ANsioniun mesiepn ‘soisAyd [eansloay | Jo 8pnysu

yalessay aluojuids pue aiusboAin) 1oy AiojeioqeT
‘Se0UBI0S JO Awepedy ysijod ‘saisAyd Jo apnyisu

1391 Zsewo |

SHOLONANODINZS JILINOVIN

NI SNOILOVAILNI JILIANOVINOHH IS ILNV ANV O34
ONIL3dINOD 40 S103443 pué M3IA3Y



uonepunod jpjoquiny
ISr 40 jo0loid O V¥ Saiuonpuids 103onpuodIwWwadsg ouyo
joafoid winjuojod spoafoid 93 -- JYONWV ‘SMINFH Hoddns

L9G80F0/3W-pUOI [9LZ (£00Z) ¥E SMON 'sAydo.ing
pL/ "d ‘€00Z 1©90)20 ‘Uns|Ing SHIN :SM3IA8.

suayjy -- nopiyol] ‘N Y ‘noejoyiueded ‘N ‘soqeiysdy ‘q

binqzianpy — )piwyas ‘5 ‘dweyusjop ‘M1

weybunjoN — buep “A°Y “1aybejjes 1°g ‘uoxoo "' ‘spuowpy "y

unsny/wnysog/anbeld — pjeuoqgaely ‘v ‘biuoy r ‘yrumbunp |

aJjqoua.ls) — o)qualeje] 'S ‘pueldiad ‘q eqiH r

lepuas — ouyQ °'H ‘eanynsjej ‘4

MESIBAN — IYoIMES ‘| ‘1oeSS0) ‘d ‘edd) ‘H ‘YAzaieaupuy “|
:sJojeloqe]|o2

mesJepy — 1131 zsewo |

SINA JILANOVINOH ¥ 34




suoljeledas aseyd ajeasoueN ‘¥

JapJosip si3subew --
19pJOoSIp 21)e)}S04}I9|9 --

suoljenjonjj sjedsoueN €

$10}2NpPUOo2IWas d1jaubewo.ls)
pajn|ip pajjojjuos-iaLLied jo Buipueisiapun 7

¢ sdojonpuodjwas oijaubewodsay AUypn L

S3NSSI / ANITLNO




T umoudqun — Uim JlIm yarym
“*** puno.Je seapl Auew

salbojouyosa} aandnisip .

salbojouyosal buiysixa Buiroadwn -

ob 0} sAem - | 9]




uuewsaijyss uyosr 4o PRILIEREIBENEI RGN TN 0

0="Y R
=l

S]08UU02J8JUI puk ‘siossado0.d ‘sallowaw Jamod MO &

surds Jedponu Jo/pue dIU0.IIIIO
sulds a|buis yym uonendiuew --
uoljewJojul wnyuenb
Jo Buliisjsuedy pue buissadold pue bulolS .
uolezipubew Yyim uonendiuew --

uoljew.Jojul [eoIsse|o
Jo Buliisjsuedy pue buissadold pue bullolS .

ab.ueys Ajuo jou ‘uids buniojdxs

SJOINOYLNIAS



G002 hh._m—._.__ﬁmn_ _._ﬂ_u.m._ﬂn*._n.u |91U]

92U843juo) S}NJIID 9)e)S-PI|OS [BUOI}ELLIBJU|
noyo uljung

0€02 0002 0661 0861 0.6l

0202

0LoZ

lossasoidoniy ¢

LIPYI0
21e|na3oN . CoLioh
.m%ﬁﬂﬂmhﬁm o~ (e100l) E3EQ 5961 &
¢ ”
Bujy Bujjes
tm_._ﬂum mmﬂ_am SOWD SOWN SOWd Jejodig

dnouis) Buunjoejnuep pue Abojouyosa |

0961

o0l
10l
z01L

= &
[
-

w
o

@
o

=
=
- T

alq/siolsisuel]

=

oL
o O
- ™

giiilt
~zL0L

Te0l

wrl wrlgl

wupL

wiupoi

SOIND SAINNO [IIN meT] S 3100\



b F0O0Z L2121 ‘1234 ‘'neyd Haqoy

suondp
JOOERRN sjeD-lelo |
Ayoieasay) AR uondo ainjosiyouy 2 Y-ybIH
¢ adfyojoug b mummu_._._._. hmcm_ﬁ.zﬂz
! (Yoseasay ) _ .
7 e 2IIMOUBN 101014 ¢OIS ulyj-enjn wug-|
f - agmoueu-
] 1 _“_._U._mm_mm_ﬁv WGEH_ ﬁ_..:m _m_mu_m
I o Em:mn_ WUl (y3seesey)
“ Wbue7 wus (uawdojaaaq) HIES
____ yibua wupz [eixenn
ﬂ (Yoaeasay) (iuawdojanaq)
\ adfiooag Yibua] wupg
2430 A
* (uonanpaoid)

v SPON Wuze mcnm ;
apoN wuzg’

