E(ec-Lz\ov\zc gun&tce %“L%”LE'S

g/\jeaml._j~ :f\:ce {;(?clf\ow Mo&e\%
, ates of +h¢
LTn %ev\em(/ +he ey 1o 'f.ma( +ho glates

S gACa s o selow e go{’“‘?ﬁfﬁqws-ef egusa.ism,\ wil
G -.

-ﬁ-'\ae QPP !\of)l\)«q-(‘e ?Q‘Lem“r&&\§ .

(_2
zZ™Mm AT

_ ‘i«'fz 912 " \/(z)} L]J(z) =~ E (70(2>

A‘g" 4‘\/\6 TMS\&CP/ _]LLe QO'LGVL"(‘)“‘»[ C[ﬂ&kv\éj\"? ?L«.O'(azft«’(j;

\/(2) = [eyp (2?2) + exﬁ(«zzjzﬂ = 10003 z_gz) (‘Z(o)

\/</7> = \/o (Z = o)

T Ceystal Vacuum
{Z<0}

EVm:

Polentlal energy

(a) Distance from surface z
£
2v
T
§ Fig. 6.1a,b. Nearly-frec-electron
model for a cosine potential along a
, | | | linear chain (z-direction). {(a) Poten-
2T oo I 2Z &, tial epergy in the presence of a sur-
(b) 1 face at z = 0. (b) Energy bands E
6=2T/q {k.) for one-electron bulk states

Lizi—i—L/-P, 267



1A ‘Qek}' Mg te O—"G-"AS Q\ECWJV fhe O A dﬁ 2 quap“f)ok?

%U".Séﬁﬁ. own “(/Le “(:\Fec-é\ec‘\:\oh hnocﬁe{
Lt
_I—Lxe ln.eg ?(m,g(- DY \SJLOLJ\— o;k' ‘F(f»e_ gf‘\um‘a Zonme 641\3@/

4
1

— I
Ho= =g
Tlhe aug z‘ﬂn—-c&%ﬂ\_\_ —‘r\\neﬁe W4 ?\L“"\Di”“% wace 4 Can,
. e
(. P2 K ) .
N Wiy e ~ + e & = 2 ces (ZE)

iTZ
=1

o Wy-p - — e

5

= 1J‘-gm(-{-‘a—\z’>
. ) , “
T‘v\ﬁ P-\gl: q\n()\Lj Jimm-\-j 1< (,I) (/,)

> .
P+(Z) = q)(‘*) (‘()(—{-) & (oS (T—[f)

P__ (z) =

@(<¢’(\5\an2 near %L\‘i Pova e =S5

Gy vy < 3 ()

P-f P\ié’? G
P_ F\.<a§" =@ e(fc‘*\.\l\-a.ag M <D~€;\-u~ae,1 Al vou Coreg



U, potential energy
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Figure 3 (a) Variation of potential energy of a conduction electron in the field of the ico cores of
a linear lattice. (b) Distribution of probability density p in the lattice for [{—)> « sin? mx/a;
Jy{+)2 ¢ cos? mx/a; and for a traveling wave. The wavefunction ¢(+) piles up electronic charge on
the cores of the positive jons, thereby lowering the potertial energy in comparison with the average
potential energy seen by a traveling wave. The wavefunction y{—) piles up charge in the region
between the ions, thereby raising the potential energy in comparison with that seen by a traveling
wave. This figure is the key to understanding the origin of the energy gap.
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Fig. 6.2. Real part of the one-
electron wavefunction, Re{w}, for (a)
a standing Bloch wave (i), matched
to an exponentjally decaying tail (20)
0 m the vacuum; (b) a surface-state

wave function locahzed at the surface
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Fig. 6.3. Electronic band structure
(qualitative) for a semi-infinite chain of
atoms. Bulk Bloch states which are Jit-
tle disturbed by the presence of the sur-
face give rise to energy bands E{k.) that
are periodic in wave vector k. parallel
to the chain direction, i.e. normal to the
surface (solid curves). States with a wave
function amplitude exponentially decay-
ing from the surface (z = 0) into the bulk

/e

The (‘6’62( case

" {z < 0) are found between the bulk states
for complex wave vectors 7 /a—ig (broken
curve)
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Fig. 6.4. Hypothetical electronic band struec-
ture of a crystal. The shaded areas in the E(k;)
plane describe the projected bulk-band struc-
ture (along k). Broken lines in the E(k)) plane
indicate surface state bands in the gaps of the
projected bulkband structure. and surface res-
onances where they are degenerate with bulk
states (short dotted lines)
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Qo AR Seobl elal, SUSTR 1609, 2242 (1998,

F(G. 1. Model structures determined for the (a) 1X1 Ga adlayer structure
and (b) 33 adatom-on-adlayer structure of GaN(0001). The Ga adlayer is
under tensile stress since the Ga atoms are stretched further apart compared
to their spacing in bulk Ga (3.19 A compared ~2.7 A). For the 3X3 struc-
ture, the adlayer atorns are able to get closer together by movigg m the
in-plane (lateral) direction away from the Ga adatoms by 0.51 A, thus re-
lieving the stress. All other ateral or vertical displacerments of the adlayer
atoms are less than 0.1 A,

Sl ebal, p 2243

Gan(0001)1x1

Energy (6V)

FIG. 2. Band structure for the GaN(0001)1 <1 Ga adlayer based op local
densiry functional calculations. Energies are plotted relative 10 the VBM.
The Fermi level is located 0.75 ¢V above the VBM. The plot shows the
valence and conduction band edges and three surface states: §y, §,, and 5.
The computed bulk band gap of GaN is less than the experimental value (3.4
ev).
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F1G. 3. Averaged tunneling spectroscopy results from three separate experi-
ments (three different tips) on the GaN(Q0O1)I X1 surface (2)—(f) and 2
single experiment on the GaN(0001) “{X1” surface (g) and (h). /-V
curves are shown o the left with the corresponding normalized conductance
curves shown oun the rght. Crossmarks represent the ongins for the [~V
curves, while dashed lines indicate where the porroalized conductance=],
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Fig. 6.5. Qualitative explanation of the origin of surface states in the tight-binding
picture. Two atomic levels A and B form the bulk valence and conduction bands,
respectively. Surface atoms have fewer bondimng partners than bulk atoms and thus
give rise to electronic energy levels that are closer to those of the free atoms, i.e.
surface state levels are split off from the bulk bands. Depending on their origin,
these states have acceptor- or dornor-like charging character
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