RD)RD)OR %!
)80R (" % % E %" $% %! ' $% *6 'E"%
7" 3 % %% % " 1,% > 01 %  $% 31 ! ™
[ ,>'>10%D>"1 "0p " " 0h 0" $ > %, %
12 4 # %' !, " F" 2( %" * G 4"
"Hop "I % " 12 i "% (" % 7"
12 4 # "NOh "%, " 1, % " 31 %
"%, ", $% ! 3 ( % "H " " "% "
5t 0p, | " % 3 ("
"Ho 7" "M % (<%, " "o $ 31
Yol 1B %t H ! "% % %"

% .7,

% 5)+s 01

6 2 N

70. 6 01 I

6 2
- " N;.MG
01 % 5)+s5 - N;.MG 6 W.
70. 6 I )
)6 @
/I+14 2 L =M NM

>+++7?%



« "H $9%12 y %

"ottt o "% %), >
"myp 1" (% ( " % %, >"

% %

2 " o "NOH > "0 > 2% ", " % %

3C2 +% % "% "%! 1 C" $% R (")80R > "

12 > < (" <',H ' 1 " % J" "

1%% | %, %! I>" ( % 12 4 » "%

5 >"11 o1 o, "l " 0l /%%

(- %% " %! "I $-% % 4 I" "

$>% 7" $% 6<% 12 - "o I %,

LIs™ (% " " % %l 21 T s %

G( %% % "' Q7 , % F

2( %" % Mm% < G 7% > " $™ %% 4" "%

/ %, "% "%, %, ! % 7 "%

$ 1" "% TN % % %%D > !

C"%A<8B % ! S%! %, ! 1 s%2+"" ""% "%

$ %% %1 %2EL12 ;% % " ,,%( %$ %% 1 & %2

2 % "$ %% " ("! 2% ", ! "rop "

( "%% J " %4' ("! C "%, 1% 4(J
"NOh0 1 06" H"% %!'% F " 2( %" G

7 ("% 4" "% % 1% %$' "1 $%!

4" 533 ", % , 2> %, 1" " TH' % %

" C %%, , % % 1" %-%" H% L >

$>% % "%D "% " %, | H% "%

! % 7" " % (", "% %" " D ! !

2(>" %, % $% ! % %! ( % % H (-

(% %%

2((™%, * ", "% 1% " ( % " "> 0@ |
"hop 1% 1 ( % 1" s g I
"N % % (%", $% ! $ ", %! % 4°' "%" %, !

F<<G (- 7" " %" " | %, % (%

12 4 & " % 1%,%(,%, %, % % G( %%

% (% "%%$ . " ( % %, %! ( %
12 4 ¢ " % "ol 1 ( % (-%,", $% "



("%, %, % 1" 12hfgh " #" wx
4'"%" %, , " F" 2( %" * o6l 2(("M%, G
o " 11" 2" %, ! C " %, !

UL "0p " TH" 04 " 05 % 7 >
% "™ ( $>% >!1%D > "% 1> Ol
"0, % >%!", 2 " " %% "% J " %4
. %  "%D | % % % 2" %, > % 1%

"% % 1% " %1 ( % 71 % 1%
2% " | "Mop " % % %% % % %"
el M MO > 106 7 #' ' O St 1%

"t % (")OR ', 1! % $% <@ 7" % "
"H" % %, %" "1 > %% " $% (% "
<@ %W'>11 ">" 9 1 2(" w( ", %

%, > I" 12 T "top " 31 $ )" >

% "%I"™  1"3C2+% % "%'"%! 1 D! E -%"D

" % 1% 31 ' 2 "

(% '"1 "31,> %%12 wow >

" 31 %1%>" % % %, %> ! I 31 ' ($ ,

1;" | 1 12 - % $ > %!

7" 1 %!, L% M ( $ 12 s s

" %" 1" +%%%" | + ""% I 12 4 g+" "

(-%" $ 2% ™! 2:"%' 1 |

S "op 05 |1 % $ ™ "l "% $ >%! %
% 7" ? % %, >" %! 2 +% % "% "

T 7S | > | "% % (" % %
% # "%" "' ol "% " % 2 "%( $

,"%E" 2( % *G

712 44 >  "S" % 1" o2("> 1 " 31

1" % 1% ", %" 3C %! 3C2 ! , ?

C" % ! 2 "% $%>! 1" 2+% % "0 " 12 4 4

4o "TQ7(" D>("! 4" > 0",

<8@- ( ,F" +"'G 7" "% $%>!% ("$ "1%%
%D % %! E S%" % " 'D

("$ "1%% ("%, %, % " " % " 1 "%



*0 "H $%12 4 # %

"% %, > % /%% % %% %" %! >-%D
> 11 "F<<G ( % " 1 : ' "o %! "% )R
4"'""%" %, % A B2! ,

oo % !" 2("D ! 1" 2 "( $% "
$>% % "1%; "% 3C2 %! 3C%" I > %
"%( % "% 1'" %, F G % % 7" # "% "%
"% $% "H% " 1(" %" " o % % %
"%( """ % % ( "(% F1'" % F GG 2(("% 0 "

( % 2 "% $% " N

(" % 7" %"+ S > 1% 2 "%( "% "%
203:2Q6<<10 '% % "2& + %! &+ F)6RD << (D
E m<D 31D )%EG (" " ™H " "0 % % %
+ ""% % W™ "(% 7" >" #"%"+%$ " "%

-% "$ 2 "%( $D I" " 3C2 %! 3C !

, ">1FORD << (DE mD31D <O0%EG "™H" (
%" % !I" "%( % "% 1'" %, F G " "% % % %
$% % % 7" 2" % $% '% ( % % "% ( $% "

% % > | > " ("%, %, % ( ( %! "
4% %" " > 1%
% s 5"
% ! % 5)+5
0==1 !
! % ( 7
)W 7 % T=0/; )
ON+OMG +// 6 W./ |
+N 61 2 "
! N 2
! 3% 13) GA
A ON;.MG +// 6 W. I
/8; 61
# % 2
13% # <Y
N @2
)F NM @
>+++7%
% T=0/ ; A
' C 0@ 1

$



("%, %,% !"12hfgh " #"

7 "%( "% %, "%"""$% "% " $%4 % ( 7
S (US4t L 2 0, | "% ' 'D |
% % ! :"%' ' $% %! (- D
C"%! %, % ," % ! (> 2 %' 1 "2l ey (>
7 "% % 1 %' 9 | (-
%( % ! 2 DI"?' %! ; "% ' 'D "' 1%
"( ""% % (" $% 12 o " 28& + % &« "%
St 28 . (> &+ % % " 2%> %" %
% "% % "™ % 3 "% > %
0<<8<<R (> <<.<<R A*0D <6B 7" ! D! (" "%
J<<R ("1™ 28&+« ' & « ', "
7% % " (" "%,"% 2& .EF2&\& -G -'%" D
SUL ot 20 M 02 %' ' ,H " %
"2 "5 106 12 g ow +" " "% ("L E2((™M%, 0G "%
/ %, 1 3 onon 206 206 ™ ', & '
7 | (") 2& EF2&\& G - %" 7
"( ""% %" (%! (,,% "%D! 28& -+ %! & - "%l ("
$" 0%, %Il %t 12 2 "1 1
% " 1% %" 12 Y A (-%,", " |
"%( $ >! "%A<B 1 12 - " 2& . %l & -
% %! (" "% 3 $% 6 <R " % $%
4 1" 2" % $% 3C2 (> 3C >!% 3 (" $%
*<0<R (> 0<< <R %,,(%A <D B 3C oo (e
I % 3 % ''3C2 1 % $% "% | "2 0,
"% % "%( $%2 %! "% 12 & D "L "0( "M%
3 % % '($% <R "% = %', 2& -+ %! & -
( ($% <R " L%l LS %! "% 2", %, ("
S nop ( % 7" 2 "%( $ " 3C2 %! 3C ("
JOR "% 2(("%, 0™, !,,%" C " $% "%( ""% %, /H
CNh 0% - " 0" 9% %! 1 "06( % "% $% 1'" %,F G
( (% 7" > %> D>""%1 5" $% % % % 2
"( ""% % (" " 3C % 3c2 ("
SIABT > %,H ' "%D% %" " %! 3 (
% " % (" 8R "% % $ % WA\ 7"



'k) " #||$%12 4 # %

2',% $%3C2 %' 3C "% " % " $ ", %! %A4" %l

$ "% " - " = %', | % 317", %, "%
2( %" =1 Smo "o

> 11 " %l 1" $ (% %% %S$ "I % P ', %,
L% "% [ 9%, | ! Lo o
%! %, 1 2 "%(  ""% % "% " %, 4', (% %
2(("%, FG "% " 2 "%( $% "% 12 s # (" 3 %
>' % .R %! )8R " 3C2 %! 3C , " " 0% %l
3 %- "t "p 2 "op( $ " % %!
% L& "% %$" %" %? ', %! 3C2 %
3C:"% "' "3 1 "H% " %(-%," L $%! 3 "
2 "%( $%%" %!" "%( % "%F G "% % % %
7% % %% %2, %, % $ % 3C2 %! 3C ,' % 1%
4'D 1T %% $9% "% % " $ > %!
> 10 "ol " (oo D /%% % 1" 3C2
2%, | " "% $% 3C % % F"
2',%, "%% "%  2( %" % 3(" G 7
2%, "%% $% 3C2 ( " & J F )G %! 1"
+ "%, "%F 8G" % &1 1" T %% %" 2 %, $%
3C (I &1 1" %DM "% > %" ? ' %, |
$%3C" AD *BK 3C2" -% 3C %, D
L s>t % &1 1"'%DI" 1 3C %, " % %!
I % ?"',%, /! % /%%% 7 "H " %D " " %l
3C2+% % "% "% ! 1 | 2% " $% ', 3C %"
71 > "%( "% 9% 12 soa " (" %l
12 "o( ""% %" " " %! 3C2 +% % "% "% !
1 (7" % "4"1 " C "% H# "% "%
2 "%( $"%2(("% OD " " " %! "% 2(%
$% A > <Y %l T "0 "0 " ("1 %
" % % % "% 2(("! % CFG >"! 7
(( top- L% "% -0 %, !
E 2% (" % ,)" % (! "%, %, % " (" "
C %, "% S%! %! "%( $ (" %D >"1 %"
$%3C2 %!I3C " ', %? %, " (‘' (- %%



("%,%,% " 12hfgh " #" *8

(" "% %! %,! E - %" $% <" % % %
s % ("%, %, % F" 2(("™ %, F (GG
7 " "% ] ", E - %" $%
(% " "% %! %, ! 2 "%( $ F 2(("%, G 31
" %! 31 > % "% ! ( % C " $%
.88 E"% >,% ! % % % " "% F" 2"
1%, *F(GG "%' "%%' "% |/

% ! % % 5) +5 I 13% 13) NM

)F
- 01 6 2 01 - 01
! * ) F )
L =M NM@ >+++7% "3
% 5) +5 A $



*6 "H $%12 4 # %

"%l % +% % "%" 12 s+ " (1%, %C "
$%1 ("12 "% L™ - %" " DI &l I
I 2%, $% 31 ( " d""% "% F < G "% -%"
% % " 9%, I"?' % $%3C (%>" 1" &I I
1 3C22',%, >! (" | %31 "9 3C
Yool Yo 1% +" " "%, ( o( M, %",
> 0,1 2 ', %,$%31 " 3C (> " 3C2 "%!! 2
"2(" T "% % %, % ( %%
200 > "%($ % $% 2 (" 1
( % " " 1:" "% " % " %
% F2(("%, FIGG 7" 1 ( - % > % R (> )R "%
"o A B2 '"%"  0l1" 2( "9, 112 4 4 " % %!
" (% 7" 2 "% $ % (" 1 %
"( %" R % )R4A'"%" % > ! ("% "M%" 2
I R ""%" %1 ( > % "% , "%, 2(>" %, $
%% 7,,% > (" I )R
"ot 01 (1 2 "op( " 12 gt ()@ (¢
C "%, "l ot top 7 Yoe> 1 (" %! %
$ % , " % "o C " %,
L o+" " % %, %> %" "0 ? % %, " !
(- % F1 P)<RD "P)0ORG "H " (%" "H%D
M, %3 " %l (0 ( "R "0,
> 7" % " 2" %, %% %" Lot > 10 7
7% " %( (M( (" 1 12 - ">t %
L 2(" %( "D ! % " "
S % 1 %" ( Lt > 19
" (" (%% 12 g on "% $% > 1% "% % (" %
(" D DE -%
%! ( nomp (% " $%
12 4 4 % "1 %" £ o %, ("
% "I % (1"%, %, %
7V 12 4 os " % %" % " ol ("% 196, >" %

L %! % " (%! %! % 12 o ngg



(1"%,%,% !"12hfgh " #"

! (%" %!" "% "% Y"1 % % "% $% >
m = % %1 " ( %! 127 o=
L "% " %! 5" -t 12 #o# %n$"" 7
7" > "D > "% 4 $% @ "& 0o $1%% "% & !
+" "> (G > | 7" C " %, !
7" % % "% ', " % r " %
"%, F GD ! " "% C" % , ! "$ %
7" % % "% /"
"% T "%, % %12 #o# % ",
2((" %, )FG 7 ! " "0, "(% " %
j 6<% 7" > 1 % " ( % " R4 """ %" %,
% A B2! , 2' > ' YOR (" "%
E %" $% ,>"' 7 - %" $% "&o 31 >1 "
% N, IG % +s% " 01' % §) +5
) NM @ o/l+14 2
>+++7% ‘- L =; N)
% : ' IG
0 1 o1' % 5)+s)
(.6l 2 +/ 7 3 +;X+/ 07 %
)F % 5) +5 F2
' ' %
2 ! - )
IG $ ( 0@ 1 $

% %



0< "H $%12 4 s %
% % , ' % 7" R ( " <00%E %!
12 4 # (" <.0%E I>™ >" 12 sox " % > 1|

G( % % "% %, % 1% ("% |>"
> %% 12 sox " % | T % >
% >9%!", ,>1%D ! (" "% "%" % %1 " " %
L$" %", % "% % ,'-H", S % |
(- (( > o 1 "% 2%, |
7" %% "%( " %,
7" %% (% " "%  2(("% )FG |,
%7" %% "%"%2(-%""$ 21 ' "12 s s
+NT %7 % % "%, | $% 12 -
"ol 1 ( "2 4% % "% % S %!
N, 7" 5% " BTLn s >t
ok 1 ( % m7" % % "% % %
$% 1 (" "% 12 2 ! " ( > " %7 " %, "%
12 4 #"%! = 1 " ( > /o7 "o
7 ( % "o % %7 "
&'(" > 12 4 s % %% (" ! "% 1" 0 "
(%, % % % 12 g w8 " % %" %" % 7"
I %, 1 %7" % "%!% %12 - "o

1 ( 77" "% $% ""%12 4 & "
W1l ( %" "% 4'"%" % $% R% A B2 ,(%"',
7" %% "%%
27 (" & "%, 12 - %" "% 12
Ut 06 41%$ %, 1" D I" S gl
HO" 5" % >0"DI " Coroe> (M)
121" % % %$ %% > 19 %% % $" -%!",
% 1 127" %% % % (" ,
+ros %, % ,(" > 1%D I" 2(( !
$ %, % % " ' % >% 4! %S %, % "% !
"$% " %! " ("%



"#"%M(( % N12hfgh % 0

2 (% %% | H"% "% 1% "% %% " % |

12 4 4 > 0 | >1% J "

% %% % M(( %%N % L 7

St % "% "% ( "oy

(( %D (( ' %! '"#"% %! 11 "% '% %
%, %(,%,, %

7 2 " (( %% 12 i o "0 2((M %, 8

L R SO R 73 ( % "% 1

"D "(% 12 4 4 "% %l " 127"t 7

+ "o $%12 4 #>! "% , $%1 (" 12 $ -%!