SpoON Wugy _

pBuaT wups

500C
9PON WUS9 ¢poz

9PON WuQ6

sjauueyd MaU & S9PIXO MaU & Uled)s




sjeLisjew [euonouNnw — S10}9NPUODIWSS 21}dUBBWIOLID) =

S94Nn)oNJ}s pLIGAY J0}ONPUODIWSS / [e}oW d1}dubewolia) =

£ S10)onpuodiwas pue sjpubewo.lid)
JO so9a4nosal Aieyusawa|dwod auiquiod jou op o3 Aym

Joadse s|elldjew -- soluoJjuidg




0L.-09, """ ‘mjoyol “‘Liw ‘wgl M 00l ~°J " ‘Yeg%ouz ‘On3

y+UN ¢:UN sajeuiwop abueyoxasadns o13pubewosdy --
(Pueq p ul sejoy) “OUN™IS™ e ¢ “OunET
< (3s1x0-09 saje}s abieys om}) abueyosxa ajgnop --

BN vun coresion

(3s1x@-09 saje)s uids om} 10 suol om}) sjaubewlidy --
UN 9S UN suoljdeoxy .

T '@ N3 '8SUIN "OIN
uolnesijaubew snosuejuods ou &
SJ0)}ONPUODIWAS pue sioje|nsul di3dubew ul

sajeulwiop abueyoxasadns anpaubeworidpuy .

S10}ONpPUOo2IWaS J13dubewo.ld) 10} yo.1eas




gpes i poxun 3o aldy ayop)y pow DTUICTY] An] pojasaid oae spmsar LRSS ETIBRe |
“PEAT ATOUSTIE Jo oamtesaad 1) U pue sanjeodummol Mo 1e ATHTEUL paalosgo s wisioiagd
peorsStpd 0N EIwuLS HoTENRIY A paonpoaiun sunds poxipuoo] Fitoags nemon gne ((y) 5
QITATAYE Pueg poutiop joa sodiy d pue o mo oI uasiiod Jo o apin U S0P S0P
STULLE O] OIIELINOTIE sorpndond memn aagestoo sz Orf )y, Cspunodi Ajaudung prie
FUurm POt w0 ) w] sAoE — se)s prios 1o dnodd sow e sioprsuos aedud gy poagsgr

(SING) SJ0jonpuodiwas onsubeyy pajn(iq :Mmou

SI012NPUOIINIG INIUTPWIWIG

Cragegny fqeupgen du euezotjod eusoys oiziom

AOPUMOLIZOUL DI Az “otzafjouieupod yrposmezadod 9Azromy vuzow yel pepidzag g

suzadjeuliownppd
I POV IO
\\\L 1
g |
# | “
i . 8] e By _
Eal - T — L]
.._.U_ - = m - = n.__.N
|
N e // \
Ny

e ow
WA POMBT I

iyiupoma 2 idiod

LIl — 9§

ALV |

auzadayfowpd
I poMazIie S

. \\ _ ™.

| .,

\ 7 fr
LY

@ - —h g5 i ur
U a——a fp e DO
LU_ - ——- o i —— __.q
\ J... \
/ -
Uz apauBow WP omIZ IR
IUPOMIZ G0

IAZEAT — 87 WOL — IMAZIT AJ9.L90d

TLRECAI 4y
ATV THAEL B AYHI

Lyziyugy N IOy



sjaubewolidjijue wopuel &
IAN(UN‘H) ul @bueyoxalsadns 4y -
S.IA-II Ul U\ Jo Alpignjos abuaeT .

