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This analysis is based on the equation

I 1
c= ?_TJ(—Bp) + const. (19)

The combination of the different methods for the determination of the DOS
leads to a result as shown in Fig. (20). Similar results arc obtained (rom other
experiments, too [33, 34] but no theoretical explanation is available.

If onc assumes that only the occupation of extended states influences the
Hall effect, than the slope dg,/dny in the platcau region should be dominated
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ground state to the fully spin-polarized ground state af v = §. These exp
‘rimental results lend support to a series of theoretical predictions about t}
spin-reversed ground state and excitations [4.23-27] and will be discussed :
- detail in in Sect.9.4. Finally, following a theoretical prediction about t}
possibility of observing the FQHE with even denominator fractions in mu
-tilayer systems [4.28,29], such observations were actually made in a doub
_layer system [4.30] and will be discussed in Sect. 9.5. A

Fig. 4.2. Overview of the observed fractions in the FQH:E ‘measurements [§.5]. 5§
Landau level filling factor v has been defined in the text =~ -

In explaining the FQHE, a system of noninteracting electrons is, h
wever, inadequate. According ‘to our present understanding of the FQH
electron correlations play a major role in this effect, and there have be

“a variety of theoretical attempts to understand this unique many-electr:

' phenomenon. In the following chapters, we have attempted to survey mc
of these theoretical approaches, and have tried to present in detail the ct
rent state of our understanding of this fascinating effect. -

As the fractional Hall steps are observable only in samples of very hi
mobilitv. impurity potentials are not expected to be very important in cor
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> with(plots):

> cos(Ka)=cos(ka)+(4/ka)*sin(ka);

sin(ka)
cos(Ka) =cos(ka) + 4

> cos(Ka)=cos(sqrt(ka))+(4/sqrt(ka)) *sin(sqrt(ka));

cos(Ka) = cos(fk;) +4 ﬂ\/%)-

>- implicitplot(cos(Ka)=cos(sqrt(ka))+(4/sqrt(ka))*sin(sqrt(ka)), Ka=-Pi..Pi, ka
=0..9*Pi*2);
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160 Chapter 9 Electrons in a Weak Periodic Potential
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Figure 9.4

(a) The free electron & vs. k U\"’U:HJ%'

parabola in one di

(b) Step 1 in the construction w
to determine the distortion QX'l'

in the free electron parabola

in the neighborhood of a Zone.

Bragg “plane,” due to a weak
periodic potential. 1f the SQ‘AQNQ
Bragg “plane” is that deter-
mined by K, a second [ree
electron parabola is drawn,
centered on K. (c) Step 2 in
the consiruction lo deter-
mine the distortion in the
free electron parabola in the
neighborhood of a Bragg

“plane.” The degeneracy of

the two parabolas at Kj2 ‘-e'&lu-d
is split. (d) Those portions

of part (c) corresponding W

1o the original free clectron

parabola given in (a). (¢) Ef-
fect of all additional Bragg
“planes” on the free electron

bola. - This particular

= 3

(e ——— QA

way of displaying the elec-
tronic levels in a periodic
potential is known as the
extended-zone scheme. (f) The
levels of (e), displayed in a
reduced-zone scheme. (g) Free
electron levels of (e) or (f) in
a repeated-zone scheme.

Quduckin

w

¢ e SRATYT RTINS
& g |

Figure 9.5
Free electron energy levels
for an fce Bravais lattice. The
energies are plotted along
lines in the first Brillouin
zone joining the points
Ik =0), K, L, W, and X.
B, is the energy at point X
([1*/2m][2n/a]?). The hori-
zontal lines give Fermi
for the indicated
b of electrons per

primitive cell. The number of
dots on a curve specifies the
number of degenerate [ree

BN i = B

>

I LR

Electrons per unit cell

Figure 9.7 :
Hlustration” of "the definition of the Brillouin
2ones for a two-dimensional square Bravais
Inlfcc. The reciprocal lattice is also a square
lattice od' side b, The figure shows all Bragg
planes (lines, in two dimensions) that lie within
the square of side 2b centered on the origin.
Th;-e Bragg planes divide that square into
regions belonging to zones | to 6. (Only zones
1,2, and 3 are entirely contained within the
square, however.)

