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The fundamental parameters of majority and minority charge carriers—including
their type, density and mobility—govern the performance of semiconductor devices
yet can be difficult to measure. Although the Hall measurement technique is currently
the standard for extracting the properties of majority carriers, those of minority
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The Hall effect measurement is one of the mostimportant characteriza-
tion techniques for electronic materials, and the effect hasbecome the
basis of fundamental advances in condensed matter physics, such asthe
integer and fractional quantum Hall effects*®. The measurements reveal
fundamentalinformation about the majority charge carrier—thatls, its
type (porn), density and mobility. In asolar cell, the parameters of the
majority carrier determine the overall device architecture, the width
of the depletion region and the bulk serles resistance. The properties
of the minority carrier, however, determine other key parameters that
directly affect the overall performance of the device, such as recombi-
nationlifetime (1), diffusionlength (L) and recombination coefficients
(k;,). Unfortunately, the standard Hall measurement yields information
regarding only the majority carrier. Attempts to measure the prop-

erties of both majority and minnrit:,r carrierq in high- pnrrnrmana::e
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A fullunderstanding of the charge-transport properties of perovskites
will help to elucidate the operating principles of devices that contain
these materials, thereby guiding their further improvement.

In this work we present a carrier-resolved photo-Hall (CRPH) meas-
urement technigue that is capable of simultaneously extracting the
mobilities, densities and subsequent derivative parameters (t, L) of
both majority and minority carriers as a function of light Intensity.
This technique relies on two key elements: an equation that ylelds the
difference between the Hall mobilities of the hole and electron, and a
high-sensitivity Hall measurement using a parallel dipole line (PDL)
a.c. Hall system™ (Fig. 1a, b). In the classic Hall measurement without
illumination, three parameters can be obtained for majority carriers:
thetype (porn), fromthesign of Hall coefficient H; the carrier density
(n.=r/He); and the Hall muh[liry{p,, af I],where eistheelectroncharge
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Electronic Band Structure
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Bloch theorem



Understanding electrons in crystals
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Schrodinger equation
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Periodic boundary conditions in 1D / ""‘Jm?f(
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Periodic boundary conditions in 3D
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Eigenstates of Schrodinger equation in a periodic potential
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£ plays o veal intportaut mle wi electronic bana. st chure Eheony .
Bloch’s theorem P v Bl Y

The eigenstates y of a one-electron Hamiltonian H = #°V*/, + V(#), where V(# + T) = V(#) for all Bravais
lattice translation vector T, can be chosen to be a planar wave times a function with the periodicity of the
Bravais lattice.

he(F) = e“”” q(T)
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True for any particle propagating in a lattice

No assumptions made about the potential strength
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Felix Bloch

When I started to think about i+, T felt that the main problem was to
explain ow the electrons could sneak by all the ions in a metal....

By straight Fourier avalysis T found +o my delight that the wave
differed from the plane wave of free electrons only by a periodic
modulation’

F. BLOCH

Born in Zurich (1905)

Awarded 1952 Nobel Prize for Physics
First director of CERN
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Consequences of Bloch theorem
oz (F) = (2 (7)
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Nearly free electron model



Nearly free electron model .
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Nearly free electron model | _
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