8/,SdDI (mesiep) eyzejes

-4 9] «—>» m_u_ 94 «— (S «— U]
" UN<«>3S «— PO UNl«— SV «—ED

J) «— S «— U7 IDe>d «— IV

IA-I Al

(SING) s103onpuodIWBS d13dubew pajn|ig




(L0.1SS ‘uewoe)y ‘g “

abueyoxa p-s |enuajod <= uonezipligqAy p-s ou
A8 Z'0~ °NP =P°f :p-s --

o ngwn

‘a-1) abueyoaxa p-d anauny

<= N pieqgnH ajis-esjul abie| pue uonezipligAy p-d abue|
Ae 0°L -~ °Ng =Pf :p-d --

(mes.aep) ‘Je 3o nismopiem] f-Je )a feq

800

T T

WZZ
%0l

Wras
YT
MZZ

9N & a

T

6,/ iy
900 %00 Z00
[ ¥ T i
£010=%
L
0S00=¥ :
LLOQ=¥ ooo
&
3G UN Uz

1 1 1 1

1

C08

000t

av

[ w2]

CADY  ADH3IN3T

2L Dl B9t

w Z8°1 m8"1 BLTT aALl’l
NOF At @ ] ﬁ |

20 $S=H

20N ¢S =H

ASh=1
218U PO

ALTAILI3T43Y

S

[ gAd
AR
(H)9~W~3v

saje)s uolioxa jo buipids juelb -

I s|eabajul abueyoxa p-ds jo uolnjeuiwiala

ADYANH



upyy aind uo ajodouow apim-pliom — (1)sja124j 'v) yewalind

:sloje|osl |[eonndo .
81.0SS (mesiepm) ‘e jo [e9
uoijejou Aepele abie|] & wsioaysip

lejnaJio oanasubew & ( 0)o < (,0)0 uondiosqe .

SING jo sJojejos] [eondo pLgAH




auIquwo9 wisnpaubewo.lia) pue sainjonisoueu wnyuenb
-SINA IN-IT PUe A-ji

(L0.7dV (messem ‘binqzienpy) ‘e 3o ussuey N:9 | U teg-d
10.98d (mesiepm ‘sjqousin) ‘e 3o pueireq N:9 | U’ tuz-d
L6.7¥d (mesiep ‘@jqouain) ‘|e 3@ Ainey
MO N:8 1" BN*uZ* po/e L *uN*po-d -
GO0 =X 10} Y 00} ~ °I

96.7dV (myoyoy) ‘e y@ ouyo Sy U _\/_-x;mmu
Z26.74d (Wgl) 1e 3@ ouyo S\ U\ Ul AL
98.73d (mes.aep) ‘e ye A10)S O ._.>cmxc _>_>-x-5n_-a [IN-A

abueyoxas oljaubewo.ls] pajelpsw-JsaLiied abuel-buol

onaubewolia) SING Bunjen




£0.773d (uobaip ‘mes.aep,) ‘Je }o eddy
20.Ssd (mesiepq) 'Je 3o 1oimes

[ M] ainjesadwa )
Gl oL S 0

X

€20°0 =X
X X-1
wo oL~d @1 UN uz-d

1 'SA [ X

d:a1 uN*tuz ui Aypigndaosns

aljaubew uo buidop Jo03dasoe jo Jo9l g



20.Ssd (mes.iepq) ‘Je 3@ pDjoimes
L0.938d (mesiep ‘@jqouals)) ‘je )@ puelid

uoljisueJ} Jojejnsul-jel}aw Jo sapis Yyjoq uo wsiypubewo.sdy .
sa|oy Jo douasge ay} ul sieaddesip wisijoubewoidy .

._._
1

)

3

Q

«Q

=

5 o

| Bune|nsu 5
ljjejo o

m E
OLF oL -

- d:aL(uN‘uz) .ﬂ
0¢t N:8L(UN‘uZ) 0¢ w.wA

DXs 0l 0l 0l 01 2

(.wo) uopesuadU0I Sj0H

91 (up‘uz)-d ul aiunjesadwal o13pubewolsa




sajoy Jo asuasqge ayj} ul sieaddesip wsiaubewolia; .
suoljisueu) Jojejnsul-jejaw Jo sapis Yyjoq uo wsiaubewoliay .

86.93d (mjoyoy) ‘Je 3@ einynsjep
(M) 3YNLVYY3IdNIL

€G0°0 /oom _ 00¢ _ oor
@ H...:..IC:.I“ .\”H‘\. “m N-Or
) ®....... o .. AV13NN
Siiig o . A
| .l:ﬁ - ®e ° ) L
¥0°0 S.c#.uo: ] N
e_o $ge0 109G
N_Mu._. TNSNI %e-¢ 0| =
L | . % —
[ @ 197 Q/ 1 M
” o g od =
2 + \ 2 1 0L O
Ly log o
” \@ ] 3
: [
0zL
| . ] _OF

X ‘SA aJnjesadwa)

alINd pue ainjetadwa) "SA 8oue)sisal Sy U e



*** sjesodo.d jeanaioay) Jo Joquinu y

(uonnesuadwo9o-j|9s ‘uoijezijeao] JJO|N-eUOSIdpUY)
sJ10)onpuodiwas padop Ajybiy --
sioje|nsul s13pubew pasaplosip --
s|ejaw pajejas109 A|buouys --
:J0 so1sAyd Jo 92uUd}SIX80D .

suoljisued)
Joje|nsul-jejaw Jo sapis Yyjoq uo wsipaubewollay .