=

levels rep dby
the curve. (From F. Herman,
in An Atomistic Approach to
the Nature and Properties of
Materials, J. A. Pask, ed,
Wiley, New York, 1967

Figure 9.6

() Free clectron sphere cut-
, ling Bragg plane located at
1K from the origin (U = 0).
(b) Deformation of the free
electron sphere near the
Bragg plane when U, % 0.
The constant-energy surface
intersects the plane in two
circles, whose radii are cal-
culated in Problem 1.




‘w0 up p-qzz's sdy w p

®q 0N p-qzzs By w se ‘suor

punsip Ajesdojode
s i

0m] e g anoj Suyureyuos asme] auenbs € Joj ‘sdwexs (7 ¥ "molegaq

.EE-E?!EBE!«.&E
01 AIwssa00u 3013 0MTHE0IARA A, “SUYI u02-PIONPas Bt paruasaudas (1 B1y)
!ﬂﬂ-!ﬂ.vﬁﬁ!l!jﬂ!ﬁg-ﬁlﬂ.g?su oTs My

481002 ayy (wy1°g Big p) awsyos awo: G o) sp

ay uo pasodwuadns “aonie] asenbs 7 3y 10 sInoIwEs ASIu-JuEsuos

F o1 panur 1021000 1oy AB12u s1p Bulney sUONIR 1 11 oIS ‘49 (s nusg I 0
Aqrepouad pus suoz 1y Ay o1l FEq PapIoy 3q UED SUONRP Aq padnaoo e
gghﬂiuuié.ﬁﬂﬁﬁi%héﬁﬁi!ﬁﬂuﬂbuguﬁ.m
814 W umoys s ‘wonewxoidde uonoop-31 A W 2> yun aannuud sad suonsaps wopDNasaidas auoz-paipadas q se1aua8 (Apancedsas 07°s Biy W ouoz puoses g
wodj 11 01wt parejsuen asoy) pue g1°5 Biq w suoz 1wy g w Suil] ipeasfe sMowo
Y1) $IUOZ PUOS PUE JsIy 5 Jo deds-y Ul LONENUNUCD PO 0TS Big
Ul 3UOZ PUOIIS A JOJ PNENSNY] I S| 101094 0MIE|-fEo0diy Aeudosdde jo
SURIW £Qq JU0Z 18Iy AP oWl JPRq ISIY Ay U IS SU0Z WOY INOWOS Fune|
-suen £q (qL1's Big .E!uﬁl&i&iz%s?ﬁﬁﬁesi:ssunﬁa
-Pap 100 g1°g aunfig
(L1°s 1) vonmusaidas ((y)g) umonns-purq sy ur sdeSpueq oy 0) puodsauied
SOUEPUNOQ 3UOZ 4 JE SINOIUOS ABIIUD Y1 W SIINUNUOSIP 241 - '61'S ‘Big W umoys
e (197 “9td Jo) s9u0z UMO[[LIG ‘YUNO) 3 Jo wed pur '3y 18I ) JO SATEPUNOG

34T SAUTPUNOG HUOZ Y1 ¥ UOY 4ag 3 Jo

T

u0z 2y sp sspm

“Arepunog 2y o) [euLou st KBz an pue ‘Lsepunoq
U0z 24} 01 ajapd 3q A0 1SNW 0ds-y Ul g Jo PR Y] - Ysiwwa
s A (Y/1) = ¥¢/m@ “fwopa dnosf vondap s ((5L°s) ubs) samm Supums

ba saduip IN|OS 341 001G 52 Sup 1ySu
1B S3UBPUNOQ JUOZ Y] 199U SINOIWOD YN paqunuiad 2y Arepunoq auoz ay) spremo)
s JepnauD 2-331) ) MOJ3q [[B) 01 SINOIL0D ABIIU-IURISUCD ) SISTIED
gssuers.!_!?.qshhiusanﬂ!g.g

-3y 3y woy puxq

SIUOZ UMOY|UY OM) 1811 341 JO

S
%
2

1A )

UEpUNOY 1 Uo p L " one-Adws sy
w sEf U0I22-321) © J0) (seasmu £Bssus [enbs 1e) noIwos (Riu-1uTIsued Jemany 815 By

