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Giant intrinsic circular dichroism of enantiomorphic flat Chern bands and flatband devices
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Circular dichroism (CD) is generally observed in the optically active chiral molecules that originate from
macroscopic electric and magnetic dipoles, which is usually quite small. In solid states, the so-called valley CD
may arise microscopically from interband transitions between two chiral electronic valley bands of nonzero Berry
curvatures at a given k point. However, generally, two sets of K and K ′ valleys coexist in the Brillouin zone with
opposite chiral selectivities, so that the net CD is zero for the whole material. Here, we demonstrate a giant CD
originating from photoexcitation between two chiral Chern flat bands of opposite Chern numbers, namely, the
enantiomorphic flat Chern bands. The dissymmetry factor g of such flat CD can reach the theoretical maximum
value of 2 with the optimal spin-orbit coupling strength. Based on first-principles calculations, we identify that
the Li intercalated bilayer π -conjugated nickel-bis(dithiolene) hosts a set of yin-yang kagome bands with an
estimated large g = 0.74 under magnetic field. Furthermore, based on the flat-CD mechanism, we propose two
flatband devices of topological photodetectors and circularly polarized lasers.

DOI: 10.1103/PhysRevB.102.125115

I. INTRODUCTION

Circular dichroism (CD) is a differential absorption spec-
trum of left-handed (σ+) and right-handed (σ−) circularly
polarized light (CPL). It usually originates from the macro-
scopic chiral degree of freedom of naturally occurring
molecular structures [see Fig. 1(a)] [1–3]. However, this con-
ventional CD, with a magnitude proportional to the product
of electric and magnetic dipole transition moments, is quite
small. Its typical dissymmetry factor g lies in the range of
|g| < 0.2 [4], one order of magnitude smaller than the theo-
retical maximum value of 2. To overcome this limitation in
nature, artificial chiral metasurface structures were recently
fabricated to exhibit a giant CD as large as 0.7 [5].

On the other hand, in solid states, CD can have a micro-
scopic origin from the chiral degree of freedom of electron
bands, even in achiral crystalline structures. One interest-
ing example is the so-called valley CD in two-dimensional
(2D) materials, such as graphene [6–10] and transition-metal
dichalcogenides [11–18]. In valleytronics, the valence and
conduction bands at a given k point of the valley have opposite
Berry curvatures, leading to a strong CD when this valley can
be isolated by breaking inversion symmetry [12,19]. However,
generally, two sets of K and K ′ valleys coexist in the Brillouin
zone with opposite chiral selectivities [see Fig. 1(b)] so that
the overall CD vanishes for the whole material.

In this paper, we demonstrate a giant CD originating from
photoexcitation between two enantiomorphic flat Chern bands
(FCBs) [Fig. 1(c)]. Recently, it was shown that a unique
configuration of enantiomorphic flat bands (FBs) can exist in
a diatomic kagome lattice, arising as parts of the two sets of
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kagome bands that were termed yin-yang kagome bands re-
sulted from negative and positive lattice hoppings [20]. For the
spin-degenerate case, the valence and conduction FBs carry
opposite spin Chern numbers (i.e., Z2 number) in each spin
channel to support an interesting excited quantum Hall effect
[20], as CPL of a given handedness will excite selectively
one spin channel to induce a quantized transverse integer or
fractional Hall conductivity. However, the net CD would be
zero with opposite CPL absorptions from two spin channels.
Instead, considering a ferromagnetic system, time-reversal
symmetry breaking gives rise to a pair of enantiomor-
phic FCBs carrying opposite Chern numbers, as shown in
Fig. 1(c). Then photoabsorption between the two FCBs is
allowed for a CPL of only one handedness (let’s say left
handed for spin-up bands) but is forbidden for the other,
leading to a giant FCB-originated CD (named flat CD) for the
whole material. Furthermore, we identify two real candidate
materials to realize the pertinent flat-CD phenomena.