7 >1 %" %S$ "1%% "% (,( %P % !
%D >" %D $" %D % "% 106 1 12 72" "
F2((" %, 8FG (" FGG 7" (% > 1% " ("JORD << (D "%
E % $% % "% $% <O0%E , " 7
> 0" $""% (% "% | % %, !
" D %% %" %' >%D>1%!" (%

( %"1:' "% " % , " D! %F<<G ( "

R% A B2 '""%" > %

% . <, % 5)+5)
' 2 L
) % : 001 o011
A5 L A :
)



0 "H $%12 4 o# %
7 "# "% %! 1! "% %% 12 g o>
1% ,%( ,%, (" F" +"'G ? "" %, |
"H"% % >1% 1" ("% "t %
M % "% "% %, a+&. %l " % "# "%
=+& . "% C m$ o, %" (" &
R a. %! =G & " "% H 1% "% "%" %
%, %! ! I>" % " H" "% C ,
1" (% ! " =1,,%" "% H " "#"%
"C, I"$ %! " - %! a, (> =2 @ "%
$" %" % #H"% % %D " I +" a+ (>
E+x="% E "$$ 7 ,% % 7 "%""%% ! ("%
> 106 "% 2( %" * "%, 2(( "1 %, ) "0
"% %  9( (™ $ "% %, -%!'% "% "%
> "] "% ("™ % % a, %l =~
?2%- > I" %>"'"0%h, 1 "' % '# "% "% C
"m$ , % " ="% ! 1 :" "% " %!% %
("M% 12 4 # "% % &" > 1% (,( %
12 4 & % " "% (> !'% % ("% 12 4 #
"% ., " F2(("%, 6FG %' F GG 7 7 v I>m
( %12 4 4 " >13$-% > % "1 % ("% ™
" %$ -%! ("( ?"' > D! H"%S$ ' % !
"% '% % "% $ % ? )" > 1 "
% (%! " ( 1 % ( % " R4'"'""%" %,
% A B2 "# D % "%' | - "% 1" % % %
" % >" %" %1 % %
7OH"%E%L "% " %" ( "%2(-%,", " $%
1 " >0 "% 2( %" * % %! " % "% "%
%, ( 71 "% %,$% 1 "( -, <08@ ("
JOR C'" > <<% > | 1 !
I ( %' 1" % %" ‘# F =748, = TH& . EG 2
1%", ! % ' %! 12 4 # % > 11
"% <% 1 :" "% " ",>"'D! o
%,% %> 1% %%



"#"%M(( % N12hfgh % 0*

% "% % " > " ! %1 " !
"% % 12 4 # " F2((" %, 8FGG "
M0 >" %6<% %! 8 % ! | 7"2+% % "%
! "% 1 ( ( , @D > "%
1" ‘% %, 3% <0 @ (")OR "% C ,
1 % " 7" """ % '"#"% =211 %12 4 #
"% "% 2(-%,"," $% ! 12 < <& M "%! !
(> 1 | "% 2(("™ %, 6 FG (> F(G
%,
% 12 < <. > "Ml ot "% ! "
( " = E > > I D! $"-%"$ F2(
("%, 6FGG C" "% 12 < <5 " I" $% 6<% > I" 1
% . O, A5 " % /++)s08) 3
=248 . - " & \'YZ[ % 2
D % /+)/0s8 ") 8/
)F 01 ) 01
@ )o//+14 2 =M >+++?2% 3
2 =) e

@ 2 A5 " TA'



00 H$%12 4 4 %
" Co, 1ot =s< @ ">" # 7,.%
> 1 12 < <« " =70 E ! (.
1 % " %l %1 " 7" % " | %, %! "% 2(
("%, G 1 %W 12 < < (% (" " " "% %
1" % % %! "M% " "% 12 < < % "0
1" % %% % % 32% % % 12 4 #
% ", %" & % $% %, % % 1% 1% - %
>" 0% 1% |>" % "% E" C 2(("%, 8 "%
20%" G 71 I %Dl I U | " 0%
$>",% ! 4'% %, , % ! %% % !%
1% - % %! %" "% !% "o L2110t
1S % %D | >, % =0 %! 112 < < 1% "
(%" "% %,%$ ', % %! I" '# "l 1 " |
1" "% %% %% %! "1 1% o
4 12 < <6 "I"% ( 6<% % " #"% |
1% ™ %%l " >" 1 %% M 12 < <6
" (%" # % C" <% 12 < <> =(",MH
<@ 7 - 1"2(M%$%1 % %, % % % %! %
"1 %1 12 < < 1%"" % "H%
7 OH"%S$ %! %12 < < "1 (0 R
1%, 6F(GGS$ "' " -%" 11 o
"Ct " "IN $% 6<% 12 < <s % "%
% 12 < < " %% C"
(%% ! 12 < <& H % 7" L% % " "%
"% "%C " % ! " % "I $% 12 < <o
1D>" 1" > %6<% %! <% ",
% "% >"% " >11 $ % 2>t
1 % 12 < < "% >" 12 T " "%
7" " > F2(("! %, 8FGG 2
L%, "% % "% " (" <% 1 %! 6<%
12 « <6 " (> "% 1 ( " 6<% 12 < <6 "
% %! 2(("%, BFG (> F(G> %!I" 1 2< <6 " WI("
% $" %" $ 7" 24+4% % "% | >" 0 12 4 4
", (M% (% @ T % " "%
1" % % $%<0@ $ , %W%1 2 < < T



"#"%M(( % N12hfgh % 0

"% 'H#H "% =21 "% "% 2(-%,)", " $% !
12 <« <gg " !" "%"%2((" %, .FG %!'FG, "
2 " F2((" %, .FGG > (" "% 12 <+ <gg " I"
$% 6<% " 12 <+ <gg " "% C , "1 9% ™, %!
12 <« <. " " = @ $" -%!", $ VAN I
1% - > %! "' % %$' % "> % "
$% 1" "% %, % %,% 1 (> 12 < <6 " > %
1, % " ( <@ (> )@ (" ‘H# ! ( ($% 6<%
7 (, %% "o 12 <* <gg " >"I #' % %!
>1$5%! 2 ("%, $% %, % 2(( r1 "% %,
()"
% . 8, A5 " % /+4+)/08
% 1=7)1<<) 3 =48 .
" & \'vz| % 2 % J=7) f <

%  5)+5) 8 " ")

F 01 ) 01 @

)O/I+14 2 =M >+++?% ' @ @ 2
3 A5 " TA '



0) "H SN2 # # %

7" H "% 12 < <6 W12 <+ <8 " % 1 ( F2

("1%, F(GG ", ("6<% 12 <r o<gg>"l "% - %" ' %%
N B < < " '#' D

("( " 12 <x o<gg " = @ ! !

I % "™, %% 12 < <5 " 1,% "

C ("™ > % 12 <x <ss "I

JH Ot % (" %l % <% $" - %", $ VAN

™St %l [ % 1" ‘% %, ! 12 <+ <88 " "%

c, ! ( ol 1M1 "% %, $%

12 <+ <gg8 " *0@ "D (- " 1 % <68@ "0 >

% "I s #"%! 12 < <e

" I G A S R A L %D I ("
" "% 3™ %%%, - 12 < <6

el 1 (> 1% % % % 1" # "%

$%1L2 < <5 ", "%, >

VNS, "% L (% ",%D>" "1 2 ¢ ¥ "%2(-%,", "

$%" 2 % % %! " I" %, > 19% /%% %D !

I>™ 1" ( e $% 1 "% %, $ %, %

> "D 1 (L, ( (" I % ("%

12 4 # "% "% 7" % (! " (" I

T 0 7" 1% (%" % ', > % 6<% %!

*<op T T = @ | !

$' % "% %l ("(% I ! "ol 1

1%~ > % ° %l $ " " $%

1" "% %, $ %, %

2 sM o0 > D 1% "% 17 "L "0 % %
"o " H"% % % 7, %It "o

(( % 12 - %D (" 1%% I" 7" | "% '% %
"% $%6<% <<% %! 6<% $ %! > | 3

" 2(( ! "%l "% | >" %D $" %D %
"0l % 1 122" " F2((™ %, 8F(GFGG : ("!%

6<% I" % 7SS 7 S

" (( %F2((" %, 8FGG



"#"%M(( % N12hfgh % 08

% "% % > 1% =248 DA H&. %l 21" 11 12 4 s
"N % %(,%, (" 4 o "

"M%, < 1> =TH& L %l A& . "% 2(-%,", " $ 21 ' !

"% %% 12 & # " % K! 7 % $ /[ (" "%

(( %% A "D " % ! |

(( %>!'D" ! 1%' %7 % % L +$, %% " %

2 "%" %, > ' "% % 7 % % = @ %

a, "™\ ] "% (")OR ! % 1

"I 1 % 06, " %

o I " " B<% " %12 s # " %F 2% < FG
% FGG > " 1 :'"% " % | ! %
12 4 4 " (" > '# F => <Y @ %! 2 >")\ ] G 7"
12 44 " (> 1,,% % ! ! 1
" F = G LI > 12 s 2 " ( "!%>1D
" 12 sor " (L%%%  H % T %> %,
I "# "% % "1 "0 2((M%, 6 %! 2(("M %, ., ", %
H %S " % (" I % (" %124 4 " % 7
> " "o "% # "ol 1 % ™, %! %

"o (I a, $" %", H > 0% 1" 0 >
(o "% = % 2 ! = >" 0 "%

$ %, " a, + 7> "> 0% (-%,", $% !
(( %% , > I $' %

" ("(%F =0 G7 (I D! I"( " o "
1% > % ! ' % % $' % " "%
1" "% %$ % %> %

o I <<% " 0% 12 - "% F
1%, < FG %I FIGG% (% " !" % %, %" %, 1 " %
Ak ("1 4 %! (7" %,a 1 |>"
% ("% " % "1, % " 6<%

"> (% %D > %! ,/H % " % ( %!
> %" I>" (% " % "% C S, %

(" > "#" D> " "% "% H % =>, @

-H 4, "% 12 4 # " "%, "(% 12 4 #



06 "H $%12 4 # %
% .+, A5 " 3 =’4& .
" a,4& . " & \YZ]
) % 5) +5) Y % 5) +5)
O/ 001011 +// 001 011 +O/ 001 011" % 5)+5)
)F =M @ >+++7% '
@ @ 2 3 A5 "

TA'



"#"%M(G( % N12hfgh % 0.
%Mottt T "% "% % " %" C " >" %
6<% %! <<% %! "% % (-%,", $ 2 1! ( %
12 4 " """ %C " "%

C % ' 5 ! P 6<% !" %12 # #
"% F 2("Mw, < FG W FGGD " %D1! 1™ "o
Fir>"' %12 4 # etrmo " %> 7"

I>" " > > "H#" D > %
"# "% = EI'™ %% 7" " %, a,
! > ("% "HM "% ! ( % oonome
%'"$ , % " > , >" $" %!, '# F a0 G C*
"% 4 %, ! +" "> %% I" H"%! - %
$ %,! % %" %1% % % " % "%! %D
%! % , "H" % C"%, $% 1 ! "% %,
$ %, % "%! ( % "
%% , ", >1%D ! Mmoo %, !' ' %
! "% % 7T "%t % (%" 7
(! D! " "% "%,H 2 % "I $ %, !
"%! ' % " t#t > ? % %,>"!1"% 2(("
I %, % %! I " % %, a I I>m" "' O "
% .+, 01 % 5)+5)
=M @ >+++2% 01 ! " a4 .
) )
& \'YZ| ) C



< "H $%12 4 s %
"% L%, % % % %!
" 4 %% 12 - (% " % (" "%
MR SY 04 6< 0l <<% | N G
% (("(" ( " I'$ , %! %D
I %l "% C"M%, $%1" % %, $ % %"%!I" ' %
7 o, "% %% ( % "
% "1™ 4'"%" %, ! F<<G (' 0% 1%t
%S % % 11> % 1"%% "AOB (" %
(" $% 1 < %2 " % 12 ( " R % R
4'"%" %, % A B2 %A BC$%! ( %% % 2%" " |
B0 "% 1M ("% % "% ! %! % A <B %! A <B
" 9,%A00B 7" 2%" " > I(" > " "% D
"%,% 1 "%, $" 4'"%" % % % "I
. T "% (( % +% . UA*B ("
1 s Yo 12 (" R % )R
4'"%" % % A B2 ! A BC , %" " % 1 (
"% D 11" HE"% " (1 (M % A <B % A <B
"%, % F" 2( %" * ( 1% " ' %
# "% G " % "I % 0% "%" 9%, %
$ " ( %% %
7"OH"% D (( %% 12 P % > 1 "% 1%
o ("M% 2( % %I " % % $% ( % " 1 F<<G
(- % % DI "% R4'"%" % L% A B2 > %
21 %> 10, $06 12 " % " % "I %
%! % R ' "% "% (%
Fo%-  2( %" *G % ("% 4-"% %! ! >t 1
( D UG T % 2 )"
H%S % %S "1%% (- % "%" %, %> 1%
L % "< Oh 1" 012 i # "o 1



"#"%M(( % N12hfgh %
%" ( %" R %')R4""%" %, % A B2 " #" 6 7
2(( ! S IS S "%D$" % % %

>0 127 " F2((" "%, FGG
7" o "% '% %, a+g . I I>" " o 1"

" 0 ! "% 2(-%,", " $% " 2+% % "% "% 2(("
1%, FG %, 7' % "% >" % ", /H

$ % D> %" >" % " % % %'

"#O> % 7" % " %> %! , %" a4+ .0 %

R R A %, " %", $,"(
d >" 11 "%, /H %, ' 1% 4" D!

! I C " %, " "Q7 ,(F" 2( %" **G 7"

%, ! %, "% '% "% %% % " 1"% (, %!
"D ! 1" %, ! ! % "I

"0$ M > 2%! " # "% (" C"M %,
%! '"""™ "% $% %, % " 1" % %, , % % 7"
% 4=, 01 % 5)+5) )
)E L =M NM @
>+++7% L +/ 01 '
48 . )

- & \'Yz/ % 2 % #

@ @ 2 3

TA'

67" % %, ', % 1 (% " "% 4" "%" %, % A B2D!!"1
"% % " "H" % A B2 > % RF2( %' **G



" #u $%12

# # %

206 ' %l "M%, 1" "0 C"%, %
( C smw=( (.
% "%"," % % , "% )", % " !
%A 0B %, "o 1" "%
"0 % (% %% "% - %"
o I (%" 1% ("% $
% %, (( % 12 - %
1 %" ( ( ,%
206 1 %, % % "% 12
$" 0", H"% I 12"t (")
(- % " " % 41%$ 9% I" 7"
%, % % %! $%!1%$ >% % (
N (7 2> 1 1
%!l " 112
Y % "% % % 7" &
STI("" 1% " %" %:"%31D
E %" $% ! , 7" %7" %
% "% 7" 31 %" $%
% " "% o , %, "% !
! "t g 2(" $ > %!
3(" "N ("% 1%, %!-" %
"N+ %% " %%, !
(" "% % 1 % )<% " %"
SEELL 7SN S ;%!
St 1 it top "t 206" O
(- % ,% 7" 1F<<G (- % >
A B2 '"%" C " I (1"%,
! %! | 3 % 7
12 4 # % > 1 "0 " 20
! " St 7T 1 12

9 Dy +u @G $™ C"

L Y% (%% % $ %
4°""%" %, = %! ("
"% H"% %%
1% $ "!%
%S %
%! % 2( %" %
R %

"op! 1"
, %,
"o %%
"%, %, % %! $
"%' | ( D

#

%
#

"%, ! %

3C2 %!3C (" "%

@ "& 0"% &
4 %! %

% % 3(

% 7"

12

1"
%

( "%

# #

%
> |
% ! 1
)R %
n ||%
(!
%! 7"

%' 1

’III $ n!%

1

? -
, % %
%n

%,% >! "%

D
# %2



* $""%% %12hfgh %

% >1 1>" "o | $ -% > %! "
%! % %( (Ill ( % 3 ( n * ’ll( I|% 9( n ! ( n ! %
$ "1%% % , "% (% 7" %
, ( % %D ( n > 1 % n n % % !ll I > lllll’ ( |l% % ’l n
%, ,%>!
? ’l n ! mi ||’ % % l’ !Il mn %’ !
% % %'$ "% 1% 7" (- % '
%! ( l_ % II’ n ! 1 2 ?Il 1 n % > ! n 24 %
<# < O ., H % 2 %ll % , % ? - m !ll % !Il ||% n 1 #Il %
! (- ' %!" "% ? % !
( I_ % |l’ n >_ %! ! I: n 2( %II G 7”
$ %' ! 1 2 ?ll 1 n (ll > ! n 1
1% ,%(,%, (" %'>"1"%1% ' %!% 2 ( %" % % %!'!
"o %I n %ll%l% %’ a‘_l_&. %”(%
= & $ ) |
"% §+5) - )
)F NM @ Yl+14 2
>+++2% % % s5)45) %
6 2
!
( 1D1IE"" % %27 %! 1 ("
3 .D) D)0OD)8*R
< 0D<0)D<.0%E
2% ! " % 0D 8D <
7] " % C )<D <<D 6<D 8 %
7ora12 C <<D <<D 0<<%

1 & %2 9 " Ciw ~ %D <<D <<%
a4 E




0 "H $%12 4 # %
Il% ! % Il! %! % mi II’ % % ( n % >II 1 %’
% !Il & n %’ $ % 1 n % n II%
, ll%’ 4 ! %$ %’ !ll ||% ' 1 2 ?II 1 n 7" C 1] %’ I
%,!" >1 1 1% 1" "% 2( %" $, "%
| 7, & $ )
) % 5)+5)
) ) $ -
6 2 $
5 * 2 ( ( B ! !
2 JOR <.0%E 8 <<% 0<<% " >( C<)
227 YR <.0%E 8 <<% 0<% <<% >( C<)
A
21 )YOR <.0%E 8 <<% 0<<% <<% ( C<)
C JOR <.0%E <<% 0<% <<% "El C<)*0
JOR , > 8 <<% 0<<% % "E1 C<)<
7 JOR , 1 > 8 Y 0<<% % "E1 C<)
JOR > 8 <<% iy "E1 Co)<.
4 "C$ <0)%E 8 6<% 0<<% % "E1 C)<<
1 1C$ <0)%E 8 6<% 0<<% % "E1 C<.0
& 1.C$ <0)%E 3 ’ 0<<% % "E1 C< ¥
13C$ <0)%E 8 6<% 0<<% % "E1 C<.8
K JOR <. 0%E 8 <<% 0<<% . "E1 C<)
+ JOR <.0%E 8 <<% ' % "E1l C<)6
5 JOR <0)%E 6<% 0<<% % "E1 C<.
JOR <0)%E 6<% 0<<% % "E1 C<.
JOR <0)%E 8 1, 0<<% % "E1 C<)<
JOR <0)%E 8 3. 0<< % % "E1 C<.




