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Fig. S1 Permittivity of graphene, which is calculated by the surface conductivity (o (w) ). The red
(green) line represents the real (imaginary) part of permittivity.

100 +

[ (=]
(5,1
1

Reflection (%)
[{e}
o

2]
o
1

edge

80 T T T T T T T
1380 1395 1410 ; 1425
Wavenumber {cm ')
Fig. S2 The reflection of graphene (Gr) natural edge at the different frequencies. The schematic of
the boundary reflection is in the inset. The reflection is always 100%, which can be used as a blank

control to calculate the transmission in the simulation of s-SNOM experiment.
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Fig. S3 Line profiles of electric field, , are at the 1390 and 1400 cm-L. The solid (dash) line

E,/E,

is extracted from the graphene/BN (graphene/air) at in Fig. 4b. The transmission in Fig. 4d can be
calculated from these data.



100

co
o
1

[@)]
o
1

Graphene BN

N
o
1

Overlap

Transmission (%)

20+

60 -40 20 0 20 40

gap (nm)
Figure S4. Different transmission for the presence of gap, perfect matching connection and overlap
for graphene/BN in-plane structures. When the gap distance is negative, this represents an “Overlap”
condition, and conversely there is a “Gap” condition. The dash line represents a gap of 0 nm, which
is a perfect matching connection.

In the Fig. S4, we calculate coupled transmission process in the heterostructures
with gap and overlap, respectively, and compared the results with the results of perfect
matching connection. As shown, the perfect matching connection is the optimal
situation for the energy coupling. The coupling efficiency (represented by transmission)
decreases as the gap increases due to the discontinuous boundary electromagnetic loss.
In the case of overlap, the transmission is not monotonically reduced as the overlap
region increases due to the vertical electromagnetic field coupling between the
overlapped layers, but it is certainly smaller than the transmission of the perfectly
matched connection also due to the discontinuous boundary electromagnetic loss.
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Figure S5. The dispersion relationship of graphene plasmons under different graphene Fermi
energy (Er=0.1~1 eV).
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Figure S6. (a-b) The optical constant of SiO, and Al>Os, respectively. These two materials can be
used as a substrate for graphene. (c-f) The graphene plasmon dispersion relationship on different
substrates. By comparing ¢ and d, it is obvious that the frequency in the dispersion relationship
changes due to the influence of the dielectric function of the substrate. In the e and f, the dispersion
relationship has an anti-crossing phenomenon when the SiO, phonons are coupled with graphene
plasmons.

We take the most widely used SiO, and Al,Oz as examples to illustrate the
substrate’s effect, as shown in Fig. S5. On the one hand, the refractive index or
dielectric function of the substrate changes the frequency of the plasmon polariton
dispersion relationship in Fig. S5¢ and d. On the other hand, the coupling between the
phonons of the substrate and the graphene plasmons will produce an anti-crossing
phenomenon in the dispersion relationship in Fig. S5e and f. The effects of substrates
can also be found in our previous papers.l: 2 However, these effects in the graphene
plasmon dispersion would not change the calculated coupling efficiency relation as a
function of frequency in the graphene/h-BN heterostructure. The aim of this research is
to find out a method to efficiently control two different polaritons coupling, thus we did
not consider the effect of substrate in the manuscript.
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