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Twisted atomic bilayers are emerging platforms for manipulating chiral light-matter interaction at the extreme
nanoscale, due to their inherent magnetoelectric responses induced by the finite twist angle and quantum
interlayer coupling between the atomic layers. Recent studies have reported the direct correspondence between
twisted atomic bilayers and chiral metasurfaces, which features a chiral surface conductivity, in addition to the
electric and magnetic surface conductivities. However, far-field chiral optics in light of these constitutive
conductivities remains unexplored. Within the framework of the full Maxwell equations, we find that the chiral
surface conductivity can be exploited to realize perfect polarization transformation between linearly polarized
light. Remarkably, such an exotic chiral phenomenon can occur either for the reflected or transmitted light.
Moreover, we reveal that all transmitted light through the judiciously-designed chiral surface conductivity can

always have the polarization different from the incident light, irrespective of the incident angle.



Due to the pioneering discovery of superconducting and correlated insulating states in twisted bilayer
graphene [1-5], twisted atomic bilayers have been igniting enormous research interest both in practical
applications and fundamental physics [6-11], including optics with 2D twistronics [12-22]. Due to the rotational
misalignment and the strong quantum coupling between the neighboring atomic layers, all mirror symmetry in
twisted atomic bilayers is broken, and the corresponding light-matter interaction is inherently chiral. As such,
twisted atomic bilayers are emerging atomically-thin platforms for chiral optics [23-29] and chiral plasmonics
[30-36], which may facilitate novel on-chip applications such as the discrimination of chiral molecules with
opposite handedness.

On the other hand, recent studies [35] have revealed the direct correspondence between twisted atomic
bilayers and chiral metasurfaces in the framework of the full Maxwell equations. In essence, the twisted atomic
bilayer is equivalent to a chiral metasurface, which simultaneously possesses the electric surface conductivity
0., magnetic surface conductivity @,,, and chiral surface conductivity EX. Mathematically, the electromagnetic
boundary conditions for such a chiral metasurface are described by [35]:

fi X (Ey — E;) = —6m(Hy + Hy) + Gy (E + E>), (1)

fi x (Hy — Hy) = +6¢(Ey + E;) + 6, (H, + H), ()
where E; and E, (H; and H,) are the components of electric (magnetic) fields parallel to the boundary in
the regions above the boundary (i.e., denoted as region 1) and beneath the boundary (region 2), respectively,
and 1 = —Z is the surface normal [Fig. 1]. In principle, these surface conductivities can be arbitrary tensors,
which can be constructed by stacking appropriate atomic layers (e.g. in-plane anisotropic or magnetic 2D
materials) [7-9,37-40], or with regular metasurface approaches (e.g. nano-patterning) [41-45]. Recent study of
chiral plasmonics as governed by equations (1, 2) [35] revealed that the chiral surface conductivity can be

exploited to manifest the longitudinal spin of surface plasmons, in addition to the conventional transverse spin



of surface plasmons [46-49]. Apart from this work, the field of chiral optics with the chiral surface conductivity
remains relatively elusive, and exotic chiral optical phenomena remain to be discovered.

Here, we systematically investigate the far-field chiral optical phenomena with chiral interfaces due to the
interplay between the chiral, electric and magnetic surface conductivities. The general expressions for the

reflection and transmission coefficients under the incidence of linearly polarized light are analytically derived.
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] in this work, where each matrix element can be taken to be arbitrary values. In principle, the
derivation here can be readily generalized to the cases with other forms of surface conductivities, such as those
with nonzero off-diagonal terms, e.g. in systems with broken time reversal symmetry. Remarkably, we realize
that all transmitted light through the ultrathin chiral interface always has the polarization different from the
incident light, irrespective of the incident angle. Such a counterintuitive chiral phenomenon has never been
discussed before. Besides, we reveal the possibility to achieve the perfect polarization transformation between
linearly polarized light in the limit when the chiral surface conductivity dominates. To be specific, this exotic
chiral phenomenon can occur either in the transmission or reflection mode, if the chiral surface conductivity
fulfills the condition of gy - 0y, = 1 or gy " 0y, = —1, respectively.