* $" "%% %1 2h fgh %

1% 1, 7" L%" "$ 2> %,
41%$ %, !" Aoy ' % %I 2 "% $% 1 ( % "%

24 %, % %! 12 ( - F2( %" G ">1 -

% %!! 5 ' %% %, B $% 12 "% ' "% " 'DI"

1 % % (, "1%>1%F2( %" G % %> 1%

"% % %, % %  2'1 %El %E21 % 7
%! , DI" 1% % (, "1%> | %D %!

"% % L™ "$% ! 41%$ %, !"

"% F2( %' *G 7" 5% %"- % > 19 1(" 1" % %"-

"% % (FC<) "!10(C<., G% "DI" %" " %

2( %" $, "> !

% 1% "% % 2( %" % >1% " (%" L, %
$" " %% "m0 % $, " C" !
"%, 1l "% % F2( "% Ll 2%" '# " D

21 %!l 1 % "% % D "&(C"T " %

I "G "%, % "%, (% C 7 %% % ! %

%" %!, (> %" "% " " 1% 2% I" % ' "%

S 1% (> % $ L, ( " " %, "% C , "

+ 9%%"%" % %! | %, I" % %! " Haw /"

. %, %! (> % $ 't ( J%" 1 12

' "0 %1061 % ', %! % 2( %" % " % E$, %% " %

"% >" "1 %I$ %, | $ % ' "%

"% 12 4 4 "ot 12 m 7S

(- % " " "% 12 (- " v %% ("

, 12 L 00 "%

>" 0% /%, 1 " %l 2 (™%, $%7 % % =

- %" $% 1 % % "% +"'0 2 I" 1 %!

ST 1" %> 0% 1 (- % """ > % 1 12 4

% %! 1 "% " #'% %l I" ( 7S

122" "' 24 % (! - %% %, %

>1061(" "1 12 T $ "1%% ( %

$ (%! % 7" >10 1 :' "% "% " %l %

206" %, % % > " W1 ( % . " 2" Fe< Gl



) "H $%12 # # %
(- % > % JR % A B2 '""%" 7" !
" ' $>% % "% : % 1 24 # !
8 "% <<% 7" % "% 1 s %2 9( o
0@ %" " "%2(("%, *!', " 7 > (")OR "
"% $%<.0%E % "% E - %" $% %
$ "1%% ( %" (% G "!'%
% . +7,
% 5)+5)
<) Q-+l
+5 5% & ;9
03/N++ /8; 6
- 6 w 1
) )
0) % )1
)F
00 % ) %%'1
|
- % 5) +5
)
> 1 "% L, D("!I'! "% $%2%" %, % %D
"% 1" (- "% 1 :' "% " ! H %D "
(-% '" % >1 2 , %', "% %
"% %" " <<% 1 :'" "% " 2% %, % %
%! "% """ "% -%", <% 1 :' " % " " (
C"T1 " %> % % ‘(! "" % M %! /%% %
o "%,% %> 1% F2( %" *G 7" 2% (>
2 % " ! 2%" %, % %>1! " ' 2 %! 24 ( 7"
242 % %! ("%1 (- %("%% " "% 2((" %, O
2((" %, o "0 "H'% (" ) %D !" > %! !
12 4 « , %> 7" 4(J e % % (,"%% %
, % > % "M %1t "% "% "%
I>™ %! % "#" % %"$ 7 "$ D ! " "% %
"%'%D $ -% ", %l-" "1 C %,"%!'#! ( %
0%, 1% 4 %' % 1" %, % % "% " %!



* $""%% %12hfgh % 8
% .+, %@ 4 2 )
$ % L +7 !
% )4 2 % g)+s)
"% % 5) +5) )F
- " 03IN++ "1 Jo/+14 2
NM A >+++7% 01+ )F
¥ % 4 2 01N/ )F
% % " %@ , % 5
0@ 1
5" k" 2( %" G4 1 ™, H %NS (")*%
%", F# "% " (" e* @ (" )0 RG ' 12
F# "% " (" e6 @ (" JORG 7% %" !
HN%'$S (" "% C % "%# " 21" "
12 4 ¢ 7 "#%%'$ $%12" "%!%1 % "% 2((™! %,
"%, "% "%, %!'-" 2% ",! ' # % WN'$ (" 12 4 o#
R "% % %D " (" ("%
( J% %(-%,", $% ! B (-
(C %>
7" 23> %, $% 2%" %, % % ! "% 12 4 4
LOTH%S "1 "%
%!'2%" %, % %F 227G 7 '#'% %' ("("%!'% %
"% "% ! " % 1/H% 1% %, >" ( " !
" % "%1 " "% " F 2G 2(! % % (> %
"% TH %NS ! %! ( %!!
" "% ?% ! " % ! (- "% 7"
H'% " "%! 12 7"t " %" S Z R
>t ("] >%!%, "% "%! -%",% 1 :@° "% " C"



6 "H $%12 4 # %

% Lt A 5
N77 2 - %
. +7 )
)F
% " )
4 2 0)F . %
) %% ) %l
A 5
F )
F N/ +/
A 5
) % 4 2
5" N;. MG 7+.9
70.9 $ - 2 N77
03/N++ " 3//[7T "1
: %% $% "% >" 7, I "0 | "#' %
%! ' %!"™ I +" " "% ,, %, % > 1% 7
1 :" "% " 2%" %, % % "% " I %" !
$ % "%
1,% 1:""% " " 2%" %, % % " |
"#'% %"'$ (" ' %" % "%1 " %
! "# W' "% ;) W12 ( - 7" ) "%
L%, (- % M, "D "4, % % (" )"
" > T ( , " >" !
™% % % (,% " I" C! %%, "% %" % "%
1 :" "% v 12 #o# > " "%
%" % "%1 :'" "%" " 12 #o# % >" "%, (
" Ol
™& "% $% 12 #o# % 1 ( "% ° %
" 1l "% "% )" ]
% ("% ( % /™ I % %, !
"%’ I | %! 1 ' "% ! >
& >1 1" 12 #o# 2((" %, * "% 1
% ( %! "% %" % "% 1 : " "0 " "

’l n % . n



* $""%% %12hfgh %

7 "% " TH# % (")*% " "% 2(("M %, WG, ", 7T # %
112 4 o4 > 1% ("% ( % "% - %"
S "%! ( %12ttt 7 "H' % %', ("

"%! - "% ) %12 ( -

(- % M 12 (- %! ("M% > 1%
-t 24 % F2((" %, )F( GCWFGG C" 2% %
"% " + D 1 3" > (" 2 ("%, $%

1" % %S % %% % % ( (

% .+N, 01 A 5 N 7 - 2 2
% . +7 % 5)+5)
)A 0 % ) " )F
0)F , % .+01 ) %l $ 3
2 A 5 % 4 2
05" 70.9 N77 N;.MG 37 "1 01 01
%@ % 4 2 % : )
! ) "A 4 2 2 7. 7 N8
3 4 2 $ ") E" # %@ ,

%5 - 0@ 11



)< n #ll$%12 4 # %

>t (- % ", "% ! 1
> %% " R) 0 (> % 0

"% 1% % /%% %D" "% )" " %
"%%$ " 2' 1 %!, I &

1 <+ %) E1l <¢+%2E1l ' "% "

1 4 %2 1 $>% A*B 7" 1
% "% (- % """ C"
(- 9% " "1 122" " o1 "
"% 0% " " $ ("I
% 1
7" (%" "%wD! 11 g
% 1 % ( % "
21 /%% % '% (- %", "%, "
(- %(M%! "%, 2,%,",
12 (" % %
(%! (- % s 1Im7
("% 2 % 21 %! 12 (- "
F2( %" GC" 1 12 i
N 1 "o %, I"
> AAJ "% 1 127" "7
%" % " 1 :'"% " 9% "
(- % ' %  9%I" 11
> 1 "o I, D" 2% '
12 4 & $% "(% $ 1" %
o1 I" %1 ("% "o "%
("% S1% (", % ("%, %,
2 >"1 106" 2((M %, *, "
C  ""%, <<% "% !%% 1
1" % % %" % $% 1 12 "%
"wD % " (% % %
ol 7
2Tl TH O (M (> %! ]
"% % % % :"$ %l " > %

> v
I % % %
",
(0@ " %,,!>1%
%2 2" " % I"
$% <% A B 7"
$, "% 12 4 #

196",% $% 1 # %2

% II’% 1 ( n )** %
( $ ’l n ( n
n mi > ! % 7"

r>" $ %

H$ 0p, I" |
o4 (-
"(>1 (
$% ~_J
" ( %! I
. -

2 72"

"% "0 |
7%t H %

2(("M%, 8, " 7"
% , " 7
% " (7 >"
"ol (M

% %"
%' $% 2

II(%

#%W%W'$S "%BI! 12
$% 0<<% 12
mn ( l_ % ll’ mn %



x $""0% %12hfgh % )

$% 2 %W C' 24 " *).% % *0% (%" $,'"(
2 " "#"%! 0<<% !" %12 7" " $ """ "60@
2 % .<@ C - %" 7" % "™
1,,%% "' % " 1" 41%$ %,!" % D™ " 24 %! 12
(- 2(> C Al m (> Y/ m ("
> 1% 7" |/ %, !"  -%, /" >" "L %
211"% %! 12 4 # % 7?7 % %, >"! "%
2( %" *0 (" ! "% 2% ' %! 7 ! " %
% ' ,," %
7 S ("M% % "D "% $ ' (
(- % ' % "% $ " %, I"
"H% - 7" % %, ! (- % et
! > " " 0, 1% >" | C " %, !
%, I" % > 1%D I" e , % % "% 12 #o#
%! "% 12 ™' " %! ( "(%
% . +<, A 5 N77 - 2 2
% 5)+5) N/ ! )F
NM @ >+++72% ) % % .7
) 3 )
< ;% 5)+5 Q+l ' % 4 2 5 %
) 2



) n #ll$%12 4 # %

"% | >- Opl | ! 12 4 &
%>!1 "% $% %! =
1" "M% % % 7 " ( ( %! ("
$""%% 812 4 # "% % 9 "
%! "% 0<<% 12 ?"" " 7" & "%, ! %
" % " 1 :""%% % )R4'"% "0, | F<<G
(- %% A B2
7" >! (")OR " <0%ED K< 00 %E %! <O0%E
$"™ F (% D7 % "% 3(" *D : (%" "% 3(" 0G 7"
7" "% (o, ("> << % 7" $ %,
a+g .l 12772t ) >" % A %! "N
7">" %" (%" %! % N "%
$.)"( % "%""% %M % %,
7 41%$ %,!" % 4oz % %! ! ! 12 " " %!
24 %, ", % "% "% $,)" ( % 1/H% ! % %, mops>m
7™ " 24 (" %, !I" " "0 2((" %, 6
(-%,", $% ! , 2% %!! " 5% %"- !
by 1" % 7 0 % % 7" (%" !5
%,% ,(% '(" !'% ' ! %, !I" "o
G % 9 +s)
) .N.MG 6 W. <) Q
+// & A % ) GO/= 61 '0/;N 61
10/8; 61
5A * AT . @ (
DS I E*A + D$ F I G
A% E B A B A% BA< B A@B AB A2E B A@B A@B

<0 %E$ </<6 )  0]<0  0<] %ES %WE$S  WE$ %ES
<0) A~]/<6 MN/<6 06 8<0 ] 8)8) 8 8

<0 M/<6 ]ry/<6 0 gl<0 *8]0  8) < ).




* $""%% % 12h fgh % )*

% . +0, @
dog )C 2

% 2

% 5) +5) G '
I 0 I 1 4og

%@

4 2 % :
)C 2

% )6 )6% )'™

3>/o A $ )C 2
) 4
L™ "$ ;> " %! F "%! G
%, !I" %" " 2% ' ! %" ' %! %
("% "% % %" 1%2( (! 7' F (GD
' 1" 5% %"- % %' -"F "G
2, %3%! %"!", %7 H$  %,! " ("<O0O)%E %
Mmoo ("< O0%E > 7 % "o
$% 4", "1 2" F" 1'" %, F 08G "% 2( %" DA8BGD !
"% % "% % 2% ",! %, !I" "1 $
""" % ! %, !I" " " 0! ("
<0%E (%" 7 2>" %, $ !'"$ % 4", " 2'™H
" " "% %,% ", % + ("% "% ! ("%, %, %
F D3 D E %G - %D !" "% > >"'
/I (- % ", "1 122" " $ %.)% 4, "
"%2( %' 0™ " %% "% [/ ( - % M,
2 ("%, $% %, %  2(( ! % , (! %D >™1
%,," %! I" ( - > >"1 "0 "Opl "
? % %, >" % %! %, " %% !
%" (' >1% >" % ' >1% 12 4 » %
>'"" <0)%ED " "<O0%E , o
" <O0%E >! | %! ! % ( - % " "
(G %D ! " (- % (">" J" >"

$ - %



)0 "H $%12 4 # %
7" 3 >0 ' >" “ .RD)RD)OR
%! )8*R $ "™ F (%4D 1D & %! "% 3 (" *D , (%" "% 3 ("
G 7 ! % >1 ! (" " <0O)%E
%! 6<% " % "% !, 7"
( l_ % II’ n % ! 1 2 ?II 1 n % > % n % >ll %
* . % %| % ||% > $ ’u n (
7II $ %, a‘ _'_& . ! 1 2 ?II 1 n % > >II % (II !
n n % ! % m n 1 , (Il )O R n a‘ _l_& . ll</\ /
,IH % %! % > ,/H D ' "%
% ( 7 1272 " I" ( , % %! !
1% 4(J " "% % %! ! !
[>" 0<<]<% 5 Q7 > % " ! % ™, % 12 4 #
" %S %", 'H#' F a+.0 G > > %D!
!ll $ (I n( %! $ %’ Il% | % l 2 ?Il ] n % l $u
%l mn > %! ! % 'l n % (% n 2%! n
"% %,% (" / % 3 % '" S % /%% % %!
/%% % n II% ’ Il%’ % $ %’ !Il n % ’
( % 7|| $ %’ n % ( n ||' %! n %
Il% 1 $ % < O % % 7|| n . %
., G % 5) +5)
) , /N 6 6 W.
<) Q +0O/ & g % ) @ 0.8.MG1
ON+=MG1 (ON;.MG1 ON<7MG1
5 5A * AT @ (
D$ / / E*A + D$ F' /! G
AR B A B A% BA< B A@B AB A2E B A@B A@B
$*Nv /<6 0]<0 J* $*NV $*V $*NV SNV
) N[<B <N [<6 x, <O )]< 86 <6 8<6
)0 <6 ~RI<6 06 <0 ] 868 < 80
)8* $*NV ) /<% 06 8]<0 8] $*NV $*v $*NV SNV




