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I. COMPLEX FREQUENCY-RESOLVED PHOTOCONDUCTIVITY

The complex frequency-resolved THz photoconductivity can be extracted from experi-
mental data with the following fomula[1]
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The following Drude-Lorentz model can be employed to describe the complex frequency-

resolved THz photoconductivity. [2]
Ao (w,ty) = ops(w, tyy) + Aoro(w, tyy) — icowAes (S2)

where Ae, represents the photoinduced change in the background dielectric constant, opg
describes the conductivity of photoinduced carriers.
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ops(w, tp) = cowy b

where 7 is the scattering time. Parameter C (—1 < C' < 0) indicates the localisation
of carriers: C=-1 and 0, respectively, indicate completely localised and Drude-limit free
carriers. w, is plasma frequency and can be expressed as:
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where e is the charge of an electron, N is the density of the carriers, and m* is the effective
mass of the carrier.

Assuming no photoinduced change of the damping rate, Aoro(w,t,,) is the first-order dif-
ferential to the Lorentzian function of equation (2) in the main text, which is employed to

describe the photo modulation of the two phonon modes. 2]
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where Aw,,,, and Aw,, are the change of the phonon oscillator strength and the phonon
frequency shift.

As shown in Fig. S1, the model described by equation (S2) well reproduces the exper-
imental frequency-resolved complex photoconductivity for the pump at 800 nm. The con-

tribution of photocarriers to the photoconductivity, described by the Drude-Smith model,
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Figure S1. Frequency-resolved THz photoconductivity with pump at 800 nm. (a) The
real part of the complex THz photoconductivity. (b) The imaginary part of the complex
THz photoconductivity. The experimental photoconductivity is decomposed into two
components, respectively, resulting from the photocarriers and the interaction between the
photocarriers and phonons. The Drude-Smith model is applied to describe the
photoconductivity from the photocarriers, while the first-order differential to two
Lorentzian functions is employed to describe the photocarrier-phonon interactions. The
increasing pump fluence enhances both the contributions from the photocarriers and the

photocarrier-phonon interactions.
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Figure S2. Frequency-resolved THz photoconductivity with pump at 400 nm. (a) The
real part of the complex THz photoconductivity. (b) The imaginary part of the complex
THz photoconductivity. The experimental photoconductivity is decomposed into two
components resulting from photocarriers and the interaction between photocarriers and
phonons. The Drude-Smith model and the first-order differential to two Lorentzian
functions describe the photoconductivity from the photocarriers and the
photocarrier-phonon interactions. The increasing pump fluence enhances both the

contributions from the photocarriers and the photocarrier-phonon interactions.



increases with the increasing pump fluence. In addition, the photo modulation of the two
phonon modes is enhanced by increasing pump fluence. Similar behaviour is observed for
the photoconductivity with the pump at 400 nm, which is presented in Fig. S2.

The same model reproduces the experimental complex frequency-resolved photoconduc-
tivity with a pump at 400nm. As the pump fluence increases, the photoconductivity in-

creases, and the interaction between the photocarriers and phonons is also enhanced.

II. FITTINTG PARAMETERS FOR THE CONDUCTIVITY DECAY

The black solid curves in Fig. 6 in the main text are obtained by fitting the experimental
data with eqn. (4). The fitting parameters and their confidence intervals are presented in
table I. When the sample is excited with the pump at 800 nm, only a slow exponential com-
ponent is necessary to reproduce the experimental data. Instead, fast and slow exponential
components must be used to fit the experimental data when the sample is excited at 400
nm. The decay constant 7, increases with the pump fluence, and the constant 7, decreases

with the pump fluence.

TABLE I: Fittintg parameters for the conductivity decay and their confidence intervals.

The errors represent statistical errors at a confidence level of 68% (one sigma).

Wavelength (nm) Fluence (uJ/cm?) Ay 7¢(ps) As Ts(ns)
27 n/a n/a 1.934+0.01 3.64+0.10
51 n/a n/a 2.1440.01 3.5840.09
800 76 n/a n/a 3.01£0.01 2.88+0.05
102 n/a n/a 3.40+0.01 2.51+0.04
127 n/a n/a 3.88+0.01 2.1440.02
25 0.17£0.05 15.0+£6.6 3.12+0.01 3.08+0.08
51 1.10+0.03 31.0£1.5 5.39£0.01 1.76+0.01
400 76 2.25£0.02 44.4+£1.0 6.84+0.01 1.4540.01
102 3.02+0.02 57.0+0.9 7.55+0.01 1.41£0.01
127 3.95£0.02 57.8+0.8 8.14+0.01 1.33+0.01




III. ESTIMATION OF CARRIER DENSITY

The carrier density can be calculated with the following equation|3]

F[1 — exp(—ad)]
Epnd

Ng =

(S6)

where ng is the carrier density, F represents the pump fluence, @ denotes the absorption
coefficient, d stands for the thickness of the sample, and £, is the photon energy. The
efficiency of the conversion from photons to carriers is assumed to be 100%. The sample

thickness is 400 nm.
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