Results and discussions

Reflection and transmission from a chiral metasurface with arbitrary 6., G, and C?X

We begin with the analysis of the scattering coefficients due to a chiral metasurface in the framework of
the full Maxwell equations [50-53]. Due to the chiral response of chiral interfaces, the reflected and transmitted
light generally has both the transverse magnetic (TM, or p-polarized) and electric (TE, or s-polarized)
components, irrespective of the polarization of incident light; see the schematic illustration in Fig. 1. Without

loss of generality, here we set the chiral metasurface to be located at the boundary (at z = 0) between region 1



and region 2. For region 1 (region 2), its permittivity and permeability are & and p; (& and u,),

respectively. Below we present the general solution for the reflection and transmission under the incidence of

TM waves, while the corresponding solution under the incidence of TE waves is given in the Appendix B.
Under the incidence of TM waves, the magnetic field of incident waves has the following form

" = peikxtikzz 3)

where k; = %k, + 2k, is the wavevector of incident light in region 1. For simplicity, the incident plane is set

to be parallel to the xz plane. Since V X H = —iweE in a homogeneous isotropic media, the corresponding

electric field of incident light is

j = ——

E = kq Z’\ﬁ _ Qﬁ)eikxx+iklzz (4)
wey S kg kq ’

The reflected and transmitted fields then take the following forms

HFTM _ yelkxx iky,Z R;Trll\\d/[’ (5)

EI'_I‘M _ _wk_; 2:_: + fkk_llz)eikxx—iklzz ) R;I‘ll\\dm (6)
E;TE yezkxx iki1,2Z . Rll‘"ll:l}\ild’ 7

H;rE — (ZA% + Q’j{_l:)eikxx—iklzz . R;TT"II\E’I, (8)
HTM = eiker+ike;z . Ttl;'&’l’ 9)

EtTM _ _wk_; 2:_;5 _ Akzz)elkxx+lkzzz Ttléfl\l‘/f’ (10)
ETE :k_gzyelkxx+lkzzz Tl;éw, (11)

H;FE _ (2% _ ’\kZZ)elkxx+lkzzZ Tl TM (12)

In above equations, k, = Xk, + Zk,, is the wavevector of transmitted light in region 2, and we have four

. . . i,TM RVTM
unknown coefficients, namely two reflection coefficients (R 1), and R “ 'rg) and two transmission coefficients

(Ti,TM i, T™M

tM> Iyt )- The superscript and subscript of denotes the incident polarization (i, TE or i, TM), and that of

the reflected (r) and transmitted (t) light, respectively. The above scattering coefficients can be solved by



enforcing the boundary conditions [54-56], i.e. by substituting equations (3-12) into the boundary conditions

governed by equations (1-2); see details in Appendix A. Similarly, for the incidence of TE waves, the reflection

i,TE
r,TE?>

i, TE . . iTE i TE
r_TM) and transmission coefficients (T, T M

R tTE>

coefficients (R ) can be obtained by following a similar
procedure; see details in Appendix B.

Exotic polarization transformation between the incident and transmitted light for arbitrary incident angle

Although the general scattering coefficients for the far-field response of chiral metasurfaces are obtained
above, these expressions are complicated and will hamper the intuitive understanding of electromagnetic
phenomena. To elucidate emerging chiral phenomena, several limiting cases are considered below. First, we
assume that the chiral metasurface is located in a symmetric environment (e.g. vacuum), that is, & = &, = ¢
and p, = p, = u. Hence, we have k; = k, = k. Second, we let g, = 0 and &, = 0; see detailed discussion
about the possible realization of this assumption in Appendix C. In other words, we consider the phenomena
when the chiral surface conductivity dominates over other conductivities in the problem. With these
simplifications, the complexity for these reflection and transmission coefficients can be significantly reduced,
as detailed in the subsequent analysis.

We consider the incidence of TM waves in Fig. 2. By applying the above simplification conditions, we

readily have

Kz Kz
L TM 40y xOxy| Oxy t3z%%x )\ Oy 3z0xx (13)
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Interestingly, from equations (14-15), we always have T,y = R/ = 0, if
Oy xOyy = 1. (17)
Under this scenario, since Tti, ;‘II\VIA =0 and Tti, ;‘év[ # 0, the transmitted light always has the polarization different

from the incident light, indicating the occurrence of polarization transformation during the transmission process.

