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Supporting Information
Supplementary Figure S1
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[bookmark: _Hlk111876542]Figure S1 XRD data for 0.85FA and 0.95FA. Based on Bragg’s law, since I- is larger than Br-, the diffraction angle of XRD peak increases with the increase of Br content

Supplementary Figure S2
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Figure S2 Absorption spectrum of 0.85FA and 0.95FA perovskites respectively

Supplementary Figure S3
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Figure S3 THz time-domain emission spectra of 0.85FA measured with different excitation fluence at incident angle of 45°; The inset shows pump fluence dependent peak-to-valley value of THz signals with 480nm laser excitation.

Supplementary Figure S4
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Figure S4 Incident angle  dependent peak-to-valley value of THz signals with 480nm laser excitation, solid line is the theoretical curve calculated Eq. (1) in the text.


Supplementary Figure S5
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Figure S5 Polarization dependence of the emitted THz fields.

Supplementary Figure S6
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Figure S6 THz transients from 0.95FA (a-b) and 0.85FA (c-d) thin-films with different sample orientations. The emitted THz amplitude does not change upon changing the sample orientation shown for different φ angles.

Supplementary Figure S7
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Figure S7 (a) Schematic diagram of the experimental setup for changing the polarization state of the pump beam with half-wave plate (HWP) and quarter-wave plate (QWP); Terahertz (THz) emission with half-wave plate in 0.95FA (b) and 0.85FA (c), inset in (b-c) are the fitting parameters C1, C2, L2, and D fitted from formula 2; (d) Schematic diagram of the continuum bands (VB and CB) having Rashba spin splitting, and related optical transitions with circular polarized light. The imbalance in momentum space causes the carriers to have a net velocity in a certain direction, which generates electric current; THz emission due to ultrafast photogalvanic (PGE) currents in 0.95FA (e) and 0.85FA (f), inset in (e-f) are the fitting parameters C1, C2, L2, and D fitted from formula 2.

[bookmark: _Hlk100000387]Supplementary note S1
[bookmark: _Hlk111881795][bookmark: _Hlk111882478]  Figure S7(a) shows the experimental setup for changing the polarization state of the pump light with quarter-wave plate and half-wave plate. From Figure a and Figure b, it can be seen that there are four equal peaks in the THz electric field intensity with the linear polarization direction of the pump light, which can be fitted by the following formula:	
                  ⑴
Here,  is the angle between the fast axis of the half-wave plate and the pump light polarization, E, F and G are constants. Since the half-wave plate can change the polarization direction of the linearly polarized light, this may be caused by the different absorption coefficients of s-light and p-light on the sample surface.
[bookmark: OLE_LINK2]In HOIPs, the conduction band (CB) bottom consists of states, whereas the valence band (VB) top has  states1. Heavy atoms contribute to a giant spin−orbit coupling (SOC), leading to the splitting of the conduction band and valence band, which is called Rashba band splitting. Figure S7(d) depicts the splitting of the conduction band and valence band when the reverse pair forming is broken. According to the selection rule, the electron transition must be satisfied . When absorbing left (right) circular polarized light, the electron will be unbalanced in the momentum space, resulting in a certain direction of photocurrent, and different polarized light will lead to different directions of photocurrent. A quarter-wave plate is used to change the polarization of the pump light by rotating the angle,  between the fast axis of the QWP and the pump light polarization. Figure. S7(e) are THz emission signal peak-to-valley value of 0.95FA under 480nm optical excitation. The photocurrent can usually be expressed as2: 
[bookmark: OLE_LINK1]         ⑵
[bookmark: OLE_LINK16]Here,  is the CPGE current,  is mainly due to misalignment between the fast axis of the λ/4 waveplate and the incident light polarization，and  and are the photocurrent induced by linearly polarized light, which may be induced by linear photogalvanic effect (LPGE) or photon drag effect，D is the photocurrent generated by the photo-dember effect. Inset in figure 7(f) shows the fitting parameters , , and D fitted from formula 3, the parameter D is much larger than the other parameters. Overall, the main mechanism of THz emission in HOIPs is the photo-dember effect.
Supplementary Figure S8
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Figure S8 Amplitude spectrum of the emitted THz field for 0.95FA (a) and 0.85FA (b).
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