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Fig. 1. Comparison of the experimental measured PL
intensity of Sig/Ges, Sig/Geg, Siz/Gea superlattices
as well as Sip.¢Geg.ahomogenous alloy at low temper-
ature. The superscript “NP”indicates the non-phonon
radiative recombination of exciton, and “TO” the TO-
phonon assisted radiative recombination of exciton.
The intensity of Siz/Geg superlattice and Sig.6Geo.4

alloy is zoomed in by 5 times (151,
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B A IR =K, SO R i A iR R
AR A ISR,
% 1 7F Ge Ml Sig.4 Geo ¢ £ (001) TH_EAK I Sig/Geq 5%
A ET R A BRI R TT, LA Ge 19 I R ELER AT IR
AR CHEAT EL . e BROT R B T AR AT A P 0 py
B R A 8 py LA p, BRATHE B G 1 B 2 - B AL
Table 1. Dipole matrix elements between the conduction
band minimum and the valence band maximum of Sig/Gey
and magic sequence superlattices on (001) Ge and (001)
Sig.4Gep.¢ substrates, compared to the dipole matrix ele-
ments of the band gap transition at I'-point in bulk Ge. We
report the dipole matrix elements p|| parallel to the sub-
strate growth direction (001) and p; perpendicular to (001)

between valence and conduction band in atomic units.

SL Substrate |(v|p[c)|? [(vlpL|c)?  [{v]p|c)|?
Ge Ge 1.28x10~7 0.185 0.37
SigGes Ge 5.05x10~% 2.72x10% 5.59x10~4

Sig.4Geg.g 5.21x10~% 1.21x10~* 7.64x10~*

Masi
agie Ge  246x10~2 3.42x10~3 3.15x10~2
sequence

Sig.4Geg.g 1.81x10~7 1.35x1072 2.71x10~2

W DL B R AL AR, RE RS
) B T LA i IR A B R OB AR A, X
s A — AL E S A, B R A A
F T ) Si/Ge HEF Fr B SiGesSipGesSi, SR G 2
n = 12—32 21 Ge JE FAE NG 21 B — /N i
% JEL I, IX LR AR A 2 ON o, BB AR . XA AT
(1 Si/Ge Fr BLHIAR T ovp, 8 di AR 7 2 /INA HLJH X
TR BB IR, I B L K i 1 6 KGR AR
FETG. N T ARIE o, 88 S iR B3R T BR8240 20
R Siy, Ge, TR Ge R T 60%, WA
H Ge [ & &/ T 60%, A4, AKEE LT,
RS E A LR X2 TR e B ), Rl
e A% S TE X SRR T I . TR
B8 SiGesSiaGeaSiGers XN AT I arqo #8 B
M. R 3 g T IS B a0 B SR AK
(R 2R A 35 SR [15] FR RS [ Rt B
Sig/Gey 8 RGBT HLEL. R 1 FH A H T Sig/Gey 2
B g B A A I RIE RS JT, JFF1 Ge

— a-Sequence
— SiﬁGe4
. 005 g

Absorption spectrum
Intensity/arb. units
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SiﬁGe4 SL
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Photon energy/eV
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[#(=2)[?

1.0f " | " 1 10}
o M 0.5}

r-space districution
of CBM and VBM
=)

[#(=2)?
o —
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o <

k-space distribution
of CBM

K3 Sig/Ges B FIRATR I oo B LLEL  (a) JCZMRUCHE, B A H K23 4 H T AR RLEE % i Bt (b)
R e SR 20 U8 B BOPE 92 ) (W R A 2R T 1T ) BRI () R 3ty S I8 R ST Tl L 38— % I ) 2

Fig. 3. Comparison between SigGey superlattice and the discovered magic sequence: (a) The direct absorption spectra;
(b) the location in real-space of the CBM and the VBM along the growth direction, with silicon layers in gray and