Moreover, when equation (17) is satisfied, we further have R;I.I;\/[,[ =0 and |Tti géw | =1 from equations
(13, 16), if
%%y _ ks
o = B (18)

Remarkably, |Ti’TM

TE | = 1 indicates the occurrence of the perfect linear-polarization transformation between the

incident and transmitted light under the incidence of TM waves; see the schematic illustration in Fig. 2(a). For

clarity, the reflection and transmission coefficients are shown as a function of the incident angle 6; in Fig. 2(b),

where 0y x = 2 and oy, = 0.5 are chosen to satisfy equation (17). Figure 2(b) shows that Ttlgl\l,\f = R;E\: =
. : o iT™M _ LT™M| _ — £A0 in T
0, irrespective of the incident angle. Moreover, we have R\ = 0 and |Tt’TE | =1 at 6; = 60° inFig. 2(b).

We denote this critical incident angle as 6, at which the perfect polarization transformation occurs. From the
geometry setup in Fig. 2(a) and equation (18), we have cosf. = k,/k = \/g. As such, the value of 6. is
simply determined by the ratio between oy x and 0y, as shown in Fig. 2(c).

We highlight that previous studies about polarization transformation are focused on the perfect polarization
transformation between linearly polarized light [57-59], between circularly polarized light [60-62] or between
the linearly-polarized and circularly-polarized light [63,64], and the high-efficiency polarization transformation
within a broad frequency range [65,66]. However, all these exotic phenomena of polarization transformation

mainly happen at a specific incident angle or within a certain angular range of incidence [67-69], but certainly



not for arbitrary incident angle. In contrast, we revealed in Fig. 2 that all transmitted light through the
judiciously-designed chiral interface always has the polarization different from the incident light, irrespective
of the incident angle (namely the transmitted light with the polarization same as the incident light does not exist).
Such an exotic phenomenon of polarization transformation for arbitrary incident angle is generally difficult to
achieve by using conventional metamaterials or metasurfaces.

i,TM

In addition, when o0y 40y, = 1, we have |Tt'TE

i,T™M

| — 0 and Ry

— —1 if 6; - 90°. This phenomenon
indicates the occurrence of total reflection from chiral metasurface under the grazing incidence, which almost

has no transformation of the polarization.

Perfect polarization transformation between the incident and reflected light

Upon close inspection of equations (13-16), we find that the perfect polarization transformation can also

happen for the reflected light under the incidence of TM waves [Fig. 3(a)], if

OxxOxy = ~1, (19)
Oy, k2
Uiy =2 (20)
To be specific, if gy x0yy = —1, we always have Tg :13[4 = Ttlgév[ = 0 in equations (14, 16) under the incidence

of TM waves [Fig. 3(b)]. Under this scenario, the total reflection happens, irrespective of the incident angle.

Furthermore, when equation (19-20) are simultaneously fulfilled, we further have R;.Trl;\d,[ =0 &

Ixy

|Rir';];;[| = 1in equations (13, 15) at the critical incident angle cosf. = |—-==. In other words, the perfect

UX.X
polarization transformation between the incident and reflected light occurs at this critical incident angle. For

: i,TM
example, if gy, =2 and oy, = —0.5, we have |R;’TE

| =1 in Fig. 3(b) at 6. = 60°. In addition, similar
grazing angle phenomenon is also observed in Fig. 3(b), as that discussed for the transmission mode in Fig. 2(b).

O-
The critical incident angle is also shown as a function of % in Fig. 3(c). No matter for the reflected or
XX

transmitted light, both phenomena of the perfect polarization transformation in Figs. 2-3 occur at the critical



angle of cosf, = |UX'y |. As such, all critical incident angles in Figs. 2(¢)&3(c) decrease from 90° to 0°
UX,X

0; .
when | %| increases from 0 to 1.
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Last but not least, we find that R L T™

if the above simplification conditions are adopted. Therefore, the exotic chiral phenomena in Figs. 2-3 can also
occur under the incidence of TE waves, and the polarization of the incident light actually has no influence on
the revealed phenomenon of exotic linear-polarization transformation.
Conclusion