J

~§31102 1BY) §1 JIPISUCH 0) MOWOD AB13uS JuEIOdU 1S0W Y ‘aNed Jo ‘Teiduad U]

"PANGIYX3 ST INOIABYQ M[[B9wW
o3 3ttt © $3a18 0§ pue pjRY LR pafdde e Japun 3ouds-y ur Apoq
[ Aq usmoYs) uonnquISIp WO ) ‘0/x > || j] ‘p/xF ‘souepunoq
fe st 1oy “vonewixoidde FN 41 W ureyd SnWOIEUOW (J| Yy 10

I 31 NBWAYIS (q) “PIILIPUL §1 ‘IDURISISA [BILIINS UL 3y 0}
pruawow ur adueys & Surajoaur ‘uon! v 12 3qissod v -pueq
PAS] TULLID ] Y1 SNEID WA ST WANSAS 3 | aaInd plog ay) Aq umoys
mpoLiad Yy (15410 (7| JusfeAOUOW ¥ 10j JInpNNS pueg (2) 97's Bid

3 N\

“B1) pueq 341 jo Jpprus g1 Ul s3] 43 PUR ‘SUOIIIID Yim PIYIY
j01E Jad UONOS[R UCTIONPUOD JUO) UTEYD JUI[BAOUOL B JO 3583 3Y)
J1 JO 25NE3q) SUOLIODS Anz UIEWIOD UED YIIYM JO Yoe3 ‘(7 Yifud|
J3qUINU Y1 ST 7 JUSYM) SALIS N SUIRILOD IUOZ UINOY[LIE 1S1) Y1
‘sauepunoq auoz ay 1e sdedpueq g ‘pueq [Fuss ¢ jo sisisuod
4 0] ‘[E1SA10 (]| ® 195100 I ¥ IOPISHOD 0] IATONIISUI ST 1]
“peysindunsip aq o)
moyre umaid FAN 241 moy 2oy AYLIG TONUSW 0] ‘SSAIYIIUOU
p ut AySnosoyy passnosip 3q [ senuadosd uodsuen swon
0132 12 AJIANONPUOD [ESUIOND 0IOZ B JaBYy Aoy a1 ‘ssoje(msul
pae s[eLIIew Auew souss ‘susuadya oy Arenuoos st amod sip
} II® 18 |3y su9p2 pandde we 0 puodsas 01 331 3q pnoys sed
[nsas 3y ours ‘sppiaw 3q poYs sfiRYs wonSl pafjy-1ed Yim
Id Ppow uonosja-sa1) aduns 3y yewp Ajsnowaasd parou aary Ip

$J0JRINSU| SNSIAA SRl ST'S

“(sz°¢ "81) syutod-7 ay) 1eau Mmoo
S¥oau, pue ‘paqinuiad A[Suons are soeds-y ur suondamnp ([1[) Y1 Wl sarfIaus wonsAP
Y3 05 PUE “(UIMINNS "'>’J UE SBY N 30UIS “UOIPIYRIO0 PIBIUNI] B) JUOZ UMO[LIY ISIY
oy utjutod-7 3y} 01 350[0 19YIRL ST 4y JIAIMOH “PIIIL-J[EY OS[E SI JUOZ UMOILIE 1511 3}
0s puE ‘wolE 1ad UOJIII[2 UOHINPUOS JUO SBY OS[B NY) “SWINSAS UONI[-331) wmuenb
1| 9aBYaq A[[ENULSSS S[EIW Yons ‘SuY], *auoZ 18I A unpim Fuik] asoyds v Ajduns
S 30vpNS (L2 ay) Apuanbasuos pue ‘2iqiEnSau are s9YS FAN ‘SNYL '(1'S WIIQOId
20s) Arepunoq suoz-umofjug 1811 a1 01 3oeds [eooididar ur oURISIP 1SII0YS IY) WEY)
s5a] Ajqeraidde st 10103A3ARM UL A1) ‘(*912 “BN) S[RISUI [[EY[E JUS[BAOUOW ) 10

"§43]SUOW
‘Ajenbsaimoid sayies ‘paj[es ase oBuNs WL Y1 Joj suuoj [exdojodol yong ‘ayy
=3[0y 10 -uoxdsfe Ajduns se paquUISIP 3q 3I0JAIIY) JOUUED PUE SWSYIS Juoz-pareadar

