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Section S1. Extended data

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
1.95

2.00

2.05

2.10

2.15

k

En
er

gy
 (e

V)

a

d e f

b c

30 K 75 K 150 K

275 K250 K200 K

Fig. S1 Temperature-dependent evolution of momentum-resolved polariton dispersion. (a-f) Momentum-resolved
PL spectra of the WS2-PhC system measured at 30 K, 75 K, 150 K, 200 K, 250 K, and 275 K, respectively. At low tempera-
tures (30-150 K), the position of stronger polariton emission is pinned by the trion resonance. As the temperature increases,
the bottleneck behavior becomes weakened and eventually disappears at higher temperatures. This temperature-dependent
evolution is consistent with the reduced thermal stability of trion at higher temperatures, which weakens their contributions
to the coupling system. Consequently, the exciton-trion-photon three-mode coupling system reduces to a two-mode exciton-
photon coupling system. This result provides additional support for the origin of bottleneck effect - weaker coupling strength
of cavity photon-trion.
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Fig. S2 Excitation-power-dependent momentum-resolved PL spectra at 12 K.Momentum-resolved PL spectra of
the WS2-PhC system measured at ∼12 K under different excitation powers: (a) 2 µW, (b) 5 µW, (c) 8 µW, (d) 10 µW, (e)
12 µW, and (f) 20 µW. Within the whole rage of the excitation powers, the polariton dispersions exhibit similar characteristics,
and no pronounced bottleneck feature is observed around the anticrossing regions, which indicates that the bottleneck effect
is irrelevant to the density of polaritons.
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Section S2. Extraction of exciton and trion PL spectra
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Fig. S3 Extraction method for the emission energies and line-widths of dispersionless exciton and trion.
A temperature of ∼12 K is chosen as a representative example. The Contour Profile tool was used to extract the energy-
resolved spectral linecut at the edge of the momentum-resolved PL spectra (|k∥| = 0.35), where the coupling is weak and the
emission is dominated by the uncoupled exciton and trion states. The PL spectrum extracted along the chosen momentum (or
corresponding pixel point) is displayed in the right panel. Two emission peaks can be clearly identified, corresponding to the
exciton at EX = 2.07 eV (black dashed line) and the trion at ET = 2.03 eV (blue dashed line), with half linewidths (half width
at half maximum) of γexc ≈ 5.5 meV and γT ≈ 13 meV. Through this procedure, the energies and half linewidths of excitons
and trions used in the polariton dispersion fitting are determined in the main text.
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Section S3. Determination of bare PhC’s photonic dispersions
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Fig. S4 Determination of the cavity-mode dispersion.Those figures illustrate the procedure used to determine the
bare PhC’s photonic dispersions Ecav(k∥) = E0 + ak2∥ employed in the main text. (a) Momentum-resolved PL spectrum of

the bare SiNx PhC cavity before the transfer of the WS2 monolayer. By fitting the emission peak of the cavity photon mode
TE-4 shown in Fig. 1 at different in-plane momenta, a clear parabolic dispersion is obtained. In addition, the half linewidth
(half-width at half-maximum) of the cavity resonance was extracted as a function of momentum as shown in (b). From this
analysis, the cavity half linewidth at room temperature is estimated to be γcav ≈ 6 meV at k∥ = ±0.04, while at ∼12 K the
cavity half linewidth is γcav ≈ 13 meV at k∥ = ±0.1. Together with the excitonic half linewidth γexc, the strong-coupling
condition is satisfied. (c, d) After transferring the WS2 monolayer onto the PhC cavity, the cavity energy exhibits an overall
red-shift due to the modification of the local dielectric environment, which change the parameter E0 in the cavity dispersion.
To quantitatively estimate this red-shift, another cavity mode (TE-1 mode in Fig. 1 in the main text), which is largely
detuned from the excitonic resonances and therefore does not couple with exciton and trion, is used as a reference. Panels
(c) & (d) present the momentum-resolved PL spectra and corresponding fitted dispersions of the TE-1 mode before and after
monolayer transfer, respectively. By comparing these spectra, a red-shift of ∼30 meV is obtained. This red-shift value is used
to determine the energy E0 of the TE-4 mode at Γ point after monolayer WS2 is transferred onto the top of bare PhC with
the assumption: the different cavity modes experience the same energy shift induced by the change of dielectric environment.
With this red-shift value, the dispersion of the TE-4 mode is further refined through the fitting polariton dispersions, with the
root-mean-square error (RMSE) smaller than ∼1 meV. This procedure yields the final cavity dispersion employed in the main
text: Ecav(k∥) = 2.012 eV + 3.47k2∥.
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