In conclusion, we have systematically investigated the chiral optics from metasurfaces with a chiral surface
conductivity under the incidence of linearly polarized light. Remarkably, we have found some emerging exotic
chiral phenomena. To be specific, if g, yagyy = 1, the polarization of all transmitted light through such a chiral
metasurface is distinct from that of the incident light, irrespective of the incident angle. Moreover, we can
achieve the total transmittance at a critical incident angle. In contrast, if oy y0,, = —1, this type of chiral
metasurfaces can be exploited to achieve total reflection instead, irrespective of the incident angle; moreover,
the polarization of all reflected light can be made different from the incident light at the critical incident angle.
Our work indicates the rich fundamental physics in chiral interfaces, which warrant further exploration and

could find diverse chiral optical applications.
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APPENDIX A

Reflection and transmission from chiral interfaces under the incidence of TM waves

All reflection and transmission coefficients can be solved by enforcing the boundary conditions [54-56], i.e. by
substituting equations (3-12) into the boundary conditions governed by equations (1-2).Then we have the

i,T™M
r,TM?

LTM .., TM i T™
CTE® T and T, as follow

R tTM? t,TE °

relations of R
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A{ By ¢y Dy r,T™ Fy
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A B C D T, F
2 2 2 2 tT™M | _ | '2 (A1)
Ai,TM Bi,TM Ci,TM Di,TM RUTM - Fi,TM i
3 3 3 r,TE 3
iTM LiTM i TM iT™ [|,.i,T™ i,T™
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where
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Then, the analytical expressions for R v, R.rg, Typy and T g are obtained by solving equation (Al):
(M (ai,TMQi,TM_Bi,TMNi,TM)/Gi‘TM
» —_ 1 1 1 1
Rr,TM - Si,TM > (A4)
iT™, i,TM i, TM i, TM i
TI,TM _ (Bl M1 —(Xl P1 )/GLTM (AS)
tT™M gi,TM P
i,TM i, TM iT™ . i, TM i TM
i,TM _ (az Qz _BZ Nz )/K'
Rr,TE - gi,TM > (A6)
. i TM,i,TM __i TMpiTM, /1i TM
piTM _ By My o Ry )/K! (A7
tTE — SiTM > )
where,
i T™ _ i,TM ~i, TM i,TM ~i,TM i,TM ~i, TM i,TM ~i,TM i,TM ~i,TM i,T™M ~i,TM i,TM ~i, TM i,TM ~i,TM
1 _(Fl G —F ¢ )(D3 C, —Dy G )_(F3 G —F G )(Dl G —-D ¢ )’
(A8)
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(A12)

Qil,TM — (Bil,TMDiZ,TM _ Bi,TMDi,TM> (Ci,TMDi,TM _ Ci,TMDi,TM) _ (Bi,TMDi,TM _ Bi,TMDi,TM) (Ci,TMDi,TM _ Ci'TMDi'TM),

2 1 3 4 4 3 3 4 4 3 1 2 2 1
(A13)
iTM _ (L TM i, TM i,TM ,i,TM i TM ,i,TM i TM ,i,TM i TM ,i,TM i,TM ,i,TM iTM ,i, TM i TM ,i,TM
®; _<F1 Ay —F A )(Bs Ay — By A )_(Fs Ay —Fy Ay )(B1 Ay =By A )’
(Al14)
BiZ,TM _ (Fil,TMBiZ,TM _ FiZ,TMBil,TM) (AiéTMBzTM _ AiliTMB;TM) _ (F;TMBZTM _ FZTMB;TM) (Ail,TMBiZ,TM _ AiéTMBil,TM),
(A15)
MiZ,TM _ (Cil,TMAiZ,TM _ CiZ,TMAil,TM> (B;,TMAE;TM _ B‘il:TMAiéTM) _ (C;,TMAZTM _ C::TMAiéTM) (Bil,TMAiZ,TM _ BiZ,TMAil,TM),
(A16)
NiZ,TM _ (DETMAiZ,TM _ DiZ,TMAil,TM) (B;,TMAi‘iTM _ B‘il:TMAiéTM) _ (D;TMAZTM _ DL,TMAis,TM) (Bil,TMAiZ,TM _ BiZ,TMAil,TM)’
(A17)
Pzi,TM _ (Cil,TMB;TM _ CiZ,TMBil,TM) (Ais,TMB‘il,TM _ Ai‘iTMB;TM) _ (CQTMB;,TM _ CZTMB;TM) (Ail,TMB;TM _ AiZ,TMBil,TM)’
(A18)
QiZ,TM _ (DiTMB;TM _ D;TMBil,TM) (Aig,TMBZTM _ AZTMB;TM) _ (D;TMBZTM _ DZTMB;TM) (Ail,TMBiZ,TM _ AiéTMBil,TM),
(A19)
Gi™ — (Cil,TMDiZ,TM _ CiZ,TMDiTM)(C;TMDZTM _ CZTMD;TM)’ (A20)
KiT™ — (Bil,TMAiZ,TM _ B;TMAil,TM)(AiéTMBZTM _ AE;TMB;TM)’ (A21)
Si’TM _ Mil,TMQil,T:i;l\iiTMNiTM _ M;TMQ;T]:;E;TMN;TM. (A22)
APPENDIX B