Germanium regions in white; (c) the reciprocal space orbital character of the CBM, e.g., the components of the CBM

in the zinc blende Brillouin zone.
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RS R GO, H R R A B 2 KRR B DAEK
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A VBM [0 (156 2 BT R f VRN, th st 2 & AT 1A 1 3 &
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B, VAR EATIBE Sit o Geg FTE Ge A3 R I, I
PSR T To M A BIRER 2, WS (i) W
JB, WA EARER 2 BLZSE TR R RTE T £ CBM
FVBM 8] B56 2 BRI H B 7T; (b) & S8R B 7 H.
IS AR BT 0 i i BTG S R A B T D S R
TELE, £ % T 52 SO Si(Ge) T2 4 Siy—o Geg
(SizGe1—o) BEER, s WALHFZH, WTz=0EH
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Fig. 4. (a) A dipole-allowed direct-gap material must
present two distinct and necessary properties: (i) CBM
and VBM are at the same location in crystal momen-
tum space, and (ii) the transition between CBM and
VBM is optically allowed. These two conditions are
illustrated here for several optical friendly superlat-
tices, with respect to the substrate Si;j_, Gez. The
solid lines measure the energy difference between the
conduction band I and A.. It is positive only when
(i) is satisfied. The dashed line represents the dipole
elements between the VBM and conduction band at
I-point. (b) Effect of interface mixing on dipole tran-
sitions: interface mixing is modeled by replacing pure
Si with Si1_,Ge; and Ge with Si,Geq_, within the
magic pattern and its edge (defined as two monolay-
ers). For z = 0, there is no mixing, and at z = 0.5,
the pattern has disappeared completely, since there is

no contrast between Si rich and Ge rich layers.
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Fig. 5. Schematic configuration of Si/Ge core-shell
NWs: (a) The cross-section of Si/Ge core-shell NW is

like a onion cross-section, Outside the Si or Ge core

[Ges)[GeSiaGeSiaGey) [Ges][SiaGesSiaGey,)

is a Si/Ge multishell; (b) inverse designed Si/Ge core-
multishell NWs with highest oscillator strength. For
[001]-oriented best NW, the NW core is 5 ML Ge and is
then a GeSiaGeSiaGe, multishell, whereas, for [110]-
oriented best NW, the NW core is 5 ML Ge and is
then a SioGeszSiasGe, multishell.
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Fig. 6. Absorption spectrum of [001]-oriented pure Si
NW, pure Ge NW, (Ge-core)(Si-shell) NW, random
alloy NW, and inverse designed [Ges]GeSiaGeSiaGeig
core-multishell NW. All these NWs have the same size.

The bandgap values are marked with the vertical ar-

rows having consistent color with those of absorption

spectra. Some spectra with low intensity (not clearly

seen) are amplified.
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Fig. 7.
of the Si FCC Brillouin zone of a pure Si NW, Ge-
core/Si-shell NW, and inverse designed optical friendly

The distribution of CBM wave functionin

[Ges]GeSiaGeSiaGeg core/multi-shell nanowires with

the same size.
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Abstract

The purpose of the semiconductor Materials Genome Initiative is to discover, develop, and deploy new materials in
such a way that the research and development period is reduced to a half of original period, and the cost to a fraction of
the present cost, thereby speeding up the advance of clean energy sourse, state security, and human welfare, through the
organic integration of experiment, computation and theory. Semiconductors play a key role in developing technologies
and industries relating to economy, state security, and human welfare. The implement of the semiconductor materials
genome initiative will promote the development of semiconductor science and technology into a new era. In this paper,
we present a demo of the semiconductor material genome project through introducing our early work on designing silicon-
based light emission materials. We first briefly review the status of development of silicon-compatible light emission and
challenges facing it. We then demonstrate the power and value of semiconductor materials genome initiative by presenting
our recent work on the inverse design of strongly dipole-allowed direct bandgap two-dimensional Si/Ge superlattices and
one-dimensional Si/Ge core/multi-shell nanowires, respectively, from two indirect-gap materials (Si and Ge). We use
a combination of genetic algorithms with an atomistic pseudopotential Hamiltonian to search through the astronomic
number of variants of Si,,/Ge,,/- -+ /Sip/Geq stacking sequences. We finally give a short perspective of semiconductor

materials genome initiative.

Keywords: Materials Genome Initiative, silicon-based light emission, superlattice, nanowire
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