A ur pasuuod Adnjnuw st U0z paIy) AY) JOj VBUNS ML ) ‘IASMOY KAt
<10adsal ‘aNI-uoNII[> pu® IYI-IOY B PUE PIIB[OSI B SIUOZ YLINOJ PUB PUOIIS

"UOZ WINO[[UE [EIPIYRIO0 PaROUNIL)
) pauasul drpNS MU (¢ ML (q) "aayds mua g uon9pR-321) Y1 siussasdal ul paysep
u._._..u-.oaq.ﬂoE.-mE.._u....ﬁ..o.id.E_._uu:c::.;&...u.ﬂauu-ti.ﬂﬁﬂm!.ﬁﬂ.m.!..—

“20RJNS ANI[-UOLIIID
suoz-mo4 (3) “Pwsuow 3woz-piy] (q) ‘0vjNS -0y u0z-pucdss (v) ‘uoneunxoidde
AN Y W [P0 2d SUONNDR IN0J YUM [FIRW IDJ UR Joj WVENNS ML L p7's B

©

(@ (e)




ky (27/a)

sqr, n=165

Sy ’
2 0 2

k, (2m/a)

0.6 |

0.4 }

0.2 ¢

0.0

sqr, n=165

)
Ay N
N N — -




0 P SR S ! S S
20 -15 -1.0 -05 00 05 1.0

ky (27/a)

k, (27/a)

D>
RN
AR
L'y
AN,




0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

hex, n=165
| ?gf%

\}\1

\

"!

e
B\

j#
r 7
th}&// r§

06 04 -02 00 02

ky (2/a)

S@f ]j : //z{)(f»\f x(‘t..%‘
0N

'l\ \‘ J:E

11/{
/ S n /

@( l /
@gﬁ r:ué\é!” qm\/

0.4

0.6

ky (27/a)

hex, n,=1-165




@

* ;[)M-h)\alﬂfo,« Ul vkt k()ﬂu_./ ot
[M\QMCBJV&LA&‘DO
0 - t:i{’{‘bwdw‘,@;g@ .

C[wﬁw M@X (Hoowa & cgrwu-& aFonaoL 09
(e yolidat doud Radtelsis w3
T jlomaredoning gy roe FounabTud.

Eu e

Matarar— wEDﬁ” d- 334&/:5 V&L\JIMIQL«W

_ EJ,- atome Qe t) C %KLQLW o&a“mw&ﬁ;,
&%WACM -fuu\}LQfS“f o o—QjLMX n e %VM
pG %:u&;r | |

Ho.tzpm = E,,(Z()m

Hdw oH visé odoun

S Kovuan LciUu WLSWMM& a_—}m

bt 8 Uay e U@awﬂ‘;_)

%ﬁ T howan SQMALLUQN\AA()WLI&(M

Eg- QeSrum @ t)éu }DGJJ—
H = Hat +AUGE)
)

Mo WFiHigar & afommottnm- il oo
(%5& (shocbim dua wealkc erwxﬁLQJ .

~ E{- AU = 0 olbled (PQjcmr V, Y+ 0 ba_u&n;
PV, Ko Lo Hr&r H.
Tuq @L uFP %&‘?& Blocle : ?i)(aé):éth'ﬂ 'gl)(,—_)
(owsumm valiv Sl 3

LR R
‘Z()V\E C\;) - Zﬁ—e d)u\ (F- E) :\AB:

— (E Lol N jEL&L A Bs ﬁﬁwﬂ)\ﬂtm Bv l()

SR

D W (R) Vown o = uﬂjuul &Mﬂm =G cunes




Mg <kSeum S

kB

be-> e B 9
E :
bs. (i) o okl ”oﬂ‘éw—%o‘u “w uﬁw c&-a‘cﬂ:%ﬂ%
b wa (e L W0 (Lcao)

—

P = 2_bh@ (2)

Hd @) = (Ha;r +AULF\§7_()L;:)= SE)V )
.LAMA*Q-Q‘A—O“ (/\A-’EEI)r /d‘)m oj uo‘h.

