Supplementary Information

Gate-voltage dependent photocurrent spectra
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Supplementary Figure S1. Gate and NC size dependence of photocurrent spectra. a, b
Optical absorption spectra of PbS NCs with the 1S band-edge peaks at 1.3 eV (a) and 1.4 eV (b).
¢, d, Photocurrent spectra (in terms of the number of photoelectrons per 100 incident photons) of
the device fabricated from these NCs as a function of gate voltage (shown in the legend in
volts). The MGB-related transitions M;s and Mx are marked by arrows. For higher-band-gap
NCs, the M features shifts to higher energies.



Generation-rate dependence of the photocurrent
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Supplementary Figure S2. Generation-rate dependence of photocurrent. Photocurrent as a
function of photogeneration rate for PbS NCs with the 1.18 eV band-gap energy which illustrates
a transition from a linear to square-root scaling with light intensity as the gate voltage is tuned
from the flat-band potential (MGB is fully occupied) to large negative values (MGB is empty).



Thermodynamic limits of the open-circuit voltage and photovoltages of NC-based devices
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Supplementary Figure S3. Relation between semiconductor bandgap and open-circuit
voltage. Theoretical limits of the open circuit voltage (black line) as a function of E, in
comparison with measurements for solar cells made of bulk Si and GaAs (blue squares) as well
as NCs (red squares). The dashed blue line corresponds to V. = Ej.

Supplementary Methods

The maximum value of the open-circuit voltage (V) of a photovoltaic (PV) device, can be
obtained from®":
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where J is the short-circuit current and Jy is
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and o is the Stefan-Boltzmann constant.®

The theoretical value of Vi calculated using Eq. (S1) for different band-gap energies is
shown in Supplementary Fig. S3 by the black line. This plot indicates that V. is always lower
than E, (dashed blue line). In the same figure, we also show open-circuit voltages measured for
solar cells made of traditional bulk Si and GaAs (blue squares)39 as well as PbSlS, PbSe32, and
CdSe* NCs (red squares).

The comparison of these data shows that while in bulk semiconductors the measured
photovotages are close to the values defined by the thermodynamic limit, in NC solar cells V. is
significantly lower than the ideal values. As discussed in the text, this disparity can be explained



by the mixed character of photoconduction, which involves both the intrinsic valence band levels
(hole transporters) and the mid-gap states (electron transporters).
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