SING Ul wisiaubewo.ld) pasnpul-iallie)




;. 9pISal S9|oY pue S|9A3| P UN Op 3J9UM




sSod
cchAj (sjeuqio d) "q'A

an pueq L P
'q0 -
\ v (slengio s) 'q'o \ v
[YonH*iSs* “e7 sajeidna] Fouw*is**eq sepiuebuew]
Joje|nsui iajsue.) abieyd -- Joje[nsui pieqqnH-330 -

:saljjiqissod om |

;. 9pIsal sa|oy pue S|9A3| p U\ Op 3J3UM




‘N+ vAS1 ‘OIS € vasT sidipenuo)

[ =1V IETYE R M 20.94d “/e 1@ ‘g’L :Aq ajidwod saje)s deb-pueg
y0.21n)eN ‘(piopjossnq) soneqabnapN (9S9N) dljem ap uep :Aq ajidwods sabpa pueg
¥0.98d ‘20.98d ‘(0Ay01) ‘|e }o Lowifng :uoissiwaojoyd

L rd
aH1 <l
p un A T ST Y
.VA.Vm -QFI
m
i
o 4
@ < P_W.W_m_ A
. 22 & m = = & G)
fodiiie = =
=
gHI e X N Stz
9§ P U Joydasoe
ajgnop 10jdaooe 21U0.4}29|902I
Al Al —— iAo — .
SYsPE U

S10}ONPUO2IWSS Ul S3)e)s paALIdP-UN



SING Ul wisijdubew 0.9}

paj|0.J3u02-131L1ed Jo Bulj|lopo




-mm.E.amzs.azsm:onomswoo _a “_.“_< “_ o
_ -16.“|e 39 °'Q'L V97 I~ 71 -1 =71

si9)aweled ajqelsnipe oN

JUNO22k O)Ul Ud)e} aq 0} sey
21n}onJ}s pueq asuajeA ayj jo Ayxajdwosn

_ — o ‘usIpasbul [ennuessy
nw

uoijoeiajul abueyosxas p-d Aq }jds spueqqns uids ajoy
uaamjaq uoipnguiisipal ol anp Abiaua ajoy ayj} jo Buriamoj

:80.10) bUIALI]

n_mllllllu

SING Ul wsnaubewo.id) pajjoluod

-9|0Y JO [9pOW AMM¥/I29UdZ plalj-ues|y




- ‘weybun)oN ‘gsSon ‘oweq a.oN “TdN ‘NSd ‘©/qouais ‘0A)qo ‘emebeury ‘nyoyoj :'jdx3
(- abp1y yeQ ‘ uapjoo ‘enbe.id ‘ejesddn ‘yoijanr ‘eyeso) JiS+vds ‘N+vdsi Hoddng

" “TYN ‘@Son os|e ‘(20.9¥d ‘@nbeid ‘unsny) ‘|e 3@ ypmbunp
L0.938d ‘00.92udlds (8jqouais ‘nyoyo] ‘mesiep) ‘jejs g -1 Aoayy

(M) aanjesadwa) aln)

00¢ oor Ol
e-W 020 XG'E = d a1pd
e = 31Uz
abueyoxs ajgnop jou .
|[opow Jauaz p-d qsuj
Y3IMm Jualsisuod (x‘d) °f . SyU|
"o~ qseo
sveo
20

Ajdde 0} puno} usaq sey

|opow Jaudaz p-d yaiym o3l SNGg 92dA)-d paseq-up



ouyQ 03pPIH 4O

uolnje|ndiuew uoijesijdubew Joj siseq .
sjaubewo..d) |apow se abiawd *** ‘9] (UN‘PIH)-d ‘sy(up‘eo) .

-66. ‘[ }°© pjeuoqgoeiN ‘H'Y .
-/6.“18 39 "'1 -

wwij uajsie?n 'Jo

aoue)sisalojpubew oidodjosiue pue (YIN) @ouelsisalojpubew --
LUSIOJYDIP JejnaJid onaubew pue AJIAONPUOD o' --

109]J0 ||leH sSnojewoue --

(wnJujoads anem ulds ‘YjpIm ulewop) ssauyils onaubew --
Adoujosiue anoubew ‘(H 1 )y ‘uonezuejod uids ‘(u ‘d x)° --

:pajoipalid/sule|dxa [apow ay} .

