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ex (k) = o £ V[ f(k)]> + (A(k))?

® We still have separated conduction and
valence bands, but now it is harder for them

to touch: need f=A=0!
® Can calculate

A(K) = —3v/3) A(K') = +3v/3)

® 5o there is no touching - i.e.a full gap
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® From just the energy bands, it might appear
like an ordinary semiconductor or band

insulator

e BUT...it has unusual edge states, similar to
IQHE

® Jo see them, we need to model an edge -
complicated!
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® |Instead of an edge = interface to vacuum, we
consider an interface to a ‘“‘trivial”’ insulator

® n.b.“trivial” means topologically trivial. This
means that it can be deformed into just a bunch
of localized electrons bound to individual atoms

® |t is expected that edge states to a trivial
insulator are the same as those to vacuum,
which is also “trivial”

® This can be verified explicitly, but it is more
involved
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edge/interface

Staggered potential

SOC A+0 V=0
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® Back to tight-binding model

( e+ A7(k)+V (k) ) ( V2

f* (k) €0 — A%(k) =V VB

Staggered potential
V=0
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® Turns out the vanishing gap supports edge
states!

® VWe can see this using the Dirac equation!

® Near K point, for up electrons
(oo e ) (3a)=(85)
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® Dirac equation for K, up spin

(e ) ()= ()

® | ook for a special solution

<$2)2(1>9($) € = €9 — Uy

) / / converges for positive
g(x) = goe v Jo dz"Vert(z")  and negative x because
Vett(x) changes sign
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® Dirac equation for K, up spin

( €0 + Verr(z)  —iv(0z — qy) ) ( tha > :E( A >
—w(0z +qy) €0 — Ves(7) VB VB
® | ook for a special solution
(0)-()or (D

1 fx / / I I
B — L [Ty Vg (2) describes a chiral edge
9(x) = goe ™+ %0 state like in IQHE
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® Edge states!

like IQHE but with counter-propagating edge states for
opposite spin
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® Edge states!

Lots of cool consequences

R related physics in 3d

L, U

Verified in many experiments

This is now considered just one of many
“topological” phases that can occur in
quantum systems!