II. TIGHT-BINDING MODEL

We first illustrate the creation of enantiomorphic FCBs in
the diatomic kagome lattice and a “phase” diagram of band
structures in the parameter space of lattice hopping integrals.
As shown in Fig. 2(a), there are two atoms (a dumbbell) on
each kagome site. The tight-binding (TB) Hamiltonian can be
written as

H = t1
∑
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∑
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c†
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FIG. 1. Schematic illustration comparing three CD generation
mechanisms. (a) The small CD of a chiral molecule originating from
macroscopic electric and magnetic dipole transition moments. The
red curved arrow represents the structural chirality of the molecule.
(b) The valley CD in a 2D material originating from valleytronics
with opposite chiral selectivities in the two sets of K and K ′ valleys in
the BZ. The red curved arrows indicate electronic chirality of Berry
curvatures in the valley bands. The σ− (σ+) CPL is absorbed in the
K (K ′) valley, and the net CD from both valleys is zero. (c) The giant
flat CD originating from enantiomorphic FCBs with opposite Chern
numbers. The red curved arrows indicate electronic chirality of Berry
curvatures in the FCBs. Only the σ+ CPL is absorbed in the whole
system.

where c†
iα (ciα) is the electron creation (annihilation) operator

on site i of spin α. The first three terms represent the nearest-
neighbor (NN) intradumbbell (t1), 2NN interdumbbell (t2),
and 3NN cross-dumbbell (t3) hoppings. The fourth term rep-
resents spin-orbit coupling (SOC) with a coupling strength λ,
with the cross between two 2NN unit vectors r̂1,2

i j mimicking
an effective magnetic field pointing out from the center of the
triangle [Fig. 2(a)]; the coefficient 2/

√
3 leads to 2/

√
3 (r̂1

i j ×
r̂2

i j ) = ±1. σ z is the Pauli matrix; α and β are spin indices
[21]. The fifth term represents the Zeeman splitting with an
exchange field strength λz. We consider the case of a large
Zeeman splitting so that only the spin-up component is taken
into account in the following unless otherwise specified.

Figure 2(b) shows the phase diagram of TB band struc-
tures in the parameter space of t2 and t3, which consists of
four different phases: (D, pxy), (K−, K−), (K+, K−), and
a mixed phase. A detailed discussion of these phases and
the corresponding band structures (Fig. S1) are presented in
the Supplemental Material [22]. Here, we focus on the (K+,
K−) phase with the desired enantiomorphic FCBs, where K+

FIG. 2. Lattice and phase diagram of the diatomic kagome lat-
tice. (a) The diatomic kagome lattice structure, where t1, t2, and t3

are hopping integrals and λ represents the SOC strength. (b) Phase
diagram of the TB bands as a function of t2 and t3 in units of t1. The
red star on the y axis marks the ideal (K+, K−) phase we choose for
the topological and optical property calculations.

FIG. 3. The topological and optical properties of the (K+, K−)
phase. (a) The ideal yin-yang kagome band structure and Chern num-
bers of each band with SOC. (b) The interband optical adsorption
coefficient α without SOC, which is the same for the left-handed
(σ+) and right-handed (σ−) CPL. (c) α with SOC [20]. The FCBs
absorb only σ+ CPL. (d) The dissymmetry factor g calculated from
the σ+ and σ− absorbance in (c). (e) The g factor as a function of λ

for the excitation of yin-yang FCBs. (f) The relationship between the
integrated absorbance A and λ for σ+ and σ− CPL, respectively.

and K− denote two subsets of kagome bands resulting from
positive and negative lattice hoppings, respectively. To sim-
plify the analysis, we consider an ideal case in the (K+, K−)
phase by setting t2 = 0. The corresponding lattice hoppings
are indicated in Fig. S2(c) [22]. One typical band structure of
t3 = 0.3t1, marked by the red star on the y axis in Fig. 2(b),
is shown in Fig. 3(a) with SOC. By integrating the Berry
curvatures, the Chern numbers C of two FCBs are calculated
to be C = 1 and C = −1 [23], which we will denote as yin
and yang FCBs hereafter for convenience.

III. RESULTS AND DISCUSSION

The contrasting topology of the yin vs yang FCBs leads
to a striking optical activity. The calculated optical absorption
between the yin and yang FCBs of CPL shows a strong chiral-
ity dependence. The interband optical absorption coefficient
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α(ω), where ω is frequency, is given by [9,24,25]

α±(ω) = α0

h̄ω

∑
v,c

∫
1BZ

|Pcv
x (k) ± iPcv

y (k)|2

× η

π [(Ec(k) − Ev (k) − h̄ω)2 + η2]
dk, (2)

where Pcv
x (k) is the electric dipole matrix element Pcv

x,y(k) =
〈ψc(k)|∇x,yH (k)|ψv (k)〉. Ec(k) and Ev (k) and |ψc(k)〉 and
|ψv (k)〉 are eigenvalues and eigenstates of the conduction
and valence bands, respectively. η is the full width at half
maximum of the Lorentzian, which is the phenomenologi-
cal relaxation rate for interband transitions. Here, we choose
η = 1 meV. α0 = e2/4πε0ch̄, where e and m are the charge
and mass of the electron, ε0 is the vacuum permittivity, and h̄
is the reduced Planck constant.