4 LW | Hp V> = S?bf,(?) Haﬂl)@)&F

= Ew\ <w\-\w>
o et
E. < |W> + < la0\by = SCRYDLWS

= (2@ B ) <D B> = (. lav\ W

Wotuan (1) 4 (2) @

e B
(£@®-EN T € Jhjdrdl ) d )
E_#—:—"’fffﬁ‘_—/)

ke

s . -
(\/ =) e ;_thdF (@) 20 P e-B)
'—e‘ (P8

—

Bl B=0 pa jest CBulW> - S

e ——
-
—

ot ar

( # _

(2CE)-Eu) bun = — (£@)-ENI 2 [WrRO ReR)
A\ Ec

¥ lbw

_‘—
S
N
—
e
¥
5
I
C
4
Ny
oL
s
?1
_]E/I
M ;
™!
L_..:-,]r--’
D‘
5




P

Nt (ﬂ:o.wb ‘;ﬂﬁour eru:&cle(éﬁémc( Qua @
Horbum i p-a. L wad

Bcl.— AW EE) )

Qvii awwlw vwa-v, L
B o boast v &
ISA; W (PAVE R (F)

S5 sUWas- hﬁw) WV, o (;L.j (0.5. AU Sa-
-S_EE?. lJ\U-QrV'&—OJJ\/&AL ‘L‘%’

bd Wy w=o (26 -Eub., o a
> ) >=E b.~0 e E 0

Mg ¢ (e & W t)ov%'EE_Jta}:O adond

S W (,Cﬁcuo\, C avie

@

S—b&éi u&ﬂma QDS SHS_&MQ(S HSus

LRE

(Z(e) E<)b, = - (5(®) - Egl BJ 2D(rﬂUor-e)c°_b

>

1D(r Ak)u-\ b

} -
2; x&rll) LHAUCV‘)ZD (e- Q) _\D
£xo0

— e

MIS'\:W =0 AnA -
ke

(S(RY-E:) = - (£C&)- ts\zcx@)e

k€
- - %B{(E)e
e,
(@ - (\~ zmce)\ = - B 2@
ex0
B3+ ‘((@\@E-E




—

Wiy € R o dans Ui 17

= D{C—-QB = D(QE)

> Z(8)- B~ - 2 Y(RIC(EE)
W-A.

fcc (0

D Q
E = ';2"(11, t{l)O\ ) %(i150111)1 %(OJ‘E}[‘.‘:II)

5 (B)= Eo-R-4Y {@5(_’%@_3 Cos(%‘\

+ Co= (5’%1_} (o= (Eé‘)
+ (os (%g_) Cos (ﬁg\k ()

L figoge 157 kg 2 B

i) E

Hri,«' ko << 4

(@)= Bs-[3- W{(!—(—q )(-£))

s (- 502) Y- 5()
(5080 - eV

= B —H’{B" %&'2}




@

(
\ij ®) =- Sc\? D @ av (7-8)
f}\-{nfv bw\)&;@ b&qu
2 <bova &> bﬁab\dﬁ

B Rlode Bl o reluid L. wt

Agabun o T i Fedllon we
sed Vo foo UR) = - ZCE)

S s v A

" JQQ)LOJAAMWC ;' g @m
Waran/toe— l’l@“ﬁ- <9 f’ﬂzo—?c‘*

G = Pow kwj——;i\é Wf‘{_-bw‘[‘:ﬂ‘-—u

Hs 127 - &Y

Bo%o.rei.kuimqa.r
J
Tuavr aa'}evén.‘r :

1) Nestuw fqalsor voledudir  S,p-wiolnar
2) bEH’bu\Aduaf vatecndir d-uralueor
QLUDM,MV

T _ .. - '
Tvo wmoavkqildi a sitthuoruua Jog'ri.,p-i{-s !
Bebi alluey (ot huD par uerka frekar vel !