Reflection and transmission from chiral interfaces under the incidence of TE waves
By following a similar procedure in equations (3-12), we can calculate the reflection and transmission of

light from a chiral metasurface under the incidence of TE waves. To be specific, the electric field of incident TE
waves has

E; = gelfaT = gelkxxtikiz, (A23)
where the wavevector of incident light is k; = £k, + Zk,,. Correspondingly, the magnetic field of incident
light has

T _ ki cokx  sKizyikyx+iky,z
Hy =2 -2 — %7 0)e 122, (A24)

The reflected and transmitted fields then take the following forms

ETE _ 5, ikex—ik,,z ., pbTE
E. = = ye"™*"1z% - R g, (A25)
= ki oake | askiz ikox—i i, TE
HP = =2 (22 4+ 2 25)elhax-thsz . R A26
v T om G, D) rTE (A26)
OoT™M _ ki s ik, x—iky,z . piTE
H. —w—#lye x 1z Rr,TM’ (A27)
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where the wavevector of transmitted light is k, = Xk, + Zk,,. The four coefficients, namely R

(reflection coefficients) and
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i, TE
and Rr’TM

r,TE

and Ty (transmission coefficients), can be solved by enforcing the

boundary conditions of equations (1-2) in the main text. By substituting equations (A23-A32) into equations (1-

2), we obtain the relation of these coefficients as follows
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then can be solved from equation (A34). They are expressed as follows:
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(A44)
iTE BLTEITE L, TEiTE L TELTE iL,TEi,TE L TELTE LTELTEY (i, TEpi TE L, TEiTE
Q ( D; " —B; D] )(Cs D, " —C, Dy )_(83 Dy —B, D3 )(Cl D; " —C; Dy )’
(A45)
LTE _ (ELTE ALTE _ piTE \iTE) (piTE \iTE _ piTE yiTE FUTEALTE _ pATE yiTE) (piTE \LTE _ piTE 5i.TE
az_(1 ) 1)(3 4 P4 3)_(3 4~ Ta 3)(1 2 T P2 1)’
(A46)
i, TE FVTERLTE _ LLTEQITE) (AiTEQITE _ \iTERi,TE FUTERLTE _ pITEQITEY (\iTERLTE _ \iTEpiTE
B2 _(12_2 1)(34_4 3)_(3 4 T Ta 3)(12_2 1)’
(A47)
Miz,TE _ (Cil,TE AVTE _ ClTEAl TE) (B;TEAI TE _ BITEAI TE) (C;’,TEAZTE _ CZTEAia,TE) (Bil,TEAl TE _ BITEAI TE)
(A48)
N12TE (DITEAlTE _ DITEAI TE) (B;,TEAI TE _ BITEAI TE) (D;TEAITE _ Dl TE pl TE) (Bil,TEAiZ,TE _ B;TEAil,TE),
(A49)
iTE _ (~LTERiTE i{,TERi,TE iTE i TE i,TE i, TE i,TE,i,TE i, TE ,i,TE {TE i, TE i,TEi,TE
P _(C1 B, " —C; By )(A3 B, —A, By )_(C3 B, —C; B; )(A1 B, " —A; By )’
(A50)
iTE pLTERLTE L,TELITE) ( AL, TERi,TE i TERi,TE i\ TE i, TE L,TERL,TEY [ oI TEiTE i TE i, TE
Q; _( 1 B —D; Bj )<A3 B, —A, B; )_(D3 B, "—D; Bg )(Al B, " —A; B; )’
(AS1)
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. MlTEQlTE lTENi,TE MITEQITE lTENi,TE
SITE =S e (A54)