SIng 2dA)-d Joy} j9apow Jdudaz p-d




Jeiaznog pJeyaiy pue sabioac) 'Jo

suoljoe.iajul
N4 pue 4y bunnadwod Aq pasned 1aplosip d13aubew
INUN‘LL)

siouop Buijesuadwod pue
sl10}daosoe up pasiuol Ag pasned JaplosIp 21}e}S0.}29]d
AN

SING d13dubewo.ld} ul

suoljen}onjj ajeasoueu Jo S}0949 Jo sajdwexy




19pJoSIp 21}8}S04}09|3




GLLZ0S0ABW-pUOD (BiEqiEg IS) *|E }o Si9A)) J1d) PAAjOSaI-dWI]
. — (0]
%€0°0>X A9W Q€ ¥ 06-= NP
L0.3 ea1sAyd (banquep) ‘|e 3o jpoiquisH SY4S o
%L0=X AW EZ ="ND

sy uiN*teo --
£0.7dY (mesiem) ‘je }@ sojoyy ebuliioy -yd3
%Z0> X>%L00 AdW |y F Ll =°"ND
N'UN“‘eo-u --
Ll sPE
" upi(A ‘1) ul sanjea [epuswiLiodxg

, ABW 0G F 02Z = °N© :IA(UN‘N) ur -
+ ABW 96E = °ND :UOI 831y |, UN --
AbBiaua abueyosxa p-s JO sanjeA [epuswiliadxy

Alupw‘n) ut °nyo ABiasus abueyosxa p-s




921.5050/}eW-puod (mesiep) "a-1 ‘emis 0

X ||jews je abie| }09}J0 &
°N© juaiedde & Bunijds-uids & u e ;| Ll :seonpas &

:sJouop Aq uonoedyie pue siojdedoe U\ Ag uois|ndal uoao9|3

Un U Un
O ® 9 @® ©
N
2| A

AU ut °NDo

ABisus abueyoxa p-s juasedde 10} |9PON



921.5050/3eW-puod (mesiep) "a-1 ‘emis -0

X UOTIBIUJUOD U X UOTRIIUIOUOD UA]
%01 %1 %10 %100  %I100°0 %1 %10 %100

| ()3 =3 71 | [Bumsamsou ()3 =3 -..-- P a Al

 6T1=3 --- 170 L wmgp =y (02 =2 L 21E0
- len || Sumumsamnsou‘gg=23 - - - ’ ] —
0 170 5
i 19°0 . m
I 150 g
i 1L0 | 1.. B
[ 90 2
- 130 1 1L0 o

] I X X-1 )
I 160 7 _ - N U\ \mmv 1g'0

s10)}dasoe up Aq uoisindal quojno ) junodde

ojul Bunje} °N0 juaedde jo uononpay



JapJosip anaube




348q1D |20r 4O

wajlsAs buis| .
19p.IosIp yeam .

W~ 3V

— 1 ]
es!
-----------------------------------------------------------
[ > i "2 i
- H gt et
] Tyt LT e
— — =1 H =l e
[ —— it yr PRy
[ Q il Landnded
gt et
= s ? ke
O O L A LlLEnist
- + "..... v gt
fpu® Lo L Lo el
".-.-. -------------.
. LA
- -1 L R L R e K LR L L ES ]

Vi W . 9L(UN‘PD)
N:aL(BN‘PD) N:aL(BN‘PD)

s|jom wnjuenb aj] (UupN‘pPH) padop-uoize|nponl




00.3 eoisAyd (8jqoua.lc) ‘mes.iep)) ‘|e ) 14oeSSO)

[ Adw ] ABadu3z
)L _/oﬁ_:F 0891

A9
A8
A
AV
A8
AL
AV
AL
AT

— O O
>
2N
| & |

it

90U89SaUIWN|0}oUd

<t N N N v«

MO a1(uN‘pD)-d

ui aul| 1d Jo buipids snoauejuodg




€0.773d (uobaip ‘mes.iep,) ‘Je jo eddy

[A 2] 5V JajsuUes Ablaus

padnpul-ajoy CAc\. 82 L 0 -z & 4 & 8

oBueyoxe-19dns 0 > T [ o, @ |
! ur g ARSI
WWA:\. + u_<\.vN| =} ‘H . ) -
‘_ i -
LIN 8y jo episuoleinsul |1 - w
M2 =ML '¢wd g,01XG = d S e v i | R
L rzh| ] Ei
n_“®|_|mo.oc_>_m®.oCN | M. W . k5 | .
Jo s|eysAio a|buls abue| | 5. | oo
I w |
siedup 'uujo L.o...... S erererererares -