Tel Qé'ré'f)b. !.N:é' (—(.u:vi. -LCL{-&LLC

F -jolednda kel <> f) de&daa‘é’{-a@ﬂ-

\2

- ( Udjwvt )

%
Biw eiud T virkw wath
/ R
gt wa® Yer)
[Sa-l»vn fnudsra twda Y@ J (S)iu; :réllg;L
Uy

huer L Ul matter V(P)

amﬁ“—'ﬂjﬂf Ja'}'m' —> Ltrun (laussual




@
Astond gildis vottumda

Astoud & tunre hueluwm evu S-(-a'bauch'u
P=>0 fjec Kjorma P telur madkliwn buytugun

neawvwAL kKjacua
‘Astond & W3 (s oo, evu ks stégdbaudine
- 'ow 'dd'ouclw. ave hovw i #

—> jojuvel qildisastoud
m.rl"uf'r Wvodf C kvwautut

Erki W &'(-.Jn D et h&bam
astouduma MMM
uct&dunr
veque. eSS
\L 0.0 v OJ'Shcluw:

Leideta $lator bylgjur
L——) Sjudﬂrwtlﬂt.

Md@ C 3r&a.dare...ucu3 ) Q)

Upplytlic Block skitydid
U%(?-&E): L.Eetb:(r) 7
Imoclc. v 10}uaw Q.r Y T

eLunar srmciaxemwaar

& - <>

Qr um}oidud' P Q. aa'e.wu: quau

Jo.'c\fors H&ﬁ'&

) Pery = € FEDerag)
@) TP = - R Ae+B)- T+ E)

(alwranut aldi Qfgukad-é'ud b )
Nowds Evyitt oo Oﬂ:)}ju.q J&%‘n.td: v $lokenne

e.uawju.
El.uoujru.a' Jovx L gru.ulo.r O.Luwsu




(Nb*‘ oW ) NWO:} M‘ha

(33 w9 A)
. ’DtMiN)s sosnL

N[ o' )9-F) 3, (13-3DV = (U
AWiw 1< )3-F) 2 O= (MV =

o 4 vRow %@Jml} 33

O

WAn _wiplpd whslz voMadbiy

.:Joeus (é,gdo Freys 213
DN 0 vopai bevaloZ

o vzt

»piqqu 3,

S
3.34)3 = (2,30 (1331 + (53,‘;¢>sﬁ£—
3> )3-5

(""?‘”’ pdz.viop Hop ) O

Mg, b e sllim

)o.\.uau ber akkevt K @
T Skuadost af J&mut Siinw od

'd)‘ul si sawfjeltt HN‘F""

Rl ZE'C‘?‘*‘*E.zm ¢F)
u Ui BLocL 2un v ekl m. Sowfalda

put ar
E[w] = (L (ol *U('fll-'lz)cli:
S |p(*de

) Losmrkné’ (alma%av Cy o9 zm)

(stei Holu ij o m_,m)




Greeusjotlo ad} Korrwgo, , Kohus

0q Rostokers (k@) ~

Sck-é‘diwlu Jojronn v ‘I:n?-\-t%’ & Lbsformi

P, ) -Sd? Gen (F-F')U(F')l‘% )

v i F-p
Ge -0 = — o
K= (2mzfE of £>o

= L\[.zw o8« Z <o

i UCRY = D V(IF-Bl)  wiubfim o
R
Seljuwu r'=¢-B

‘[l_\‘ &)= ZSA?“G,,_ (F-F-R)VC 'W'E (F48)
3

Blockh — Y (v+'4i) = e't" CF")

pui gast @
d%:(ﬂ =Scl7-‘
ih-F

S;',_ @)= G (-F-R)E
3

(F-FIVer) Y (FUE)
()

Wad

~ allar U_P%_gswzjar wun kvc'SfO.LLsuﬂonjw

0q Aif Eevu™C ( sew or 543

re.\jua waswA. U

UL Japma —> Gkuedoo =0
(
Z® ]

REDe Sins kode baitdisyapuan




Leidrstor stattor bylgjur  OPW
Jon &S wmitlh suag'c

%

b = €%+ T bt

‘ 7 ) t— E.u.u.n.': ‘N-Q.L;
Jlsadon S is,

Kregju.wd- o.ocl" 36(.&'5 ©9g astoud cunre
huela sew hovvaaitt

(de zl.{‘ ) g ) =0

\
' LBF
bc_ = — Sd?'zl-); e
Koghee
X Jojsvel oW bwgtost hvatt wavie
J"o’u

¥ LQ&R"*. o slattuwn (TTTV Y 1%
Lkl & uu?..tu Jouna h’lj)

@

Saw . Pseudo.:o'hu:fioi.