If the simplification conditions (i.e. & =& =&, U; = U = U, 0. = 0, and oy,

12

= 0) are adopted in the



calculation, the expression for the scattering coefficients in equations (A36-A39) can be significantly simplified.
Under these simplification conditions, we have

2 2
kz kZ
i TE ‘4‘7x.x0x.y<”x.y +ﬁ"x.X><Ux,y_ﬁ”x.X>
R’ .. = A55
r,TE 2 2 2 2 2 > ( )
")oy"’ﬁ”x.x (1+0X-XGX.Y) - "X.y_ﬁax.x (1_0X-XGX.Y)
K5
ThTE _ 40X‘X6X'Yﬁ(1+aX’XUX‘Y)(1_UX,XUX,Y) (A56)
t TE — 2 2 2 ’
" K2 2 K2 2
(Ux,y +ﬁJX’X> (1+UX'XJX:Y) _<‘7X,y_ﬁax.X> (1_‘7X.Xax.y)
2
kz kz
i\ TE 4?"x.xax.y<”x.y 2% (1_"x.xax,y) (AST)
R’ . = 57
2 2
r,TM k% 2 k% 2 H
Oxy 2% x (1+"X.X"x.y) ~\ %y 2%x (1“’X.X"x.y)
4EU 0- O- +—§O' 1+0. O-
i\ TE % Oxx%%y| Oxy T72%%x XxOxy ( )
T oy = A58
2 2
t,TM k% 2 k% 2
%y T72%%x (1+Ux,xax.y) |\ Oxy 2% (1‘Ux,xax.y)

APPENDIX C
A feasible way to achieve the condition of a, = 0, 6, = 0, and 3}( =0

As schematically shown in Fig. 4, the hybrid structure constructed by the twisted atomic bilayer and a uniaxial
magnetic metasurface can in principle help to achieve the above condition. To be specific, according to our
previous work [35], the twisted atomic bilayer (TAB) is equivalent to a chiral metasurface, which
simultaneously have the electric (e Tap), magnetic (G, Tag) and chiral (EX,TAB) surface conductivities. These
effective surface conductivities are all 2 X 2 diagonal matrices, and particularly, we have g, = —0yy,0p, [35].
On the other hand, for the uniaxial magnetic metasurface, it can be readily modelled by the electric (G meTA)
and magnetic (0, Mera) Surface conductivities, which are also both 2 X 2 diagonal matrices. Then if we
deposit this uniaxial magnetic metasurface very close to the twisted atomic bilayer, the effective total surface
conductivities for this hybrid structure can be approximately characterized by G tota] = e META + O TAB>
Om,total = Om,META + Om,TAB> and Oy toal = Oy 1aB- AS such, through judiciously designing ¢ mpra and
Om,META, We can obtain G¢ tota] = 0 and Gy total = 0, while keeping G toa1 # 0.

APPENDIX D

Influence of imperfection on the polarization transformation

As a typical example of imperfection, below we set |0y 0y y| # 1 and discuss its influence on the polarization
transformation. For the exotic polarization transformation between the incident (TE) and transmitted (TM)
waves revealed in Fig. 2, Fig. 5(a) shows that if |oy y0y | # 1 (e.g., gy x0yy = 0.8), we can still have that

most of the transmitted light has the polarization different from the incident light, irrespective of the incident
angle. As a further quantitative study, we show in Fig. 5(b) that at the critical incident angle (at which the perfect
polarization transformation happens in Fig. 2), the proportion of TM waves among all transmitted light is always

above 90%, when 0y x0y, varies from 0.5 to 1.5. Similarly, for the perfect polarization transformation between
the incident (TM) and reflected (TE) light revealed in Fig. 3, Fig. 6 shows that at the critical incident angle, the

proportion of TM waves among all reflected light is also always above 90%, when g, ya, , varies from 0.5 to
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Chiral metasurface: a,, 6,,, 7,
(e.g., twisted bilayer graphene)