* $" "%% %1 2h fgh % )

"% $ - #"% D (" 3 > %% (%
>- %l I 2(',%, 7 " 21 % %, ""% !
12 4 # " %" %" ,H "11%", $ " ( b v nrm
% " %,! ! 2( "% $% ,
% (%" %" "(% + 1% '# " % $ "%,
> "% ("H%! - %, " "% ! $ %,
> 1" %" 2("% %" , %%
7 41 %$ %, I" "% ! 12 2" >"1 $% !
& H, ("™ ("' 7" %, !" ' !
" $%4", 1T ' F" 1'" %, F 08G "% 2( %" D A8BG
! "%’ da®a® 7" 2 "$" %, % " ! %, ,"" %
> 1" 1 +% " % 1 ( au< (" T
"% " 2(" , % 4!%$ %, I" % %! $% 24 "%
2(-%,", " $%! 3 " "% 2((" %, g, " C".R Y,
YN I % %! "%, " ", %! 3
~A (")OR 7" > =" % (" !
" "0 ! = $ ,% $% "% % %!% 5
% %"- ! 7" % (," 7" 2(% !
%, " $ " e "%’ daTa® ! "%
2 "$" %, % " $ % a << F" 2(("%, .G 7"
3 (-%,", " ! %, I" "H " I
3 (" , " I"$% 4", T % $" %
% +8, @
4oy )C 2
% 2 -
" % 5) +5
) @ ( ©
| 1 Aopy
%@ 4 2
% : )C
2
% )6 )6% )™
)
%



) "H# $%12 o %
' % "% >" ", %, ! $% )OR
B8*R "% >" " %, ! %, ! " % Y/
> % >1D>! "% 2% ", N %D !
" "% "% "%!'% 5% %"- ! ! %
7 e 3 % ", /%%
"% $ - 7 "% ! 2, "% S % |
(- %D ! ! $>%! E %" $% "%
o1 , "%, "D " I 1% %, ! 2 !
(- $-% % " "ol +" ">
("%-" 5"H " ! 3% | 41%$ %, !" "o
3 % > | > (" % I %
3 % "$ 2 It 1%! " " % ", %
% %, % !" (1%, %, % (" 3 % ( ($%
JSR ,% % %!! % "%’ " 41%% %, !"
, - > 1%
% , " % %! ""%S% %! =
"% $ %! 9( "% " %, $ % ! , % %
41%%  %,!" "% ! 12?2 " %! ' 5% %"- !
7 %D !" 1% 1>"", % % (b "!'% > 1%
7" (" D! 1" 5%% 7 ' % "% %
L™ "$% )" ! 41%% %, !" " % ! 12?2 "
$ "% y o, % T (" ", % H!ID
" 1" 41%$  9%,!" "%! 12 27" t "o 0,
! $U<.O0WE <0)%E > $ "% %"H7,,%
"/ %, ! $% . R )R "%
" %, "% " %, !" % 7"
>" % (% "0 | " > 1% ! (" )OR
nogn
™OH"%! " % "% 12 #o# %, >'$%!
1" % % %" %D!" "% "% " ( ( >"'ID" "
7 D> (" "2 % % %! M (, ( % N %
, "> ct "% "% """ % " DI" $% !
1" % % %" % (-%,D >"! I " S "



* $""%% %12hfgh % )8
9 "% ! " % "I o> %, ! "%

o %, " ! 1'""% (" $ %'% %!! C™ %,
% %,% (( 7" "% 7" %! 2 % ' 12 # #
"0 >" >" D ™ - "#"% %!

41%$ %, !" "% > % "% "
"M% % $% 122" " D 21 % El % E2'1 %
7" %12 ' ">"1"4 L%!%, ™M
>10%12 ## % " 8 " 1% 7 % D
\<D <<D 6< %! 8% , "F (%:D7D & %! "% 3(" *G 7
! R { Mmoot "0 ! S A (G
1'%, <FG!, " % "1 /"% (%" "% 3 (" )
%, 21 > 11" 20 ' " %" 0D 8
%! < (" % % 7" $% 6<% $ "™ (% 5D %!& "% 3 ("
G T % " "% 9(,%,$%1 12 "% D6 %! " %
71 % % %" % (-, ! %% <8)D <06 %!'<* @ ("
JOR ? R S | "(" )R "%
1" % % %" % $% <08@ 7" " %! I"
(%" "% 2((M %, <F(G %!'3 (" 8
o712t (0, (" "% % 0<<% 7"
. M $% 12 ' % R A
( "% " ™, ("8 "% % %! % %, % "%
% .=, % 5)+5)
C 01 % 01 ' % 01



)6 "H $%12 4 # %
I .N, G % 5)+5)
) N, MG /N 6 6 W
<) Wi % : & ) F ON/ 1
"O+// 1 (0+0O/ 1 40=<. 1
A' SA * AT . @ (
D$ / / E*A D$ F Il G
+
A% B A B A%BA< B A@B AB A2E B A@BA@B
)< *[<6 0*/<6 8]<0 ] 80<) 8 )8 8 <.
<< * /<6 /<86 06 8]<0 J. 8)8) 8 8
6< <./<6 <. [<8 *, <O ] 868 < 80
8 < /<86 <@/<b ) <J<0 <<] 86 8 . 8
2( %ll n C n % << % 7 !ll 2(> % n II%
1 % %2 9( "R" ", %! % 2( %" *G> (""%
12 4 »# % I" $ %, $" -%!", "% 12
?lll n 1 mn %! ( n % n % !
| . <, G % 5)+5)
) , N;;)MG /;N 6
6 W. +0/ ) A % & )
Co; 1 (0< 1 0O+ 1
5A * AT . @ (
D$ / / E*A D$ F 1 G
+
AB A B A%BA< B A@B A BAZ2E B A@QB A@B
0 0/<6 /<8 0) <0 0] 8) < 8< 6
8 <./<6 /<86 *, <O .] 868< 80
< <6/<6 <8<6 00 0l<0 <0]) 8. * 8 6 6




* $" "%% %1 2h fgh % ).

Cs "<n ] T-%" H "ol 12 90
1% " 1| 41%$ %, !" % ', """ 5 > |
> " 24 %, % '% 12 ( - %D ' % %! !
5" %% %, e $% 12 ' "% (" D I 1%
% (b "!'%>"!1 7" " 10%( "% 1% " "%
%,!" % " %!'(" , ("% ™12 (- %"
%>" %I(" "% S " ( ( g ot s 04
* % %! )%
7" 41 %$ %, !" 4oy 24 %, % "% 2(-%,", " $% !
et "0 2(("M %, , R " , 90!
$9% N/ (")<% " I AW/ (" 8 % 2%",
(M %, 1" Gog 2(-%," " $% 1 2% 1 " % 7"
%,!" % " "% ?2% $% O < "%
[ 6<% 7" $% <A A ( C" 2((" %, %
% "% % (%! 4!%$ %, !" " 5% %"- % !
1% % , "%7 ' % et (" ""%
$ % %! = 0% 2( %" * xomoomosuwp o wgp
$ ,%! 9 "% " %, ! %>"'%, ! 5% %"-D " "
% %! %, 1" % ",
% .=+, @
4og )C 2
% 2 ' D L
) % 5) +5
) F'( 40
I N1 bog
%@ 4 2
% )C
2

|||||

%



8< "H $%12 4 # %

% . ==, @
bog ) 2
% 2 %
)
% s)+5) C (
0 I 1 dog
%@
4 2 %
) 2

% )6 )6% )'™

)
% A $ ) 2
) 4
7 1 %, 3% 7" D %! 2% ! " % % "
("' "% I" %, ! 1" '% %,, "% %D ! !
o ( %! 1" "% %, O ,> % 4 ("
n ll% % n Il% 2(("!! %’ * !ll %’ !II 4-0[3 II% 2( _%’II' n $
n 1 % 1 !ll% % :T ( !%, % n ll% 1" I% %’
$%*8@%%1 12, " 7 1!"% ( -, 8 " %
")<D <<D 6<(> 8 % 7" 6.D *D*<( > .@EO 4 0D8(> <
" %) 6<% " D*<(> @ EO 7" , (%" ", %DI
lll% :T - %! ! n !II 1 !ll ! - ! , Il%’ >
!ll %’ !Il ll% ! 1 2 ?lll n : ! ! n $ % 4II , I!
% . =7, %@
@ Aog
% : % 2
. -
!
%
) 0 C(1
' D L

) 0) F'(41



* $""%% %12 h fgh % 8
' F1'" %,F 08G "% 2( %" DA8SBG $ '% " = %l 4q
"% "% %! 7 ", %% ? % %, " !,,%
% "0 7" /%% " "% "% % 11"% % !
1" "% %, ! " % % %  %-%, %
> "%, %" 1" "0 %"0%" ™ 1 1"% %, % % > !
%, N G Y7 S B ( 1 12 -
% "% , "% ? % %, St % 10
41%S$ %, 1" %D I" " ' 24 % B8. (" >10%D " 1%
5% %"- % | 7 % % 1%
&" %%"%"% % %( % " & " %, %! "0,
17 % > "1 # "% "%
2 > %l (> ™% ' 1" $" %" " %, %
"o, $% ) 7" 5 % %" - % |
7 %' % " | "% % L™ "$% " |
41%$ %, 1" % "% ! 12" " $ "1 12 4 &
% "% % 2 I" 41%$ % T o( " %,
"2 (" "% S % L %" "$ I C> %, !
% " " 1,% $% 7 ' %
I ' "% 1% "D " 1" 12 T~ "0
2 % M>",> %N % % - %! " ! %, %!
I SU " 0h0p" -0l
" " ("1 & "%, 12 - % "
(" STl H"%I 127 "D %$ %%
+rts ("1 1" % % $%12 % " %
(" (( % 12 - % "% 2( %" !
1 % % "% 1% $ , % % 2( %" % ( "(%D ("( ("
" 122" "t 2( " "% %™
$ %, a4+ .+ (" 7 $ %, " %-
%" >10%($ " "H > "% (, %% % >" !



%

8 "H $%12 # #
% " II% % 4 n ! ! 1 2 ?II 1 " D >Il !
"Oh I "Op ! $ %, ( ( &" > 10 >" 12 # #
% mn % mn !Ill 7II ! 1 2 ?II 1 n n Il% %!
$ ’lll % 7 mn ( ! )R 1 n % mn % n ( %
, n % ( % + %! % " ! n II% ! 7" ! 1 2 n mn
<<% %! 0<<% F2(("%, OD 3(" 6G 7" 12" " "
<< % 7|| > ||% C ’ !II $ ’ %! n %
! F =>+& . AOAE 7 %™ $ %, a, 48 . "0 I"
$ m mn !II 1 2 ?II 1 mn %! !Il ! % m , %!
l 2 # # n n I > m IIY /\‘ / %! n /\ / C n
, 1 2 $ II%’ mn lll $ %’ ! ( ll! %
mn % mn O<< % 1 2 7II > !II $ %’ $ mn _%!ll’ II% !
?Il 1 n 1 mn %! 1 , ( n n /\_/ 7" 1 2 mn ( n
% = % 5)+5
) %
: D
0 # ! | .71 %
n ) I
| . O, G % 5) +5
)
! ) ,N;;MG /8;, 6 6 W.
<) Q+/l & ) # 0+/] 1
10/ 1
A' 5A * AT . 4T .
? 1 1
/ / E*A E*A
A% B A B A% B A< B A@B
<< 8 /<6 0 0]<0 I
0<< * [<6 0 8]<0 Nl *




x $" "% %12hfgh % g*
ton gl > =>4, WO] E ("
SU0%l H T [ 9%, 1 12 7" " $% <<%
0<< % 24 "% 2% 1 41%$ %, 1" $%
A * Y] 77 "D 1" gl 12
2 % (% "% ' $' %% 1 "% %,$ %, %
41%$ %, % - T "% DL TH %
(% 12 " | %, ("%, % | (-
> 1% %% 7" " "% % "% # "% % % %
% %l "> % 106 ( -", > 1%
cC" ! 4 9%, ! 112 m (o
(- %" " "0% % % 7" , % % %
LR % %S | "%t #' % %, % "% 2( %" *
7V OH"%! 127" " %% ! | o "%
% %% % 9 " > I > 1% !
o( "o > 10 (" Lt Mo %
7" ' "% 1 ( "% ASB S
U 0 It M 0 %, ,>'D! "
1" % % /H "o 7 " L H
1" % % >"1 ot Lo $ %, !
L% ", %! % % % %! " %  %$ %%
£ (M 0 % ) "
4" "% 12 4 4 g2ttt
"% "% 1 4 %2 9 "% T 2,($% % 12 /
"1t % % " "% 2((M%, * %" %" 2("
> 1% "nh MM 01 i+ %2 9( " %D "%
%l ' $% 0 @ % "% 7" %$""% " <D << % <<%
L, "% "% 0%, 1 " %I 1, " %
(%" "o, 1" % ( "%! % " "% 2(("
1%, FG %!3("
70t op o %, a+&. 1 0<<% 12 ?"' "
(" >S1 " Q7 (" (" o 2(
("%, FG, " ' "%2(-%", " $ S GO Y 7%,
o( " o s %" $ %, !



80 "H $%N12 ¥ # %
1 2 ?II 1 n n n /\_/ , /H % 7 ! ll% . % ll%
<< % ( > << % !u % 1 # 0/0#2 9( n $ II%’ n !II
%, A (> "N %! %- B
%’ ( % $ 1n _%!II' % 1 # " % ! 1 2 ?Il 1 n 11} a‘ _'_& . %
% =., 01 % 5) +5) +5 5%
& o/ +/ =/l 101
a+& . % " % 5)+5)
N;.MG ! 0) ! % Y1
| . 8, G % 5) +5
) !
"#$% & ) ,N:MG /8; 6 6 W. < )
Q+0O/ Il % : ) 10/ 1 %0+/ 1 YO0=// 1
A' 5A * +T .HE*A @
B
/ / ( () ) +
? B
A% B A A% B A< B A< * B A@B
< * [<6 0 8]<0 %ES$ *8]
<< 8 < *g <8]<0 0]<0 00]*
<< 0/<6 * <*<0 <0 *6]0




* $" "%% %1 2h fgh % 8
cC"1 C %! (% # % " (" " %D !
("1% " $, "% % "% 1 H " LH% "0
0<<9% I" % 12 2"' " %! F" 3(" 6G 4 |
% ", % " 1 i+ %2 9( moong
771 12t 0 (1 "t o9 NS
>106 2 I" " %% "7 %l? % %, ! 1 & %2
o( "M "> 1D (" 19%% 12 "' " %
% (! "" % "' $ %% %, o "1% > 1%
1%% % &" "% % 1" % % 1 s %2
o( L % 1" % % | 12 7" "
% % %" 4" %% 12 %$ %% " 9( "
( "1%> 1% 2(-%," $% ! %" % % %, !
"% 1 o %2 9( " " ( o
o( "% % C " "0 | " "% "I % $%
1 4 %2 12 % 1 >1% 2 I" " > 105 1"
o( "% % 't $ %! % %' % $
C"%% ! 122" " > ! %, ("1%,D >
% % "1 "t | 41%$ %%, I" % (",
" 0% % %! (%" "%3(" %% % %%D | "%
" <<% (> <<% I" % 1 i %2 9( " "%
LY %, 1 41%$ %, !" $% Y/ AL (> N
2 1" (- 9% "t o127 % , "%, ",
$% 0 % ( *8% * o (7" 5% % "o
21 %E1l %EL % 7 DI" % | " %
( "1% >1D ("(',,% " %" g
% % (" >0<@'! %
%, ( -"%I" D! ("! % >" 0, $% 12 4 &
% "% $" %", '#"% ! 1 22" 1
"% % "% 1 & %2 9 A 7 )
2 % %, > % ! 2%>%!%, "% 1 i %2 9( "
% I +" "" % 9% 127" " "H ", % $% !
H "% % %" %', "% &" S"1"06? 0 1" 2 ', %,
1 %2 9 "o " 127" " % % (!
"Mogh M %l (%% "IN > % %, " "

