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In literature it is standard to assume that solar cells with organic inorganic metal halide 
perovskite absorbers function according to the working principle n-i-p, with the intrinsic 
perovskite sandwiched between the n-type electron and the p-type hole extraction layer. This 
assumption is based on low charge densities derived e.g. from electrical conductivity, Hall-
conductivity, intensity-dependent photo-luminescence quantum yield, CELIV (all in) [1], EBIC 
[2], and KPFM [3].  
In contrast with photoelectron spectroscopy PES we find a large energy distance between the 
valence band maximum VBM and the Fermi level, independent of the substrate being the n-
electron or the p-hole extraction layer. Strong measures have to be taken though, to measure 
near thermodynamic equilibrium as photovoltages induced by unconsidered light sources and 
even by the PES source itself can lead to misinterpretation of the VBM position. PES on device 
stacks in classical and inverted architecture [4] (figures 1,2) as well as on the tapered cross 
section [5] of working devices also clearly evidence, that the photovoltaically active contact is 
the p-type hole extraction layer, be it on top or below the perovskite. From these findings we 
propose the working principle of well working perovskite solar cells to be n-n-p.  
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Figure 2. He I measurements of 
the classical architecture device 
with the HEL (p-type Spiro) on top 
of the perovskite  (a) and XPS 
C1s core level measurements of 
the inverted architecture device 
with the EEL on top of the 
perovskite (n-type BCP). In 
subfigures (c) and (d) He I 
measurements of the Au back 
electrode of the completed 
devices are shown. [4] 

Figure 1. XPS I3d5/2 core level measurements 
(a,c) and XPS valence band measurements 
(b,d) of a MAPI film on top of a n-type SnO2 
substrate (a and b) and on top of a p-type NiOx 
substrate (c and d). In the dark both 
perovskites appear n-type with VBM values of 
around 1.40 eV, while the band gap is around 
1.6 eV. Under illumination a PV is observed for 
the perovskite absorber deposited onto NiOx, 
indicated by a shift of all emission lines to 
lower binding energies.[4]  