FIG. 1. Schematic of the reflection and transmission from a chiral metasurface under the incidence of linearly
polarized waves. The chiral metasurface is featured with an electric surface conductivity ., a magnetic surface
conductivity @,,, and a chiral surface conductivity 3,(. The chiral metasurface is located at the boundary
between region 1 (z < 0) and region 2 (z > 0). Due to the chiral response of metasurfaces, the reflected and
transmitted waves generally contain both the transverse-electric (TE, or s-polarized) and transverse-magnetic

(TM, or p-polarized) field components.
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FIG. 2. Perfect polarization transformation between TM (incident) and TE (transmitted) waves. Here the chiral
metasurface has g,,,0,,, = 1. Regions 1 and 2 are the same dielectric (e.g. vacuum used here). (a) Schematic

illustration. (b) Reflection and transmission coefficients as a function of the incident angle 6;. For conceptual

demonstration, gy, =2 and gy, = 0.5 are chosen. If 0 ,0,, =1, R;Trbél and Ttll’.;rl\lzl are equal to zero,
irrespective of the incident angle. The critical incident angle is denoted as 6., at which RL?ISI =0 and
|Ttl,':rr£4 | =1.(c) 6. asa function of g, /0y .
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FIG. 3. Perfect polarization transformation between TM (incident) and TE (reflected) waves. The basic
structural setup is the same as Fig. 2, except for that the chiral metasurface has o, ,0,,, = —1. (a) Schematic

illustration. (b) Reflection and transmission coefficients as a function of 6;. Here 0, , = 2 and a,,, = —0.5

. . i,TM i T™ .
are chosen for conceptual illustration. If 0,0y, = =1, T and T 1\ are equal to zero for arbitrary

i, T™M
R;,TE| =1.(c) 6. asa

incident angle. The critical incident angle is denoted as 6., at which R;?;‘hl\/,[[ =0 and

function of gy, /0y, «.
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region 1 twisted atomic bilayer

region 2 magnetic metasurface

Fig. 4. Schematic illustration of the hybrid chiral structure constructed by the twisted atomic bilayer and the

uniaxial magnetic metasurface.

21



@), TyxOyy = 08 (b) Incident angle 6; = 60°
I T
™
g R:,TM \
focemoang,, © Ri1g , =038

i.TM
| +{rim|

.TE

t

reflection & transmission
=
T
- =]
o : +
: Ll e e I e I o
b4
b,
£

: o o =
R
1 D()
POCOOOOO0G i o
1 O%%Qo%mlk o "o
- 1 g 80 1
0 30 60 90 0.5 1 1.5
incident angle 6; (degree) TyxTxy

Fig. 5. Influence of imperfections on the polarization transformation between the incident and transmitted light.
All basic setup here are the same as Fig. 2, except for the value of gy 40y ;. As a typical example of imperfection,
here we set 0y x0,, # 1. (a) Reflection and transmission coefficients as a function of the incident angle under
the scenario of gy x0y, = 0.8. (b) Proportion of TE waves among all transmitted waves as a function of 0y 0y ;.
Here the incident light is TM polarized (same as Fig. 2), and we set the incident angle to be 60°, namely the

critical incident angle at which the perfection polarization transformation happens in Fig. 2.
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(a) Oy x0yy = —0.8 (b) Incident angle 6; = 60°
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Fig. 6. Influence of imperfections on the polarization transformation between the incident and reflected light.
All basic setup here are the same as Fig. 3, except for the value of g, y0, ;. As a typical example of imperfection,
here we set 0, x0y, # —1. (a) Reflection and transmission coefficients as a function of the incident angle under
the scenario of g, y0,, = —0.8. (b) Proportion of TE waves among all reflected waves as a function of gy 0y .
Here the incident light is TM polarized (same as Fig. 3), and we set the incident angle to be 60°, namely the

critical incident angle at which the perfection polarization transformation happens in Fig. 3.
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