9( % u%%$ 1] u%






6 IlI-V-Solarzellen auf Si

' #" ! (
% /.1
"% 5) +5)
+=009-
+/// -6 R C
+: 09 ‘N
+N ;
@2
$ - % A
' 2
$ %
7 %> "% $% 12 ' "% "
K % % 1,% %'! 4 %, 12 ' "
"™ D! % % D "
"% "% !'%6< K % " %,,! >"
M2 A D )B !
" 1 %( "%, " $
"% "%% ' % "$% 9(,%, "% ! 1"
F(>12G ! " "% >1% "% 1
7 HS %,!" %" C " $% >%", %
( "™ S, (%" % ! (- ("
, "%, % %,!" % >1% I! % "%
-" % ; Y A
> Y % (1 % %! ! (- !
" (- % " " ("",% 5
"%, % %! (" "%

"% [ %, ! 7 H$ %,!" A)B
% >1% 2% %, ! <<< K 12

11 )6
% |

9 -

#l #

$ ’Ill

#l &

%II

%
11 11)6 %
C
-
2
o (>
%D I" "
(, "1%> %D
% 0 @ %' 6@ %
%D I" "
, " >1%D
% % $% " 1
> R R B
"D
> 1%A)B 7"
("%! %, " "%
> >
"D
n !
>" 0
2 !" % " #1#

II%



86 ) "% "

(G "1% % " %,,! (" 6 @ % 12,
, %A D 8B "0H 1 "0 I 2(" $, "%
% 12 ¥ o# %" "%!%' %K % "%( %!
%, "%$%12 g "% " ( (" >1%T7
1 ' "%%D 12 ¥ o# % %! 12 <8< << "%
"0 > 10 " AB6B % CA.D < B , " 7"
C" %! 7 H$ %!" % "t o (
"%l % FC G " ',"% ("%4"%" C" $% 7
"%, 11" "% " % "% | % |/ %" %,A 6B
(" >1% % ( ,.6@ % ! 2 , oo
"0l 2 >l 2(" ' , & "%, $%
12 "% ' "% " ( " - %!", > 9%
1 ' "% %! 12 # # 1% 9(,%, $% " 12
$
12 "% ' "% > 1% " 12
% ( % % 12E" ( % " 12 4w
Lo 112 ' " "% 2((M%,) FG
C" T F<G (- %! 1 "% "% 7Y
12 (> % )R% A B2 '"%" 712 %l12E"
( > %%!'"D ! "% %C"F <<% D4 ]/
%! "% " F8<%D u ~A/ G$>% >1% 2
% 1 "%'l % 1 <<% < FO0<%D 40G</ G %!
2'cel <<2 F*<%D uG</ G "% ™ 7"
% % "%% %! % >1% $ "% % %
"%, % 7" 2( "% N
R 7" "M% " %, 1 % " ( Lot "%
3'EIE2, "% 2 1% $! """ % 1 2 +% " % Ol
! "$% %12 % ( %> 1 % + %
I C" $% !E?%EE2 %! IE2E1 $ >%! 2 Lo
"M 0h> 106 3" E4 '"2%" '#( " %, ,! <
"M %N12 " "% "% %" %I 2(" "% ( %!
C" %! 7 H$ %" %"%! % "$% " %!
™" "1l " "%D 12 - %! 12 ?2"" " > 10 |
% " ("%t + " 12E " ("%
< 7" "%, 12 ' "% ' " 3 $%7 '!I"$F4 % G



) 12 "% ' "% " 8.

"% " &M 5 %% %, & F" 2( %" G 4 "
12 " 12E" ( ! ! / % , %%
5 ' %%%, $% A _AYAS F(" "%  %%D % +% % " %G
>1 "0 7 H$ %,!" $% 4oy |/ m R A
12 ' " 12E" ( St 4 % 1% (" "' "ol
g 12 0o 12 % ( $ "% 7
T $>% %12 ‘s g 2((M %, ) F(G
P
4 " "" 0%, 12 "% " " % 12 %' 12E""

2?2 > "% %% %t " Q% %5" L" $>%!
? %, ! &" %%"%" > 1 1" % %" - " "% """ %
e % ' " << E_ % % 2 , AB
"%, " "% + ! , % %% % "% 4'% %, F%,

" DA D *BG>! %" ( " "D >! "%

/ %" " % Pt ‘% (DI"" C"
$% @ ", ?-" % &" %%"%"% > 1%
7% " %%"%"% % C' %, ! L % % 7"
&" %0%M%" % %l I" T % ' %%"%"% "%l "% 2(("% ) FG %! F(G
% N+ 01 % ! 3 "

% A % 5)+5) 0B %6 D 1
o1 % % 5) +5)
% ! 03/.8+ "+ NM1

%" + %" "% "1 1" F4 % G



6< ) "%

L, " 7" 5 ' %% %, D I" + I 6xD !
4" OO0 %! " %,, ! al " "% 1% ("M% ( %
"%l "% 3 (") %,
1,% 12 % " Bae W % o< @ "
" 12 " 12E" ( % s _AYN %l 0 <MW @
™ 7% %%"%" ! 12E" ( (1'%
. % %% %, (" "% > >" 1/H% 1% %, % /
7% ' I" "% 1 12 % ( 7"
7% "' I E+4. 7% 1t C (%, $ %
+%%"%" % A80B 1% ("% " % &, C %! C %!
("% "% %! & I "% ("% "%"%! "%, %
% "' (""% - %, % " 'Ol "0 %IP
00 060
éta. & /W& (, & /UdG " F) G
7 "%, ("M% 7% %% %" % $ - ( " "
%% %, ( " (" 6<< % "% +0Ca” "  F2(("
1%,) F(GG 7" ! " "% [ %, ! ("% "% "% !
% N =, B D %! % A
% 6 0% N +0 11 01 (
0+/// -6 R1 01 ' ' @2
+ R ! ( "
I N+ ! 2 0@

1 $



) 1 2 ll% 1 n % " 6
| N+ : ( %
! % A % 6
+/l-6 R C
O3/NN. .+ 3/INON 7= @2 L + R1 '
% N=01
( face bee ol¢ G
A B A2E B A@B A@B
12 <*6 < 80 6 *
12E" 8. * 8 6
1 ! %’ % II% 7" / (II% n % I_ n ! (II !II
%’ !ll ll% ! % I|$ % n % ! 1 " l 2 E " (
%D " 1 5 ' 9%%0%, (" > 1% %% F"
2( %" G
7" # % %% ""% F:G % # %! ("M% ' "%
1 2 %! 1 2 E n ( II%! II% 2(("!! %’ ) * , II’ C II! 1 " %
>II % " mn %I_%’ %( " D ll% ! !II 5" ( n % $ % 1 2 ll%! D
Il% _ %Ill 1 #ll % D ! mn !ll ; ! 1 n % . $ ,l 11} %
IIIH% C " 11 %l_%’%$%*<<% ( " > <<% > % !ll
; ! ( Il! % 1 11 % 11} II! % " 2( > << % 1" %I_%'
% =" ;1 ot 12E" (" 1,% 12
% 1 " (
% N 7, 15 K
OlK!1 A 5 %
! % A
% 6 IK!
A 5 ! 2
0@ 11 $



6 ) "% "

7 2% ' o (" "%-%,% ( ($% <% - " |
"% % " %' 5(%! ' 5/ "% ! % c" | o
“ % &" St ' % %" " 1. "% 12
2(-%,", " $% "%!'"%," %! " %'-%, 2 ( - 7"
1'" %,%D !" "% ! %! % 2( - %, $ > %' >1%D "%" %
" %!1%7 "%, % "% A*D 80B
7" ' % %" I" gt 2 (" <<< E _
%! ! 2( "% ""% 3$% 12 C 2. " '$% %
"9%'-%, %( " (" <<<% "%! "% 2(("! %,) o, " 7 '
% %" I" D %" "% 2(-%,", " $%! "%!"%," "% 12
%!l >"%"-%, % (-%,",%2( "% """ % cC 2. (P
(bt [d e g F) G
7 2% " % %" ( (" % % f.Qi+ . " "% 2(("M %,)
r,o " Ct "% 3" $% <<% > 1% " %% " "%
"%'-%, % <<% ( (" % % " "9%'-%,% ( ($%
<<% >1% " % %' "%-%, >%" (
2( "% ! " " "%! %C™" D ! " 1 2( %!
> 0 | 2% ,%, ! "% "- "10, - %!
1%, % $,/H " 7" "% '-%, !
% N )
P % + .
>+=+7? 2
2 %
c 2 % >+/?
2 2% GW_ $
3 $ Er. A <R
%
72( "% ""% % '" $%! 1 27" %, (A<B 7" S%!' %, % "%! |!
% , "% %!'!" C %% %>!%" ! 2( "% "% % ("! 7" %! %

c"!

II%



) 12 "% " "% " 6*
"% "-'1%, -, '""% ' I" |I>" 7 %% " (> %
C"D % ("% "%S$ " D!" "% " % !'" %, ! ;

"%
™7 H$ %! ¢ ' " 1 2E" ( > |

" A3 4oy W/ (" 71 41%$ %, %

0% 7" "% -, ez (-, % 1'" % F 0.G > 0<<%
7" % " % C " "%, ! 7" % , " %% (> 5/
"% " (> %C" "% 5(%! $% > Co Y (> ¢
<A F*G 8<% " % " ,%, I" 7" " % '-%, "%
7" "%! ' %% 1%, % ( % ! 2%% "%
$ )" > , "%, % 'J 1&" 5(% ! "% |
1/H% %%, $% % AB , %!! % 7" %, " 1" 7"

; "% 7 ,"%, % "!" Sl (MM%
"% 12E" %12 (" > <<% "%'-%, ( -",D!
"% 5""" O, ! mo7" "%'-%, " " $", "%
7" "%"-%, $% eg < % % " "% "% " " u ~AJ/
"% ' % %' (%! Coa % ) "% 'J 1&"
5(%! " %% "% 12 "% ! 1/H% %%, $% > %
" " "% 7" "%! %, , %' %% " " D
" 1%, % " % %! ! (M %
% N., %
) P R
! b %

"C %% " & élg %l ég <I</ *0Y~ A/ Aut1 K
%l é AT/ *OWA_/ A,421 K A)B



60 ) "% "
4 "% %,!" $% 4oy W/ ST T "% %, |
5 "% ! %C" ! "7 H$ %, % ! "%" F2(("™
1%, *<G %! ( -, > 0<<% "% 1 H ™! 5 DIt "
2( "%3%$% %% ,/MH " 9%'-%, % " "B ! <<% !I" %
C" , %" >1'%D ("% ! D ($ 1%, %
"% 7 2(" ! ;0! v 1 2E" ( "
"%'-%,%( " ( ($% <<% " 1,% 12 % "
- R A "% , "%, 7" "%'- %, ! "
%, !I" %
? - '% 12 "% ' "% " _ 2" "
"" %, % "% %% % % % " %>1% 1% '(%
( % " "% " 08 _?2"'" " "" %, %
% % " %% %" R A "% % "% " ("
% "% " 2?2"'- 1 I " %, " $ "1%%1 "%
b "% ™" %, %2(("%,)) " %!! 4" 00 %! !
" %,, ! at!t 12 " " 12 %! 12E" (
2(-%,", " $%! +% % "% O, %7 &"%" %
" "% (" +% % "%D (" > ! #
" %,,! " >ID "% "%3(") %,
c" ' "% 12 (> 12e*" " % "% #''%
"%,,!$% 6@ (> 06@ W '($% < +% % "%
7 2% $%4" %! " %,,! " ( ('S %" -HY,
, "%, +% % "% C"l ' "% " % "% - %" " %D
P "% | ' "$% " %", % 7" %%
% N N, B" D %
! % A
% 6
@$ -
0 o/ -6 R1
@2 2 .<R
! : (
| N =
% 3% 0@ 11 $



) 12 "%

"% 6
| N-=, - ( % !
% A % 6 C 0 O/ 6 =
3/NN. .P58E7 3/NON 75/E; @2 L < R1'
% NN
( e e &¢ i
A B A2E B A@B A@B
12 0) 0 0 < 6 6
12E" 08 .6) .6) 8) 06
1% " >"l Ol " " : > 1 % " "% %
"0>" %! (" 3% ! 510, - 1% +% "%, %!
Lt "ol 1M 0! % % " 5"
2% $% "I %'$' %D ! 4" %! " %,, !
" "% (% % 7 " >" %! ( ("M, %' %
(" "% " $% 8<%wWD "% 7" %, $%
u ~AJ %' "% 5/ ("™- "% 12 $% << A<B
> << nE; ! > om0 " ™ >"
%!'" % 12 " % 5 (% , %! "% I %
%% ("- "%% , "%, % " >"l %D ! ("
" % ($% <<nE;! ", AB
2 "% >"rt (" 12 (" "%
% "%,>" % >1% 7" &'(" (% "%% > >"'
,H% " %21 %%, ""% > "F " 2( %" **G
% 12 " % " ( T % ( ("%, "
1%% % ! " "0l %% %, % (" 2 ('$,%, $%
%D I" " "% % /%% % A 0D
B ' " >1%("!'%"%!" 2(" , "% "%
%" (( ‘(12 " %" o7 =nm "%
%! ?>" ' "% "%l " = > 1% % 2% " % $%
("%, , "AB /" >" >1% " "% %
%% %, % "% !% ! " % 12 4 # "% ,% % %!
$ "% % "% " ("%,



6)

2 % %" 1 "%l 2(" "
" 12 " " (% + %% %"
"%, 1 "% 12 " " "
7% "%, 5" %, " 1,%
% ' " "H " "% 41%$
$ % "% 1% "$% " % ! "
N G %"" C! %, |
%, " "% 1% ' "% " 9% |
C, % %, ! %, % " %
SR Lot (
7% 1 % (" (" % " %,,! $% %
+" "> " 0p ?>" e
+ ("% "% 212E"" "$ "% "
1" % % $% " !1%" % $% 212D !
1" % % >" 12 D ', ("M
> 01 %, "% % 2, % $%
9 ,%,$% " 12 % (" $ %
" "% ( %!
12 4 ¢« "% 7 " U 0 "0p)
%D 1" " " 1 %(
'S Lt > 1% ol %, !
" %AB 2 I" % % > |
g 1 EL2 2>
)@ " %,,! % ! 2 , "
12 i o %> 1% ( "
12 cge cncE" 2" 0o $>% A)
P> "% M %, 1 $% . @ % !
. % " % ("! & "%, $% 1
" OF2( %" )G "%l 2 1" 2
2> g " ( %%D " %
12 4 # %I $" 01", " ,

" &

) %
" %,,!$% 06@
r2 "
( " 12 4 #
12
%,!" " C "
% 7"
" %, |
"% """ %
" %D !" "%
% > %!","
@ "% "
" no gy
A6B 7 9(,%, "% !
B % I"
"% " %
2> o
% "ol o %!
R
"wop,
"% " C" $%
% "%AB "'
"% "D I" ("
% 2
"% , "%
B 4 I
2<
2 "% " "%
(" "% 1 <<% <E12
> %! %, "%
"> 10



) 1 %EL2 ?2>" ' v 68
7 0" (11 <<% <E127?>" ' " " ( DI
"It 2(" "> ID" "% 2((" % )8FG!, " " ( %!
"% 12 % " %1 <<% < (" "M% N '"- 7"
("M% 3™ "% > % " "% 3%%""! FoG S (% % 7"
Lo > | "% 12E" ( %! "% 12
% ( , "7 12E" ( % "% 12 s
"8 "% 6<% T %l "% <<%
1 # %2 9 " F2((M %, ) 8F(GG %! > ! "
, " >t " (D' I"1 2 4 > %
%" 7 >1 "% >" 3%%'1! Fo G > %! 12
2 %! 1 1 <<% <E12 ' " "%, , 7
12 % ( > (%" %!"D I" "
) " o (,f "! % > 1% %% 7"
12 4 # s o=t (" % = "
," 2% "H%! >0 " " ")
% N<, 01 11 14)6 % : %
A % 6 01
% 6 % 5)+5)

03/N7= "=NM1



66 L
1<<%<EL12 ' " "% "% % 2Q3 : 2Q6<<10

% " D "% ! ! " Lo ("

"%, %> O

7" &" %%M% % (" ' "% % 12 % (

% 12E" ( >1% " "% %% %" ("

L % T7("> ! "% o %l 1" %
Cl"%, %, % % %! 2 ,F<<<E G %, A8 7"
+00%"%" % "% "% 2(("1%,)6FG !, " %l " %
&" %%"%" % "l "06  3(")* %, 7"
1 <<%<EL2 ' " " ( " "o | " 5" 0, "

1 12 % ( 70t
" +%%"%" % % ! ' " > 7 "%, | Q!
St 12ET (0 (L 1(" )o@ S

%' """ 8 @

% 2((" %,) 6F(G "%! 1" ; $%1  <<%< ( " %12 % "

1% ("% ( % ,,%(, " 7" St %
%l ("M% ' "% " (" C% o o$% 12 "%%
%', % 'D ! " I" ;1 ("% CNOh, " 0% %l
$," % "H% 7" 12 % " " = > % ("1 12
"% ' " F2(( %" )G = "% " % %! " %'-%,

% % : % "% /% %, Tl << %<

(" 12E" ( >" "%,,% "%% % "%" %

1 ; p®to % % , " %, ', ("7

I (" 12E"%" " " % ("! C %%,
o2 F3(")0G $ % * 2E _

*<2E (70" %'%! 12 % (%" 12

(> 12E" ( * 2E (> <0 2E - ol I

3" "0 | % 12 %, "D >l I

2>" " 12E"I "% ) 2E 7 T L

12 % "™"" 7" -H " "ol 1" 9% ;1 12

% " %! "% 1" %, |+ N U

07" +%"" %, | %! ! I 1 << %<EL12 ' " >1 "%

?2 % (" " %" ", %! " 1 $F4 % G!