Gtuckkuw QOPW

¢‘: ) = % C. ei'(‘* S

¢ ",-';m - ¢‘;cr-)— %( fdr—'df&-) ¢: (F)
- Pged)
“@3(‘ Qr%'u.w\ skﬁ:-}q
H'= soy

Seua

—

(H+ v®YO, = =\ o,

el VAT % (= £,J(Sdr—'¢z*w)1[£

S‘(jmlmrwmﬂ%e.r d:v:(.grw Seun

H -'-VR= -;:—‘Vt \J petude

,
M%Bu“‘ﬂ‘g‘




2 Lysing kerfis

Vid leggjum til grundvallar eftirfarandi andpunkta-matti til lysingar 4 virku
maetti kristallsins { sléttunni:

2a
Ulz,y) = Us [c.,s(iz)m(ulyy)] . (1)

Hér veljum vid grindarfastana a; = a, = 100 nm og mattishadina Uy 4 staerd-
arprepinu meV. Pessar stwrdir eru { samraemi vid pau GaAs kerfi sem haegt er
ad bia til 4 tilraunastofum med ndverandi tzkni (sja [7]). Andpunktarnir {
jofnu (1) mynda ferningslaga Bravais-grind eins og synt er & mynd 1.

TN
TR HLL TS
un_o IS SN TS S AN
1 AN IO AN
.‘_-,‘,;,,t'"‘\\ ot r,,’t'ﬁ‘ u,}:,.o,‘é‘.\ ;
05 ﬁﬁ’l.:i‘\\\;; ,un','i"\\ s
TN IO 1
0 LIRSS RSN

Mynd 1: Ferningsgrind andpunkta samkvaemt jofou (1). Hér er a = 1.

Vid munum skoda Bravais-grindina ndnar hér 4 eftir en beinum nid sjénum
okkar ad eiginleikum andpunktanna (1). Breidd punktanna dkvardast af veld-
isvisinum a. Af pessum visi raedst pvf hversu vel adgreindir andpunktarnir eru,
hver fr4 6drum, og par med hversu breidar “rdsir” liggja 4 milli peirra. Petta er
synt 4 mynd 2

Mynd 2: Vel einangradur andpunktur (a) og breidur andpunktur med skirun (b).
f (a) er & = 3 en fyrir (b) er a = 1. Synd er ein frumeining f ferningsgrindinni.

4 Utreikningar 4 orkubordum

Samkvaemt grein 3 gefur lausn jofnuhneppisins (25) okkur orku og eigindstsnd
rafeindar f andpunkta-maettinu (1). Vid endurritum hér jofnuhneppid til haegd-
arauka:

K2 -
(— (k +K)* - E) ik + Y UK -K)ogx =0, VKeK. (27
2m
K'ex
Hér er K = {K = myb; + maby | my, my € Z} par sem by, by eru grunnvigrar
nykurgrindarinnar eins og beir voru skilgreindir f kafia 2. Vid munum skoda
lausnirnar innan fyrsta Brillouin svaedisins og htfum sérstaklega dhuga 4 orku-
bordunum 4 samhverfudsum f nykurgrindinni. Pessir dsar eru I'A, AM og MT’
og eru peir syndir 4 mynd 4 (nafngiftir eru hér { samrzemi vid [7]). Ef vid

:%m
. .
M
I A
12 P
I
. .

Mynd 4: Fyrsta Brillouin svaedid fyrir andpunkta-grindina. Mikilveegustu sam-
hverfupunktar dsamt nafngiftum eru syndir.

skilgreinum einingarlausu stikana t, og t, pannig

Ay

ty = — 2
erkx (28)
a.

o= 2tk (29)

pé ma rita fyrsta Brillioun svadid sem mengid [-1/2,1/2] x [-1/2,1/2]. Petta
er synt 4 mynd 4. Vid munum notast vid pessa framsetningu svaedisins hédan f
frd.

{ naestu greinum munum vid leysa jofnu (27) fyrir tvo tilvik. Annars vegar
fyrir frjdlsar rafeindir { umrzeddri grind og hins vegar fyrir rafeindir sem vixlverka
vid andpunkta { grindinni (sj4 kafla 2).