Bulla)}eos uoJdinau dnse|aul
=1l

9] (up‘uz)-d ui1 Buiial)jess uoainau dlse|aul

Ag suonoeiajul N4 pue 4y bunadwods buiqoad



= ™3 N—

o U

[A&w] 3v ueb ABisus uonnap]
0t = 8t u._m-

[TT T[T T T[T T TT]
S gL00+960 0= 3¢

8 HIBEHIE 20
§ ﬁ

;
mm :

mm_

;
(2)

Nor  (zZl<(g]

7
rg
rzZl

e

-

LS

A3dW 900°

0049

000¢

00+FC

08T

A3W 020°0 =
0

+ €0’

[n2w] 3v uiel fBisus uonnap

N Cer dE-

| _ I 1 1 _ | _
ABU GO0 0FZS0" D-mm_Em

‘ mmm bzl m

.....

M OF :_Txm_ (q)

00¢1
0091
000g
00FC
08T

Once

b F

0

rz =39

[nEw] gv sso| Abusus uonnspy
0z 91 'l

____________I
ABW L000FZE00=""""3¢ ]

ABW GO0 0FLLE | =3V &
me SO00+H609° L =3V o+

Mol {1

uollngiijuod pasnpul a|oH

00s

(001

00z 1

00t |

Sa|oy Y)im — sjop [N} ‘sejoy ou - sjop Ajdws

[suun “que] Aususiuy




I “_.=Q Onh wwﬁ__._uwmc <H=>_

20.78d (mesiep ‘ejqouain) ‘e }a Lieynog

[, wo  0L]Aususp sjoH [ %1 xjusjuoo up
gL 0L G0 00 oL 8 9 v 2 0

_ 1 _ 1 _ 1 .._.._.._, ,_ _ | _ | _ | ] m
L — “_<._.- , ¢ =

0 - 0%
i - L1z =Y a 0

(e
L - i \\ ¢ W
B / 7 —

- / L
. _ - o) » / - 1% w_l_
- - | -4 _ —
-19pPJOSIp JO 9]0l —_ - | ._._ o] -
m | | | | | e

MD 81 U 'po-d

urd pue x "sa 3y -3 =2 pjol} uesy



pi|e1} uolnjeanjes abie| .
sisaJta)sAy ou .

20.3 earsAyd
(ajqouaic) ‘mesiep)) ‘Je }o 1joessoy

[ 80 ] pIai4 onsube

009 0G¢ 0 0S¢ 00G-
174 . I . I . % . = O'L-

-

~
|
+
©
<
>
M K
>
o)
<

41t Magnetization [ Gs |
\
*
\
Cm+"m)/(Cm-"m)

_: AEGL =1 |

sixe Asea buoje H 10} (H) paulwidl}ap >__mo;o_0



- “1e o Aaug 7 “Je )@ ojpobeq ‘3 “|e }@ uuewalyass r
SN 40 suonenuwis HN snoirald

VAl

Junoooe
OjuI U e] SUOI}oBIaIUI Y/

deams olienH ajuop\ yoes je

pajelnojed s Q@g oUS 9|0l G0.T7¥d (mesJiep ‘sauayly) Je }@ soyelysaq

sulewop o081}
ajeasoueu saonpo.d

4y abuel-pioys pue 4

MO 3L(UN’ _ouv ut
swajsAs uids up pue
a|joy pajdnod jo mm:mknm:nvs UE.EQQEOU

suolje|nwis ojie ajuol

I T

yoeoiadde pue |[9pON




paonpaJ uonesijaubew snoauejuods sidoososoew .
Vd; —d) <27 aunjesadwa) Bulispio .