) 1 % El 2 ?> n 1 mn n

2>" 1 " $0 * 2E 2E 21 ;1 12E"
?2" > "% + " $% <0 2E _Fex ! 12
% n G > % C " ! & " %%lll%ll " !II ( , % %!
( 11 n + 1 ! ?> n 1 mn I ! (II |l% % , II$ %
%% %’ 7" m , ! %D ! !Il ( n % II% % 9( > "
%! ! (" (, % %,! " % " (" "% %% %, %
% NO, 01 ( I 1] )6 % %
A % 6 O+///-6 R1 '
( " I N 7 0115 K OlK!1
11o10)4 % % A % 6
2 * A 5 2 ' @2
2 ;R # , ! @ o@ 11
IK! | EO0@ 11 A 5 # 0@ 11
| N 7, ( " X R Il )6 %
: % % 6
+il -6 R C H
' # % N OO0 1
!
| >'JK IK ILK ILK
12 * 0 60 8
12E" .0 8 * )0




.< ) 1 1] % mn
n 5 1 %% %’ n 7 !'l % L1} I ! II% % $ -l %|| _H'l’
%|| ! ||, % " |>||! %! > 11} - %%( |||% % 2( 11} !

& n %%II'%'I >|| % < %! : %l' % % , ||$
%% %, > ! 11} n |>||! %!D 1 !|| ! "
;12 % " (",H% "%-%, %! 0% >" 1 "0
%’ !ll ||% ! % ||$ % 1 1n % n % ||%

7" n $ , mn ?> 11} 1 n n % ! mn % ! 2 !ll
1<<%<E12 ?>" " " “( D "00 " "$ 1
. 1 ||% %! 12 4 # $|| _%!u’ noa ’ 1
> 1 "0 "" 0p, % ! %, ! " 0%,,! /%%

!ll 1 ll% ! %% % 1 2 C " ||% % , >|| ! !'l >|| ||'

H% ( %’ ! 1 " %I n %’ : >|| % ( n !
1 2 ||% 1 " n $ ||' % 2( %|| - n % > n mn %’ !
n ’ u%’ 4 | %$ %’ !u II% | 1 2 ?Il o ll%
I N;, # 1r11)4 %
15 K 0% N O01 %+ . " 3
I 0@ 11
!
( D! ( M
12 * 2E * 2E

12E" *< 2E <0 2E _




7 Zusammenfassung und Ausblick

LU %, % ", % % %
( mroo +" "L"- "% -

, %!, &¢r o H#
&' " % ("%, I, %!, %

" % /%% % (" 9(,%, $ "% ", %
>|| u’% &l(lll % >% 7

% % ?>" % " " &'(
1" % % ' "D >" (" ">
1" % % %!" % 7" ("r "
+" " D("! % H"% 2 ("
% %% D " " "% 1% "
2% " %, % %D ' %, % "%! +"
"$% " %% "0
! % "% 1" O, !
"% "-"1%, -, % %' ("% - "% I"
e 2(" > b I" %>" "%, "%
>" % " %! 12 % 2%" %, %
41%$ %, !" 12E" (% > !
2" " & "%, $% 12 (
?2>" " "% % 7(" > '
> "% % 9( ,-%, % " "%
1" % % %(,%," 12 N
(" "% % " %,,!'$% )0@ ("
2
7 &'(" % > 1% "% "
', % 2%, L% % 1 %
, "D>" " % I" 7" "%
>0 7 "% ' ( ( " "%
*<< "H# % %! (" "% %D !"
% >" "%, $% &'("" % :
/%% % " I" "% % (
' 3 %>1% " - "%

(,

%

7l|

%

12
#Il

(

H

&

% $
"% %
8%

I %,% "

F"%! %G

>" 2%" %, % %
ll% ! m ’/H

"%
1%, $% 4!1%$ %, %

0 @
%, % !

n % >|
D !" "% 1%

(u% n % % % >|| %
n % I_%’

%

5

n %’

$ %
oy v
% 9( , %,
, "%,

% 1%% " >" %

n %!
ll%

% "% %!
1<<0/&<E12

(% "% " "%

ll% C 1

4

-

%, " !

n #Il mmr n

%

<<R

(o

“# F G
, (

$% ("

oy v

"%l ? %-

"> 104

(%/", D



8?2 % %, %2 ("
Yo T HT"% % % " 2 ("%, $ %7 " % %! "

(- ! % % !" " %" (- %

%" (-" C"2('$,% 1:° " % "%l "

! (%%, " 1% % >% % " %( $%4 ! %
L (D 1+t %"%!1%: " "% " %
% %% ? "% 4! % -'% | %

$ ., %% %D " -2 "%, % "% !

(% "% > ' = % (%

1% %3  %=" "% ,%%% M "I > IND("

L % >, Mt (1% ( %! <<<

5/ )" -HY, %t > 1% T +% % %

L%, C % %, $% %! &(" % (" "

(% 7 "1 1> >l + %

1% >961% %I 1T % "% "%! " 1" D
Lol T % (% , >

7 2( "M%, ! "% T "% " L%

"% "% & > % | THT Y $%!

(= 0 %% %% % " " "t (> %D
L™ % %, %,% (! % 7" " (- > 1 1%% ("
%3  %(" <<R "2 ("1%,$ %7 ' %,

2% "H%! %! "% 2( '%, %"!", 3 % <<R D

("t otoel &(T L > 14 1%9(, %,

$ "% % &(" " > "% "% > 11

,>'D! % [ %, "o (%,

L% T "%

2, % $%2("% & " ?% C"% % %!

%'$ "- (., % # %" % " ( %D > 1% !"

% % 4 % "%, % 7("

S1 F<G (% " "% 4 "%" %, $% R (> )R

% AB, ("D ot & "%, $%

ot %t "D! 1" - "%

"% %Y, "% 1% %" % ( % "% , %', %!

o (" %, ! R % (! "%

% % 2% %, ="%( %! ! 2('$ %, $ 3 % ("



: 1 II% (Il %Il!ll’ 3 - >

"%, "% " 1% (%, % %% %2 ("

71 0 "% 1%
3 %3$%O<R ! I (> "% "%
F31G %! 3 "-(J "% F3CG "%
3 (%" ?2',%, ! | ;"%
cC>" " %! ( - > 10
(- " " 1% +" " "%, (
! L2 "%, %% D
" % " , "D! 1" %
, % "%, " > 1% D
2%" %, % % "% !% 1 " % $
1% ,% %% "7 $% " "
2 "% (" % " %, %31 #
3% ""%"' %%" "F3G>!%
"% % " % 2% %,% " $% 2%"
"% %", 1 (- % "> 1%
"1 "% " % $ %!
"0 ;o F<<GC ,%,
"% 2% %' -%% !'% ' (> "
% > 10 7" % " "% " %
% 7" %2%" %, % %, -,DI" "
% : ! """ %, > % "%,,%
%% % 7" >! "242 % % % #0 2
(- %(-", 72> %" $%2%"
" "#'% 2%" " " F2G
"% % ,>" % & (" - %
2(-%,", " $%! "%" %, %! "M%, $
(- " "% %" 2(" %>"
% ;" " % "% 1
, "% 1 " %1t % I
" %,A BM2N "'"%" >

% n (

% 1

%! "%

% !

%! /

% !

>-

2 1% 1
%>II 1

+ n n

. [T % 1] > ' %
7|| ( %
%’ n ||$ $ % ' l

%
%
%

ll! %

L o 1
, % ("
S % (%, %
"% $%3" I,
% C" ! %"!" %
Lo | g,
"t %% !
>"1" %" 0"
%, %
%31 "%
| %, % %!
"ot
% " % " >%" %
"Wy, "> 106 "
,>" %D M1

%, % % > % %!
% 2(("1 %, 8 FG %! F(G

"%, |
B "% %I" 1 (>
%% % "% ",
> % % $% "%
" %"l (-
"% 2%" %

%" % %!%1
%, % %>1 - "

% 1 :' "%
% "%
% 7" % ! 1
"% 1> 1]
( , D! I
(- "%
%
%D ! %
121" % %



0 8?2 % %, %2 ("
" " 0%% "1 "% $M %l H o 1
> %% 122" " D ("! 1 +" nenep o M
1" % %  %%" 7" " " 4 %, "% %$ %% %
+" "> >" "D >" "0 $ %, I
H % %12 ("M%, $%4!1% %, % % %% 7(""
! %, %Il ' % " (" '$ %
7 %, % /%% % ( % (" " C Y %l
1%, %( , %, ! >1%D | I %, > %"
1 9%l %", % (" % % % (% " 4"
& "% $% &'(" % " (%! “MOp "0 >
" JH% " %2! %% ""% % > " 7"
"% % "I % +% "% +" ne( T 2( %,

D ! " %, %! (" 2( '$ , %,

$-% %" 2(">11 "% I "D "I
N = ol 1" %, % = $%

"t (" (" %' % 2((" %, 8 FG
G %, a1 4o %

"%, "% 12 ¢ # " C"

%, & >! "% ,H %" %, | " % "
+W E  (( 7 (%" " % J"" D > "o
FTNN % (" o 1 "% % %

I 9 | "$ S % " % % %% 7"
206> %! %, | N . - "% $ %)

9 "% " %, " ! 2%% D! " "™, 0l "o |
L T % " % $t %It B % % ("
& "% % F 2 G >" 0 F2(("
1%,8 FGG 7 1 ", D! " % "3
SOmST 0e § 06l T# "% 122" " (" %'- D
't <<< "% 1M 0% ( "$
$ %, >" 7" C " %, ! %, %! ("
> gh >t %, | 05105 |
H%S$ ' % | % 7" 1> 1 9%
% $>% D " #"% "% % "ot
12 4 4 % %



2 & "%, | 1 %!, $% 1 ' "%%
" 10 9(,%, 12 "%% " I" 1 % %! 12 & 4
2 (% $S %! ( % " 1("

12 4 4, " 7(" ""%%(%! $" -%!" % H# "%

"%, "%, (- % ", " %! 41%$ %, " "% 1 12

2] "% % "% " ( '($% %, %

%I" %-" 06 5""" 0 | "% "o1%, -

" " oh '-0p, "% "% Lo %!
" ! (%! (" "% %> %" % "%

" %, 1" %!l > 10 | % ?

L %" "$%2%'J $%4!%$ %, !" % "% " 3 >,%!

%% (% %" L (S % 2 >
I % "%, -% %, %! %! "ol
%% %"$ "D >! % ' % "$% ! % C " %, !
%, 1", & > "% % "1 %,>% D

("1 1( % "% g % %! 12 ( -

I H% % %, % , 1% >1% %% % 7" (%"

>1% " "% % %% ! $ " %D > BN

5 ' %%%, "% 12 "% ' " % % %',
%, " % " 2 > % % >
"0 96"% % "- "% 2'1 % E1 %E2'1 % 7 %

% DI" 1% % % (, "1%> 1%
(" "% S %! 9( "% " %, "% ! 20 (> 2% !

41%$ %" % " 1 0?2 (> 2% ! L " %
"0 % "% %"- % 7" (%" ", % D! " & |

7 % "% L™ "$ $'" %, | %, I" %

oo ogp g o %  2%> %! %, I"
1% ", "D! "3 % )OR %! /" "%

1" "% %, !"%D! (( 1" % % %" % O

> % D I" ,"%, % 7 H$ %, 1" % "

>19% 2 " ("1 :'"% >1% " ( % 4"

%, % % 7" ST 0 L(" "0,

(- % " "%(" % 0% F2(("!% 8 FIGG 7" (- %

"% % " , "% % ', %! $ % Lo

%( % >1,"D! "%" 12 - "0l 1

( ;" "0l O, "ot % 7 >



) 8?2 % %, %2 ("
"% -" C -" % " 1 | 1:""% " %
1% " (%
19%I', 1 "% 1" 2(" %> % %" % "% 1
"% % "ol 12 - % ", "%,
(- % " " %% % 12 "% "% Ol
1 <<%<EL22>" ' "% > % 7" 12
N > 1% (%" > | (( "1% 4 I
"H' 1 1 <<% <E12 ' "% >101" 12 - "o
%% >" % " % '% % " D"%! |
L7, s 7" 12 ' "%
"% "1 C' %, (" "% %% % % % "%(" 6@
"o, 1t r@ " 12 % ' "7
1<% <EL22>" ' "0 "> 10 (" " % C 1'%, %, %
")0@ " %,,! % " $% SR@ ("! % 12
L % 7" # % %% ""% ! 12 F3 N IR
(" % "% 5""" 9%, ! 1" 41%$ %, % "% ! C "D!I"
" 1" O, 1 "0p - '10p - I" " 0% -0, %
7,,% " "1 <<% < 3™ "%, % % ""% F2(("
106,8 FGGD I" " % >%" $% ! % I I
"o 12 *< 2E 9% " $% * 2E _
"ol Mop e %,] I"123""
"% 7" 12 %'l <<% <E12 ' "% "%! % | " %
72 L7 S G VS | ' rop 0l 12 4 4
] % " %, 1% I SR
>' 0 %, | %, 1" 1" "Nl 12 4 o4
% "% "% " %, | %, % " "% |
("%, %, % | "20'% %l | 3 % |
% A<D 6D .B!%(D("! I" C>,%, %! 2%%"" "%
$% 41%$ %, % (,% ", >"! " %% I" % , "% $%
"' C " %A D *<B'"%! % "% " "'%DI"
I " H & ! 1 H% $% %, % "% " "$%
% " % $ "%l % "'$ ol " "%
"o, 1" ( (" & "%, "%



%% "% T >%,% ™ %7
0% %6 4. %D 1" 1 1-(% $%
(%" 41%$ % % "%%! " %
COAYB 2 I oo g
CoLC T %1 5%
% A1%$ %" % M 0% 2 "

% <+ 01 011l % 0)
F

F 01!

) A" &
014 2 % - %

% 5)+5)

78
"% %! , %% "%!'D
(" M %IN!

S ST

%! ' 0p "

% -%!%" !