4.1 Frjalsar rafeindir

Strangt til tekid bd hafa frjdlsar rafeindir ekki orkuborda eins og lyst var f
kafla 3. Detta sést & pvi ad vixlverkunarmaettid er U(r) = 0 fyrir frjdlsar agnir




36 x2

E [meV]
o
@

x2

E [meV]

E [meV]
a
@

A

Mynd 9: Orkubordar rafeinda { ferningsgrind andpunkta med meettishaed
Up=0meV (A), 1 meV (B) og 5 meV (C). Bordarnir eru syndir 4 samhverfu-
dsum nykurgrindarinnar. Tvofaldir bordar eru audkenndir med “x 2.

15

M

r

Mynd 7: Lagstu orkustig frjdlsra rafeinda f ferningslaga grind. Orkustigin hafa

verid flokkud i sex “borda”.

par sem fallid f er
222 — (27)2

1, 1
f(z) = 2e7'7% 5in (EZ) [m .

Athugum nd ad K = m;b, + mab; og
a; +bj = 2rd;;.
Jofnu (34) md bvf rita

O(K (m,ma) = 52 f(2mmy) f(22ms)

12

(35)

(36)

(37)




Mynd 16: Skurdur Fermi-orku vid 3. orkuborda. Efri myndin synir tvivitt
rafeindagas en si nedri rafeindir { grind andpunkta. Hér er agnapéttleikinn
n = 6x 101 em~? og andpunktarnir hafa mattisheed Uy = 5 meV og a = 1.

skera plonin. Sfdarneinda atridid er afleiding af breyttri bordabyggingu. Eins
og sést 4 myndum 14 og 15 pd eru orkubordarnir { pessum tveimur kerfum
toluvert 6likir, t.d. liggur fyrsti orkubordinn mun nedar { andpunktakerfinu en
rafeindagasinu. S4 fjoldi setinna dstanda sem virdist { fljétu bragdi 4 vanta til
ad rafeindapéttleikinn sé hinn sami { kerfunum er pvf veginn upp af meiri satni
{ nedri orkubordum andpunktakerfisins.

Audvelt er ad syna ad péttefni med halffyllta orkuborda hefur zt{d mdlm-
kennda eiginleika (sj4 [6]). A myndum 16 og 18 kemur greinilega fram ad 3.
orkubordinn er adeins fylltur ad hluta vid rafeindapéttleikann n = 6x 10'® cm=2
f andpunktagrindinni. Reyndar er svo vid flestar adstaedur { kerfinu okkar; orku-
bordar eru halffylltir og kerfid pvi mdlmkennt.

24

52 2. The One-Electron Approximation

Fig. 2.17. The bands of Fig. 2.15b “smoothed” by the
effect of a weak lattice potentia!.

Energy

1

r I K r M z
Wave vector coordinate
Fig. 2.18. The energy spectrum of Figs. 2.17 and 2.15b (dashed) along lines of symmetry in

the Brillouin zone of the hexagonal lattice. Nomenclature of the lines of symmetry is explained
at top left.

electrons were degenerate, that degeneracy has been removed by the periodic
potential. At the same time the “kinks” in the bands are smoothed out gnd
E,(k) thus becomes a smooth function there as well. Fig. 2.18 shows a section
through the Brillouin zone of the previous illustration from the midpoint (I')
to a corner of the hexagon (K), along one side to its midpoint (M), and back to
I'. The individual parabola segments are intersections of different paraboloids
(centred on different K,,) in the repeated zone scheme.
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Table 18.1

WORK FUNCTIONS OF TYPICAL METALS

METAL W(eV) METAL W(eV) METAL W(eV)
Li 238 Ca 2.80 In 38
Na 2,35 Sr 2.35 Ga 3.96
K r g Ba 2.49 m 3.7
Rb 2.6 Nb 399 Sn 4.38
Cs 1.81 Fe 431 Pb 4.0
Cu 44 Mn 383 Bi 44
Ag 4.3 Zn 424 Sb 4.08
Au 43 Cd 4.1 w 4.5
Be 392 Hg 4.52
Mg 3.64 Al 425

Source: V. S. Fomenko, Handbook of Thermionic Properties, G. V. Samsanov, ed.,
Plenum Press Data Division, New York, 1966. (Values given are the author's dis-
tillation of many different experimental determinations.)
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