G0.7¥d (mesiepm ‘sauayly) e 3o soxyeiydaq

(®0) H - (wo 0x)d

00 0  00¢- Sk 0 S0 00
Py o ” 3V UM
oty —e— 50 1 V4N o_>_Jr of’
| R
- L en A x ]
AV PIm 005 S ¢ OWpooo
- AP xdvour e] V4N dvou:
.| wmv S9|OH “mo ----- * --------------------

| . I . .v | |

suoljoeliajul 4y ou Ylim pue Jy

Y3IM S}|nsad olies ajuol\ pue y4N Jo uositiedwon



uoinjesijaubew snoauejuods

saysiuiwip pue Y4y —4; =2/ sasealoul suoijoeiajul

INd pue Jy Bunadwods Ag pasned JapJosip d1iaubew
INUNCTD)

X MOJ }e Jeabajul

abueyoxa p-d Jussedde sasueyua pue p-s juasedde

saonpal siouop Bunesuadwod pue sioydasoe

U\ pasiuol Aq pasned 19pJosIp 21}e)S0.4}09|9
AN -

Alewwns - suoijen}anjj ajeasoueN




;49ybiy 27 ysnd am ue)

uoijeledas aseyd ajessoueN



00.92Uual2S (3]qoual9 ‘nyoyoy ‘mesiem) ‘|e Jd ‘gl

(3)d.d Jueysuoo Buidnoa iajeasb yym sing 104 buiysieas --

SING 21dubewould) bunysixa ul x Jo/pue d Buiseaaoul --

9/ Buisealoul Joj salbajeld)}s om] .

salbajen)s




00.92uUdI2S (ajqouals) ‘nyoyo ‘mesiepq) ‘Je 3@ ‘4 L

&

(uoaejod ao1yy-bueyy)
suol N1 Aq sajoy jo Buipuiq yby -

spwi| Aiqnjos --
uonesuadwoo-}|as --

s9|oe}sqo
S9PIX0 pue SapL)IU &

(33)d.d yuesuos Buijdnoo iayealb yum siNQ 104 Buiyoieas --

SING d213dubewouidy buiysixa ul x Jo/pue d Buisealoul --

9/ Buisealoul Joj salbajeld)}s om] .

salbajen)s




ypewes upiN 49

uoljesuadwoo-}|8S J9A0 |0J3UO0D 0} dnp ssaiboid

(mesaep) ‘weybunjon) ‘je 3o buem

[ M1 aumjesadwa) [a0] pield onaubep
_ .cmv. _ .ow_‘.\ 0Ll . .co_‘. _ .cmv. - rA L 0 -

S0°0-

uw
.8.o W
IMGLL=1 1 £
N T 0
1. &
1500
>>O ~ O ] -y
O sviuneo)%e| -

1 1 1 1 1 1 1 " " " " 1 1 1 1 1 N N °F.°

1 "SA X/ pue uoljesiaubew jusauewal sdooj| sisaua)sAy

Jpuels am op aJsaym




(nyoyo|) ouyp pue einynsjepy io}je

X JUd3UO0D U

80'0 90'0 00 20°0
. buiuaybnou L 0G 1
- lupw:svy'uw™tes 17 -002

I
(=
n
N

SVYUN + sveo
H{ uonesedas aseyd

o
o
™
(9,) @1njeradwa) ymoun

1 L 1 L 1 L 1 cmm

weabelp aseyd ymoub — sy(up‘es)




payoeal jou jiwi| on3aubewesediadns . 20.dVI (Ulieg) ‘[e 1o ousiop
uoljisodwodsap jepoulds .

\90O)H
0009 0005 000Z O 000Z- ODOL-
L " - 1 i

=) o0se~2L |

[s w3 nwal

g

I

0

A 08¢ i
AO0E — z
- €

o4 H002

96.7dV (03wi) ‘1e e yoeoged  saljadoud o13pubew [04JUO0D =
suoI}ipuod ymoub Agq pauiwialap ainjonils pue azis =

sajelidioald SYU + Syen)




swaj)sAs 1910




L0.93d ‘00.92udl28 (djqoudaio ‘nyoyo] ‘mesiem) ‘jejd ‘g ‘1L

(M) ainjeradwa} aLIn9

0001 oﬁ_# ol
R
S
[ _ouz
uoljor.Iajul jJigJo-uids yeam . %«.“__w:_
uonesiplgAy p-d buouss . n_* 4585
. *w<mw
:sjusawivd ybi TdES
NeO
SVYIV
divV
' &5
IS
2 -

e-WD 5z01xG'€ = d ‘sp U %S Bulurejuod

$10)9NPUO2IWI3S 10} 2 JO uol}oipald [spow Jauaz



vdas uiyjim
suoljendwod oniur qge
Y}IM JUd)SISuod
9 ybiy seses Auew uj

" “OsH 0 0 Pa(ed’en)

(8d‘uN‘e9) ‘(un‘e9)
¢sy(up‘ug‘uz) “sy(up‘@9‘pa) “d(un‘a9‘uz) “d(un‘eD‘p))
20(09'4H) “o(a4‘us) “0(0o‘us) “o(A‘lL) “0(0D‘11)

