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I. Landauer formula for thermoelectric properties

In the Landauer approach, the electronic current / and electronic thermal current I, can be

expressed in terms of electron transmission function E(E ) Supposing that the conductor is

connected by two leads with chemical potential of p, _ and temperature of 7' _,

I :%J‘dEE(E)[ﬁ(E)—f(E)],
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where f, (E)=1/exp[(E—np,_)/k,T,_+1] is the Fermi-Dirac distribution function.



In the linear response region (i.e. voltage difference AV =(u, —pn_)/e=0"and

temperature difference AT =7, —T =0"), I and I, can be written as
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x=(E-w)/k,T n=(u, +p_)/2,and s(x)=Z(xk,T +p) . Then the electronic conductance o,

Seebeck coefficient S and electronic thermal conductance «, are:
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On the other hand, thermal current contributed by phonons // can be expressed in terms

of phonon transmission function Z ()

1= [doE, (@ha{ £ (@) (@), ©)

where ff_ (w)=1/exp[(hw)/ k,T, _—1] is the Bose-Einstein distribution function. In the linear

response region,
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Then the phonon thermal conductance «, is
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where x =hw/k,T and s,(x)=E (xk,T/h).

It is necessary to check Eq. (7) and Eq. (8), since there the denominator / can be nearly
zero when the Fermi level p is located well within the band gap. For this purpose, we consider a

simple case in which only one conduction band takes part in transport. The electron transmission
function writes as Z(E) = O(E - E,, ), where E_,,, is the conduction band minimum and © is

the step function. In Eq. (5), s(x) =0O(x—-x,), where x, =(E_,, —W)/ kT . When p is well

below E,,, i€, x,? 1, Ly=e™, L, =(1+x,)e ™, and L, = (x; +2x,+2)e ™. Then both
2 2
e _. Py A, . . .
c= 76 *and x, = Te © are nearly zero as expected, since no electronic state is close to

e

k
the Fermi level. Physically, S is expected to be nearly zero as well. But here S =——2(1+x,) is
e

artificially large, originated from the zero divide zero problem. Fortunately, this problem does
not affect the calculation of power factor P =cS”, which approaches zero for large x,. Based on

Egs. (6), (7), (8), and (11), the thermoelectric figure of merit Z7 can be calculated.
I1. Band structures for wz3 NWs
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Figure S1. Band structures for wz3 NWs with different diameters. All the three GaAs NWs have
direct band gap located at the I" point. The band gap increases from 1.1 eV for 3.0-nm NW to 2.0
eV for 1.5-nm NW. The Fermi level (green dashed line) is set to the middle of the gap.



III. Normalized ZT and P for wz3 NWs
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Figure S2. Normalized ZT (blue triangles) and P (pink squares) as functions of electronic
chemical potential for wz3 NWs. Green dashed lines indicate the Fermi level. Z7/P values for

p- and n-type NWs are shown in empty and filled symbols, respectively.

IV. VBM states for larger wz3 NWs

d=2.3nm

Figure S3. Partial charge density plots (isosurfaces in blue) of VBM states for bigger wz3 NWs.
The green, orange, and white spheres represent the Ga, As and H atoms, respectively.



V. VBM and CBM states for 1.6-nm zb2 NW
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Figure S4. Partial charge density plots (isosurfaces in blue) of VBM and CBM states for 1.6-nm
zb2 NW.