2 1 )
4
% 5) +5
&
11 11)6 %
% A



6 8?2 % %, %! 2 ("

%, ("%, " ' 1 12 g ox > ¢
2> %, $% ! H% % 4!%$ % % % 1% (- %
G( % % % & @ "%% N

1'"% % F5G ! ' %( "%! ! % FC G "% "%

"% %" C"(M% 1% >" %" %" (-

I H% % %, % ' ("% "% % %  51%, -
% (%" ' % $W! ! "% (%,"% 1% 2 % % (D
I "% ,H-", % L%""$ 2> %, ! 41%$ %,
" %l=$ "M%, /" >"1?, 5 M2 %,
%" | "M oh % Lo %I
2"$" %,! " ( "% "% 1 %EL2E o A
2 1" " 05100 " %,, | >" (" "%, % % %

1 ( "%2 " F2("%, G



Literaturverzeichnis

AB 1 %D 2D+ JDY &" ">D %! 7 7% D G
! E I 0 781 , "% $"'"P %!
2" "% , FGP <F< G
AB 7" D4 % + D (! E L G
C""% P *}0F<<8G
A*B C D2 D4 7" %'l " D L G G
"%o5 ) D&"'(,D1 %IP "%, 'P
)8 68 F <<8G
AOB 7" D4D( ! E G G"
J" e F*GP *8*.F<<)G
AB 5 %"D&D 2 CDKK %1 " " G
) " @C%IG4FZ E D "%, *1 % % "%
% % % ' % % 1% " % ' ""J
&J , %D !'D2" %D 2D :57 < *68 F<<G
AB 1"%,D D+ " "D2 '(, %K " D A
I % F " %
F)GP ) F<<)G
A8B ) A" D4"(,D7 '"%P4 % %! 21
F<G
A6B &#'D 1CD KC &!'"™ %! 1K "DA ! | G
A ( | E D 7 % "D I" <<D
1" $J
AB CD2D G E( G D "04P5
) (! EI @ " D2 " %!
25L FIGDC" D1 C""%P % " J" (" "%,P **
F <<*G
A<B 5%% "%D D J% $ %! F! GD GO0 1
% ) % ) D "% " P &%\ " %
" %! D'P 'l "%"" (" "%, F.)G
AB "™ D D % E 4"

7" "%D 4 (" J"D %"$ "-
+% % F<<G

AB 'JD % &K :" D 3 ¢ ! E "
Y G K %' 2™ J" F*GP < .F.)G
A*B 5p JD 1D 7" "%D 4 ("
J"D %'$ "- +% % F<<*G
AOB 5pJD1 %! 2 C !4 ) G C
I E 4" 3 " 3 " G
) G D 1"0, 8 % $'" ' % .J

% %D 'D % D1 %JD 866 F< <G



<< 5" $ n %II

AB DYD3:"D2Y % Y . "D +:9G
I E % G @ 2™ "
5 "F*GP )0 )F.6)G
AB Y , "D % 2 %D I EG @ %
G K %' 2™ J°" S F.GP "< )F.6G
AS8B C D2 D+C > D D "ol M0, %
G E 3 Q) D) % % "%’
$'" "% %! %,"% "%, % % D: >7'"D %I"P # |
ac& (""% $ 5D:>7'"DC (JD ' D 60*08
F.G
A6B %D D3+ D Y%DY2 D3 , W3K( (! E
% %6 | G 4 =/9 D 1", J
% % % $'" % .J %$ "%D " 'D&>"D 2D
)8.60 F ..0G
AB 4%D 4D+ 2''D JD& qgqD&? (D " %': D
% 4 G K %"
7JENENE 1: F8GP * 6F.<G
A<B 2 %"D +D 2K "DC+JD7 7%$D+ K%D %%
%3 7#%D EG C % K %"
LN 3 F*GP .) <<<F..<G
AB 4 %"D2D 5 #DK 1% D25 J D1: % "
% ,F 3 E G %" D 1", 6
% $'" ' %,J % %DA4 % D 'JF.66G
AB "% D 2DK2 "%D 52%!' D + &'"D 1% 'D7 "D C
'D K%'"%D7 "%D22" %D 24 ", % 5"D
Y 6% G
3 CE , "% $'"P 0%l 2 " " % , F)GP
080)F<<G
A*B 1 D DK /%D "™ D "% D1 " D2 "D 'D
"$D2 C %' 4 7" D G 1"y
G A +49G I E G
2™ J" 5 " FGP *<0F<<.G
AOB "%,'D 2D 5 2%! D 2 4", 'D2K " %7 "
Y ) c ! D 1'0,
* $' " % % D '%'D4 "D 2D
)8 8< F << G
AB 5 D D 52% D2K " D55 D 24", "% 2 "%D
LY )6 % G "6
( 4" G ' % 7$" 5
3F*GP 0 00F <<)G
AB "D 3D C $!D325%,D 5" ol 2 4", D
G | ! !
CE G ) 2™ J" 5 3 FOGP

86 <F..6G



A 8B "‘D2D+ " D3Y D 'D & DY Y ! %!
?"D A I ' " E CE 0//+1
(. A5 ) 2" J" 5

3"F GP **6*0<<F<<G
A6B %DC D&Y QD7 &D1; &%DY1%D2;, C'™D 5QD5 5D

Y& ?D; %, %! C E
" E D 1"0%p, % % "%'
% % %1 %" D:>Y P D 0< 0 F<<6G
AB 7' D4D3 % D "D+ 7JD %D 2 "D "$D
+ D D1 " D3 1%!J %! % D (
0] [1, %
@ C %! "9%" " C"l%, %! 4 9%,
FA4/! %% " % <*4<*2GD 4 % % " '
% ,"J F<G
A*<B 'D D 1 D2 " %l4 7" D E! P
K %' J'1> , P 08..=6< F<<6G
A*B 7/ D&D3 &%% 'DC +% D2 CJ D+ ' %! 'D
' 0+//1 4
") I" BE 2" J" 5 " F8GP 8 <*F<<6G
A*B .p D DC +% D "' %! + 'D ( " 5E ) ,
G " E % ) 4)!
G K %" J'1> ., F8.GP )<
F <<6G
A**B % D 3D +"%, D 7 5 % D % %' 4 7' D
' ( "5 CE ASb | "
A " TAEA " oo K %' J
1>D ! (" "%F<*G
A*0B "%, ">D 1CD4 ") " BE, | E
) D % 'D % 7",D ™ %"D 2P 2!" P 8
F..G
A*B 23 D K OO " 5E DC %D 45P 3J a
4 %" 1 P 0 F<<8G
A*)B %D D 1CJ$D3 &%N% DK "% %! C ? %D .<.
c ' % 6 0+//1, % A 6
J"'" $">CF % % ! %! J" G
3 F*GP ***<0 0F<<)G
A*8B & ( '%!D + D4" ' ")
I" 5E A" ' ) 7" "%D 4 '-
"0l 1 >" O %D 3 %" %"$ "- C "%
F<<G
A6B & D D4 D O 'D 2 !!D: "%P 20"% 'J
5%, %P )6F<<G
A*B &('%'D+D ? %D2 +"%D2 C JD J DK3? ' %!
" D ' A 4 )!
GIC EA " "E K %' J'1> P

0 <<F<<*G



< 5 $ "%

AO<B 4> D 4DTAE D ' 5 %! %P
ey P . F<<*G
AOB C D 1 %! "D 4" G " 5
CE DC "%D1 %JP "%, ',P 0.F.)G
AOB (D& &5 D @ ""E D) 'D ")C "D 1 %JP
"%, ',C "WF<<G
AO*B $ DK DY 2%! "D25 (DK 7" " %Y "D
G R G E I
E G TAE A" " "
I ! "E K %' 2™ J" " F8GP
0 .F<<*G
AOOB 1" %D D+5 +$%,D&& "! D : " Ol 4% D
! % A b5 5 +5%
@ E K %' 2™/ J" . F<GP *8 0.
F.6G
AOB 1' D rD K "s D Tt( > %! 7uv> "D
% " A 5 C % 6 %
( E 4) K %' J'1l> , F GP
*<0*< 6 F<<6G
AOB 5%! D57 %! 5* "D | E ! E D"% "P3 J
CUIP, % F.8<G
AO08B % (D &D : Y I %! "D C | 5"
G =87 +Il # % % "%' K %'
3 J" . FGP F <<0G
AO6B 2! "D D 15" G % D "®P
% D C ' % 1 "% F! GD 5%!%P D 3
% " NN %"% FL)G
AOB 1' $D D2 "% "% %!5 $'3$D I 15"
G
) " &", 3 , F*GP *).*86 F << G
A<B 7% %D 7KD % D "%P % D ' )D
C "%W1 "™ %F! GD5 %! %P : P ) F.G
A B >S>DK ®%W!l'2 C 'D ' " 5 E ,
' K %' J '1> 3P 6 F.80G
A B >DK %2 C 'D ' " 5 E ,
' ) ' " C G K %'
J 'l > "F*GP 8* 6<F .8G
A*B &'D 7 % 7K C %D ' DO 'D #1IP
C > &"%W %P 0 F<<G
AOB 4", ''D 2D’ CE " BE,| E 5"
%" " "0 3F*GP 68 0 F.. G
A B ‘D % K C %D G G CE |
C 5 +50 CE ( 2 "I
J" b SFGP * *OF.6G

A)B 'D D G 2™ J" 5 " FOGP . .F.6)G



<*

A8B /%D KD )6 %6 ( $ 1"
7 ("D 3 %" 4 '-D ""% 2 %"$ "- +"'
F<<G
A 6B "D 7K D CE 3 E " of/+1 J"'
$"'>5 " FGP ). ).0F.68G
AB " %D D7 "D K ' %! 3 4 "D A % "E
" "E % , "% J" 1: FGP *0 F<< G
A)<B "%D 7 %! " %D A % "E " "E, %
4" ) $"> %! 5 3FOGP
*6. *.8 F <<<G
A)B +"JD D7 2% D53 4 %K & (" %D A '
" "E O0/[+1 % J"' $'>
CF %% ! %! "tJ" G 1 FOGP 6.0 .<0
F..G
AlB 2% D7 DK &(" %D 22 % %'5 3 4 D %™
A ' , "E 3 I" 5E
% % % K %' "% a3 %',J 2
%! 4™ 1F*GP *8 ** F .66G
A*B ? %D D + D2 ("DC K%%D2 C JD+ +% D
J D5 "%BDK3 ? " %! " D G )0//+1
' 3 4 J"'" $>C
F %! % ! %! "' J" G 1, FGP 66 <F..G
AOB 77/ D&DC +% D2 CJD "D + 'D " %! 3
& %% 'D % " ' K %"
( "5 ) 0+//1 K %' "% a
3 %', JC : FOGP & &)F<<G
A)B 7/ D& %! 3 &%% 'D A % "E " "E
% E ( "5 )@ 0+ M K %' 2"
J" 3 F GF<<G
A)B 7/ D&D3 ) G'
% 7" " %D "oS" 0y oM™ 4 '- D
& (" %'$ "- C "%F<<G
AB8B +"% "'D D& 7/ D , %'3 & %% ‘D' 4
@™ (E )O+/ /1 )O+//1
J"'" $">CF % % ! %! J" G
. FGF< G
A6B & %D &D 1 “"D4 C 'D ' "% 7' 'D )
)0//+10=\+160=\=1 , % (E % '
@ ) " G J"'" $">CF % %!
%! "' J" G 1: F*GP <*** F<<*G
AJ.B +! %"D :D " %' Y 4 !'D
) )0//+1 0=\+1 J"' $">C F % % !
%' "' J"G 3, F)GP )**F<<0G
AB<B ip D DC +% D "%+ 'D -E K E'
% " ) @ o//[+1 E | !

"EOK %' J'1> , F*GP 08)*08)8 F <<6G



<0 5 $ "%

A8B CJD 2D ( "

non 7" "%D4 ("
J"D ™ %'$ "- (,F<G
A8B 4", D 2D2Y +'D 3 "D32 5%!D13 " % 3
c'D 'E A5 G "
"0 06l 9,"% "%, C 13F=GP  *)
F..G
A8*B 5"DK5D? Y%, %! +5 %,D CE
) K %' 2™ J" " FGP
<0<06F<<)G
ASOB D D)E D % ID&"'(,D1 %JIP
21" ' F<<<G
A8SB D D)E ! D % ID:>Y D 2P K %
"J %l % F.6G
A8B +% DCD pp D "% D+ ' % ! 'D 0//+1
)" % " ' @ ( " 5 )
3"% ™4™ .3 FGP 0< 0*F <<6G
A88B 'D+D2CJD " DK '%%D : DC +% % 'D
)F 15 0//+1 6
K %' J'1> . FGP *808F< G
AS6B 7/ D&D C % D2 7("D & %D  +"% "l %l 3
& %% 'D ) " 0+/1 EI 45 A
G " K %' J'1> . FGP <
F< G
AS8B 7/ D&D C % %'3 &%% D 45 A
0+//1 4) 1) %
K %' J'1> . FGP )*).F<G
A6<B C % D D & 7/ D +"% "l 3 &%% 'D
(E 0+//1 2™ J" 5

“"F GP <.F<G
A6B 7/ D&D +"% "l %!3 &%% 'D %

0+//1 )" G "ol 2 "1
"% 3 FGP 80 6<F<<G
A6B + %D %!'72 "%%DG 3 (E ) 5
| E 2 $'> FGP 68
F .8<G
A6*B & %D DA G ) C E
G GE G 7" "%D 4 (" J"D
%"$ "- +% % F<<6G
A60OB 5D D 3 ID 7 +%% %! +4 K% %D
" "E | % 4G' )

A K %' J'1> . F=GP ) 80F.68G



A6B +' D2D2 >D7 1 D& &'!!, %D :: D& 5 D3
D7 %D2 "DK J% %! w "$%D4 G
) 4)! ( K E % 171 1<% 6 %
K - C " K %' J
1> P . .8F<<<G
A6)B K D 1 %' K "D | )E E | E % !" %
K %' " J F)GP )< )8 F .)*G
A68B 7("D2D +"% "ID & 7/ %! 3 &%% 'D K
(E 3 0+//1 )" E "
) " BE K %' "% a3 %',JC " FOGF< G
A66B 7/ D &D2 7("D C %D +'"% " %! 3 &%% 'D
0+//1 (E ) % 2™ J"
5 "3F GP < F<<G
A6B C %»WD+K %' C "D ) H ") )
) " 6) " E | :
A GE ) K %' 3 ' e
FIGP 6* 60) F .80G
A<B 1", D4D 2C % 5 D ")
G™ | [+ 7/ % % "%'K %'
3 J" :FOGP 0 0*) F.e8G
A.B "D+D? +"%" D 1" %D & %D 4 "™, %'3 &%% 'D
4" 4) 0+//11 @ K %'
J '1> . P 0006 F<<*G
A.B 2 D D + D4 %D 7 D " %! C 7 $" %D
C) G "
C A
% "E K %' 2™ J" 1: FBGP *)0*88
F.<G
A*B +"%, D D2 "D 3 % D %! 4 7" o
"3 " G D
"%, *8 $' " " % % D 'D
"%, %D 2D F< G
AOB " D5DI ! "E D"% "P "%, " "0
"% &"'(,D1 %JIP "%, F.. *G
A.B :,"D &D e 5 +50 GE K %'
2™ J" . F.GP *86.*8.0 F.80G
AB "%D 1& %! 3 "D | '
( "5 " J" "2
2 ™M1 FGP 8*808F.8G
A8S8B 2 DK D + 1 %!" %! 5K >'D GE R
( "5 CE K %' J'"1> F*OGP  0*<00<
F..G
A.6B $'D D F ' " E !
A5 6 0 16 K %' 2™ J"

F8GP *<6F ..8G



9) 5 $ "%

AB 4% D DK41"D 2 "%DC3DK DK '$" %
+'%,D A G A | '
'E ") 3 % G K %'
2 ™1 J" F<GP <*68F< G
A<<B +"D2YD "ol 2 4", ID!
' 'E 5 +5) 3 ) E
") 1" 5E, | ! K E
K %' "% a3 %',JCP " %" %!
- % 3FOGP 06 < F..G
A<BC %' %D D 2%/ >D3C KJD +'D 5 %q %! K 1! >D
% E G ( '
v 10.% % EG 3 I"S5E K %' J°
1> " F=GP F..G
A<B ' %D 1&D C ! PG" K %'
J'1> F<GP * * F.8G
A<*B 4", "D 2D 3 "D C $! D325%,!D13 "D
Y %,D 5" %! 3 C' D ' A5 6
( K L) 3 FGP 8 *F..G
A<0B '2 (D2D | (
"% , F660GP 8. 8*F <<6G
A<B? "D2D +'%D K % %! 1 JD G" %
) "3 3 CE "
G K %' 2™ J" FGP <0<86F< G
A<BY "D D& %( % 4 D N =
0G( 7% 0G (L' " A ( _ F - K %'
g F*GP )88)8.F.6G
A<8BC,D4D ?"D D J % 13-%'D 4)
( E %6 % K - K %' J'1>
. FOGP 6 F..6G
A<6B5 %D 2D: C % %' 1C "% " >D "

)" JEE 4) ) K %' J'1>
.. F=GP 06 *F.68G

A<B '%D 5D "%D& 3" % &1 1 " "D 4
" 5 % r)s K %'7 J'L F: GP  ***6
F6G

A<B5 %D 2D: C %D & 5" %! 1C "%, ">D ' "

| EE K %' J'1> " F*GP

)*)8 F .6.G

AB5D &D 2 5 %D : C % %! 1C "%, ">D )E E
| E E" " K %' ' %' " . F*GP  080)0
F.6.G

AB %D1D7 %D 4& D2 :"D 5&J' 1 JD
+%I™ %! 11D ") 1" 5E 6
) " | E E" " | E E K %'

J'1> 3, F*=0GP * *6F <<0G



<8

A

A

A

A

A

A

A

A

*B5D &D : C %D 2 5 % % 1C "% ">D | |
E A JE E | EE
| E E" " " EE K %' J
1> " F*GP *<.*)F.6.G
OB1!>D K % + 1"%% 'D A 5 =
( "% , FGP .)0F..G
B /%D KD # " 5 '
n ( $
7" "%D 3 %" 4 '-D " "%2( %'$ "o+
F <<.G
B DYD3:"" D2Y % Y , "D % ( "5
G 2™ J" 5 F.GP )8)6
F .66G
8B 2% D 5DK2 "%DKK C 'D7 "D 2 "D2K " D 55D
2 4", 1 %l 2 "%, 'D () %
+5 5 3% "% %' %
79" FIGP < F<<G
6B1"DK4DK '%D K D K' % %' 21: % C
%) G E 4 )Y D 1'%,
0 1% % % $'" %.J % $ "%D "'D
&>"D 2D 88 F<<)G
Bl %D3KD C%%D 1% 'D?2 "%D 9% "D
7 DK™ % 2 "%'D G " 9%)6
' ) %" 3% "% %
L% TS 3F GP *) *) F<<G
<B1 %D 3KD C%%D?2 "%D I, "%D % "D
7 D ™D & 4 % 2 "%, | "
L %)6 ) 4" )6
% % 9+ 3 D *0 $'
"™ % %D "™!'"D 2D <<< )<< < F<<.G
B D) ! ) 7, ) " |
) 01 A " !

