Supplementary information
XPS measurements of all potential elements on the substrates C, N, O, Pb, I, Ti were conducted and shown in Suppl. Figure 1. The binding energy peak positions are summarized in Suppl. Table 1. No titanium signal was picked up on the pin-hole free measuring spot, so pin holes down to titanium oxide can be ruled out as a component of the surface composition. Thus, two oxygen species O1s a (529.7 eV) and O1s b (532.3 eV) can be attributed to PbO26 resp. Pb(OH)227. The C1s a species (286.7 eV) can be attributed to MAPI28 and the C1s b (285.5 eV) to common surface contamination from ex-situ preparation29. A small side peak is visible in the Pb4f spectrum, the main one Pb4f 7/2 b at 138.8 eV belonging to MAPI30, while Pb4f 7/2 a at 137.1 eV belongs to elemental lead (Pb0)31. The N1s at 402.7 eV belongs to MAPI30 and the I3d 5/2 at 619.6 eV belongs to MAPI30. No titanium is present on the surface of the sample. 
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[bookmark: _Ref33801954]Suppl. Figure 1 Detailed XPS spectra of the elements carbon, nitrogen, oxygen, lead, iodine and titanium, of the 2.5 MA sample, from the last step of the CVD process, produced without the drying agent for the HI step

[bookmark: _Ref39062194]Suppl. Table 1 XPS core level binding energy positions of the elements found on the 2.5 MA step sample, produced without the drying agent for the HI step (see Suppl. Figure 1)
	Species
	C1s a
	C1s b
	N1s
	O1s a
	O1s b
	Pb4f 7/2 a
	Pb4f 7/2 b
	I3d 5/2

	Binding Energy [eV]
	286.7
	285.4
	402.7
	529.7
	532.3
	137.1
	138.8
	619.7
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[bookmark: _Ref33101355][bookmark: _Ref33361865]Suppl. Figure 2 Cross-section SEM images; Left: detail of surface of a spin coated lead iodide layer vs. Right: detail of surface of the MAPI layer after treatment of the lead iodide layer in the CVD process for 0.5 cycles with methylamine. Samples tilted at 70°

The photoluminescence spectrum shown in Suppl. Figure 3 is fitted using a Voigt profile.
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[bookmark: _Ref33101370][bookmark: _Ref33892256]Suppl. Figure 3 Photoluminescence (PL) measurement of the 2.5 MA final cycle of the CVD process, made without the drying agent for the HI step
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[bookmark: _Ref34148031][bookmark: _Ref34148023]Suppl. Figure 4 XRD pattern and refinements of the 0.5 MA substrate from the CVD process
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Suppl. Figure 5 XRD pattern and refinements of the 1.0 HI substrate from the CVD process
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Suppl. Figure 6 XRD pattern and refinements of the 1.5 MA substrate from the CVD process
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Suppl. Figure 7 XRD pattern and refinements of the 2.0 HI substrate from the CVD process
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