Without SOC, the optical absorption spectra for σ+ and
σ− CPL are the same, as shown in Fig. 3(b); both show a
sharp δ-function peak at the gap energy between yin and yang
FCBs. With the SOC (λ = 0.0375t1), the absorbance for σ+
CPL is much larger than that for σ− CPL (almost zero), as
shown in Fig. 3(c), leading to a giant CD, as quantified by the
dissymmetry factor g,

g = α+ − α−
1
2 (α+ + α−)

. (3)

Most significantly, for the chosen parameters, the g value
reaches even the maximum theoretical value of 2, as shown
in Fig. 3(d).

With SOC, the FCBs become dispersive. Consequently,
the g factor, integrated over energy, becomes dependent on
the SOC strength, as shown in Fig. 3(e). Specifically, with
increasing SOC, g shows a volcanolike curve with a gener-
ally large CD (g > 0.5). It reaches the maximum value of 2
for λ = 0.0375t1 [see also Fig. 3(d)], as mentioned above.
This nonlinear relationship between g and λ is caused by
the different resonances for the absorption of σ+ and σ−
CPL, as shown in Fig. 3(f). The integrated absorbance, A =∫

α±(ω)dω, increases linearly with λ for σ+ CPL but first
decreases slightly and then increases as a power law for σ−
CPL.

To better understand such an intriguing CD behavior, we
further reveal the k-space distributions of the absorbance for
σ+ and σ− CPL and the corresponding distributions of the
g factor as a function of SOC, as shown in Fig. 4. Without
SOC, the absorbances for σ+ and σ− CPL are the same,
and both originate from concentrated photoexcitation along
the �v-M high-symmetry lines (here �v denotes a k point in
the vicinity of �) while the photoexcitation at � and in its
vicinity is forbidden [see Figs. 4(a) and 4(e)]. Including SOC,
most noticeably, due to the contrasting topology of yin vs yang
FCBs, photoexcitation at � becomes allowed for the σ+ CPL
but remains forbidden for the σ− CPL [see Figs. 4(b)–4(d) and
4(f)–4(h)], leading to a giant CD. Specifically, with increasing
λ, the absorbance for σ+ CPL increases monotonically around
� and along the �v-M line. Meanwhile, the absorbance for σ−
CPL decreases first and then increases along the �v-M line;
its intensity is generally an order of magnitude smaller than
that for σ+ CPL and almost vanishes at λ = 0.0375t1, which
gives rise to the maximum g of 2. The k-resolved g factors are

FIG. 4. The interband absorbance distributions. The distributions
of (a)–(d) σ+ and (e)–(h) σ− CPL in the first BZ for different λ. (i)–
(l) The corresponding distributions of g in the first BZ for different
λ. (a), (e), and (i) λ = 0, (b), (f), and (j) λ = 0.01t1, (c), (g), and (k)
λ = 0.0375t1, and (d), (h), and (l) λ = 0.05t1.

shown in Figs. 4(i)–4(l). When λ is small, g is predominantly
centered at and around the � point [Fig. 4(j)]. With increasing
λ, g along �v-M is gradually enhanced.

Next, we use group theory to explain the difference
between the absorptions with and without SOC at the high-
symmetry points. The diatomic kagome lattice has space
group P6/mmm (D1

6h) in the Hermann-Mauguin notation.
Based on the optical selection rule [26], for a nonzero optical
activity, the matrix element (ψc, H ′ψv ) must transform as a
constant when any or all the symmetry operations are applied,
where H ′ represents the perturbation induced by the CPL.
In other words, the matrix element can be calculated by the
direct product of the irreducible representations �c for ψc,
�H ′ for H ′, and �v for ψv . If �c ⊗ �H ′ ⊗ �v contains the fully
symmetrical representation �1, the photoexcitation is allowed.
The symmetry behavior of H ′ can be derived by using the
wonderful orthogonality theorem [26]. For example, at the �

point, the σ+/σ− CPL can be expressed by the complete set
of basis functions of the irreducible representations i [27]:

⎛
⎝ 1

∓i
0

⎞
⎠ =

∑
i

li
h

∑
R∈D6h

χi(R)R̂

⎛
⎝ 1

∓i
0

⎞
⎠

=

⎧⎪⎪⎨
⎪⎪⎩

⎛
⎝ 1

∓i
0

⎞
⎠, if i = �−

5 ,

0, otherwise,

(4)

where (1 ∓i 0)T is the Jones vector of the σ+/σ− CPL, li is the
dimension of the irreducible representations i, h is the number
of operations in the point group D6h for the � point, and χi

and R̂ represent the characters and operations, respectively.
Therefore, any CPL mode transforms purely according to
the irreducible representation �−

5 . Similarly, analysis at the
K (point group D3h) and M (point group D2h) points can be
performed according to the �6 and �−

2 ⊕ �−
4 representations,

respectively. The relevant irreducible representations for the
states of the high-symmetry points are shown in Fig. S3 [22].
The corresponding direct products with and without SOC are
shown in Table S1 [22] and are identified in accordance with
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FIG. 5. The atomic and band structures of the Li intercalated bi-
layer π -conjugated nickel-bis(dithiolene) Li12-(Ni3C12S12)2. (a) The
top and side views of the lattice. (b) The band structure with SOC.
The red and green circles on the right enclose the zoom-in band
structures around the SOC gaps between the conduction (valence) FB
and the parabolic band, as indicated by small red and green circles at
the � point, respectively.

the absorption distributions in Fig. 4. Note that the photoex-
citation at the � point is forbidden without SOC in Fig. 4 but
allowed in Table S1. The reason is that the dispersive bands
are also considered in the group theory analysis due to the
band degeneracy at the � point. With SOC, the band degen-
eracy is lifted. The total angular momenta are 3/2 and 1/2
for FCBs �+

9 and �−
7 , respectively [see Fig. S3(b)], as derived

from the double-group theory [28]. As a result, only the σ+
CPL (satisfying the selection rule of �J = 3/2 − 1/2 = −1)
can be absorbed with SOC leading to the giant CD.

Furthermore, the SOC-induced absorption around the �

point can be visually understood by plotting the wave function
coefficient in real space, as shown in Figs. S4 and S5 [22].
One notices that the single-orbital diatomic kagome lattice
can be viewed as an sp2 basis in a hexagonal lattice [20].
Without SOC, the orbitals are |s,↑〉 for Figs. S4(a) and S4(f),
|px,↑〉 for Figs. S4(b) and S4(e), and |py,↑〉 for Figs. S4(c)
and S4(d). The photoexcitation is forbidden from p to p or-
bitals. Consequently, the absorbance at the � point is zero in
Figs. 4(a) and 4(e). In contrast, with SOC, the orbitals become
|s,↑〉 for Figs. S5(a) and S5(f) and |±(px ± ipy),↑〉 for Figs.
S5(b)– S5(d) [29,30]. Consequently, only σ+ CPL can be
absorbed between the two FCBs.

IV. MATERIAL REALIZATION

Now, we identify two candidate materials to realize the
above intriguing flat-CD phenomena based on first-principles
calculations. The first one is the lithium intercalated bilayer π -
conjugated nickel bis(dithiolene) [Li12-(Ni3C12S12)2], whose
atomic and electronic band structures are shown in Fig. 5. One
can clearly see a set of yin-yang kagome bands, contributed
by Ni d orbitals, in Fig. 5(b). With 12 intercalated Li atoms
per unit cell, the Fermi level is located right in between the
two flat bands. By fitting the TB model Hamiltonian [Eq. (1)]
to the designated first-principles yin-yang kagome bands, we
estimated its flat-CD effect under magnetic field to have a g
value of 0.74, which is unprecedentedly large for any known
material. It is important to note that the AB stacked bilayer
π -conjugated nickel bis(dithiolene) has been experimentally
synthesized [31], and the first-principles calculations show
that AA stacking is more stable than AB stacking [32,33].
Here, we use one example configuration of Li intercalation,