91(1D‘uz)
o(no‘e4‘uz) ‘o(A‘uz) ‘0(0a‘uz) ‘o(IN‘uz) ‘O(uN‘uz)

booj4 snejy “Jo ‘ ‘ ‘ ‘ iyen) € ‘
Id IM 4 5:d(up‘en) ‘qs(upn‘en) ‘sy(up‘up) ‘sy(upn‘en)

i

‘N(PO‘e9) ‘N(12‘1V) ‘N(19‘eD) ‘N(UN‘IV) ‘N(UN‘ul) ‘N(un‘eD)-2-zm

W 00€ }e uonesijaubew snoauejuods

pue sisaJd)sAy Buimoys sjeLiajew 103}oNpuUodIWdS



Zuoljeuiwejuod pue s}oajap JO 9|0J --

Zonaubeuw -

2,01U0.1)29[d -

Z(uonisodwoosap jepouids) uonebaibas woje oi3aubew :o1woje -

2. sjoubeuwiiia)/olia) mau 10 umouy jo sajeyidigald :jesnjonuys -
uolneledas aseyd ajeoasoueu --

ZSdaLLed pueq ou yim buidnos anaubewoliay abuels-buoj -

£, 1039Npuo2IwWwas sndubewolldl wiojiun mau --

sabuajjeys mau sburiq walsAs yoeg =

wsnaubewo.lisd) spiemo) Aouspud) sajewiysalano Ajobiel yasi
umouyun asuodsa.
onaubewould) BulAppapun wisiueysaw 2100ISOIDIN =

umouyun sweibBeip aseyd yymols) «

S10}9NpuodIWas d13dubewolia) 27 ybiHy




¢ ‘(rr ‘syeD) s|ejsw apus|q-ouiIz ‘spueq s3od8jep -

(sjelso1ew oluebuo ‘WAHO :°L moj) A..w_n__wwOQ suol OE@CONE
Jnoyim wisijpubewoliay ainjesadwal ybiy s| =

s suonetedas aseyd ajeosoueu -

swid)sAs Buiponpuoosiwas d13pubewolld)
ainjesadwa) ybiy Jo} peou ayj jo buiuuibag

sjaubewo.13} |[opow poojsiapun
}saq 9y} se abiawd *** ‘9 (UN‘PHD)-d ‘sy(upn‘es) =

MOO1LNO ANV SNOISNTONOD




	REVIEW and EFFECTS OF COMPETING FERRO- AND ANTI-FERROMAGNETIC INTERACTIONS IN MAGNETIC SEMICONDUCTORS Tomasz Dietl Instit
	FERROMAGNETIC DMS
	OUTLINE / ISSUES
	ICT - ways to go
	SPINTRONICS          exploiting spin, not only charge
	Spintronics  --  materials aspect
	
	Determination of sp-d exchange integrals I - giant splitting of exciton states
	Hybrid optical isolators of DMS
	
	
	Ferromagnetic temperature in p-(Zn,Mn)Te
	Ga1-xMnxAs: resistance vs. temperature and Curie temperature vs. x
	Carrier-induced ferromagnetism in DMS
	
	Where do Mn d levels and holes reside?
	Mn-derived states in semiconductors
	
	Mean-field Zener/RKKY model of hole-controlled ferromagnetism in DMS
	Mn-based p-type DMS to which p-d Zener model has been found to apply
	p-d Zener model for p-type DMS
	Examples of effects of nanoscale fluctuations in ferromagnetic DMS
	
	s-d exchange energy ??No in (III,Mn)V
	Model for apparent s-d exchange energy ??No in (III,Mn)V
	Reduction of apparent ??No taking into account Coulomb repulsion by Mn acceptors
	
	
	Spontaneous splitting of PL line in  p-(Cd,Mn)Te QW
	Probing competing AF and FM interactions by inelastic neutron scattering in p-(Zn,Mn)Te
	Hole induced contribution
	Model and approach
	Comparison of MFA and Monte Carlo results withAF and with no AF interactions
	Nanoscale fluctuations - summary
	
	Strategies
	Strategies
	Where do we stand?
	(Ga,Mn)As – growth phase diagram
	GaAs + MnAs precipitates
	
	Zener model prediction of TC for semiconductors containing 5% Mn d5, p = 3.5?1020 cm-3
	Semiconductor materials showing hysteresis and spontaneous magnetisation at 300 K
	High TC ferromagnetic semiconductors
	CONCLUSIONS  AND OUTLOOK