)<.<0*F )<.<0*GF <<6G

B %D &D G G E A G I
" ) "% ,J "FOGP . 6F.6G
*B D) ' ) <,G" " !
| ) ' )<.<08 F )<.<0
8(GF ..6G
OB /%DKD4 7" D2 C D23 "WD K ! %K "%
G - 3 % 6 D "%,
0O 1T% % % $'" %,J % $ "%D "'D
&>"D 2D 88).F<<)G
BY%D +D 1 % D 5"D 2K " D 3 " %! 2
4", ''D G @ % ( "5 @
K %' 2™ J" " F8GP *6.) F<<*G



<6 5 $ "%

A)B&J "D+D3 ,D& :"">D3 K'( % %D 4G’
%) | G %" D "%P +
M- G ) | EG 6 =
) " G D:>Y D 2P 6.< 6.*F..0G
ASBB D D 2''D47" D2 C %! D
G " G
Y G . "% $'"P %!
2™ "%  FOGP 0* F<<G
AGBY ,'D D 3">DY D |, %l +%ID |
% | A % K %'
2 ™1 J" 1. F.GP 06 F.<G
AB:"" D3DY D2Y % Y , "D G )
% @ | % )
2™ J" 5 . F*GP .6*<F .68G
A*<B /% DKD " D47 D2 C %! K-, D '
3 E' F CE 2™ J" 5
" F6GP <6 .< F<<6G
A*BY , "D D 3 ">D ,D +%! %Y D % E
! " EA % % @

2" J" 5 1FGP 8.F.<G



Abklirzungs- und Variablenverzeichnis

! 19
24 " "D "¢
2 2 %"
21 % 2 %%, el
2 5 D%’ "
2< B %% %
2 ! 3" %%% "2 % "% % "
2, 3 " %%% "2 " "% %
2 2 %
2&: 2 "%
2 11

+ 1%

+% %" % $' "D %' %% ! $'

o>
71 ™o
77% %
C %, ' %( "W ! %

O+ T %% %, %D

%, " "% $, "M%,

: # % ;%% "%
%2 %" %"
% %"

+ %%"%"

4 % 24

4 %

4

4

%% %, + %%"%" "% "

%, '> et
% %" 2%, > %! 4 /[ J"
% %" "%, "J




" %"$ ! - ( 1

< 2( %, %! "(%$ " %"
! 19
1 1
12 1™ %"l
12E" ("t "0 %112 4 o8
12D12 4 & (7S
1%2D1 » %2 1 ol 0"l
1%D1 4 % 1 ol
1 i
1 1 %"
&D & D % '
&' L
&2C & ' ?2% C "%
4 1%"" "%4 F'% ( G
% %!
C T E D %) ( "]
%, ", "% % % ! " #J
4 Y% "
1 % J,"
"% 1 %" #'D
%' ', %" $ "]
D: " D %
4 "% "%4 F'% ( G
E; ! "o Lt S ol
! e
&+ "%
% 9( , %, 9(,%,$% "% "% %! " % &'(""




19

II&O

"ID "1 &

3C2
3C

31

3n
32
3%
31

Q7

?%

$III

"#'% 2%" "
%, " "% %" J J

" "% 2"

1" "% "D %, "

Lt " " "D %,

R D %, " '

"%
g g
3%""%"' %%" "
3 "(J "%
3 "(J "%
3" Jm™

3" %

3" %" #"
3" J' "%
3" J"%!"
3" J,m™
1% , %!" "D %, Q J!"
1% ,% "D %, Q J

?"%

"%

N

%u

% L




2( %, %!

n (l %$ n %II

[
i >
ic Oc Dic

i e

i A

iy

igD D

i OEn. O e

i
cH2.

C+&. [, 4&.D
CTI+&-

@2

W

1" % %
1" % % "% $ , %% "

C"$ % "% "%" ""

BT % %
%, % %

(" % %

1" % % % "% " % "% "

% '% " " % %P

"' D %"'%,A <BD %'%,A <B
"% 1" % %
20 "% ""%

3" 2!1%%, ""%P
", "%D ( D "

c,$ PC D
"% S>" % ( (- % F<<G:
5" % % "%F'<<<E_G
Y+ % % %
7
(%% ( %! : (%% Lp qv
7" "% % % P" "%WD' %%D5 %
+% 7
"% ' 4 "%" %,
C%w" %% )" "% &'('"
%, %
"$ %, "% "%

%, "% " (! ( )

AB
AB
AB
AB
AB
AB
' AB
AB
AB
A
A+
AB
(%  ARB
AB
AB
A
ARB
A B
% %




ap.D.

YD¥. DY

pD O
ppc
Pcro

Pco

]

Gee

o +h.

@B

" % %,P
"' D %'"'%,A <BD %'%,A <B

o "% %, %' %,A<<B

1" % %, () ( "#' D
% 1" % % | "

4" g v

"% '>" %C, $ %'1%'- %%

C"$ % "% "%" "" " %
"1t $

"gp 'l "%, >" % ( %!

W

AT "% (% Pag.
T R

Lo TNV > %! C '

U % %IC %
"%,,!"% " "

5" "% %" -

2% -%," 5" "% %" -
"% "%! 5" "% %" -
B "0 %t -
M C% C% ("% "%

Mt "% ("% "% "%!

%%

#"% "% ""% %

"% "%D

AB
A
AB
A2
A

A2

A2

A2




0 2 %, %! "(%$ " %"
! 4" |
s " %$ A B
D "%( ""% "% ' % 2D3$%2 %

a C' %%+% % A E+B

D D, T %% %! "%S$ A B
¥ o "% "% " %S$ A B
}:{, 1 " %$ A B
eDs DB, D 7 "%"-%,P ", "%D$% ' % %D 3$ %5/ %D $ %
& Dby " %% % 37D$W5/ % % 37D $ AB

I 41%$ %, %
2 " 0%'-%, AB
27 "%'-%, ! C%" %% ., "% &'('" A B
2 "0%'-%, ! |, % /% ,% ' %, AB
4 7" % % "%" %&'(" A “B
4D4 DI D
4 FGc ¢ Te T
& DE + '#C %, "%!"
4 % "%" 5!'%, -, % % "% A “B
o 41% (>7 H$S %" D A B
%,' "0, "' "0

® % "%
y "0y " 0 ARB
Y (aa "% ' > F<<G %! % %! (% ARB
u 7" % % "%" &'(" A “B
X "% ' >" %C, $ %! %, "'%" ARB
. " % 1050, AB
D D, "+ 1'% % A'B
< ) A'B




! 4"

+C.n1C.
®Em Dg:TI D

+C . tC .
*Fr Dg:r

3003
8

:>[£>[£>

Sy
QDE@D} D}@aD; a

| x|

kD Dn

" 1M % or %! ey$% " F5G %!

( FG "%%C,% '# % "% 4. (%
O OH % M

$

H %
1" %

H % (U % % P
"D %'%,A <BD %' %, A <B

H % (! "% "% 1" % % |
$ ., %% " P

"D %'%, A <BD %' %, A <B

H % (" " oD I ("

$" %", H#H > %
1" "% %,, "%D %, , "%, A
%% %, %

o
3

"1 "% 4(J "o AB
"% "- 1%, -, | D$% ' % %D$ %5/ %D
$% ' %% % 37D$%5 % % 37

"% D! ' C, "%" ARB
e 0 M 0, jkim r
2 "$" %, % " %, " % A B

%% %,
5 ' %% %,

AB

AB

AB

A+BD AR B

A+BD AR B

A+BD AR B

AB

AB

AB




2( %’ %' n (|%$ " %n
4 1
1%, % AB
% %,
+% % "%$%2D %! %"%! 1
X¢
+% % "%$%2D %! %" +" "
X¢
Y %, ! A:
"%! "%, " AB




Veroffentlichungen und Vortrage

3 %D&7 D2CJD C %D +"%, D2 "D
+"% "D K DK ' %%D+ 'D 'D3 &%% D2 C D
4 7" D 4) G 71 G
G" A D "% 1'%, %
$'" ' %I % % % #'(""% D '%"D "%D .)0
F<<G
47" D ™D1 D 'D +"%(%D3 %D
+"%, D "$D "% D 1 D2 C )
L G) E D"% "%,  *
$'" "™ % % D&%''D&D 2D * F<<G
2 CDKC%' D47° D 1%D41 %D &'D & "D
+">"D  +"%(%D +"%, D "$D "™ D3 %DI1
"D o ( ! E G @ I D "%
1"0%, x1&" ""op] " D" "D
K %D <F<<G
+"%, D2 "D3 %D D 4 7" D '
" " D "%
"0p, g % % D 'D 2D
2D <F<G
47" D3 %D "D+7JD %D2 "D "$D
+ D D1 " D3 1%J %! % D(
o [1, % @
C%! "%" " C"%, %! 4 %, F4/! %% " %
<*4<* 2GD4 % % " Y% J F<G
3 %D +"%, D %D7 5 % D4 7" '
( "5 CE A5 | " A
" TAEA " " " DK %' J'1> 1. D

6 F<*G



+ 7 %! D "D "$D +"%, D3 % DKC%"D & 'D

%Dl " D K-, D47 D @ )6 % 66
G E % -3 D K %
$' NOD 0*06F<*G
+%, D3 % D15 %D D4 7 D
(1 S : D
3"% "4" .1 D *6% F<*G
47" D3 %D "D+7 % D %D 2 "D
"$D1 " D+ 'D3 &%% D K, D2 CD )%
! G % + . E =7.9 D "%
"%, %, g1 % % D3 CJD

45D 2D ( (" ! <*

3 %D& 7 D2 CJD C %D +"%, D 2 "D
+'"% "ID K DK '"%%D+ 'D 'D3 &%% ‘D2 C D
4 7" D 4) G 71 G
G" A D % $'" " % J
% % %! #"(""%D '%"D "%F<<G
3 % D& 7 D2 CJD C %D +"%, D 2 "D
+'"% "ID K DK "%%D+ 'D 'D3 &%% ‘D2 C D
4 7" D ( D *
"0l" % 1 "% 5 "% " %,DC "% F<<G
3 %D C %D2CJD& 7 D %D +"%, D
+'"% "ID K DK "%%D+ 'D 'D3 &%% ‘D2 C D
4 7" D ( D O
"Oo" % 1 "% 5 "% " %DC "% F< G
3 % D D "$D1 " D2 "D +"%, D3 1%!JD 4
cC "D "D4 7" D % 6) " % TIA4AF 71/
GA G G DO 71++ DC "WF<<.G
3 % D ( D

%" %, "% 5 "% " %DC "% F <<.G



3 % D +"%, D2 "D +'"% "l D K DK ' %%D+

'D ‘D3 &% D2 C D4 7" D(
D * n %!ll % , ! ll% 5 Il%
" %, F<<G
3 %D b2 "D C %D & 77 D3 &%% 'D4
7™ D ) 4)!
D 71++ D2 %F<<G
3 % DK /%D +"%, D 1 D "™ D +"%(%D "$D
2 "D %D D2 C D47 " D "3
Y G D "%, "%,D %4 %" D "%$" !

'F< G
3 %D %D "D 13$D + "%, D 2 "D "$D1
" b4 D % 5) +5) 4)!

) 71++ D :

F<G






Danksagung

7"

(1% " ™ (""" "%%+",% 4 % %! |
%'$ "- +% %D % | %% % " (" % # %
4 %, "% " % 4" %D >" "% /% "0l
%  %,D!" 2t (Y %

C % " %7%i
A ( "% 2%% ' 7 %! %l
C %" 2("

A@ C " 12>t g
2(" (% %

Al A 7"% "% '™ C %, " 2("D %

% $ %7 "%%DT7'% " %! % %! """ % 2% , %, %D
S T 7 R % 1" 2("
(" % (% "'%7% " "% %% " "% %! "% "%
"ol [ T %DM " T % 2( ™ %, % %!

A 4 7% " % 3 %% "

% %! " 7% 7" "% ( " %> % " %

$' %

% % | %% ! CC4 | M "N A 5

# D A % D A ; DA #
A" D! 49 DA % ' H A 4P
$  F DA F D %" %" (" % " "% %"$
20 % (" (" %> %1 1 ;" % ' "%" % "

( % "% 7% " $'% & "% % 2 %, %D
"% 3 %% % I" /%% | % " "
2 % (" " %%WE  $" H, X
$ : 7"% % %, %! %! %, "% !
#"%"%7 %D " (""'>" I C "(!

206, 1 " &" (" "% 2 % Q7 %, %D %
> %" NG " % "% 7" "%
(", %



% u% 1on % + " ’ % n C " 3 "! "% % " 3

%!'" (1'% " (" "7 %,%$% # " % %D !"
"% %l %% %! % 7" "% %D I" %!l "M %
1 -D! ("% "% 2(" % $" 7% )
. HA A0 @' HA DOH I '+ H
. H O / ' H/! HA ( H #
# HAF '-H% ; H% AP H ' H
(OH ' H 2 PH' "' HDO
 HA /IQ% & H* %'H* % ' H # H
#' H H5! ( PH M 4" H
A M "' [/ H @ 'H % H A X ( H
A %& %!'$" "% X
HA *P # /)
% %, ' +",% %'4 %' %! % |, "% %!D ("
b, "%

[ ' 4 H $ HF / HA ' %! "%
%' % " (" %! 4" 2Q3:DI" ("! %( " (% %!
% I"" "0 ' " > (™, > %

A @ % $ 4% 24 1" & ("$"% Q7 , % %

4, "%, % %!'Q %, % % 1 " % " (

A F+ DA A ' #+0Q %! $ A "
3 %, % % % % %! &"  "9%,% ("
I % "%
I * @ " "% %"" %" " 4/ %! "

"% " %!"

Dt 7" ' $"'% (" % % %! % %! K |

4 %(" %, " 7"%% 2 % %, %D 7"% 1! T %! 7"%
?2%",%," %

"%9% ' % * %! F9 %! "% C ! ) * D
"y " > " "o + %! " % /" " %
("%, %," "% " 7 (" &' %!'3$" ' % = "0% "

s 2



7"2("$%3(" % > i

i$%! A C "M0p M0p " 06" /1 D
" %! 1 M "N 3 $ 3
@ FCC4D4/! %% " %<*4<* 2G! , D
i @ ! F4 "( .G "% ! 2( ™%, "5
(" %!
i % | 2 # $% 7 1 UM ov4 ("

J" "%! "% "% " % (