where the Li atoms are located at the interface, to illustrate
the feasibility of intercalating up to 12 Li atoms per unit
cell. The intercalation energy E is found to be negative,
−0.31 eV/atom for Li12-(Ni3C12S12)2, calculated as E =
[E (tot) − E (bilayer) − nE (Li)]/N, where E (tot) is the total
energy of the intercalated system, E (bilayer) is the energy
of pure (Ni3C12S12)2, E (Li) is the energy of a Li atom, n is
the number of Li atoms, and N is the total number of atoms.
The second one is anilato-based metal-organic frameworks,
such as Cr2(C6O4I2)3, which is found to not only host a set
of yin-yang flat bands but also to have a ferromagnetic state
which is about degenerate with the antiferromagnetic state and
much more stable than the nonmagnetic state (see Fig. S6)
[22]. Therefore, it may exhibit a flat-CD effect without or with
a small external magnetic field. Its estimated g value is 0.16,
which is relatively small for the flat-CD effect but still large
compared to the conventional chiral molecular CD effect.
This is because its flat bands are derived from the benzene
ring of C atoms with small SOC. It is important to note that
Cr2(C6O4Cl2)3 has already been experimentally synthesized
[34]. The details of the computational methods are shown in
the Supplemental Material [22].

V. FLATBAND DEVICES

Last, we propose two conceptual flatband devices based
on the unique topological optoelectronic properties of enan-
tiomorphic FCBs: A topological photodetector and a CP laser.

FIG. 6. Schematic band diagrams of two flatband device setups.
(a) The band diagrams of the yin-yang FCBs and two ferromag-
netic (FM) metal contacts with different work functions �1,2 before
contact in a photovoltaic cell. The Chern numbers are opposite for
yin and yang FCBs. (b) The band diagram after contact. A σ+ CPL
excitation creates a spin-up electron in the top yang FCB and leave
behind a spin-down hole in the bottom yin FCB. The electron (hole)
flows to the left (right) FM contact with a smaller (larger) work func-
tion. (c) The equilibrium band diagram of a spin-polarized double
heterostructure made of a FM p contact/FM p-type semiconductor
(SM)/yin-yang FCB material/FM n-type SM/FM n contact. The
Fermi level EF is constant across the junction. (d) The band diagram
after a forward bias applied to (c) where the spin-up electrons and
spin-down holes are injected into yang and yin FCBs, respectively,
and the electron-hole recombination emits a CP laser. EFn (EF p)
represents the quasi-Fermi level of electrons (holes).
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Similar to valleytronic devices [35–37] where the topology-
triggered chirality-dependent phototransitions between valley
bands, such as valley-CD and valley Hall effects, are exploited
to achieve various device functions, flatband devices exploit
the topology triggered chirality-dependent phototransitions
between flat bands, such as flat-CD and FB Hall effects [20].
However, there are some important differences. In flatband
devices, first, the photoexcited FB Hall conductivity can be
quantized, while the valley Hall conductivity cannot, as ex-
plained before [20]. One can take advantage of quantization
to build robust topological photodetectors in a photovoltaic
cell, as illustrated in Figs. 6(a) and 6(b). Second, the FCBs
in the whole Brillouin zone contribute to the CD effect in
one chirality without the need to select one of the two sets of
valleys whose CD effects would cancel out each other [12,19].
This will enable us to build CP lasers in a heterojunction
diode, as illustrated in Figs. 6(c) and 6(d).

In Figs. 6(a) and 6(b), a yin-yang FCB material is placed in
contact with two ferromagnetic metal contacts with different
work functions with �1 < �FB < �2. The system works
effectively like a photovoltaic cell. After contact, as the
Fermi level is aligned, an electrostatic potential is built
up, as shown in Fig. 6(b). A σ+ CPL excites a spin-up
electron from the valence yin FCB (C = 1), leaving behind
a spin-down hole, to the conduction yang FCB (C = −1).
Driven by the electrostatic potential, the electron and hole

flow to the left and right ferromagnetic (FM) contacts
with smaller and large work functions, respectively. More
interestingly, in a four-probe setup, there will be quantized
photoexcited transverse Hall conductivity because the system
exhibits an excited quantum anomalous Hall effect [20],
functioning like a highly sensitive and robust topological CP
photodetectors. In the second application, one can construct a
solid-state CP laser in a spin-polarized double-heterostructure
diode, where the yin-yang FCB material is sandwiched in
a FM p contact/FM p-type semiconductor (SM)/yin-yang
FCB material/FM n-type SM/FM n-contact heterojunction.
Figure 6(c) shows the equilibrium band diagram of the diode,
where electrons and holes are confined in the FM n- and
p-type SM layers, respectively. By applying a forward bias
[Fig. 6(d)], electrons and holes are injected into the highly
localized dispersionless yang and yin FCBs, respectively, and
their recombination radiates a CP laser.
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